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Abstract

Metadata is the key to discovering reusable learning objects. This review starts where the IEEE LOM (Learning Object Metadata) stops. Once a standard is in place the implementation throws up many questions about interoperability and good practice. Only with experience will many of these questions be answered. This review introduces many of the current issues facing implementers of learning object metadata.
Introduction

On July 2002 when IEEE (Institution of Electrical and Electronic Engineers) formally ratified LOM (learning Object Metadata as an international standard it was a milestone in the development of educational technology. This was the first of many specifications to achieve the status of a “standard”.  In this review we consider the impact this has had on the community who use metadata to describe learning objects and, in particular, we examine several issues that now face that community. The discussion of these issues focuses specifically on the UK educational sphere but the issues and suggestions for tackling them have world-wide relevance.

In order to concentrate on metadata and its implementation it is assumed that the reader is already familiar with the “learning object” approach. For comprehensive discussions on this topic see Wiley (2000), Downes (2002a), Gordon et al (2002) or Littlejohn (2003). 

This is not intended to be an introduction to learning object metadata. Rather it is a review for those who are using or planning to use such metadata. Its aim is to raise awareness of issues relating to how specific communities adopt and adapt learning object metadata. Figure 1 is included as a reference guide to the structure of IEEE LOM. 
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Figure 1: Diagrammatic representation of IEEE LOM (Thanks to Thomas Herrmann for permission to use this diagram)

Metadata – why bother?

Metadata is used to describe learning objects. The reason for describing learning objects is to encourage sharing and reuse. Describing learning objects enables their discovery for reuse. It would probably not be too difficult to get agreement about these statements. However, there is wide disagreement about the way in which learning objects are described. This ranges from the argument that we need no more than the ability to search the content so that we can use search engines such as Google for discovery, through many different degrees of complexity of metadata (including, for example, Dublin Core (2002), MARC (1998), IEEE LOM (2002)), to suggestions that no single approach is appropriate and that descriptions as varied and flexible as the use of natural language are essential (Downes, 2003). Is one of these correct? Does it matter? 

In the remainder of this paper it is argued that using IEEE LOM as a basis for metadata is the best option available at this time. The need to implement metadata is driven by the growing numbers of people producing learning objects and needing to describe them. Waiting while research produces the optimum metadata, if such a thing exists, is not a realistic option. On the other hand, if everyone uses their own style of metadata we lose the opportunity to have a common method of searching for and understanding the description of learning objects. What IEEE LOM offers is a syntax, a formal way of representing metadata. It does not prescribe what words to write, what vocabularies should be used, or even which sections of the metadata should be mandatory. This is both a weakness and a strength. It is a strength because it means that different communities can choose to use the syntax in one way while others may choose a completely different approach: no-one needs to invent a new metadata structure but each community can achieve its own objectives. It is a weakness because any one specific community can make decisions that will make their metadata difficult for other communities to understand. However, it is reasonable to assume that reuse and sharing of learning objects is much more likely to happen within communities than across communities. 

When a community agrees to use metadata following a particular set of guidelines these rules are described as an “application profile”. One of the first application profiles for learning object metadata was produced by the Canadian educational community and is known as CanCore (2002). Other application profiles include SingCore (???), used in Singapore, and more recently UKCMF (the UK Common Metadata Framework). The UKCMF aims to identify common practice and provide guidelines for metadata implementers, creators and users in UK education. Several examples from UKCMF are used later.

Information on other application profiles related to UK education is available through the CETIS Metadata and Digital Repositories Special Interest Group and the UK Metadata in Education Group (UK-MEG).

Using Metadata

Having decided that learning objects need to be described, the next decision is to choose a metadata schema. IEEE LOM is suggested here for several reasons:

· It is the only learning object metadata schema that has been approved as an international standard.

· It has evolved over a number of years in which groups such as IMS and ADL in the US and ARIADNE in Europe were actively involved.

· A mapping from Dublin Core exists allowing metadata expressed in Dublin Core to be represented in LOM. (Note that the reverse process is not possible as LOM has many fields not available in Dublin Core.)

· It is rich and flexible. LOM includes more than 70 basic fields and many of them can be used multiple times.

As well as selecting a metadata schema it is useful to adopt a particular application profile. This is not a free choice as application profiles are linked to schemas. It is usual to select an application profile shared by those communities you anticipate will share your learning objects. In UK education, for example, this would be the UKCMF.

Making these choices not only saves time and effort but it brings the benefits of learning from the past experience of those who have contributed to the schema and application profile. Adopting an application profile can simply mean that the metadata you create will meet that profile as a minimum standard, it does not prevent you from extending the profile, although any extension may not be supported by other users of the same profile.

One of the important aspects of any application profile is the definition of which metadata fields are mandatory and which are optional. The UKCMF not only recommends these fields (initially only for the JISC X4L Programe) but also compares common practice in many previous application profiles. See http://metadata.cetis.ac.uk/guides/UKCMF_X4L_v0p2p2.doc for further details.

Vocabularies

A good example of the benefits of adopting an application profile is the set of vocabularies the profile includes. Metadata fields are general either “free text” or “restricted vocabularies”. Free text is invaluable and offers the richest possible descriptions. It is used in fields such as general.title and general.description. On the other hand, a field such as educational.learning_resource_type or general.language would have little value if entries did not have rules defining how they should be represented. For example “en-uk” rather than “English”, “E”, “GB”, “Eng” or “UK English”. The standard LOM vocabulary for educational.learning_resource_type is “exercise, simulation, questionnaire, diagram, figure, graph, index, slide, table, narrative text, exam, experiment, problem statement, self assessment, lecture” but the UKCMF recognises that this is insufficient and is working towards an extended vocabulary. The educational.learning_resource_type field is optional in UKCMF.
Particular difficulties arise when, even within a community, agreement on a common vocabulary is impossible. A good example in the UK is that the classification.purpose field has the vocabulary “discipline, idea, prerequisite, educational objective, accessibility restrictions, educational level, skill level, security level, skill level, competency”. If we consider only one of these “educational level”, then it immediately becomes apparent that differences between England, Scotland, Wales and Northern Ireland and also difference between overlapping levels of the education system will cause problems. A learning object which might be used in an FE college in Scotland for an SVQ (Scottish Vocational Qualification) might also be used in England for an NVQ (National Vocational Qualification) in an FE college but may also be used in AS-level in some schools in England and Wales. Using the qualification to define educational level is not appropriate. It would be useful to have a common system which each national or institutional system could be mapped onto. Such a system for “educational level” already exists in the (SCQF) Scottish Credit and Qualifications Framework where levels are defined in terms of cognitive levels and skills. This is sufficiently general that any other system can be mapped onto it so that the SCQF could act as a common “spine”. A draft mapping between the Scottish Credit and Qualifications Framework and other UK qualification frameworks is shown in Table 1.
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Table 1: Draft mapping between SCQF levels acting as a spine and other UK educational qualifications.

This approach of mapping to a common spine will be the solution in many cases when communities need to use different vocabularies. It is better to map to a common spine than to map from one vocabulary to another since the additonal of each new vocabulary requires only one mapping to be defined.

An unresolved question is how the mapping should be carried out in practice. It will be necessary for registries to hold details of the common spine and also of the recognised mappings. Then when somone from one community/vocabulary searches for an object in a repository which is known (from its description) to support another community/vocabulary, then an automatic translation of search terms could occur. National and international vocabulary registries will be crucial to allow practitioners to access and compare controlled vocabularies and to facilitate semantic interoperability.  One such registry has been developed by the CEN/ISSS Learning Technologies Workshop.  This multilingual registry of taxonomies and vocabularies relevant to the European learning society can be accessed from http://www.cenorm.be/isss/LT-vocabulary/vocrep.html  The registry is accompanied by a comprehensive report outlining the use of different types of controlled vocabularies with elements of the IEEE LOM. (Van Assche, Anido-Rifón, Campbell, Willem, 2003) 
Classification

In a library the way books and journals are classified is vitally important. We know which shelves to go to as we focus on a more and more precise classification. Metadata also supports this type of classification. The usefulness of such a classification depends on the way learning objects will be discovered. Walking along shelves in a library is a form of browsing. We don’t know exactly what we are looking for but we know the general, or even specific, subject area. Classification allows us to browse through learning object collections in a similar way. 

Another benefit of browsing rather than searching is that it enables serendipitous discovery. While browsing through subject categories one is likely to discover unknown subtopics. Browsing is a different activity from searching and it requires classification to support it.

Classification is normally considered a specialist librarian skill. An ability to select the best classification for a book is directly related to how many people will find it on the bookshelf. Although cross-referencing is possible the book sits in only one location. With learning objects classification has a slightly different emphasis. The more classifications an object has then the more often it will be discovered in different contexts. 

It is common to think of classification in terms of discipline. Most people are familiar with library classification systems such as the Dewey decimal system (OCLC, 2003), the US Library of Congress classification (2003) or, in a more specialist context the Medical Subject Headings (MeSH, 2002). However, classification need not be based on discipline and the LOM supports multiple forms of classification simultaneously. For examples classification by accessibility or educational level is also supported.  This means that a single learning object could have several discipline-based classifications, one or more educational level classifications and multiple accessibility (see later) classifications.

Although the structure of each of these classifications is independent their existence opens up the possibility of using multi-faceted browsing  (Spiteri, 1999). In a multi-faceted system it is possible to browse through a subject such as mechanical engineering while at the same time requesting that only objects applicable to Masters level university courses be displayed. The result set could then be browsed according to their accessibility.

It is reasonable to assume that repositories containing learning objects will be interconnected so that when searching in one repository it should be possible to also broaden the search to include others. This can be achieved quite simply if keywords are used as simple search terms (for example using Z39.50, 2002), but in a browsing interface it becomes necessary for one repository to be able to extract part of the classification system from the remote repository. This can be achieved using the Z39.50 thesaurus (Taylor, 1999) system.  In addition the IMS Global Learning consortium are in the process of developing a Vocabulary Definition Exchange specification to facilitate this process. 

The situation becomes even more complex when we consider making a copy of a learning object from one repository which uses one classification system and saving it in another repository. If both repositories use the same classification system how they verify this and ensure that they are using the same version. Once again, registries which hold nationally and internationally recognised standard classification systems will be required. Such registries may also be able to provide “cross-walks”. When an object is moved to a repository with another classification system the registry may hold a mapping from the source to the target and be able to suggest new classifications automatically.

Accessibility

At present there is no well-established system of strong accessibility metadata in LOM. An alpha release of a set of recommendations for UK use has been produced by TechDis (Figure 2) and more information is available at http://www.techdis.ac.uk/metadata/.

One of the important topics related to accessibility metadata is its location. The only place in the LOM standard where accessibility is anticipated is in a classification category. An alternative is to place the accessibility in a special extension of LOM. In general extensions are to be avoided since most software systems will be designed only to handle the basic definition of LOM and they will support extensions only when the community of users grows sufficiently large to provide economic justification.

The metadata defining accessibility will often be describing the degree of accessibility. For example, under AccessibleMultimedia.Audio.captioning (Figure 2), a value to indicate whether the captioning is complete, absent, or present in a greater or lesser degree is required. The terms to be used need to be agreed in an application profile so that implementers use common language they will all understand. It is also important that the application profile is used by a large group of users if software vendors are to develop repositories, learning object editors and virtual learning environments that will exploit the accessibility metadata.

There may also be circumstances in which multiple versions of a single learning object might exist, each with different accessibility features. Under these circumstances it should be possible to identify that they are all equivalent and deliver the most appropriate. Defining which is the most appropriate may be done by matching the accessibility metadata for the learning object with accessibility information stored in the learner’s “information profile” (IMS LIP (2001) or from information about the devices the person is using (Nevile, 2002).
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Figure 2: Proposed (alpha) structure for accessibility metadata produced by TechDis (with thanks to Peter Grainger for permission to use the diagram)

Identifiers

Identifiers are commonly used for several different purposes: differentiating one learning object from another; differentiating one instance of a particular learning object from another instance of the same learning object; differentiating between two identical learning objects through their location. A related issue is that of differentiating one version of a learning object from a different version of the same object. A more complex issue is that of identifying each object in an aggregation of objects.

Identifiers for differentiation from others

When a new learning object is created for the first time it should be given a new globally unique identifier which will never be changed and will never be issued again. That identifier only applies to the learning object as it exists at the time of issue of the identifier. Any modification of the object, however small, requires the issue of a new globally unique identifier. Every identical copy of this object will have the same identifier which must be maintained with the object whenever it is moved. For a more detailed discussion of persistent, location-independent, resource identifiers see IMS (2002). The general.identifier field. Is the location for such an identifier.

This identifier is the equivalent of the ISBN number on the world of books. The number applies only to one publication of the book although reprints will have the same ISBN number. A paperback copy, or compendium containing this book, or new edition, will all have new and different ISBN numbers unrelated in any way to the original ISBN number. The ISBN number can be used for unique identification when one library asks another if a given book is available through inter-library loans.

Identifying one copy from several 

When an organisation acquires multiple copies of the same learning object (perhaps from different distributors with different access rights) it is necessary to distinguish between these different copies. This is achieved by the holding organisation issuing different catalogue identifiers to each object. These identifiers are associated with a specific catalogue and only have a meaning when related to that catalogue. Both the catalogue and the identifiers belong to the issuer and they may change them as and when they see fit. It is up to the catalogue owner to decide if the id makes it clear that this is one of several identical objects but they will all have the same globally unique general.identifier. This organisation specific identifier can be stored in the general.catalogentry field 

A suitable analogy is when a library has several copies of a single book it needs to be able to identify which is borrowed by which lender. Each book in the library has its own catalogue entry and these can differentiate between copies of books with the same ISBN number.

Identification of location

In a distributed system which may hold multiple copies of a given object it may be important to define the different physical locations of different copies of the same object (for example, if one is on a local server and another on the other side of a narrow bandwidth connection). This is not entriely a metadata issue as it depends on the rights of access of the seracher and the location from which they are searching. The OpenURL system (Van de Sompel and Beit-Arie, 2001) can be used to identify all of the available copies and an OpenURL resolver (Powell, 2001) can identify the most appropriate copy.

Identification of version

All objects that are based on an existing object should contain version metadata. This should indicate the version level and the unique identifier of the immediate parent object (“is version of”). It is good practice to modify the metadata (relationship) of the parent to show that it is the parent of a new child (“has version”) and provide the unique identifier of the child. Note that this can only ensure that one instance of the parent’s metadata is updated (and even then only if the originator of the new version has access permission to write to the metadata of the old version) – systematic metadata harvesting (and re-sowing) would be required to propagate the changes.

Aggregation and disaggregation

Learning objects come in many shapes and sizes. Some are very small but others are formed by aggregating these smaller objects into more complex objects. LOM allows for the description of several types of relationship between learning objects. The complete vocabulary for the relation.kind is:

is part of

has part

is version of

has version

is format of

has format

references

referenced by

is based on

is basis for

requires

is required by.

The symmetric nature of these relationships is obvious. The metadata at each of the relationship should describe the other related object.
When one learning object is included as a component of an aggregated learning object it should always maintain its own metadata including its general.identifier and catalogue.entry and catalogue.entry.id metadata in its relation information. In addition the newly created aggregation should be given its own new general.identifier and catalogue.entry and catalogue.entry.id. It is good practice to modify the metadata (relation) of the original object prior to aggregation to show that it is contained in the new aggregate and provide the unique identifier of the new aggregate. As with version metadata, this can only ensure that one instance of the component’s metadata is updated. For a complex aggregation this would require modification of the metadata of all the components. Since the objects will normally reside in a digital repository and the aggregation will be carried out by a package editing tool this could require considerable interaction between the package editing tool and digital repository.

There is considerable scope for breaking the symmetry of the relation structure because a user of a learning object may not have rights to modify its metadata.

Note that aggregations of learning objects with properly maintained metadata for all the component parts of the aggregation offer the possibility for automatic disaggregation when the object is imported into a digital repository. This makes both the aggregated object and all of its component parts available separately for reuse.

Digital rights management

Digital rights management is not fully supported by LOM. The LOM standard includes copyright statements but no mechanisms for detailed assertion of terms and conditions, permissions, constraints and agreements. However, it is a common requirement that collections of learning objects should not be equally accessible to all but will have differing conditions imposed on each learning object. The Open Digital Rights Language (ODRL) offers a mechanism for describing these conditions. The use of ODRL in the COLIS project in Australia is described by Iannella (2003). This project had to develop a method of linking ODRL and learning object metadata and the strategy adopted is described by Iannella (2002).

ODRL is not the only possible mechanism for asserting digital rights. Others include XrML (eXtensible rights Markup Language) (http://www.xrml.org/)  which is not aimed specifically at education and the work of IEEE-LTSC (Learning Technology Standards Committee) on DREL,  Digital Rights Expression Language (http://xml.coverpages.org/DREL-DraftREL.pdf) which is surveying several others as well as XrML and ODRL. Downes (2002b) has also considered methods of asking for and receiving payment before delivering learning objects.

Summing up - Learning object economies

An interesting concept that has emerged recently is that of the “object economy”, which unites communities of practice through a common pool of shared resources. The metadata issues discussed above are all a vital technological part of these economies along with the other learning technology interoperability standards that facilitate the exchange of learning objects throughout and between systems.   However, in order to gain further insight into the functioning of an object economy social, cultural and practical factors also need to be taken into consideration.  What incentives are there to share educational resources?  What factors will influence the uptake and implementation of reusable learning objects within different communities of practice?  What are the barriers and drivers that will encourage teachers and learners to engage with the learning object economy?  These questions are discussed in more detail by Campbell (2003) and Downes (2002a). 

Metadata forms the basic information exchange on which learning object economies can be based. It has been argued that the degree of formality and specification imposed by standards such as IEEE LOM will stifle creativity. There is a tradeoff between complete flexibility in which everything is possible and some standardisation which allows system to communicate with each other. The real benefit of communication between systems arises from the fact that we can build new and more useful services on top of communicating systems. It may be that in future we will be able to build seamless distributed learning object economies where the people who use them will be unaware of the metadata structures which make them possible.
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