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Abstract

This document offers discussion, a detailed description, and recommendations for the meta-framework developed within the SPWS project (Skills Profiling Web Service)
. This meta-framework gives a structure for skills frameworks which are intended to be to some extent interoperable with other skills frameworks dealing with similar skills or competencies. In order to achieve this interoperability, two sides of skills frameworks are distinguished: on the one hand a conceptual framework, for all stakeholders to agree on; and on the other hand any number of frameworks for teaching, learning, assessment, and practice in a particular context, which can be related to each other through their relationship with the common conceptual framework. Both sides are represented using the IMS RDCEO specification, and detailed examples are given of how this can be done in practice.

The SPWS project has tested this meta-framework by creating a partial skills framework for the skills and competencies relevant to undergraduate medical education, including both some skills specific to medicine and some generic transferable ones. This has about 200 elements, and supports a skill-centred log book tool for medical students, implemented within the Bodington VLE.
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1 PDP, skills, and RDCEO
The motivation for the SPWS project includes consideration of the requirements for representing skill frameworks for lifelong e-learning, personal development planning (PDP), and e‑portfolios generally. With e‑learning, the learning materials and resources are held electronically, and thus it seems only natural to hold records about the learning undertaken, and the products and outcomes of that learning, also electronically. The lifelong perspective emphasises that learning is not once-for-all, nor is it likely to be undertaken under the care of just one institution or organisation. Thus, records about learning and the products and outcomes of learning will have to be communicated according to some standards, in order for them to be shared between the different electronic systems that will use, or help to create, the electronic records.

Possible outcomes of learning include, using the phrase from the Tomlinson Report, “common knowledge, skills and attributes” as well as less common skills and knowledge related to the specific subject of study. Elsewhere, the terms “competence” and “competency” have also been used to refer to knowledge, skills, and attributes, and, for convenience in this report, the terms “skill” and “competency” will here both be used with this wide implication: there is no distinction intended. Rational distinctions are possible however, and using the terms interchangeably here does not negate their more precise possible meanings.
Skills can be described at various levels of granularity. The label “communication skills” is relatively general, and what it is taken to include is subject to much interpretation and debate. In contrast, one could define a much more specific skill (or perhaps skill fragment) such as “ability to set margins in Microsoft Word”, which is unlikely to cause disagreement in its definition or explanation. In the light of this distinction, this study attempts to support clarity in definitions in two separate but related ways, as illustrated schematically here in Figure 1.
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Figure 1: Conceptual illustration of important relationships 

If skills are specified at varying levels of granularity, and part-whole relationships between them specified explicitly, clarity can be increased by different bodies specifying their own versions of higher-level skills, which include different contents, while remaining in agreement about the definition of the lower-level skills.

The second means of supporting clarity is less dependent of granularity, and relies on the recognition that it is possible to teach, practice and assess skills in different ways, while not disagreeing on the nature, components or broad definition of the skill in question. Clarification can come through different bodies agreeing on the broad definition, while agreeing to differ on the best approaches to teaching, practice and assessment. 

Distinguishing these two types of potential disagreement is essential to full clarity and thus secure progress. Confusing the two could add fuel to the flames of argument over different educational approaches, or conversely, it could mislead people into thinking that pedagogic issues could be resolved analytically.
1.1 The PDP connection

PDP has for quite some time in the UK been defined as “a structured and supported process undertaken by an individual to reflect upon their own learning, performance and / or achievement and to plan for their personal, educational and career development”.
 To reflect on their learning, performance and achievement requires that the relevant records can be displayed in such a way as makes sense to the learner. This immediately suggests that simplicity here is a virtue: it is more comprehensible for records to have a uniform conceptual structure than to have a mixture of different structures that may be incompatible.
If the learner’s reflection is to bear positively on their academic development, they will need to understand how their attainments relate to the educational objectives they have been set, and the desired outcomes of their learning. If they are to go further into career development in particular, they will need to relate their educational achievements to the requirements of potential employment.
The core of the records relevant to education and to employment includes the abilities of the learners, which are described using many terms: skill and competency are just two.
1.2 The RDCEO specification

The IMS
 Global Learning Consortium has published a specification (hereinafter “spec”) called “Reusable Definition of Competency or Educational Objective” (RDCEO
) which aims to provide “a means to create common understandings of competencies that appear as part of a learning or career plan, as learning pre-requisites, or as learning outcomes.” In this spec, the information model
 comprises five major parts:
1. identifier;

2. title;

3. description;

4. definition;
· model;

· statement;

5. metadata.

The first three are common to many specs, and readily understood: of these, the description is simply a text field. In the definition element, the model sub-element essentially is there to specify what is to be contained in the following statement elements, of which there can be any number, to match the structure implied by the model. The metadata element is not tightly specified, but within RDCEO it is recommended that IEEE LOM,
 or the closely related IMS metadata spec,
 is used.
At the outset of the project, it was decided that the RDCEO spec was likely to offer scope to represent skills more or less adequately for the project, and the project has continued to work on this assumption.
1.3 Distinguishing “C” from “EO”

When skills and competencies are listed and described, in whatever context, the listing is often couched in quite general and abstract terms. This is particularly true of the higher-level conceptual competencies or skills, such as “numeracy” or “team work” in the generic domain, or skill concepts like “diagnosis” in medicine for example. Incidentally, the result of this abstract quality is that there has been endless debate over exactly how such generic skills should be described and represented. Each person’s concepts are liable to vary from the next person’s, sometimes slightly, sometimes grossly.
When such general concepts are imported into the definitions of courses or modules, perhaps as educational objectives or intended learning outcomes, they tend to beg the question of how precisely to define that particular skill or competency suitably for the purposes to hand. But at the same time, the general concepts are convenient labels, because they are generally understood, and serve well as headings under which to group more specific skills.

Because of the competing benefits of these two approaches – the general and the particular – it seems appropriate to introduce a conceptual separation between the two, not because they are essentially separate in meaning, but because they serve different and complementary purposes. On the one hand, the general and conceptual side, we are considering the skill in the abstract – something that can be agreed relatively easily. It is vital that these are indeed agreeable. On the other hand, for defining educational programmes and assessment within those programmes, we are considering the skill “as taught, practiced and assessed”, and of these, thinking of the skill “as assessed” may be the sharpest and most exacting consideration. Different approaches to teaching, learning and assessment are real and significant, and here, rather than encouraging agreement, it is appropriate to encourage diversity, as we cannot envisage truly universal and global standards ever being agreed for the details of assessment.

The purpose of the conceptual or abstract “competency” (which hereinafter may be denoted by a capital “C”) is taken as the description of the generic concept in terms which are as widely agreeable as possible. Using the given medical example, the concept of diagnosis could be taken as covering (as a start): the range of diseases and conditions which a medical patient may present with; the range of different types of people who may present with such a condition; the information, tools and equipment available to assist the diagnosis. There are other ranges which it should not cover: for example, although the geographical location may be a factor in diagnosis, and the range of diseases may typically be different, the basics of diagnosis should not vary country by country. Alternatively, and more starkly, one could say that there is nothing in medical science that allows diagnosis to depend on the amount of money paid by the patient. Thus, this abstract, conceptual competency implicitly contains several “facets” – that is, ranges defining a conceptual dimension.
In contrast, a course in undergraduate medical studies cannot possibly hope to produce perfect competence in the diagnosis of every condition in every conceivable situation. Rather, an undergraduate medical education has to select the range of diagnostic skills to serve as the educational objectives, at least in the core curriculum – while it might be possible for students to pick up extras in student-selected course components. The educational objectives (“EO”) of the courses and their constituent parts have to be set. It is no good resting in the generalities of abstract concepts of competency. This is particularly pointed when considering assessment: surely it is not possible reliably to assess the presence of a vaguely-defined competency.
Thus, the “C” aspect of RDCEO is the conceptual aspect of competency, defined in relatively broad terms without commitment to particular approaches to teaching, learning and assessment, while the “EO” side gives up generality in favour of sufficient detailed definition on which to base a particular course, along with the assessment of that course. As we will explore further below, the “EO” definitions could be seen as “operationalising” the “C” definitions. (See Figure 1.)
It should be noted that the “EO” side of competency definition is clearly distinct from the definition of the method of teaching and learning. The educational objectives, or learning outcomes, can be achieved in varying ways, through diverse programmes of study.
1.4 Relative roles of the “C” and the “EO”

Having distinguished the “C” from the “EO”, can we just do without the “EO” altogether? From a PDP perspective, the answer has to be: no. A learner is also often a student at a particular educational institution, and it is in the learner’s interest to know just what they are being taught, what they are expected to learn and practice, and indeed how they will be assessed.

Could we, then, represent the “C” and the “EO” separately and unrelated? As will be discussed further below, the educational objectives are likely to vary considerably from educational institution to educational institution, particularly at the higher and more abstract levels. The project experience of comparing the Leeds and Liverpool medical educational structure confirms this clearly. The “EO” side is not naturally adapted for standardisation across institutions, as that would effectively severely restrict the freedom of the different institutions to teach and assess in their own ways.

Thus, the conceptual “C” side is needed to act as the common ground. To relate different “EO” skills together, they both need to be related to the common “C” threads, as illustrated informally in Figure 2, and in Figure 5 further below.
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Figure 2: Informal sketch of interrelationship between types of RDCEO
Consider what might happen if we were to define only the “C” side of competency. All institutions might want to claim that their courses covered the defined competencies, and therefore there would be a strong motivation for arguing over what the exact definition of each competency should be, and how it should be assessed. There would be many reasons why institutions would prefer their own variants, and thus the likelihood would be that different bodies would abandon the commitment to common definitions, defining their own versions without agreement. With no common agreed focus, every comparison across institutions would have to cope with a mass of unregulated variation. This is in effect the situation at the moment.

Equally, what would happen if there was only the “EO” side defined? While there might be less argument initially, in effect the drive towards interoperability would be abandoned. The result would be essentially the same.

The point which needs to be strongly emphasised here is that the only plausible way of achieving a working and workable consensus in such a diverse context is to allow separate focus on the areas of likely agreement and disagreement. All the effort towards agreement needs to be focused on the competency concepts. This is tantamount to agreeing a common language in which to discuss teaching, learning and assessment of skills and competencies. At the same time, all the disagreement – or better, variation or diversity – needs to be channelled towards individual education-related bodies defining their own ways and means of teaching, learning, and assessment. Having this twin track not only potentially permits everyone to be happy, but it also allows everyone to relate to one another through the common conceptual language.
The “EO” side of skill could, in principle, be represented in some other way, not with the RDCEO spec. For the purposes of this project, however, we have identified no other better candidates for a spec to represent the “EO” side, and we will proceed on that basis.
1.5 Distinction between “C” and “EO” within RDCEO

Every distinct skill or competency concept, whether from the “C” side or the “EO” side will have its own distinct description and identifier. With care, it can be arranged that the titles are also distinct. It is in the definition elements, and, up to a point, the metadata, that the difference in structure between the “C” and the “EO” uses will be represented. In essence, the models will have different patterns, and the statements correspondingly different contents. How exactly this is done will be the subject of the following sections.
2 Skill and competency concepts (“C”)
In discussing the structure of a framework for shared competency concepts, and giving recommendations, we will here consider:

· skills or competencies commonly defined in the medical domain;

· criteria for what may make a suitable competency concept definition;

· the representation of individual competencies with “facets”;

· representing assessment potential of individual competencies;

· relating competencies with other ones in the same framework;

· grouping competencies together;

· classifying competencies.

We then summarise the proposals or recommendations.
2.1 Subject benchmarks and Tomorrow’s Doctors
A concern for standards and quality in UK undergraduate education has led to various attempts to set out the objectives of such education, the standards attained by graduates, both in knowledge and skill.

The UK QAA
 was established in 1997 and has overseen the creation of many benchmarks for undergraduate education.
 The first of these were published in 2000, and more are still being worked on. The ones already published include medicine.
Also in the field of medical education, the UK’s General Medical Council
 (established in 1858) publishes a document called Tomorrow’s Doctors
: this was first done in 1993. This sets out broad recommendations which “identify the knowledge, skills, attitudes and behaviour expected of new graduates”. This is not unlike subject benchmarks in other disciplines, but at over 20 pages, it is more detailed than most, if not all, subject benchmarks. As it comes from the body regulating the medical profession in the UK, Tomorrow’s Doctors seems to carry more weight than the relevant subject benchmark.
Neither subject benchmarks nor Tomorrow’s Doctors conform to any strict standard structure or syntax, and there is sufficient variation between them all that there is not even a clear suggestion of any such standard structure. The present study and project are designed partly to answer this challenge of structuring skill definitions in a standard way.
2.2 Choosing plausible shared skill concepts

Given that we cannot simply take a set of competency definitions straight from an existing publication, the question arises of how better and worse possible definitions can be distinguished, and of how good ones can be chosen. There are two common-sense criteria which can act as rules of thumb for checking that base-level definitions are reasonably separate.
6. Where two supposedly different competencies always in practice occur together, and when the practice of one cannot be distinguished clearly from the practice of the other, or where there is perfect transfer from one to the other, they should not be defined separately in a framework.

7. When two potentially separate skills are practiced, taught or assessed separately, they can be represented separately, and where one competency can be possessed with no impact on the other, they should be represented separately.

Where there is a limited transfer between two skills, such that competency in one implies limited competency in the other, then there are more options. The best way forward depends on the context or contexts in which the skill definitions are going to be used. No full answer to this will be attempted here, but this carries on to the discussion of facets which follows.
Let us consider examples related to Tomorrow’s Doctors. Where in fact there is only one, imagine there are two separately defined skills, of writing safe prescriptions for different types of drugs. This would violate the first criterion above. One assumes that writing safe prescriptions for any kind of drug involves basically the same procedures – that is, if one knows how to do it for one drug, one presumes it is just a case of substituting the relevantly different underpinning knowledge – of the safe dosage of one rather than the other drug. For drugs which are not frequently prescribed, the safe doses may not be reliably recalled in any case, so the procedure would presumably be to look up the appropriate facts. 
On the other hand, several individual skills listed in Tomorrow’s Doctors might have parts which could be split up according to the second criterion. Take number 20: “Graduates must be able to communicate clearly, sensitively and effectively with patients and their relatives, and colleagues from a variety of health and social care professions. Clear communication will help them carry out their various roles, including clinician, team member, team leader and teacher.” It does seem likely, not only that parts of this general skill are taught and practised separately, but also that medics could be substantially more competent in some parts than others. Indeed, it is not clear how much transfer there may be between skill at communication with patients, and communication with colleagues.
This is not a criticism of the Tomorrow’s Doctors skill set, but only shows that it is not designed to separate all separable skills. Indeed such a short document could not hope to do that. The two criteria above give guidance for how much further to go in splitting up the Tomorrow’s Doctors skills, and when to stop, to reach a set of skill definitions which can effectively form the basis of the kind of skills framework we are discussing.
2.3 Facets – dimensions – attributes

It is clear that in the field of medicine, as well as in many other fields, particular skills and competencies can be seen as having many inherent or internal dimensions. Thus, some of the attributes of skill are common across several different skills: for instance, driving skills are very similar, but depend partly on the type or model of vehicle. The skill of “reversing” is common to many vehicles, but the fact that one has competency for one vehicle does not automatically transfer to other vehicles.

Another way of looking at this is to say that many skills and competencies have one or more “ranges”. What range of vehicles are you skilled at reversing? The concept of range is familiar to some people through its connection with NVQs, where typically there are ranges given for skills or competencies assessed. Stating a range implies that there is a complete dimension (quantitative or qualitative) from which the range is a selection: a particular learner can be assessed as being competent across either the whole or a subset of that range. 

Within the discipline of classification, such dimensions can be termed “facets”, and a common definition of facets is “clearly defined, mutually exclusive, and collectively exhaustive aspects, properties, characteristics”. Several easily-found websites give detail and support to this idea.
 
 
 

Some classificatory systems use a similar approach under a different name: e.g. the Universal Decimal system (UDC) has auxiliary tables.
 Specifically, one of these – to do with people
 – is of clear potential relevance to medicine. The Bliss Bibliographic Classification
 has different facets for different subject areas: for instance, “human biology and medicine is organized into types of persons, parts and systems of the person, processes in the person, actions on the person, agents of actions”.
These are all expressing the common fact that any complex collection of objects or concepts can be classified in several ways, and there are dimensions of differing interest to different people and for different purposes. The nature of classification is such that it is not often hierarchical, but it is more likely to be multi-dimensional, and facets are a way of coping with this multi-dimensional complexity.

As an aside, an interoperability spec itself can also be seen as a kind of facet system. A learner’s profile has certain facets, e.g. what are: that learner’s qualifications; their past activities; their goals; etc. LOM (Learning Object Metadata, as mentioned above) has various sections in which to represent different aspects or facets of a learning object. And so on.
2.3.1 Rationale for facets

Introducing facets into skills definitions within skills frameworks is an important convenience, rather than a necessity. In principle would be possible, though very cumbersome, to describe all skills and competencies in terms of very many components, different for every different context or variant of the skill.

In certain circumstances, introducing facets makes representation easier. However, there is the possibility also of confusion, so it is important to be clear when facets are justified. Here follows a set of conditions which, if they are all satisfied, plausibly justify the use of facets. This is presented here as a starting point for discussion, as no comparable literature has been found. 
It will at some point be possible to illustrate this through the use of examples, showing in turn how each of the conditions may not be fulfilled, and why in that case using a facet might not be a good idea.

The suggested conditions for a set of competencies to be represented with a facet are these.

8. The set should have (at least) one feature which varies while others stay essentially the same. If features vary together, it may be misleading to isolate one of these features to provide a facet.

9. There should be no clear dividing lines in the set, dividing subsets which are either rarely seen together, or belong to different roles. Thus, it should be envisaged either that one person can have any of the whole range of the facet of a competence, or at least that people can have overlapping ranges which span the whole range of the facet.

10. There should be some, but not total, transfer between the competencies in the set (that is, across the facet). Having competence in one part of the facet range should at least be a start in acquiring competence in another part, rather than having to start from scratch. On the other hand, if competence in one part of a set always goes hand-in-hand with competence in other parts of the same set, there is no point in distinguishing them. This is a way to rule out generally irrelevant variables or parameters (e.g. the colour of the operating theatre, perhaps).

11. There should be general and widespread consensus about the nature of the facet. Different definitions of a facet to cover a particular dimension would be highly deleterious to interoperability – more so than variant definitions of skill components, which can still be related together within a wider framework.

Some counter-examples may help to define these principles.

The date on which a car was manufactured is not a good example of a facet of driving skill. The problem here is that it is not the date of manufacture per se that affects the skill needed, but the nature and controls of the vehicle. Date of manufacture does not vary while other attributes stay the same, thus principle 1 is violated.

Wheel size, for standard bicycles, is not a good facet for bicycle riding skill, because there is just about complete transfer of skill from one wheel size to another. (Not to a pennyfarthing, but that is not a standard bicycle.) This violates principle 3.

Religion is not a good facet of competence in religious observance. There are clear dividing lines, and probably very little transfer. Principles 2, and possibly 3, are violated.

Type of person is not a good facet of communication skill. There is no clarity on the relevant types of person that affect the skill. Are we talking about different native languages, different cultures, different ages, or different knowledge bases? Any of these might affect the practice of communication skill. Thus, this example violates principle 4.
2.3.2 Possible facets in medicine

On the above basis, one may imagine facets which might be applicable to skills in medicine, for instance:

· communication medium and language may be a useful facet for use with communication skills;

· subject headings (given an appropriate standard subject heading scheme) might form a useful facet for generic skills that appear in many contexts, such as diagnosis, depending on whether there is sufficient commonality, and some transfer, between the skills in question;
· tools or equipment may be a useful facet for practical clinical skills that involve equipment;

· human context may be given as a facet for any skill that may be learned in one context (such as the classroom) and practiced in another (such as the operating theatre).
It may be worth pointing out that using subject headings as a facet within an application area would be quite different from a classification of the skill in that application area. 

For tool facets, each particular definition of skill of competency would have its own list of tools and equipment described in its own terms, but for interoperability, that list should in turn refer to products using numbering schemes such as GTIN.
 (The Digital Object Identifier
 concept is also relevant here.) 
There is no similar standard predefined list of human contexts, and care would be needed to define human context in terms which were applicable across cultures. The decision about which are to be the standard facets can evolve at a later stage in the medical community and in other communities.
Here is a positive example of how facets can be used in medical education. Physical examination of a patient could be thought of as a set of related skills. We could distinguish one facet of the methods used, known as inspection (i.e. by eye), palpation (i.e. by feeling), percussion (i.e. by striking), and auscultation (i.e. by ear). One could certainly be more competent at one of these than at another. A second facet may be the part of the body (head, arm, leg, etc). While there may be little difference in principle between examining the skin of the face and the buttock, there could be expected to be differences in how to go about the process in terms of patient consent, and relationship. A third facet might be organ or system involved. Examining the heart and the lungs have different bases of underpinning knowledge, but some of the techniques may be related, and being focused on diagnosis will relate the interpretation of the examination, and thus the detail to which different procedures are carried out. Part of the body, and organ or system, could well be generally useful facets of many medical competencies, though the relevant terms in the range may differ between particular skills.

In contrast, if these were all to be specified separately, there would be many individual skills all related to physical examination, which would be both cumbersome to manage, and would probably not all be assessed individually in any case.

2.3.3 Representing facets in general
For general concepts, a facet representing that concept would ideally be fully detailed and laid out as a complete range. However, many general reference skill sets and skill areas specify their own range, and implicitly or explicitly do not cover the whole range. For example, Tomorrow’s Doctors specifies a range of clinical and practical skills
 which obviously doesn’t include competence at performing heart transplants.
In the RDCEO specification itself,
 it is suggested that statement tokens within definitions can refer to vocabulary terms, and this would be suitable for representation of facets as vocabularies, or terms from them. Using the IMS VDEX spec would tie in with many other proposals; it would use a standard way of describing vocabularies; and it would enable the vocabularies to be internally related, perhaps as a thesaurus. Another way needs to be chosen for representing the unit of quantitative facets, perhaps along with the extreme conceivable quantitative range of that facet.
2.3.4 Representing facets and ranges of a competency

The value in separating out a facet depends on how commonly used that facet would be. In cases where an aspect of some skill is not a common facet, that aspect may be better represented implicitly in the description of the skill, rather than as an explicit facet. An example might be the situation in which communication skills are exercised: undoubtedly there are many situations in which communication skill may be required – Tomorrow’s Doctors lists “some examples” – but these are not standard enough to represent as a facet.
Where, instead, a facet has been or can be agreed for any subject area, a skill or competency in that subject area should be defined in terms which include that facet.
For a qualitative facet defined as a controlled vocabulary, the competency needs to define the terms which are included in its complete range. If the complete range of a facet is to be included in the competency concept, then it can simply refer to the facet definition. If it is a sub-range, the terms which fall within the competency concept can be listed in the definition.

For quantitative facets, again if the whole range is included in the concept, the facet can simply be referenced. If the sub-range is continuous, minimum and maximum values could be defined. It is not clear what need there may be for discontinuous sub-ranges. If there were a need, it may be that these would be better represented qualitatively, with a different term referring to each discontinuous sub-range.

[image: image3]
Figure 3: Some possible facets with ranges
2.4 Possibilities for assessment
One of the major important aspects of any skill or competence is the range of possibilities for its assessment. This – the ways in which a competency can be assessed in principle – includes all the ways in which it may be assessed in practice. It is assumed here that the underlying nature of the competency – be it knowledge, skills or attitudes – is not in question, but generally agreed.
The nature of a particular educational objective may dictate limits on how it may in principle be assessed. Some outcomes, such as ones focused on knowledge (e.g., what are the names of these bones) might be assessed by written examination, or by some other kind of formal test of recall or recognition; in contrast, practical skills (such as surgery) may need to be assessed by demonstrating the skill in practice, with a suitably qualified practitioner or assessor observing. Defining the possible assessment methods of a competency would act as a natural check that proposed actual assessment methods were of a generally appropriate type.

Assessment potential may be considered as a related set of facets of a competency, rather than just one facet. Firstly, one may distinguish the facet of who could potentially assess the competency. A plausible range for this would include: the learner him or herself; a marker of records; an expert judge; a peer or client group. A second facet relates to what the assessor has present on the basis of which to make the assessment. It could be something ephemeral, such as a performance, or it could be something more enduring, like a product. We could term this the basis of assessment – it is the medium or means through which the assessment is performed, while the underlying skill assessed is assumed to be defined in an agreed way. Then, thirdly, an important question is: what evidence is the learner going to produce in the future. Some ideas for these are put together in Table 1.
	who assesses
	basis of assessment
	what enduring evidence

	learner

human marker of records

automatic marker of records

expert judge (assessor or practitioner)
peer or peer group

client or client group
	learner’s self-awareness
learner’s choices
learner’s responses
learner’s statements

learner’s action/performance

learner’s product

consequences or outcomes

group performance

group product
	the basis of assessment
certificate/transcript

witness statement/ testimonial

survey results

photographic
audio recording

video recording


Table 1: Ideas for facets of assessment
It would be very useful if such terms and vocabularies for assessment potential could be agreed very widely and broadly. Who would do this, how, and when in the longer term are not matters within the scope of this project, but rather for experts in assessment. The suggestion here is that the project decides on some initial set to put forward and try out as an example.

A particular competency will then need to have its assessment potential defined as a subset of the possible general range of assessment potential for all skills and competencies. Note that for compound competencies with diverse parts, the assessment potential facets may not interact well. For instance, if an expert judge assesses the product, while a peer group assesses the dialogue, ticking all four boxes will not separate these aspects. It will have to be understood that if more than one “tick” is put on the list, this is only to scope the possibilities, and does not necessarily represent what is or is not plausible. That may only be dealt with at a lower level, when considering the components of the skill assessed.
2.5 Relating competencies as concepts
The RDCEO spec seems to envisage competencies as having relationships between each other which could be specified within the metadata element. The LOM spec, suggested for use in RDCEO, has a section (7) called “relation” which can serve this purpose, though because LOM is designed for learning objects, the relationship terms are more suited to relate learning objects than competencies: in turn, these terms are based on the relevant terms from the Dublin Core Metadata Initiative,
 which are intended to relate resources such as books and other published works. The full list of LOM relations is thus:
· is part of; has part;
· is version of; has version;
· is format of; has format;
· references; is referenced by;
· is based on; is basis for;
· requires; is required by.
(The identifier for each of these relations is simply the word if single, or the phrase with spaces removed.)
It makes sense to use the “haspart” relation to define composition of competencies. For example, a particular version of “communication skills” might be defined as having parts such as “awareness of different kinds of language”, “presentation skills”, etc. etc. In this way, a compound competency can be defined in terms of its constituent parts, thus removing the need to try to define exhaustively the full meaning of a complex competency term within the definition of that term itself.
The corresponding use of “ispartof” is not so clear. In a particular skills framework, one lower-level skill may be a part of just one higher-level skill, but more generally, it could play a part in any number of higher-level skill definitions. If the attempt was made to record all the higher-level skills that included any lower-level one, within the definition of the lower-level skill, that would mean that whenever a higher-level skill was added, all the lower-level ones included in it would have to be redefined. To avoid this, it is recommended that “ispartof” is not used in this context for this purpose.
Moving on to the LOM concept of versioning, the suggestion here is that versions are not used. The RDCEO spec suggests that definitions should not be altered, so that anything that relies on a definition would not be left orphaned, but instead new definitions should be created. Corrections should simply be incorporated in the original, as should translations into different languages; but variations, extensions, substantive additions, etc. require a new RDCEO definition. Not only would it be confusing to have more than one version of any definition, it is unclear how it could be done in any case: would all versions be versions of each other, or would only newer ones be versions of the older ones? These problems are best avoided.

The next pair of relations deals with formatting. Unlike physical or electronic resources, an RDCEO definition is essentially an abstract entity, without any specific physical realisation. The issue of data formatting is dealt with by the specification.

Referencing in this context needs care. The paradigm case of academic referencing would not be very helpful here: one RDCEO definition could conceivably reference another because it was like or unlike; depended on or did not depend on; and so on. If referencing were adopted, it would be manageable for a human reader, but if it were to be usable automatically there would have to be a vocabulary of different types of reference. That goes beyond the information model in question. Instead, given that referencing has no types, one can still use references to indicate an explicit, but non-specific, relationship between two RDCEOs.
The possible relationships of requirement are also potentially problematic. To state that one skill requires another could mean, for the competency concepts, that the second skill depended on the first, perhaps because the first could only be demonstrated if the second had been mastered. Thus for example, competence at heart transplant surgery would require competence in several lower-level skills, as well as much relevant knowledge. On the other hand, from the point of view of academic progression, a relationship of requirement could exist where a course manager had specified that a certain learning outcome had to have been met as a prerequisite to entry on the course. That is subtly different, although if anyone were giving a course in heart transplant surgery, it is likely that the more basic skills would indeed be prerequisites.
This is rather different from the LOM world, where one description (CanCore) has “the described resource requires the referenced resource to support its function, delivery, or coherence of content” – following which, for example, a learning object may require a browser to function. If people want to use the requirement relation for dependency of skills, or for prerequisites, they will have to be very clear to distance themselves from the LOM concepts.

As the UK LOM Core
 notes, “the LOM vocabulary omits the ‘replaces’ and ‘is replaced by’ values in the Dublin Core vocabulary.” But if the recommendation never to delete an RDCEO file is followed, the replaces relation could form an ideal link so that the writers of a definition could signal their intention that this definition should no longer be used, but that another should be used instead. It is therefore recommended that ‘replaces’ and ‘is replaced by’ are reinstated for use here. 
The reason for this reversion is simply the desired permanency of the definitions. In contrast, for learning objects, there is no compelling motivation for indefinite maintenance, so there is no good reason to have a replacement relationship: instead, the learning object can be changed. A definition, unlike a learning object, should have a permanency akin to a book.
If, for any reason, it is decided that the LOM metadata vocabularies cannot be modified, a fall-back position would be to use “is based on” and “is basis for” equivalently. The problem here is the natural semantics: while replacement signifies clearly the intent, merely marking a definition as based on another one does not of itself specify whether the old one should continue in use.
All these factors add to the sense that metadata structures devised for learning objects are not really well-suited to competencies. Better options would be, firstly, a metadata schema devise explicitly for competencies, perhaps based on the Dublin Core approach, or secondly, moving key elements out of the metadata and establishing them as elements of the spec in their own right. This can only be done in a major revision, or complete reworking, of the spec.

In summary:

· “haspart” should be used to signify general composition of skills;

· after due consideration, “requires” could be used to indicate pre-requisite competencies;

· “replaces” and “isreplacedby” should be reinstated and used to indicate where the designers or maintainers of an RDCEO decide to modify an RDCEO;
· consideration should be given in any reworking of the RDCEO spec to moving key relationships out of metadata and into their own elements. (See Section 6.3.)
2.6 Groupings of competencies

In our experience, from LUSID
 and elsewhere, there tends to be more disagreement between practitioners and others about the definition of higher-level skills and competencies than about lower-level ones. As depicted in Figure 1 above, the core task of developing a skills framework should be to define the medium-to-low level shared skill concepts that can be agreed easily between different stakeholders. But higher levels are also needed, to begin with for navigation and finding the lower level definitions.
It is likely that many e-portfolio or PDP systems will want to function in a similar way as LUSID functions, allowing learners to analyse the skills that have been used in any particular experience or activity, and for thus purpose LUSID uses what are there known as “routing questions”. In principle there is little difference between these questions and the questions that can be associated with individual skills. For example, going beyond the initial implementation of LUSID, one might imagine a general “routing” question such as “did you manage anyone?” associated with a grouping of skills which might be called management skills.
It is important not to put too much weight on this kind of structure. It is not the case that there is a set of management skills, or communication skills, that are well-defined and unambiguously agreed. Furthermore there are clearly going to be overlaps between two sets such as these. It is recognised in LUSID that the same skill can appear under two or more headings, where appropriate. What is more important is that the routing questions, along with the groupings of skill, serve their purpose as guides in the analysis of activities.

To be fit for purpose, it is recommended that groupings of skills or competencies, along with the associated questions, should fulfil certain criteria.

12. They must be easily comprehensible to the users (learners) who will be using tools based around them with that particular skills framework. This is necessary to fulfil their primary function of navigation.
13. They should be reasonably balanced in content number. The more even they are in the number of skills they contain, the less the branching factor or number of levels there need to be, and this leads to easier usability.

14. They need to cover all the skills that are required in the tools to be implemented. They may overlap, but they should not overlap greatly: substantial overlap would mean that the skill groups are not properly distinguished.
2.7 Classifying competency
One of the main ways in which competencies can be related together implicitly rather than explicitly is through classification. Any classification heading that is shared between competencies suggests some kind of relationship in subject matter, and to some extent, the more headings that are shared, the closer the relationship might be expected to be.

In general, no one particular classification scheme can be perfect and all-encompassing, and therefore it makes sense to use as many schemes as may be appropriate. The more schemes that are used, the more likely it is that the competency can be effectively connected to other things, not just competencies. For instance, classifying a medical competency in MeSH would mean that it would be easy to provide a service guiding learners interested in that competency to related medical literature. For any subject, classifying a competency in all standard systems used in libraries would make it easier to find books on the topic. This would include Dewey, Library of Congress, Universal Decimal, and perhaps a few others.

For instance, MeSH classifies “clinical competence” as I02.399.630.210, but of course the actual subjects on which the competency is based will have their own classification: e.g. MeSH has a heading for “urinary catheterization” as E02.148.947 which is a sub-heading of “therapeutics”.
Thus any competency should be classified, if possible, in terms firstly of any widely-used discipline-specific classification scheme, and thereafter, in general-purpose classification schemes, priority being given to the more widely-used ones.
As with relationships, there is a space in the LOM information model for classifications: in this case in section 9.
2.8 Using RDCEO for competency concepts
A picture has been built up during the above discussion of the requirements for representing competencies as generic concepts using the existing RDCEO spec. This is summarised here along with general assumptions, for individual competencies.
15. The identifier should be the normal one shared by all RDCEOs (formally separable into two parts, the catalog and the entry).
16. The title should give a very concise heading, in one or more languages, indicating the conceptual generic nature of this definition. It is important that the title be unambiguous, and preferably unique, within the field of competencies.
17. The description should amplify this title, explaining its meaning: again this can be in any number of languages. However, this description should not go beyond what is likely to be generally acceptable to a large majority.
18. The competency definitions should include firstly any particular definition modelled specifically for the particular context, and then the facets generally appropriate to the subject area. The definition statements following that model therefore should refer to each facet in turn. In addition, a separate definition of assessment potential could define the assessment facets of that skill. Each facet statement needs to define the range of that facet which is included in the specific competency concept definition.

19. The metadata should include the whole-part relationships with other competencies, as “haspart”, but not “ispartof”, and possibly other relationships (as discussed above, and as judged appropriate). It should also contain as many classifications of the competency subject as are deemed relevant and significant.
20. Extra information not discussed here, if required by certain systems, could be included in separate definitions, each with its own model. For example, LUSID needs a question associated with each skill topic. The text of the question, along with any other LUSID-specific fields, could be placed in a LUSID-specific definition.
Noted here is that there is not a good match between LOM-style metadata and the requirements here for competencies. Thus, for the future, we suggest that other approaches be investigated. A first idea (not explored in this study) would be to base a better-fitting set of metadata on the Dublin Core basis.
2.9 Development pathways
Being able to use facets would be helpful for development of RDCEO definitions according to the above specifications. If facets were not available, potentially many more individual definitions would be needed to cover a skill domain adequately. What is really needed is a map of relevant facets for the domain (in this case, medical education), and this needs to be taken as a high priority, alongside a general-purpose definition of facets of assessment potential. For the purposes of this project, provisional decisions will have to be taken on this, not aimed at some impossible perfection in the facets, but on whatever information is available about the facets that may be appropriate for the subject matter.

One of the recommendations of the project as a whole should address how to develop these facet definitions further, bearing in mind that they must serve as a focus for consensus agreement, effectively to serve as part of the application profile for skills in the chosen subject area.

Following the provisional definition of facets for a range of medical and general or transferable skills, particular definitions will be drafted in the relevant area of study. Alongside the drafting of the skill definitions themselves, their relationships will need to be mapped out, and the classification of the skills according to the chosen schemes.

3 Approaches to skills frameworks using progression levels
Because this approach to developing a meta-framework for skills differs markedly from some others, it has been appropriate to wait until here to introduce other ones, so that they do not interfere with the basic appreciation of what is proposed. However, they are relevant in several ways. Firstly, an effective general meta-framework needs to encompass other approaches, and to explain how and why the approach is different, so that advocates of the other approaches can compare them. Secondly, the other approaches give further clues about how one might best approach the “EO” side of the meta-framework.
The way that other skill and qualification frameworks have used the concept of level is markedly different from the way in which it is used above. In this document, it is used to denote the level of granularity or generality of a skill. In qualification frameworks, it has been widely used to denote levels of progression, whether they be within education or a career.
3.1 EQF – European Qualifications Framework
There was little open documentation available at the time of writing on the European Qualifications Framework.  A DG Education and Culture note “Developing common reference levels to underpin a European Qualifications Framework” of 24 September 2004
 suggests that the EQF is based around descriptors for 8 levels. These levels attempt to tie together occupational competence descriptors such as “wide breadth and depth of knowledge and be able to demonstrate high levels of specialist competence in an area” with educational level – in that case, masters degrees. It is difficult to know how these descriptors will be used in practice, or even how they will be regarded by national bodies. For example, the UK’s academic Europe Unit has published a response
 on qualifications frameworks within the Bologna process which mentions the various UK frameworks and hopes that any European framework “will provide an overarching framework within which national qualifications can articulate with one another”, which could be taken as less than wholly enthusiastic.
As statements of common practice, informing readers about the context of academic study for the relevant underpinning knowledge at those levels, this could be debated, but to say that a masters degree is in any practical sense “equivalent” to competence acquired through extensive on-the-job experience seems potentially contentious. Could it be that such level descriptors risk failing to serve either academic or practical needs fully by trying to pin them together unrealistically?
3.2 SFIA – the Skills Framework for the Information Age

This is an exemplary case of an industry-sponsored framework, and as could be expected of an industry initiative, it avoids any temptation to integrate with educational levels. On the other hand, there is no explicit treatment of underpinning knowledge.

The main apparent strength of SFIA seems to be that it is close enough to be a plausible Information Systems professional skills framework, while at the same time being close enough to an Information Systems career framework, indicating the various roles which people frequently take on in the industry. However, tying those two elements together may also be its main weakness.
The main way in which the framework is presented is in a two-dimensional grid. On one axis are (currently) 57 distinguished skills, grouped into 17 sub-categories, grouped into 6 categories. Examples of these 57 skills are “IS strategy and planning”; “Project office”; “Procurement”; “Media creation”; “ICT operations”. The other axis represents 7 levels. These are worth spelling out in full: 

21. follow

22. assist

23. apply

24. enable

25. ensure, advise

26. initiate, influence

27. set strategy, inspire, mobilise

Each of these levels has general descriptors in terms of autonomy, influence, complexity, and business skills. The business skills are generic or transferable skills, including: management and leadership skills; having and applying relevant knowledge; communication (including presentation) skills; risk management; problem solving; learning; managing own learning.

The main question which SFIA seems to raise is to do with the articulation of job roles in the industry with skills. The level structure separates out some common skills to apply across the board. But to function as a role framework, it would have to be the case that each role consisted of just a single domain skill associated with any of seven particular clusters of general skills, and this is doubtful. The challenge of adding new skills to the framework has highlighted this. Several domain-specific skills can be seen as requirements for a number of different particular roles, which breaks the simplicity of the grid model.
Instead, (occupational) roles could be regarded as associated with groupings of skills – domain skills as well as general skills. This may break SFIA’s grid, but at the same time it would open up the possibility of a much richer and potentially more accurate “industry model”.

3.3 Levels in frameworks

The lesson which one is tempted to draw from these two cases concerns levels, their use and misuse. It must be a very common experience to note that wherever there is a general level model produced of anything, variants arise with different numbers of levels, or people argue about how many levels there should be, or what should be in each level. This looks like a natural consequence of the fact that there is no principled basis for the assignment of levels: they are at root relatively arbitrary.
A corollary of this is it is not easy to bind together two disparate level structures, either of education and career progression, or of career progression, role and levels of skill.

On the other hand, it is practically useful to have a framework which can be referred to by both educators and learners, or by employees and managers. The recommendation here is that this kind of level framework is seen not as fundamental to the domain, but essentially as a superstructure. 

It is not within the remit of this project to explore this matter further. Let it suffice to note that in general, the concept of level, being linked to progression, will be applicable to the “EO” side of skills definition (explained immediately below), which relates to teaching, learning and assessment, but not to the “C” side of competency concept definition. In other words, there may be several reasons for structuring a programme of education into levels, with as many variations on the precise definition of a level, incorporated into frameworks of “EO” skills, but there is (in general) no independent substantial basis to the concept outside the particular contexts of progression.
4 Teaching, learning and assessment (“EO”)
4.1 There can be confusion - why?

It seems easy, and perhaps natural, when setting out a course of study or training, to select the areas of competency from a list of general areas in the subject, expressed in terms of concepts that are recognised by those people with an interest in the outcomes of the study or training. This could proceed top-down from the starting point of a most general conceptual awareness: for instance, of what is required either in a job, or in a course of study at a higher level.
In the mind of someone choosing skills to develop or topics of study, concept terms may stand for some more detailed concepts which have not yet been fully worked out. The questions may still remain: which parts of the competency will actually be developed (taught or learned and practised), and how will they be assessed?

For example, consider a course intended to develop learners’ communication skills. The person devising the course may have in mind particular skills which are appropriate for typical course members. Ideally, that should be made clear to other people through the skill definition. In some contexts, communication skills might cover, say, the range of skills needed to give a presentation, and a few others defined simply. In other contexts, a much more elaborate structure of skills may be intended.
Assessment, too, needs to be thought about along with teaching and learning. Having a skill as a desired learning outcome of a course or module is much more useful if there is a clear definition of how that skill is to be assessed. If it is not assessed, how could the course designers be clear that it has been taught, practised and learned? However, it seems that is still the current state of play in some places.
Thus it seems plausible that the confusion between the two sides arises from a lack of diligent clarity when specifying educational objectives or learning outcomes.
4.2 Are definitions for teaching and learning reusable?

The exact content of courses, and the ways in which the outcomes and competencies resulting from those courses are assessed, can vary greatly from establishment to establishment. Certain aspects of a skill, or particular ways of treating a skill, may become entrenched in an institution’s culture. Additionally, the whole approach to teaching and learning may differ in several ways, as, for example, problem-based learning (PBL) differs from more traditional approaches. All this suggests that, while a general competency concept may appear equally in two courses, the particular ways of teaching, learning and assessing that competency in term of educational objectives and outcomes are not likely to be transferable between institutions.

There is still some sense in talking about reuse within the institution, however. Generic skills may appear across different subject areas. It would create difficulties if a single institution had differing definitions of, say, team work skills, across different subjects which might be visited by the same learner, or taught by the same teacher. There might also be advantages for the student if skills definitions were harmonised also for the purposes of careers and other personal development: ideally throughout all the different aspects of the student experience within the same institution.
4.3 Nature of assessment

Leaving the detailed discussion of assessment to professionals in the field, there are still some aspects of assessment which are significant to the representation of educational objectives and learning outcomes.

Firstly, any assessment can be taken as an assessment of some particular skill or competency, or set of them. Given that any competency can be assessed in different ways, it makes sense for different assessments of the same competency to have a common reference point, rather than trying each to define an idiosyncratic version of what is essentially the same competency.
Secondly, even though assessments may be assessing the same competency in general, they may differ in the ranges of that competency actually assessed – a given assessment will not necessarily assess the full range of any particular facet of a competency. The range needs to be defined, as it is, for example, in NVQs.
Thirdly, all assessments have some kind of outcome or result. Not only can this vary in type (of information) from a simple binary assessment like pass/fail to a mark on a continuous scale, but a single assessment can have several parts to the output. For instance, a module assessment might have an overall pass or fail, marks for one or more subjects, and credits for accumulation at a higher level dependent perhaps on attendance.
Fourthly, assessment logically has two fundamental kinds: at the higher level, an assessment can be calculated from the results of a set of lower-level assessments (a function which might typically be carried out with a spreadsheet); while at a basic level, an assessment can be a direct attempt to measure the skill or competency possessed. There is no restriction in principle on the way that such an assessment can be carried out – it could range from formal traditional written or multiple choice examinations to practical assessment by an expert assessor and beyond – but for clarity an assessment should be broken down so that as much as possible is represented separately.
4.3.1 Representing assessment

Thus, representing assessment involves firstly, representing the subject matter and range of what is actually assessed; secondly, representing the outcome, with however many dimensions are needed; and thirdly either representing the way in which the assessment outcome is calculated from lower-level outcomes, or the actual method of assessment for basic level assessments.
The subject matter of the assessment should be represented by making an explicit relationship between the assessment and the competency that is assessed.
The outcome can be represented in the form of an arbitrary data structure, though it will most likely be in familiar terms such as pass/fail, marks, credits, grade, classification, etc.
For higher-level assessments, the way in which the higher-level result is created from the relevant lower-level results can be represented in plain text. However, this will not be sufficient for automatic processing, and it would be desirable to have the composition rules expressed in machine-processable form. In practice, a spreadsheet is sometimes used for this kind of purpose, but an XML representation of a spreadsheet would be overly cumbersome for this use. 

In any case, such composition rules may be useful in several settings, including assessment for recruitment, promotion, or advancement, and beyond the individual, in rules to assess corporate bodies, which may or may not be academic. Thus it would be useful to have a separate specification to allow the expression of such rules independently of RDCEO.

For basic-level assessment, given that by definition a basic assessment is not composed of any lower-level assessments, it is doubtful whether anything would be gained by attempting to give formal structure to the assessment method. Thus a simple textual description would be useful, perhaps along with links to further material, resources, or sites used in the assessment.
4.3.2 Facet ranges in assessment

As mentioned above, many assessments will not even attempt to assess the full range of the facets of a competency. But if facets are properly designed to be “mutually exclusive and collectively exhaustive”, then every assessment should be able to be related to each facet of the assessed competency, even if it is to say that no thought has been given to whether the assessment differentiates between different positions in that facet.

As a diagrammatic illustration of the way in which an “EO” definition ranges may relate to “C” definition facets, Figure 4 may serve.
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Figure 4: Schematic illustration of facet relationship
4.4 Connecting “EO” with “C”
4.4.1 Connecting at basic level

The most fundamental and important level at which there can be a connection between concepts and assessment is at the basic level. If the competency assessed were described merely inside the RDCEO definition, without reference outside, there would be no way of saying that two assessment methods were both attempting to assess the same competency. So, while it is acceptable to have a description of the competency assessed within the basic assessment RDCEO, it is vital to link the basic assessment to an externally-defined competency – preferably one which is widely recognised.
Figure 5 illustrates how this may be thought of. Each “EO” definition, described in different words, refers to a central “C” definition. As discussed further below, this can be conceived of as the “EO” definition making the “C” definition ready for use, or “operationalising” it – in this case, for teaching, learning and assessment within a particular educational programme. In each case, the range of each facet of the competency may be different. This connection is an integral part of the definition, so should be included and represented as a central component of the definition. 
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Figure 5: Illustration of how “EO” might relate to “C” at basic level
4.4.2 Connecting at higher levels

If connection has been properly done at the basic level, with higher levels of RDCEO being linked to their appropriate lower-level RDCEOs, in principle connections should be able to be made automatically between higher level RDCEOs on the teaching, learning and assessment side, and higher-level RDCEOs on the competency concept side. Nevertheless, it may be useful (and in the absence of full connections, desirable) to link across at the higher levels. This is partly to express the intention of designers of teaching and learning, so that they can put on record which competencies they are attempting to deal with in their own way, which is likely to differ from the method adopted by other. It would also give the facility for checking that the intentions are consistent with the lower-level implementations of those intentions.

Connections at this level are not essential. It is perfectly reasonable to have course components whose outcomes, and whose assessment, are defined simply in terms of the outcomes and assessment of their lower-level parts, and not with reference to outside standards.
4.4.3 The challenge of representing “EO” to “C” connections

This is one place where the difference between a competency definition (as represented here) and a document comes to the fore. For documents, it has come to be expected that relationships with other documents belong to (is represented in) the metadata. Metadata should not be essential to the existence of anything, whether document or competency definition, and this is reflected in the fact that in the RDCEO spec, use of metadata is neither mandatory nor tightly specified. And in the case of higher-level skills, we have argued that the relationships are less than essential. But in the case of the basic skill definitions relating to assessment, a clear definition of what conceptual skill is being assessed is indeed essential. 
One option would be to represent the connection in the metadata. Already, above, the idea is spelled out for representing whole-part relationships between skill concepts in metadata. But it does seem somehow wrong to put such an essential relationship in with metadata which is otherwise circumstantial to the meaning of the skill itself. And even if it were desired to use the metadata relations, which relations would be used? None of the relations listed above (Section 2.5) capture well the rather complex relationship which could be expressed rather inelegantly as “this definition is an attempt to operationalise that concept for the purposes teaching, learning and assessment”. Perhaps the closest is “references”, but the concept is still so far away from the bibliographic concept of referencing that the wisdom of using this would be highly questionable, and the suggestion above is that referencing relations might be used to represent non-specific relationships, rather than the highly specific one here.
The alternative is to place that central relationship (between the definition of the skill as assessed and the definition of the skill as concept) in its own definition element. The only hesitation is that it appears that statements within definition elements were not intended to represent such data: rather, the RDCEO statement token element envisages the use of a selection from a controlled vocabulary.
Even if it were realistic to propose (or stimulate) a revision of the metadata for RDCEO, the centrality of the relationship to the definition pushes the decision towards representing that key relationship within the definition model. Fortunately, the syntax needed to refer to another RDCEO is sufficiently similar to that needed to refer to a vocabulary term. The RDCEO binding gives the statement token a source and a value, and these can be composed to create an RDCEO identifier. 
But care is necessary. It seems to be accepted for RDCEO purposes that a catalog value can be nil: the RDCEO binding
 has “If the identifier is expressed as some other form of URI with no additional information attached, i.e. if the string does not contain the literal character ‘#’, the string is assumed to be the entry value and the catalog value is assumed to be nil.” But the source of a statement token must be present. So if it is desired to refer to an RDCEO whose identifier is e.g. a URL without a ‘#’ character, and which therefore is taken to be simply a entry value without a catalogue value, the reference should be made with the whole string (URL in this example case) being represented by the source element of the statement token, with an empty value element.
Another, more taxing option, would be to define an entirely new element for RDCEO. However, the nature of the processes by which specifications are agreed and standards set means that this is an option for the longer term.
4.5 Using RDCEO in educational and assessment definitions 
All use of RDCEO for educational and assessment definitions (like for competency concepts) will also share the first three components (reproduced here as above).

28. The identifier should the normal identifier as in all RDCEOs.

29. The title should give a very concise heading, in one or more languages, indicating the conceptual generic nature of this definition.

30. The description should amplify this title, explaining its meaning.

Following this, at every level which can be assessed, there needs to be some way of representing the actual or potential outcome of an assessment. For example, if it is assessment of the clinical skill of taking blood, is the record just going to give “pass” or “fail”; or a mark; or grades on different aspects of the skill (e.g. patient comfort, safety, speed, accuracy. etc.)? Initially, prior to agreeing some extension to the spec, the obvious way within RDCEO is to define a model intended just to represent the potential outcomes. If some likely dimensions of outcome were to be agreed, each dimension could be represented in the model, and by a separate definition statement. Failing this, or initially, this would have to be done in plain text, which would not be machine-processable.
Again, for every level which can be assessed, there needs to be a counterpart to the definition of assessment potential in the “C” definition. This will define actual ranges for the various facets of assessment, which will need to be subsets of the corresponding facets of the related competency concept. Thus the “C” concept may have stated that skill in taking blood could only be assessed by an expert: this should be replicated in the “EO” definition by stating that it is actually assessed by an expert.
As discussed above, all competency definitions would benefit from accurate classification metadata, and this should be included where possible.

The remainder of the RDCEO definitions and metadata will have varying use as follows.
4.5.1 Non-assessed skills
Within frameworks of teaching and learning, there may well be concepts which help in the structuring of the curriculum where there is no clear mapping to assessment. For example, in the University of Liverpool’s curriculum, there are four themes seen as running through:

· Structure and Function in Health and Disease

· Individuals, Groups and Society

· Population Perspective (public health aspect)

· Personal and Professional Development (including ethics, etc.)

There are no specific assessment structures for the assessment of these. Knowledge related to them is distributed throughout the curriculum, and assessment follows the curriculum. They do, however, relate to other conceptual structures in medical knowledge and education, including Tomorrow’s Doctors.
The proposal here is to treat this kind of non-assessed concept in just the same way as a higher level externally-defined competency concept: for details, see above.
4.5.2 Higher level assessments which are composed of lower levels
For these, the following three proposed definitions may be desired, but are not mandatory.

· One which models the relationship of operationalisation: this would contain a statement token containing just a reference to the conceptual RDCEO. 
· One which models assessment and the facets of assessment potential. 
· One which models the range of the facets of the skill itself. 
If there is an operationalisation definition, then the assessment potential definition model and the facet model should be the same as the ones in the skill referred to, and the statements should define ranges which are equal to or less than the ranges defined in the conceptual skill referred to. 
· There must be a definition for the composition rule itself. This model should contain two statements, one for the text and one for a reference to a machine-interpretable rule, whose spec has not been written yet. These cannot at present be combined in one statement, as the RDCEO spec defines the statement text and statement token elements to be mutually exclusive.
Then in the metadata, the “has part” relations can be used to show the extent of the dependencies. Clearly, if this is done, the metadata relations must harmonise with the composition definition, in that the same lower-level skills should appear in each one. There may also be other good ways of using the metadata: where appropriate, these should follow guidelines laid out elsewhere.
4.5.3 Basic assessments
The definitions models needed are similar, but more exacting.
· There must be a definition which models the relationship of operationalisation, containing a statement token referring to the relevant conceptual RDCEO. 

· There must be a definition of assessment. This should include a textual statement of the assessment method itself, as there does not appear to be any plausible way of formalising all the human details of an assessment. The textual statement can refer to other material, e.g. web pages, but there is no formal mechanism for this, due to the restrictions in the statement structure. There should be a set of statements relating to the facets of assessment which are to be defined, corresponding to the discussion of assessment potential above at 2.4. Each one should give the assessment range as a subset of the assessment potential facet defined in the conceptual RDCEO chosen for operationalisation.
· There must be a range definition for any competency facets (not to be confused with the assessment facets).  This must specify what ranges of the facets of the conceptual competency (as referred to in the operationalisation definition) are actually assessed. This definition model will refer to each facet, and each statement will deal with one facet, setting out the range actually assessed.
No composition rule is appropriate at this level.

The metadata can be used in any generic way, as for other RDCEOs, but neither the “is part of” nor the “has part” relations should be used.
4.5.4 Metadata

Here, as for the “C” competency concepts, it would make sense for the future to explore alternative ways of representing metadata, including frameworks such as Dublin Core. This has not been done for this study. The outstanding question is what should truly be considered metadata, and what should rather be part of the core information, represented explicitly.
4.6 Scope of work for teaching, learning and assessment (“EO”)

It will probably be clear from the discussion in the foregoing sections that the detailed representation of a full structure covering teaching, learning and assessment is potentially a very large task. It is neither necessary nor possible within the scope of the SPWS project to represent substantial parts of such a structure. What is desirable is to perform some initial testing of the framework ideas by representing a few varied, assessed competencies in order to have a tested basis on which to build some “C” side competency concept definitions – on the basis that the two sides need to have related structures, and references are needed from the “EO” side to the “C” side.
It may also prove necessary to illustrate the representation of the “EO” aspect in order to free people’s minds from the need to argue over the “correct” definitions of assessable skills, and to allow them to focus on putting together consensus “C” definitions in a format which will integrate with eventual “EO” representations.
It is also clear that drawing value from the representation of skills in RDCEO is largely dependent on shared use of common competency concepts, and that therefore those “C” concepts take priority.

5 Practical use and examples
5.1 Skills definition
For demonstration purposes, the project has put together a very small conceptual skills framework– that is, “C” not “EO” – drawn from the LUSID set. This is available at http://www.inst.co.uk/clients/jisc/SPWS/skills/ at present. Here, three of these are selected and explained for illustration. 

5.1.1 A top level grouping

The top level of this framework just consists of the grouping of IT and numeracy. The file for this is given in Appendix A; more explanatory comments are given here.
The RDCEO uses the “langstring” construction, through which any number of equivalent strings in different languages may be put together.

The file starts in the usual manner for xml. Here it is clear that we are using the IMS RDCEO schema, and the IMS Metadata schema. Other metadata schemas could be used instead.

<?xml version="1.0" encoding="utf-8"?>

<rdceo xsi:schemaLocation="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0 imsrdceo_rootv1p0.xsd 


http://www.imsglobal.org/xsd/imsmd_v1p2 imsmd_v1p2p2.xsd


http://www.w3.org/XML/1998/namespace xml.xsd"


xmlns="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0"


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">

  <!-- note the null catalog: URI is entry -->

  <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/testSkillSet.xml</identifier>

  <title>

    <langstring xml:lang="en-GB">The skill concepts to be tested for the SPWS project</langstring>

    <!-- other languages here -->

  </title>

  <description>

    <langstring xml:lang="en-GB">This is a demo selection of skill areas: IT and numeracy.</langstring>

    <!-- other languages here -->

  </description>

  <!-- the first definition or definitions give the facets of the skill, or if there are no facets, then a statement to that effect, as is the case here -->
  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/nofacets.html</model>

    <statement statementname="nofacets">    

      <statementtext>    

        <langstring>This competency definition written according to the IMS RDCEO specification, and the recommendations of the SPWS project, has no identified formal facets.</langstring>    

      </statementtext>    

    </statement>  

  </definition>
  <!—- the following model with three facet statements is proposed as standard, and describes the possibilities for assessment of the skill -->
  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/assessability.html</model>

    <statement statementname="assessmentBasis">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
assessmentBasis.xml</source>
        <!-- at this level we do not want to limit the possibilities for assessment; only items which are excluded from every one of the contained skills are to be excluded here -->
        <value>selfAwareness choices responses statements actions products consequences sharedPerformance sharedProducts</value>

      </statementtoken>

    </statement>

    <statement statementname="whoAssesses">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
whoAssesses.xml</source>

        <value>learner humanMarker automaticMarker experts clients peers</value>

      </statementtoken>

    </statement>

    <statement statementname="enduringEvidence">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
enduringEvidence.xml</source>

        <value>thing certificate testimonial survey photographic audio video</value>

      </statementtoken>

    </statement>

  </definition>

  <metadata>

    <!-- metadata explicitly suggested by the RDCEO spec -->

    <rdceoschema>IMS RDCEO</rdceoschema>

    <rdceoschemaversion>1.0</rdceoschemaversion>

    <!-- RDCEO recommends some LOM-like metadata, however it is not clear how much wisdom there is in this. For the purpose of SPWS, we have used IMS metadata to represent just two constituents to this skills collection: IT and numeracy. -->
    <lom xmlns="http://www.imsglobal.org/xsd/imsmd_v1p2">

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/IT.xml</identifier>

        </resource>

      </relation>

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/numeracy.xml</identifier>

        </resource>

      </relation>

      <!-- classification to go here -->

    </lom>

  </metadata>

</rdceo>

5.1.2 A medium-level skill topic
IT skill has databases as one of its components. The full file for this is given in Appendix B: here are shown only segments which are substantially different in form from the previous example.
<!-- ... similar stuff ... -->

  <!-- here, there is scope for a facet, namely of database software or type, 

  so it goes here instead of the nofacets declaration -->

  <definition>

    <!-- possible major choices of database software -->

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/DBsoftware.html</model>

    <statement statementname="software">    

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/DBsoftware.xml</source>

        <value>hierarchical XMLDBs ZODB SQLServer Access MySQL Oracle DB2 Sybase Paradox </value>

      </statementtoken>

    </statement>  

  </definition>

  <!-- ... -->

  <!-- here we see that the constituent parts of db skill are (for demo purposes) skill with tables and skill with queries -->

  <metadata>

    <!-- ... -->

    <lom xmlns="http://www.imsglobal.org/xsd/imsmd_v1p2">

      <!-- include as many haspart relations as required here following this model -->

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/tables.xml</identifier>

        </resource>

      </relation>

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/queries.xml</identifier>

        </resource>

      </relation>

      <!-- ... -->

5.1.3 A low-level skill topic
Going down to one finer level of granularity, we have the skill with database queries. Note that no parts are listed for this. Nor is there any facet: although the skill of database queries may vary with different database software, it is not an appropriate level of granularity to express this facet, as some databases may have essentially the same mechanisms, thus allowing perfect transfer. In any case, a skill at this level of granularity will be part of a complete database skill, and thus the software or software type can be picked up from there.
Notice also that the possibilities for assessment are portrayed as being narrowed. The point of this is not to enter into a debate about how one can in principle assess making database queries, but just to give a plausible example of how they might be narrowed at this point. See Appendix C for the content of the file, where these points can be noted.
5.2 Reference definition

How are these RDCEO definitions used, in the sense of being referred to? 
A principle use is in the interoperable representation of skills in Personal Development Planning and e-portfolio software. In systems based on IMS LIP
 and its derivatives (including UKLeaP
 and IMS ePortfolio
) the main way it is envisaged as being used is in setting out the skills and competencies claimed by an individual. This is within a “competency” element. Based on an example given in the RDCEO documentation, modified to refer to the database skill detailed here, this is how it is envisaged.
<competency>

  <contentype>

    <referential>

      <indexid>competency1</indexid>

    </referential>

  </contentype>

  <description>

    <short xml:lang="en">Databases</short>

    <long xml:lang="en">Creating databases to store records that can be subsequently retrieved and manipulated</long>

    <full>

      <media encoding="uri" mediamode="Text" mimetype="text/xml"> http://www.inst.co.uk/clients/jisc/SPWS/skills/DB.xml </media>

    </full>

  </description>

</competency>
This format should in essence be the same across all specifications derived from IMS LIP 1.0. For more details of the context, refer to the documentation for the relevant specification.
5.3 Other uses

It is envisaged that a skills framework of this form could also be used in, and referenced from, course information databases (for example, see the XCRI project
). It would also be a natural extension of the e-portfolio work to have the same ones referenced from person specifications in recruitment advertisements or jobs offered, and also used in HR systems. To get industry-wide usage, integration with HR-XML
 will also have to be taken forward.
6 Further work

This work may be discussed in the project, but is not included. The need for it emerges from the discussions above, and it could be the subject of future projects.
6.1 Composing assessments

6.1.1 The challenge

In brief, the challenge is to provide a general machine-processable definition of how a higher-level assessment result set is arrived at in terms of lower-level assessments, in such a way that can be reused in many contexts.
6.1.2 Possible solutions

It seems plausible to choose a solution capable of representing a full programming language, so that any arbitrary computable function of the inputs can be specified, which can also be represented in XML to integrate with the rest of the binding. Time may play a factor, as may specific data drawn from the learner’s e-portfolio, as represented in a particular specification (e.g. LIP). The language o:XML
 could be a possible candidate that appears to fit the requirements.
6.2 Registries of facets, vocabularies, skill and competency definitions
If there is to be any chance of establishing practical interoperability, not only the facets and vocabularies, but the competency definitions themselves will have to be able to be found. Some kind of registry arrangement will be needed for this. It will only be after such a registry has enough examples in it to be used in practice that the opportunity will arise for the most valuable feedback about the extent to which the proposals given here are actually practicable.
6.3 Restructuring the RDCEO specification

It should be clear following this discussion that the RDCEO spec is not ideally adapted for the uses required and described here, though it can be bent to fit, as in the proposals above. Ideally, the spec could be extended to include the following common elements identified as of general importance.
31. A facet element could both allow explicit reference to a vocabulary defining a facet, and include a definition of the range of that facet covered. An arbitrary number of these could be grouped together to define the facets as a whole of that competency.

32. Definition of actual and possible assessment either needs to be better structured within the RDCEO, or a slot for a reference provided, for a new specification. In some ways the latter solution looks preferable, because of the multiple contexts in which assessment can appear. In any case, assessment or assessment potential should be a central component of any skill definition.

33. In any case, a structure could be defined within RDCEO for representing the possible outcomes of the assessment of an RDCEO. The contents of this should be compatible as far as possible with other specifications in the area of assessment (e.g. IMS QTI
), and also with the LIP activity evaluation structure.

34. A new specification for assessment composition rules should be written, and a slot provided for tying a competency to one of these rules. The composition rules themselves will need to refer back to the RDCEOs.
35. Space should be given for the explicit and separate representation of the operationalisation relationship. This is vital, in that it allows the conceptual separation of the skill-as-concept and the skill-as-assessed which form the basis of the analytical approach which this study has led to.

36. Information currently relegated to the status of “metadata” should be considered for inclusion in the main part of the information model, where appropriate. Information that is common to any digital artefact, and can truly be considered to be metadata, to remain as metadata, includes authorship and revision information. Relationships between competencies, on the other hand, could reasonably be seen to be an integral part of what is necessary for a competency definition to be useful. Thus there is a reasonable case to make it part of the core information model, and to consider whether an RDF binding might help. For items that will continue to be seen as true metadata, a Dublin Core approach might be investigated.
Facet sets would be relatively straightforward, and useful. They could conceivably look something like this. If this kind of thing were to be developed, care would be taken to harmonise the structure and nomenclature of the information model with other parts of the current RDCEO and related specs.

<facetset>

  <facet type="discrete">

    <vocabulary>http://www.specvocabs.org/birds/flightless.xml</vocabulary>

    <range>ostrich emu penguin dodo</range>
  </facet>

  <facet type="metric">

    <unit>metre</unit>

    <min>0.5</min>

    <max>5</max>
    <range>

      <min>1</min>

      <max>2</max>

    </range>
  </facet>
  ...
</facetset>

Even this suggestion must be taken as extremely tentative, as there are so many considerations to be taken into account towards constructing a useful and elegant information model. The other proposals are less clear, and would need more substantial work before even suggesting the kind of form they might take. Furthermore, there is potential interaction between these proposals, and between them and existing elements, so the best way forward would be to work on a complete revision as a whole.
6.4 Developing definitions for teaching learning and assessment
As mentioned above, this will require a great deal of resource to do properly. When a suitable framework of conceptual competencies has been defined in a subject area, it would seem appropriate to integrate the creation of this other “EO” side with the creation and definition of the curriculum and learning materials as a whole, rather than being a process added on at the end: this could be analogous to the fact that the creation of good and effective e-learning materials is more labour-intensive than some traditional teaching approaches.
The envisaged motives for doing this well will be firstly the further empowering of learners to take responsibility for their own learning in an environment where there is a great deal more transparency about the learning process as a whole, and secondly the possibility of better being able to reuse and repurpose parts of teaching, learning and assessment structures (as well as learning materials) in settings other than the ones for which they were originally created.

6.5 Relating this meta-framework to frameworks with levels
There seems to be a strong propensity for people to divide skills into levels. No doubt, also, there are major vested interests of some stakeholders in maintaining a level framework which represents their particular interest favourably compared to competitors. Nevertheless, in the long term, we believe that such levels play no essential part in the conceptual “C” side of a skill and competency meta-framework, and that levels are essentially epiphenomenal, to be delineated within “EO” frameworks. We should in any case demonstrate how levels of “EO” skills can be recreated from the kind of “C” substrate envisaged in this meta-framework.
Some skills are normally assessed in a binary way – either the subject has the competence or not. For other individual skills, a level structure may be reconstructed by defining significant ranges of that skill, where each greater range includes lesser ranges. For example, for unicycling, one can imagine two facets: height of the unicycle, and time spent riding. Level 1 unicycling could imply staying balanced on a 1 m high unicycle for 10 seconds, and so on. Or, within an imaginary circus career framework, the first levels might be introductory, then there may be a level required for support appearance on a unicycle, other levels for key artistes. Significantly, the top level of performance competence is not necessarily needed in order to coach unicycling at the earliest levels – indeed maybe not even at the highest levels. This is a phenomenon widely recognised in sports coaching.
In a broader view, the concept of level makes sense when related to progression, which fits with the idea of objectives, and thus the “EO” apparatus. In an extremely hierarchical organisation or system, it may be that there are a number of levels which everyone has to progress up, one at a time. However, there are few, if any, organisations or systems other than compulsory and traditional education where this is the case. Even in the military, there are traditionally two entry points, one at the bottom, and one as a junior “officer”. So a rational basis for levels has to be built on top of a realistic appreciation of the actual progression pathways that exist, in whatever occupation. Do these progression pathways have any reasonable concept of level? Is there a metric can be applied reliably? Is it realistic to see the pathways as variant pathways up a hill slope, or not? For example, if a short cut up the slope actually took much less time and energy, there might be a suspicion that some unnatural assistance was taking place, or that there was not actually any realistic measure corresponding to “height”. Or, is there really only one path up to a certain point, which then branches out? In that case, maybe the concept of level can apply up to the branching point.
Whatever the outcome of such a study of progression pathways, the landscape on which the “EO” pathways are mapped can be (and arguably needs to be) related to the kind of “C” framework described in this SPWS project study.

Appendix A: a top-level skill set
This is the contents of the file testSkillSet.xml
<?xml version="1.0" encoding="utf-8"?>

<rdceo xsi:schemaLocation="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0 imsrdceo_rootv1p0.xsd 


http://www.imsglobal.org/xsd/imsmd_v1p2 imsmd_v1p2p2.xsd


http://www.w3.org/XML/1998/namespace xml.xsd"


xmlns="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0"


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">

  <!-- note the null catalog: URI is entry -->

<identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/testSkillSet.xml</identifier>

  <title>

    <langstring xml:lang="en-GB">The skill concepts to be tested for the SPWS project</langstring>

    <!-- other languages here -->

  </title>

  <description>

    <langstring xml:lang="en-GB">This is a demo selection of skill areas: IT and numeracy.</langstring>

    <!-- other languages here -->

  </description>

  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/nofacets.html</model>

    <statement statementname="nofacets">    

      <statementtext>    

        <langstring>This competency definition written according to the IMS RDCEO specification, and the recommendations of the SPWS project, has no identified formal facets.</langstring>    

      </statementtext>    

    </statement>  

  </definition>

  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/assessability.html</model>

    <statement statementname="assessmentBasis">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
assessmentBasis.xml</source>

        <value>selfAwareness choices responses statements actions products consequences sharedPerformance sharedProducts</value>

      </statementtoken>

    </statement>

    <statement statementname="whoAssesses">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
whoAssesses.xml</source>

        <value>learner humanMarker automaticMarker experts clients peers</value>

      </statementtoken>

    </statement>

    <statement statementname="enduringEvidence">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
enduringEvidence.xml</source>

        <value>thing certificate testimonial survey photographic audio video</value>

      </statementtoken>

    </statement>

  </definition>

  <metadata>

    <!-- metadata explicitly suggested by the RDCEO spec -->

    <rdceoschema>IMS RDCEO</rdceoschema>

    <rdceoschemaversion>1.0</rdceoschemaversion>

    <lom xmlns="http://www.imsglobal.org/xsd/imsmd_v1p2">

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/IT.xml</identifier>

        </resource>

      </relation>

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/numeracy.xml</identifier>

        </resource>

      </relation>

      <!-- classification to go here -->

    </lom>

  </metadata>

</rdceo>

Appendix B: a middle level skill
This is the contents of the file DB.xml
<?xml version="1.0" encoding="utf-8"?>

<rdceo xsi:schemaLocation="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0 imsrdceo_rootv1p0.xsd 


http://www.imsglobal.org/xsd/imsmd_v1p2 imsmd_v1p2p2.xsd


http://www.w3.org/XML/1998/namespace xml.xsd"


xmlns="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0"


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">

  <!-- note the null catalog: URI is entry -->

  <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/DB.xml</identifier>

  <title>

    <langstring xml:lang="en-GB">Databases</langstring>

    <!-- other languages here -->

  </title>

  <description>

    <langstring xml:lang="en-GB">Creating databases to store records that can be subsequently retrieved and manipulated.</langstring>

    <!-- other languages here -->

  </description>

  <!-- the first definition sets out the full facet ranges of the skill or competency -->

  <definition>

    <!-- possible major choices of database software -->

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/DBsoftware.html</model>

    <statement statementname="software">    

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/DBsoftware.xml</source>

        <value>hierarchical XMLDBs ZODB SQLServer Access MySQL Oracle DB2 Sybase Paradox </value>

      </statementtoken>

    </statement>  

  </definition>

  <!-- the second definition sets out the standard assessability facets -->

  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability.html</model>

    <statement statementname="assessmentBasis">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
assessmentBasis.xml</source>

        <value>selfAwareness choices responses statements actions products consequences sharedPerformance sharedProducts</value>

      </statementtoken>

    </statement>

    <statement statementname="whoAssesses">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
whoAssesses.xml</source>

        <value>learner humanMarker automaticMarker experts clients peers</value>

      </statementtoken>

    </statement>

    <statement statementname="enduringEvidence">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
enduringEvidence.xml</source>

        <value>thing certificate testimonial survey photographic audio video</value>

      </statementtoken>

    </statement>

  </definition>

  <metadata>

    <!-- metadata explicitly suggested by the RDCEO spec -->

    <rdceoschema>IMS RDCEO</rdceoschema>

    <rdceoschemaversion>1.0</rdceoschemaversion>

    <!-- LOM is just one possible option, not perfectly suited to the task -->

    <lom xmlns="http://www.imsglobal.org/xsd/imsmd_v1p2">

      <!-- include as many haspart relations as required here following this model -->

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/tables.xml</identifier>

        </resource>

      </relation>

      <relation>

        <kind>

          <source>

            <langstring>LOMv1.0</langstring>

          </source>

          <value>

            <langstring>haspart</langstring>

          </value>

        </kind>

        <resource>

          <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/queries.xml</identifier>

        </resource>

      </relation>

      <!-- classification to go here -->

    </lom>

  </metadata>

</rdceo>

Appendix C: a lower-level skill
This is the contents of the file queries.xml.

<?xml version="1.0" encoding="utf-8"?>

<rdceo xsi:schemaLocation="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0 imsrdceo_rootv1p0.xsd 


http://www.imsglobal.org/xsd/imsmd_v1p2 imsmd_v1p2p2.xsd


http://www.w3.org/XML/1998/namespace xml.xsd"


xmlns="http://www.imsglobal.org/xsd/imsrdceo_rootv1p0"


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">

  <!-- note the null catalog: URI is entry -->

  <identifier>http://www.inst.co.uk/clients/jisc/SPWS/skills/queries.xml</identifier>

  <title>

    <langstring xml:lang="en-GB">Queries in databases</langstring>

    <!-- other languages here -->

  </title>

  <description>

    <langstring xml:lang="en-GB">The ability to use queries in databases; designing and using queries for a range of purposes, etc. ...</langstring>

    <!-- other languages here -->

  </description>

  <!-- the first definition sets out the full facet ranges of the skill or competency -->

  <definition>

    <!-- if there are no identified facets, the model should be explicitly empty, with no statements -->

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/nofacets.html</model>

    <statement statementname="nofacets">    

      <statementtext>    

        <langstring>This competency definition written according to the IMS RDCEO specification, and the recommendations of the SPWS project, has no identified formal facets.</langstring>    

      </statementtext>    

    </statement>  

  </definition>

  <!-- the second definition sets out the standard assessability facets -->

  <definition>

    <model>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability.html</model>

    <statement statementname="assessmentBasis">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
assessmentBasis.xml</source>

        <value>selfAwareness choices responses statements actions products consequences sharedPerformance sharedProducts</value>

      </statementtoken>

    </statement>

    <statement statementname="whoAssesses">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
whoAssesses.xml</source>

        <value>learner humanMarker automaticMarker experts clients peers</value>

      </statementtoken>

    </statement>

    <statement statementname="enduringEvidence">

      <statementtoken>

        <source>http://www.inst.co.uk/clients/jisc/SPWS/skills/facets/assessability/
enduringEvidence.xml</source>

        <value>thing certificate testimonial survey</value>

      </statementtoken>

    </statement>

  </definition>

  <metadata>

    <!-- metadata explicitly suggested by the RDCEO spec -->

    <rdceoschema>IMS RDCEO</rdceoschema>

    <rdceoschemaversion>1.0</rdceoschemaversion>

      <!-- no haspart relations as yet -->

      <!-- classification to go here -->

  </metadata>

</rdceo>
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