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Research methods

This report was undertaken to examine whether contextual metadata was being used to support the use of Learning Objects in elearning. The use of contextual metadata would be counter to the received wisdom of elearning, that context-free resources facilitate greater reuse with the Community of Practice. Research entailed the investigation of a number of areas:

· Project work involving the use of supporting contextual metadata. These projects were found via academic search facilities such as Athens, Eprints and conference proceedings such as Ed/ITLib (AACE), as well as standard search engines. Information about many of the projects listed became available during the summer of 2006, after the initial search phase. 

· The exploration of various viewpoints towards the use of context in elearning. The debates mentioned have been widely discussed within the UK, (and other) elearning communities, and involved key texts such as Littlejohn’s Reusing Online Resources (Littlejohn, 2003), Stephen Downes’ website http://www.downes.ca and the CETIS Educational Content Special Interest Group Mailing List http://www.cetis.ac.uk/members/educational_content. These discussions have taken place from early in the millennium until the present day (2006). 

· The two previous factors lead to a realisation that the teaching and learning context was as central to elearning as to face-to-face teaching. Much of the literature in elearning appeared to be advocating the use and development of context-free learning objects, whilst at the same time acknowledging that this would be counter to everyday teaching practice. In addition to this, it became apparent that there were, in fact, many different contexts that might be discussed or play a central role in teaching and educational research. A shared understanding of the teaching and learning context, and the role that contextual metadata might play, could contribute to the discussion surrounding the ‘user or teacher requirements’ for effective e-learning.
 A shared vocabulary from that understanding could contribute to future forms of elearning designs, discovery and debate.

Metadata standards in learning technology. 

There has been a recent renewed focus on metadata although librarians have long been cataloguing and classifying books according to standardised rules. We are building on this long tradition of cataloguing and classification of materials in libraries. For example, MARC 21 formats are widely used standards for the representation and exchange of authority, bibliographic, classification, community information, and holdings data in machine-readable form. 

There is revived interest in how to represent metadata well particularly with the need for interoperability between databases; it has already been used in relation to libraries for some years. Publishers produce a catalogue entry for their books, using a standard set of terms or tags, which can then be added to bibliographic databases such as BooksInPrint, online shops such as Amazon or the institutional library. These terms or tags follow a standard, or formalised terminology that enables the catalogue entry to be shared across a great many systems for books and similar materials. In 2000, the Learning Technology Standards Committee Learning Objects Metadata (LTSC-LOM) Working Group of the IEEE (Institute of Electrical and Electronics Engineers) and Dublin Core Metadata Initiative (DCMI) began to work towards interoperable metadata, a commitment that was co-signed by representatives from the following projects; ARIADNE (Alliance of Remote Instructional Authoring and Distribution Networks for Europe), EdNA (Education Network Australia), GEM (Gateway to Educational Materials), and the IMS Global Learning Consortium. The project began developing a means for sharing information about elearning materials through the use of formal descriptors or tags to describe the materials. These would take the form of metadata standards, which would enable elearning systems to exchange and share information about learning resources, and  to counter the inbuilt redundancy of previous CBT resources and systems. Further work on creating vocabularies for this interoperable metadata was undertaken by a variety of projects, including the CETIS UK LOM Core and CanCore definitions. 

Although the Dublin Core metadata element set was not specifically created for learning, the element set has quickly become an accepted standard for cross-domain information resource description. It is being recognised that Application Profiles are becoming necessary to represent items more richly in specific domains. The variety of standards used by different databases created at different times means we are seeing crosswalks developing to translate from one standard to another. Many archives are, however, becoming Dublin Core or OAI compliant and the OAIster search engine now searches 700 OAI compliant collections. 

Further information can be found at:

· CETIS briefings on elearning standards

· http://www.cetis.ac.uk/static/briefings.html

· Dublin Core Metadata Initiative http://dublincore.org/index.shtml

· IEEE Learning Technology Standards Committee http://ieeeltsc.org/

· IMS http://www.imsproject.org/

· UK LOM CORE http://www.cetis.ac.uk/profiles/uklomcore

· CanCore http://www.cancore.ca/en/
Reusing elearning materials

Essentially what is needed are standards that allow educational materials to be reused in an educationally meaningful way. (Boyle and Cook, 2001)
In 2003, a debate raged on the CETIS EC SIG lists in response to a Stephen Downes article on context and reuse. (Kraan, 2003, Downes, 2003) According to Downes, the Learning Designs, (for example, learning activities designed in IMS Learning Design), have the context embedded within them, therefore Learning Designs aimed at 3rd Year University students would have to be transferred within that context of 3rd Year University students.
 To use the design within another context would involve swapping resources for ones appropriate to the new context. According to Downes, this does not constitute re-use. Responses to Downes centred both on what constitutes re-use, and how re-use occurs, for instance, there is mention of ‘instructional designers’ and ‘authors’, and yet Downes does not specify who these people are. In other words, is the author the same as the teacher or a commercial supplier of learning activities? 

A major consideration in the re-use of Learning Designs (LDs) is that of understanding the context in which the learning takes place. The context plays an important role in understanding the reusability of a resource. Not all subjects will have the same degree of flexibility in their materials. For instance, an elearning application for safe procedures in a nuclear power plant is unlikely to be applicable to local school children interesting in learning about nuclear power. These teaching resources will be focussed specifically on the smaller procedural details, and therefore will not represent power production as a whole. Contrary to this, language teaching and learning involves the use and reuse of a wide range of materials often not related to the syllabus or provided by the teacher. Any resource in the target language is within the context of the language learning, and will relate to a particular pedagogic aim. Therefore, for a language learner the same learning materials on safe procedures at the nuclear power plant are appropriate for reuse provided they are in the target language.
 

It was clear that the EC SIG members considered that the teacher would have an understanding of the context for use, and would be adapting designs and resources to suit their teaching needs. The debate made clear the points that IMS LD was never meant to provide this service, that adaptation of resources has been always been part of the teachers role, and that this adaptation is best undertaken by teachers for their own students; as the expert of their own teaching and learning contexts.

This would then assume that these teachers are, therefore, an essential component of the learning and teaching context themselves, a role integral to both the design and delivery of successful learning outcomes. However, this learning and teaching context is seemingly ephemeral and esoteric by nature, and the very thing that teachers wish to share and reuse. Contextual metadata might, therefore, aim to capture some of this ephemeral knowledge and experience to enable sharing within the teaching and learning Community of Practice; as a language to facilitate communication, to facilitate resource discovery and reuse, and additionally to capture and encourage professional development. 

Whilst the debate centred on IMS Learning Design and learning designs created using the specification, these arguments can also be applicable to learning objects themselves. There is evidence to suggest that repositories would benefit from the use of contextual metadata in relation to LOs.
The advantages of contextualised elearning.

Technological innovation in elearning has mostly centred on the development of international standards for interoperability between educational systems. Whilst, there is an obvious benefit in reusability between machines, (though this is by no means unproblematic), this has led to the technology becoming less accessible to its core audience - the teacher. Learning objects are widely developed as free from the context of teaching and learning to facilitate this interoperability, despite evidence that shows this to be contrary to teacher needs. Not only is context being seen as increasingly important with the advent of IMS Learning Design and the use of ontologies, but it would also appear to be a domain rich in detail and possibility. The teaching and learning context would appear to be fundamental to effective elearning, just as it is to face-to-face teaching.

Contextualised elearning and related metadata in learning systems and materials offer a number of advantages to the teacher:
· Contextual metadata should enable the searcher to locate the information or resources that they need. Teaching practice should inform the application of metadata to facilitate the searches, and relate to real teaching scenarios. 

· Contextual metadata should relate to different aspects, or sub-contexts, of the context of use that the searcher has in mind. See figures 1 and 2.
· The application of the semantic web and ontologies can further enhance contextual metadata by ascribing meaningful relationships to terms, for instance that rabbits are related to bunnies, hares, leverets, Bugs Bunny, Roger Rabbit and the Desert Cottontail. (Downes, 2003) These can form semantic contexts that are a link between the other contexts needed to assemble learning in the correct semantic sequence to make it meaningful to the learner. (Dahn, 2006)
· Contextual metadata can record and store the creator's ‘headspace’ for others to reuse, namely the original creator's ideas and intentions for use of the LO. In other words, the learning and teaching context for which it was originally intentioned, and in which it might be used. The addition of a teacher’s intention would create a contextualised-learning object. A contextualised learning object may resemble a view of life seen through an open window, with the viewers creating their own interpretation of the scene. What the contextual metadata can do is to offer descriptive detail that elucidates and describes that scene in fuller detail, offering a snapshot or vignette of that ‘moment’. 

Vignettes of learning work in a similar way to those of the theatre, being ‘short, impressionistic scenes that focus on one moment or give one impression about a character, an idea, or a setting.’ Like in theatre, these learning vignettes are not dependent on narrative or sequential structures, but are associated by other types of connection. In theatre, this might be linguistic or symbolic, whilst in elearning this might be other sub-contexts relating to elearning such as class size, student age-group, literacy level and educational level. 

· Archiving these vignettes is important, because even teachers working in the same educational contexts may not necessarily view material in the same way.  Recording and sharing of these contexts is beneficial because:

This can save the teacher valuable time in locating suitable LOs, as they will not have to determine the context of use for themselves.

It will relate directly to their professional practice and development thus creating more usable applications and environments.

These vignettes are vulnerable to loss through the lack of documentation. What might seem the most obvious in the present day, may be the most valuable and yet unrecorded in the future. 

What is the teaching and learning context?

For me CONTEXT is the key - from that comes the understanding of everything. Kenneth Noland

Our knowledge is contextual and only contextual. Ordering and invention coincide: we call their collaboration knowledge. Annie Dillard

... ‘general practitioner’ teachers and lecturers [who] are increasingly clear about their need for meaningful contextual information about the resource to enable them to assess it and reuse it. A particularly popular request is for some kind of review process that allows users of the resource to record their usage and evaluation of it for others to examine (Rehak & Mason, 2003, Casey 2004). It is also increasingly being recognised that the production of this kind of usage information (sometimes called secondary metadata) can be important for professional and institutional strategic development purposes as Robyn, & Dalziel (2003) propose: 

“These requirements make clear the need for new conceptions of learning object meta-data, and new ways of using repositories— not just for search and retrieval, but as a living, growing body of shared practice.” (Casey et al., 2005)
For digital libraries to truly be useful to the educational community, the design of their curriculum-related tools and services must be grounded in the actual context of the user. (Pattuelli, 2006)
“…queries into learning object repositories should be enriched with metadata about the user and his context (course, work, …) in order to maximize precision and recall of the result set” (Duval, 2006)
The teaching and learning context is mentioned frequently within the literature on elearning, and in relation to learning objects and learning designs. Yet, what do researchers mean by the teaching and learning context? Is the context referred to in the literature always the same thing? It is evident that this seems not to be the case and that research can refer to one or more types of context, which, even though they belong to broad categories contain distinct subtleties. It would seem that there is a rich area of research to be undertaken in relation to this teaching and learning context. (Boyle and Cook, 2001)
The context of teaching and learning can have many factors, both internal and external, that influence decisions teachers make, and how they might deliver their teaching. Boyle  has outlined a minimum of three layers for capturing the pedagogical nature of computer based learning entities. (Boyle, 2002) The layers he proposes are: 

· Classware 

· Courseware – self-contained curriculum areas e.g. a substantial part of a module.

· Resources – small entities that deal with particular issues or functions.

External layers can be defined as the contexts in which the learning takes place, e.g. the classroom, the available technology, learning systems. Therefore contextual metadata, in this sense, facilitates resource discovery, personalisation, automated learning systems and the selection of appropriate technical formats for the delivery (e.g. mobile learning.) Context can also be considered on a macro level when comparing differences and similarities of RLO reuse between the corporate, academic and military contexts. Cultures within these macro contexts will influence differing strategies for reuse for a variety of reasons. (Strijker and Collis, 2006) 

Internal contexts and related metadata pertain to the individual LO, for instance the L20 project’s contextual, or pedagogic metadata, relates to the individual language learning objects, providing teacher-related metadata, in addition to that for required by technical interoperability standards. (Jeffery et al., 2006) The inclusion of a micro context of some kind in the LO enables the LO to be used as stand-alone, though it is also remains reusable across many layers and levels. 
Educational settings or contexts can impact greatly on the reusability of LOs and LDs as teachers often design specifically for a particular context, for example: 

· Campus-based education and training

· Distance education and training

· Situated learning

· Informal education and training

As well as technical considerations, there are also issues to do with copyright and DRM relating to distance education and training using materials that have been designed for the classroom. (Koper, 2003) Institutional and funding policies can also affect the re-usability of resources with usage rights not transferring across all learning and teaching contexts. For example, National Learning Network (www.nln.ac.uk) activities were not available for re-use within the Higher Education context, whatever their relevance, to teaching programmes.

Types of context

Larger contexts of use and reuse are comprised of sub-contexts, such as that of the learner sub-context, which itself might be made up of the following components.

· Level

· Previous educational background

· Skills, pre-existing knowledge

· Interests

· Learning styles and Preferences

· Scale, the learner sub-context may relate to one or many students, from the single independent learner to the class.
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Figure 1 Contexts that may contribute to the learner context.

Not all possible sub-contexts have to be included in the wider context, and there can be any number of variants depending on the meta-context. Collective sub-contexts create the use/reuse contexts not other way round. It is reverse engineered.
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Figure 2 Contexts that may contribute to the teacher context.
Micro Context

LOs ‘…were based on the concept of learning objects as micro-contexts for learning designed to embody rich pedagogy and structured for reuse.’ (Boyle, 2006)
The inclusion of the micro context enables a learning object to be used as stand-alone, in addition to reusability with many layers and levels. A LO, such as that from the L20 project, would be centred on a single learning point which includes the aims and explanation for the LO, before moving on to the learning itself. (Jeffery et al., 2006) Following the principle of encapsulation, (Koper, 2003), any dependencies extant in the real world, such as the basic knowledge and skills required, need to be assumed. 

Pedagogic

Pedagogic contexts relate to pedagogical strategies that teachers might use within their teaching for particular students. Whilst this would be mostly seen as the domain of IMS LD, pedagogic metadata has been used as an extension to LO metadata by some projects. (Jeffery et al., 2006) Counter to the general perception that embedded metadata of this kind would deter re-use, the UK LOM CORE extension enhances the units of learning as standalone, re-usable learning objects (RLOs) suited to the needs of the relevant community of practice.  

Technical

Technical metadata is more usually that associated with learning technology specifications such as IMS and SCORM; the systems domain. These are designed to ensure technical interoperability, and to transfer context-free items of learning between systems. Whilst this is evidently beneficial on a systems level, there are inherent problems on a human level. This has consequently led to difficulties with uptake amongst the teaching community. LO technology has yet to achieve its full potential, and may perhaps be superseded by the learning activity.

Technical metadata can also be extended to enable interoperability between different teaching and learning contexts using semantic technologies. (Brady et al., 2006, Bailey et al., 2006)
Resource

Resource-based metadata can take the form of both technical information about the resource, but also pedagogical information on its potential use with a learning activity. The L20 metadata mentioned earlier takes advantage of resource-based metadata to create stand-alone, pedagogically rich units of learning that are re-usable as they do not specify the classroom context. (Conole et al., 2005) 

Teacher

Teaching preferences may be seen to overlap with pedagogic strategies, as a teacher will select pedagogic strategies to suit the individual or class. However, the LO Generator service project has developed a teacher context that contains individual teacher preferences on pedagogical strategy and the scope of concept domains associated with their teaching. (Brady et al., 2006)
Learner

Learner preferences, and the learner context, are a vital part of the teaching context. The teacher usually designs and selects resources and activities to suit their learners' requirements. The use of learner preferences within semantic networks enables adaptive technologies and personalised learning paths to be developed. Contextualised metadata can play a role in creating meaning for the learner in a pedagogical and community-centred way. (Allert, 2004) Information about the learner context can be gleaned from the Learning Management System, which will already hold much information on the learner and her context. The metadata within the identity profile will hold data on, for instance, appropriate languages for instruction and course context. (Duval, 2006)
Classroom

The classroom environment is an external context in which the learning and teaching takes place. Numerous factors affect decisions that are made by teachers in relation to the classroom from physical attributes to available equipment. Time spent dealing with the classroom context can detract from ‘developing learner engagement and facilitating process.’ (Philip and Dalziel, 2003) The classroom context relates to delivery options selected by the teacher. The 'classroom' context remains relevant within elearning, as the lesson may occur within a blended learning environment, a remote physical location such as a virtual fieldtrip, or as distance learning. In terms of mobile learning, this is most commonly considered the context within which the teaching takes place; it is this context that determines the delivery of the learning materials. For instance, a virtual field trip environment, such as that undertaken by the RAFT project, determines the applications used, the means of delivery and the method of interaction with the materials by the students. (Specht and Kravcik, 2006)
Institutional

Institutional contexts are relevant to LO usage in terms of digital and access rights.  Not only might an LO asset not have clearance for use within an alternative context such as distance learning, but the licensing determined by the funding body might prohibit the use of the LO outside of a particular institutional context. One example might be the restriction of National Learning Network LOs to the Further Education community.

Subject specific

Context should enable teachers to decide the most appropriate form of reuse for the resources they have discovered. (Philip and Dalziel, 2003) There are many generic resources and transferable skills between subject areas. Subject domains require terms and vocabulary that are often specific to that discipline though may be referred to by other disciplines. Therefore, whilst Newton's Three Laws are sub-domains of the Physics domain, they might equally be shared by domains such as Engineering, and Astrophysics. Pollen analysis can be relevant as a sub domain To Palynology, Climate And Environmental Studies, Ecology And Palaeoecology, Biology, Evolutionary Studies, Allergy Studies, Palaeontology And Coprolyte Analysis.

Cultural and Multicultural contexts

Globalisation is inherent in elearning, but there is a need for culturally appropriate learning resources. Additionally, a multicultural context for teaching can differ greatly from a mainstream mode of teaching. (Neito, 1999) It may not be possible to transfer learning materials directly to another cultural context, for example learning may be tailored to indigenous populations in countries such as Australia, (Philip and Dalziel, 2003) or be localised provision such as the DocSouth project (Pattuelli, 2006) Contextual metadata can benefit the teacher with culturally specific metadata to locate the necessary culturally specific resources. (Philip and Dalziel, 2003).

Transferability

Learning objects are transferred between ‘institutional’ or other contexts, and metadata can be included to assist this process. L20 project metadata includes information on implementing the LO for teachers that have purchased the LO and are using that LO within an external and unrelated context. (Jeffery et al., 2006)
The problem space – life without meaning

Learning technology standards, such as IMS standards, have been based upon the concept of the context-free to enable interoperability and re-use in a technical sense. However, it is evident from the following quotes that there has been widespread acknowledgement that this is contrary to teachers’ working practices.

‘…when designing a traditional course, one tries to connect the content to the context, identifying the target group, the prerequisite knowledge, the presentation schedule, etc. In contrast, when designing a knowledge component, one tries instead to separate the content from the context.’ (Naeve, 1999)
‘It has been suggested that it would be better to concentrate on learning contexts rather than learning objects.’ (Boyle and Cook, 2001)
‘In practice, (Boyle and Cook, 2001) learning technology is … creating specifications and tools that are ‘neutral’ in terms of pedagogy, context and format.’ Although this may seem sensible from a technical interoperability and reuse point of view, it introduces the danger that all the factors that could be useful to the teacher are removed. 

Teachers often work within specific educational models, they think within the boundaries of specific subject contexts and in terms of the actual media – much of this in evidence in the case studies citied in Chapter 17. This mismatch between the users’ perspective and the design perspective underpinning software tools and specifications hinders both the acceptance and proper use of these learning resources.’ (Koper, 2003)
To some extent the fundamental authoring requirements are at odds with our current educational paradigm and established academic practice. Though the perceived value of these context-less Learning Objects is the ability to use the context many times in differing contexts. (Campbell, 2003) 

The demands of interoperable learning technology are somewhat alien to usual teaching practice, as teachers would not normally deal with learning materials that are context-free. Teachers would normally interact with resources that suit the their learners’ needs, teaching environment, learning objectives and so forth. It is extremely unlikely that they would be de-contextualising resources. (Littlejohn, 2003)
There are a number of central problems identified in these quotes:

· Reuse is based on context free LOs 

· Teachers do not live in a context-free world

· The uptake of technology is hindered by learning technology not meeting teachers’ needs in a number of ways:

Extensive metadata schemas, which may enable many contexts and situations, ensure a steep learning curve, 

and a time dedication perhaps not available to most educators. 

Vocabularies can seem arcane,

Freedom from the teaching and learning context means technology does not meet the user perspective, that of the teacher. 

These are all barriers to the adoption of learning technology. (Bailey et al., 2006). It would therefore be reasonable to assume that the teaching and learning context provides a vital role in learning technology, a bridge between the user and the technology. In software design parlance, this would probably contribute to both the user requirements, and the design of the human-computer interface. 
Boyle suggests that there is a case for learning entities to be perceived as learning contexts rather than learning objects or things. (Boyle, 2002) This implies a rather more holistic viewpoint of learning units than is currently the case, one that can enable adaptation and increased effectiveness within the learning context. (Boyle and Cook, 2001) This is echoed by Kraan with his comment that metadata should describe the whole learning experience so that it can be altered for use elsewhere. (Kraan, 2003) Current metadata standards currently do not include a strong theoretical base, therefore assemblies of LOs may not necessarily make pedagogical sense. A strong pedagogic basis should underpin the usual descriptive metadata to enable true interoperability. (Boyle and Cook, 2001)
Exemplar projects

The following selection of projects illustrates the use of context in practice. Whilst no means exhaustive, these selected projects are intended to demonstrate the usefulness of context and contextual metadata in elearning. The projects are listed under one context or sub-context of the many that they might contribute to:

· Context and re-use

· Enhanced resource discovery

· Communities of practice

· Collaborative learning activities

· Sharing good practice

· Subject specific contextual metadata

· Semantic web technologies

Context and re-use

The L20 project makes some useful distinctions between types of RLO re-use. (www.elanguages.ac.uk/sharing) Grouped under the umbrella term of re-factoring, there are 3 distinct contexts applicable to the L20 terms. All of these types of re-factoring are present in the Kraan 2003 article, (Kraan, 2003) as individual points made by EC SIG members. 

· The term re-use equates to the basic conversion of materials to an online format. An activity that has formed the basis of early online learning, producing pages of basic instructional design.

· Repurposing shows a greater degree of sophistication, one that relates to IMS Learning Design and adaptable RLOs. Repurposing allows the teacher to adapt learning materials to suit their own teaching and learning context, to adapt learning and teaching context objects to suit their own purposes. 

· The L20 term remodelling refers to the adaptation of a resource to suit a particular purpose or environment. Contextual metadata has been shown to be useful in remodelling for personalisation of the learner experience, adaptation to the learning environment. The development of ontologies can assist greatly with remodelling to suit the teaching environment.

The re-factoring terminology above makes explicit the role of the teacher in the re-use process, and contextual metadata plays an important role in this process. Duval makes the point that contextual metadata can play a vital role in sharing of resources with peers, and to facilitate repository searches. (Duval, 2006)
DFML – Design for Multimedia Learning

RAFT project

For mobile learning to be effective, standards and exchange formats need to be extended to include contextual data. (Specht and Kravcik, 2006)
The RAFT project uses extended SCORM/LOM metadata to provide personalised learning using mobile technologies capable of capturing and sharing contextualised data and resources. The project faced a number of challenges in contexualisation of its learning objects, the LOs were required to:

· Enable collaboration

· Provide support for roles during live interaction in a particular learning context.

· Generate as much contextualised metadata as necessary using sensors in the field. 

· Extend existing standards and exchange formats

· Acquire an understanding of contexts and situated cognition. 

· Tools for developing contexualised applications. 

· Provide a contextualised learning experience within an actual real world context.

Specialised applications were needed to support field trips, which were integrated into complex tasks to enable a contextualised learning experience.

Biology field trip example. 

Learners could browse a database of pictures in a biology field trip filtered by the location and the time of year. Using this approach, students could explore and learn about simple questions like ‘Which flowers grow here at a certain time of the year?’ Additionally, metadata like the precise time when the picture was taken, and the weather conditions on the day can give interesting materials for exploring and learning about important factors of flower growth. 

Locational information is added to the SCORM metadata, enabling the learner to browse the image databases for flowers growing at a particular location at the precise time of year when an image was taken. Information about weather conditions provides an additional context for the exploration the effect of weather patterns on plant growth. Students were able to annotate using photos, audio or database of vocabulary.

Enhanced resource discovery

Rothenberg identifies correctness and appropriateness as two key aspects for data evaluation and emphasises that the data's contextual use needs to be considered for improving data quality. (Rothenberg, 1996) However, the creation of metadata can be an issue for LO related projects. One study found the following in relation to a local history project.

The Bolton Woods Local History project looked at different interests and abilities in providing metadata for learning resources. (Currier et al., 2004) The study found that the following:

· Information professionals provided consistency, better understanding of the value of metadata and how to implement it. Information professionals were not so able to understand the context.

· Resource creators had reduced understanding of metadata, but did understand the context well and were able to contribute this to the metadata.

· Neither resource creators, nor information professionals, were able to deal with pedagogical issues with enough expertise.

· A suggest a collaborative approach to metadata creation is the best approach. (Barton et al., 2003)
However, in terms of elearning the ‘resource creator’ is not so cut and dried. A teacher may write the content as a subject expert, and a multimedia developer develop the materials electronically, this might perhaps lead to develop of more than one context referenced by LO or LD metadata. (Boyle and Cook, 2001)
ProLearn Query Language (PLQL)

Recent work has been undertaken to produce a repository query language that is metadata schema agnostic, but will also support informal key words. PLQL is able to support any language, and leaves the interface details, adapters to meet PLQL requirements to local repository managers. The addition of a keyword-based search to extract LOs which best match informal descriptions would suit repositories that enable rich annotation of LOs within a web services interface. 

http://ariadne.cs.kuleuven.be/lomi/index.php/QueryLanguages
Collaborative learning activities

There is criticism of design for learning at resource level as learning always takes place within a context. (Conole, 2006) Resource level design is ‘context-free’ to enable greater re-use. 

Elearning at present also does not take advantage of current advances in pedaogogical theory. (Conole, 2006) Learning is posited as taking place within a learning context consisting of:

· The environment within which the activity takes place, 

· The pedagogical approaches adopted

· Institutional procedures and constraints

· Designed to meet a set of specified learning outcomes and assessment criteria

· through a series of tasks

· Using a set of tools and resources.

Metadata can play an important role in the learning itself, where traditionally metadata has been used for purposes of interoperability and reusability. An example, where pedagogical metadata can enable collaborative and reflective learning activities, are Allert’s First Order and Second Order Learning Objects, (FOLOs and SOLOs). (Allert et al., 2004) LOs might be separated into two forms, that of the First Order Learning Object (FOLO) and the Second Order Learning Object (SOLO). First and Second Order Learning Objects differ greatly in the learner tasks provided for the learner, with metadata and semantic technologies providing a means for planning, structuring, reflection and collaboration in learning. FOLOs make available content to support the learning, whilst SOLOs support the use of strategies in problem-solving 

	First Order Learning Objects
	Second Order Learning Objects

	Managing and structuring information
	Meta-cognitive strategies for individuals.

	Decision-making.
	Creativity techniques for individuals and groups.

	Problem solving.
	Methods that foster organisational development, including double-loop learning.

	Mediating skills.
	Evaluation, reflection on an organisational or public level.

	Planning skills.
	Learning strategies.

	Entrepreneurial skills.
	Methods of conducting enquiries (how to make a survey) etc.

	Strategic management.
	Approaches that help to organise and foster interaction and learning on a community level (Communities of Practice, virtual conferences, open space, etc.)

	Organising team-orientated work.
	Methods of scientific enquiry.

	Planning and co-ordinating projects.
	Methods for strategic planning.

	Self-directed learning.
	Problem-solving and decision-making strategies


Table 1 Table showing the competencies available using Allert’s FOLO and SOLO definitions. (Allert et al., 2004)
activities. (Allert et al., 2004)
SOLOS might often be used in informal situations, such as the work environment, therefore they would have to be adaptable to different contexts. (It is somewhat beyond the scope of this paper to explore the concept of mediating artefacts, but for a general discussion, see (Falconer et al., 2006, Conole, 2006, Conole et al., 2005)
In an similar stance, Allert et al consider metadata can provide an opportunity for learners to located a Community of Practice, or partners to work collaboratively with. Alternatively, groups of learners may seek a coach or mentor, the use of semantic web agents could support self-organised learners with lifelong learning. (Allert et al., 2004) 

Subject specific contextual metadata

Contextualising LOs can be seen as a hindrance to reuse as a resource aimed at teaching a specific historical detail to a school children may transfer readily amongst other subject areas at that educational level, but would be too simplistic for university level students. (Pattuelli, 2006) However, Pattuelli makes the point ‘…if a learning object is not associated to a specific instructional context, it may not serve educators who have limited time to provide the necessary customization.’ It would appear that there is a trade-off between reusability and discovery. The question does arise, however, that is an RLO usable to so many different educational contexts likely to exist? If, indeed, it is possible to create such an RLO, one might wonder how a practitioner would use such a resource.

One way to add context to learning objects, without limiting their usability and re-usability, is by assigning metadata relevant to specific communities of practice. An ontological approach was developed to consider the biographical and geographic metadata requirements of teachers, in relation to the DocSouth learning object collection, which is centred around 19th century history of North Carolina. (Pattuelli, 2006)
· The ontology has allowed rich semantic annotation of resources,

· Provided a framework for contextualising information to support teachers,

· Enabled content aggregation in ways that relate to teachers requirements within the context,

L20
The L20 Project’s Reusable Learning Objects contain extensions to UK LOM CORE Metadata standards that directly address the needs of the Modern Languages Community of Practice. The L20 contextual metadata profile relates to the pedagogic context of the individual resource and not its relation to a wider context, as L20 objects are created as standalone units of learning. (Jeffery et al, 2006: http://www.elanguages.ac.uk/sharing) Therefore the extended metadata profile does not hinder reuse, but alternatively provides the teacher with valuable pedagogical information about that resource. The teacher is free to determine the context for using the resources in their teaching practice. This micro level of contextual metadata would support Boyle and Cook’s idea of layers of metadata, with L20 metadata profiles occupying the resource layer. (Boyle and Cook, 2001) 

Semantic web technologies

Semantic metadata is needed for the real reuse and assembly of learning objects. in conjunction with an ontology, for example the Adaptive Hypermedia Application Model (AHAM). (Bouzeghoub et al., 2006) This is most usually a domain model with a user (learner) model, though in education goals and tasks might be included. The addition of contextual and pedagogical models enables for personalisation and adaptive learning, whilst contextual metadata allows for new approaches to structuring and accessing shared assets and learning objects. (Specht and Kravcik, 2006) 

A recurring feature of contextualised learning objects and designs is the use of ontologies as a backbone to the technology. (Knight et al., 2005) As mentioned by Dahn ‘…restoring semantic context requires domain expertise.’ This is used to recreate semantic context by assigning relations to LOs, and defining declarative rules to determine the reconstruction of the context. (Dahn, 2006)
Semantic technologies offer a number of advantages to elearning in terms of:
· Discovery of resources

· Resource composition from existing materials to suit individual learner requirements

· Adaptation of automated learning resource selection to suit individual learner requirements.

(Knight et al., 2005)
Use of an ontology as a shared language 

Extending metadata profiles is a natural step when including contextualised information. Profiles may be extended to include technical contexts to enable selection and delivery of learning over mobile devices (Specht and Kravcik, 2006), to include data relating to teacher requirements (Bailey et al., 2006, Pattuelli, 2006) to enable personalisation and adaptive technologies (Specht and Kravcik, 2006, Brady et al., 2006) 

Challenges to context management:

· Extensions to current standards and exchange formats for contextualisation of resources

· Automatic acquisition of context metadata

· Understanding contexts and situated cognition.

· Creation of tools for development of contextualised applications

· Designing context-based activities involving groups of users interacting within a set of collaborative environments. (Specht and Kravcik, 2006)
LOCO ontology

(Knight et al., 2005)
Conceptual framework for integrating LOs and LDs that promote reusability using a Learning Object Context to act as an intermediary between LOs and IMS LDs rather than SCORM. Three ontologies were developed; one for the Learning Objects themselves, one to the learning object contexts and another for the learning designs. An important aspect of IMS LD is that pedagogical models can be shared across many contexts and domains. The separation of context and content enables examples such as the well-known ‘What is Jazz?’ example. (Dalziel, 2003)
Use cases (Knight et al., 2005)
1. Finding a teaching method based on specific (domain-related) competencies. In this scenario, a teacher will have a list of specific domain competencies and would like to locate learning objects that have been used to build those specific competencies. After finding the learning objects, the teacher will then be able to search for learning designs that other teachers have used with those learning objects, and have worked in the past to build those specific competencies.  

2. Searching for learning designs based on general (domain-independent) competencies. In this scenario, the teacher will have specific learning objects already selected, and will search for a learning design that builds on general competencies such as teamwork skills. Since these skills are not tied to a particular subject domain, the scope of potential learning designs is increased to include learning designs from many different subject areas and levels. The teacher will be able to see learning designs that have worked well building teamwork skills and will substitute learning objects to make the learning design relevant to the specific domain. This scenario would facilitate the reuse of good learning designs across organizational boundaries. 

3. Searching for and selecting quality LOs or LDs that are most appropriate for a given instructional situation. In this scenario, a teacher performs a search for LOs or LDs as described in scenarios 1 and 2, but a large number of results are returned. The teacher is given the option to view the results in order of quality, according to LO and LD reviews associated with the given LOC. 

Learning Object Generator Services for the iClass Project.

Services developed for the iClass (Brady et al., 2006) build on a similar model to the AHAM used in the RAFT project. The Selector and LO Generator services aimed to deliver personalised learning paths. (PLPs) based on learner objectives and preferences as well as those of the teacher using an extension of IMS LD. The learning system separates context, learner and pedagogical information to enable adaptation at runtime, and to enable the use of a variety of pedagogies.  A contextual data repository provides information about the environment and mobile devices for delivery. The Selector service utilises a Concept Domain ontology, which aims to provide a pedagogically neutral mapping of the domain, pedagogic strategies that are rules that are applied to concepts according to the selected teacher and learner preferences producing a personalised learning path. Brady et al consider this benefits of separating pedagogy and concept domains to include faster and cheaper courseware development with increased adaptability. The service also enables the use of many pedagogies within the same concept domain. 
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Figure 3 The iClass Selector Service and its associated models.

LO Generator Contexts

· Teacher model – contains teacher preferences on pedagogical strategy and scope for concept domains.

· Learner model – Learning preferences provision for the LO Generator.

· Concept domain ontology – concepts within the subject domain and relationships between them. This enables the LO Generator to provide sub-domains such as Newton’s third law from the physics concept domain to suit a PLP.

· Pedagogical strategy – which influences how the selector arranges the concepts to fit the teacher selected pedagogy. 

Conclusion

Contextual metadata is exactly that, contextual, therefore it relates to the context it is produced in. Data may be on a meta or micro level, be in relation to an individual resource or to do with technical effectiveness and personalisation. Neither the whole context, nor all the sub contexts, are defined in the metadata. Some are assumed in advance, and some are left to the teacher/learner to decide. It is not the role of contextual metadata to model the whole contextual world.

It is evident that the educational community has encountered problems with the context-free LO and its effective uptake within the learning and teaching community. The initiatives explored within this paper show that, although there is much research to be done, contextual metadata can contribute significantly to the effective use and reuse of elearning materials.

The use of context and contextual metadata would, therefore, seem to be a necessity rather than a hindrance, to the discovery, use and repurposing of LOs in education for a number of reasons:

· Teachers themselves form part of the learning context and experience.

· Contextual metadata should be tailored to particular contexts, and preferably be shared and reused like the objects. This can be achieved by creating contexts that are not embedded in LOs, but are linked to facilitate re-use of the contexts themselves. (Littlejohn, 2003)
· Subject specific metadata is to be encouraged within Communities of Practice to encourage sharing of good practice. 

· Contextual metadata can enable localisation of LOs and LDs, and the sharing of these within relevant communities. Contextual metadata of this sort will be beneficial both to enable discovery to relevant communities of practice, and also to allow rapid elimination for materials of little relevance. This would appear to be counter to the general trend towards globalisation.

· Context equates to user requirements in software engineering, and is therefore essential to effective elearning.

· Contextual metadata can form a shared language or vocabulary for teachers in terms that are relevant to their daily practice. This can inform future developments in learning technology interfaces. 

· Relationships between contexts provide a rich area of further research and therefore enhancement of elearning technologies. (Boyle and Cook, 2001) 

· Pedagogical annotations of LOs can create LOs that are useful for their own contexts. (Strijker and Collis, 2006)
· Context can be defined and located separately from LO technical metadata and pedagogic metadata to enable optimum re-use of the data. (Knight et al., 2005) 

It is evident that research work is increasingly using semantic technologies in creating contextualised elearning. This enables the addition of context in external domains linked using ontologies. Metadata for learning looks likely to become increasingly contextual with the teacher in a central role. Languages, such as the ProLearn Query Language Definition (PQLP), will enable repositories to support the full rich archival data and cataloguing of librarians, with the personalised annotations of teachers through the use of web services. The use of contextual metadata, with ontologies and the semantic web, will allow the use of social bookmarking and other tools provided by web services to allow rich annotation of LOs, and exploration and exploitation of teaching and learning contexts in the possible creation of the Personalised Teaching Environment.
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� Teacher requirements are mentioned here specifically as the teacher is considered the expert in their learner needs. Therefore, he or she will make decisions based on the particular students or learning situation, elearning systems should support these decisions both pedagogically and technically. 


� In contrast, to the LOCO ontology referred to in the exemplar projects section. 


� A discussion on reusing multimedia assets with Lester Gilbert and Kate Borthwick, 2006 
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