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Summary

This report details the findings of a scoping stadsried out for the JISC to investigate
a potential metadata application profile for leaghmaterials. The objective of the study
was to synthesize and analyse the advice thatisrdly available to managers of
repositories containing educational materials weedito define a metadata element set
to describe those materials. The hope was thaihigd help define the scope of a
potential Learning Materials Application Profileh@re was no intention to produce an
application profile as part of this work, nor wag work limited to any particular
metadata schema.

Our starting point was that "learning materials'tevikely to be of many different
resource types (images, videos, simulations, eted,that each resource type would
have its own metadata requirements and conventramthermore, metadata would be
required to support a range of activities (resouliseovery, collection management,
supporting accessibility, etc.), again each agtiwibuld have its own metadata
requirements and conventions. Representatives ésqrart groups and communities
relevant to each metadata specialism were inteedew order to ascertain the range of
advice available. These interviews form the bakth® synthesis of metadata
requirements given in this report. In order to gsalthese requirements two domain
models were investigated. One model concerns tiaiinal units of a repository, the
other model concerns the entities being descrilydtidometadata and the relationships
between them. Using these it is possible to seethewnetadata requirements for
various resource types and activities relate th edloer, to the internal and external
interactions of a repository, and to the resoubs#sg described.

The synthesis of advice regarding metadata fonlegmaterials highlighted that some
aspects of applied metadata are more well develapédetter understood than others.
Not surprisingly, metadata to aid discovery of daHg works is well developed;
unfortunately it seems to be those areas such t&lata describing educational use and
accessibility, which are closest to the definingecof an application profile for learning
materials, that are least well developed. The sgishwork also suggests that there may
be areas of overlap between different applicatadmeetadata that are worth exploring
for solutions to common problems. For example texdimetadata is an issue in
preservation metadata, the solution of which miggrefit resource discovery in

general. More generally, the approaches takenltngarecalcitrant problems in
resource description may be transferable betwedsfifor example the approach of
providing a link to semi-structured free text dgstive information rather than codified
metadata may work for several problems. The syrgtaso served to bring out the
many uses of metadata (and resource descriptiganaral) beyond resource discovery
and to highlight that approaches based on sodgirig and Google are not
replacements for metadata.

The analysis helped to tease out what exactly wevanting to describe, which in a
large part are not characteristics of the learniaderial itself but rather of the users and
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their context. Unfortunately it is not clear prediswhat these characteristics are. The
specific resource model that was examined (thBRIBR) has some promising features,
especially if it can be implemented across a rarigesource types. However this is a
big "if*, and the level of complexity introduced bye FRBR model will need to be
handled carefully if it is adopted as the basisaio@pplication profile. The conclusion is
that metadata descriptions for learning materiadald/have many uses but there exist a
number of problems that need to be addressedebafyr application profile for

learning materials could be created.

The report's sections follow the aims of the prbjsection 2 provides an introduction to
why and how the work was carried out; section & synthesis summarizing and
collating information gathered from the variousoimhants; section 4 analyses this
information in terms of the models for repositompétions and resources; section 5
provides a discussion of the implications of ondfngs for future work by JISC on an
application profile for learning materials. Som@gaorting information and examples
are in appendices to this report.

The target audience for the report as a whole stsef JISC programme managers who
are responsible for, or who have an interest imitaeagement, retrieval and use of
learning materials, or interoperability betweenagories that contain learning
materials in order to facilitate their managemegitjeval and use. This audience will be
most interested in sections 4 (Analysis) and 5¢ssion).

Others who may be interested in sections of therteppe:—

» Services and individuals involved in providing spést advice on metadata
requirements for leaning materials, who will prolyalbant to see how their area
of speciality is treated in section 3 (Synthesas)] the summary in Appendix 1,
and consider how their advice relates to that etsists in other areas.

* Some repository managers may find this report igfrest (although they should
bear in mind that the purpose of this report istagirovide them with advice—
it is to provide advice to others about a particalgproach to metadata)
especially the model of repository activities @tson 4.2 and the approach
taken in Appendix 1 to showing which metadata el@ssupport which
resource types and activities.

* People involved in Standards bodies who are dergjapetadata standards for
learning materials will hopefully be interestedsmme sections of this report
(e.g. section 4, the analysis).
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Introduction

2.1. Rationale and scope

This work stems from a request in October 2006 fa&C for JISC CETIS to
investigate the creation of a learning materialsiagtion profile to parallel the
Scholarly Works Application Profile [SWAP] which that that time just been
completed. Other application profile studies wds® @ommissioned in areas such as
images and time dependant media, all linked taJIB€'s support for the use of
institutional repositories for managing resourd&si¢e, 2008). The work was carried
out between Oct 2007 and April 2008.

The agreed aims and objectives were for a scoputty $ooking at the application

profile requirements for learning materials in tigla to digital repositories. This study
would synthesize and analyse advice that is cuyremtilable to managers of
repositories containing educational materials wledito define a metadata element set
to describe those materials. This will provide mi@nagers of such repositories with an
appreciation of the various domain issues they neggd to consider and the range of
metadata that they might be expected to accommodatddition, the study will

inform advisory services from different domains afotve range of competing demands
on repository resources that may be made by othéssnot within the scope of this
work to produce an application profile.

It seems useful to start off by defining what weaméy the terms “metadata” and
“application profile”, and to give an overview ajree existing work and recent
initiatives in the area of metadata for educatesources. We won't define what we
mean by "learning materials”, especially not irtidegion to similar terms such as
"learning object" or "educational resource”, buttivak that the phrase "anything used
for teaching or learning" captures the essencehait we are interested in.

We define metadata as "structured information dlegtribes, explains, locates, or
otherwise makes it easier to retrieve, use, or gwaa information resource" (NISO,
2004). The definition of an application profilessmewhat more difficult. Initially the
concept was used to describe how metadata elefnemtslifferent specifications could
be combined to produce a description schema opdhfar a particular application (see
for example Heery and Patel, 2000). However mazenty there has been a
recognition, summarized by Nilsson (2008), thatximg and matching” elements from
metadata specifications with different underlyifigtaact models leads to semantic
confusion. An alternative approach which avoids ttunfusion is to focus on the
application of a single metadata specification gpecific domain for which functional
requirements are known and for which the entitigiadpdescribed and their
relationships to each other can be modelled (Nilgsal, 2008). A better definition of
an application profile is, therefore:

"a specification of how a metadata standard isayep to meet the
requirements of some domain or community, typicaittuding
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specification of how the structure of the metadkgscription is constrained,
i.e. the set of metadata terms referenced and heyvare to be used in
combination®,

For this work we have not made any assumption alvbat standard the application
profile might be based on. To understand why anchtterstand the general approach
taken for this report it is necessary to understahtle about the current state of
development of the two main metadata schema ttgtitrbie profiled to use with
learning materials.

The IEEE Standard for Learning Object Metadata (D@kbvides a conceptual data
model for the description of many characteristiteesources that can be used in
learning, education and training. It is based onkwimm around the turn of the century,
and at the time of writing is in the process ofigeieaffirmed by the IEEE Standards
Association so that it will remain in its preseotrh until at least 2013. This standard
has already formed the basis of a draft applicgtiafile for learning materials in UK
educational contexts, namely the UK LOM Core, wamnkwhich came to a halt at the
end of 2004. Reaffirmation of the LOM standard ritttetanding, there are questions
about whether the LOM is the best basis for aniegjpbn profile. On the one hand
repository managers who have been using the LOMtamtdK LOM Core for several
years are now in a position to re-evaluate whetlmovides the right metadata to
support their activities; and, on the other hahd,underlying model of the LOM is
being re-examined in the light of what has beemlke@nd what has changed in the last
ten or so years about metadata, resource desaorgticd interoperability of information
on the world wide web (see, for example, the recdra workshop held in Leuven on
Metadata 2.0 (Duval, 2008) and ongoing discussiodiise IEEE LOM Working

Group).

The Dublin Core Metadata Initiative (DCMI) develapetadata standards for the
description of a broad range of resource types fdiverse variety of purposes. They are
best known for the fifteen element "simple” Dublinore Element Set [DCES], but more
significant for this scoping study is the Dublinr€®bstract Model [DCAM] and other
related work, e.g. the Draft Guidelines for Dullinre Application Profiles [DCAM],
creating an extensible and refineable frameworkdeource description metadata.
Within the DCMI there is an ongoing effort to appiys to learning materials through
the work of the DCMI Education Community [DCEd],awaspects of which are
significant. First there is the work to create pplacation profile which focuses entirely
on describing the educational characteristicsrefsaurce. The aim is that terms for
describing these educational characteristics carsbd in combination with those that
describe other characteristics (e.g. the titlejesuipdate of creation, accessibility
requirements etc.) of the resource to create agifit profiles that adequately describe
educational resources. The other relevant actasspociated with the DCMI Education
Community and the IEEE LOM Working Group is thentddCMI/IEEE LTSC Task

Many thanks to Pete Johnston for providing tkeifrdtion.
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Force, which is aiming to create recommended hestipe for the representation of
LOM elements and instances in the Dublin Core AsastModel.

At the time of commissioning this work the LOM, aparrticularly the UK LOM Core,
was clearly the more widely used metadata stanfdaldarning object repositories in
UK Further and Higher Education. However, thera wgidespread opinion that the
LOM and its use should be reviewed, there are pmmidevelopments in the model
used by Dublin Core and its application to learmmagerials, and Dublin Core is used
for other related application profiles supportingeTJISC's repositories work. For these
reasons it was decided that this study should b&adevith respect to which metadata
standard would form the basis of any applicatiafife for learning materials.

Another initiative related to metadata for learningterials is the Metadata for Learning
Resources (ISO MLR) work being undertaken undeatrgpices of the International
Organization for Standardization (ISO/IEC JTC1 SIC8%hile development of ISO

MLR initially followed an approach derived from th©M, the standard is still under
discussion, with the potential of it being basedaannformation model that has a higher
degree of compatibility with Dublin Core. It is ng#t clear when this work will be
complete, or what impact it will have when it isvgolete.

As well as metadata encoded in formally definedestds, there is also a wide spectrum
of less formal metadata and resource descriptiemrsexample there is social
bookmarking and tagging: the association of keywarfthe user's own choosing with a
resource and the sharing of these keywords witlaiting of aiding resource discovery
and access (by the user in the future or by othelsgr tagging can be accommodated
within metadata if the inherent structure of thatienship between the tag string, the
resource, the tagger, etc. is explicated and enlc(s#e, for example, Newman, 2005
and the Moat Project, no date). More generallysisgy create their own descriptions
of a resource or how they have used it, for exaraplblog posts or more formal
publications. While these are useful for resoulisealery, they are probably better seen
as distinct but related information resources @irtbwn right rather than part of
structured metadata pertaining to the describeslres. There is clearly a potential role
for metadata in sharing knowledge about the exist@f such related resources.

We have tried to avoid any assumptions about hawieg materials are stored or
managed. Many permutations are possible: institaticepositories, national
repositories, subject specific repositories, eveng in one repository or separate
repositories for each resource type: images, vidatwlarly works etc. The use of an
application profile implies some thought is beingen to the management of the
resource descriptions this does not imply the digerepository at all: the learning
materials might be stored in a VLE (as is commam) the metadata held elsewhere.
This report will only be relevant in situations wheesource descriptions are being
managed in some way, however we do not intendtoaade any one approach to
resource management for learning material overotimgr. The relative merits of
different approaches will depend on local requiretse
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2.2. Method

Our approach is founded on the premise that adypwmlection of learning materials is
likely to include many different types of resourcks example text documents, images,
assessment items, simulations. Since differentachenistics are important for different
resource types, each resource type will have its @source description requirements.
Furthermore the services provided by the repositamractivities undertaken that relate
to the resources (e.g. preservation, ensuring sy, rights management, facilitating
discovery and selection) will each result in adudfiil metadata requirements. Expert and
advisory groups for most object types or activibyréhins have developed their own
specialized metadata and have their own percepfitiee minimum effort required for
best practice. For this study we have created aflie resource types and activities
relevant to learning materials in an attempt tgoscout what the complete set of
requirements for resource description might lo&k.liAn initial list was created as part
of the JISC CETIS proposal for this work, thisilitist was posted to the CETIS
Metadata and Repository Special Interest Group [ and the DCMI Education
Community [DCEd]) for comment. The list was refinadhe light of these comments
and the final version is given in the Synthesidieaof this report.

For each resource type or activity we identifie@ on more representative informant,
for example from a JISC Advisory service or othguegt group, and in an interview
(normally by telephone, but occasionally face tmejaasked their opinion on what
metadata was required for their domain of experfibe lead question for these
interviews was:

"what would be your recommendations to the manafardigital repository
of learning materials regarding metadata requireésiem the adequate
description of characteristics relevant to [the donof the expert]”.

That is a rather stark question, and one whichanyrcases is unanswerable without
specific information about the repository in questsince the situation was
hypothetical that specific information was not datlie. The question did however act
as a prompt that was successful in soliciting termation required for this scoping
study, either in general terms or through referean@me specific relevant work. This
information is summarized in the Synthesis seatibthis report.

In order to help analyse the information gatheredhave proposed two models: a
functional model for the repository setting in whithe metadata is held and an entity-
relationship model for the resources being desdriBs with the list of domains these
were first prepared as drafts which were posted¢donment and discussion and then
refined in the light of the comments. The refinedd®ls are presented in the Analysis
section of this report.

This approach, with its emphasis on the totalitywbft may be described, contrasts with
that of the DCMI Education Community with their $ipption profile module focussing
solely on describing those characteristics of resesithat are relevant to education.
This is deliberate, not because of any sensetlieddC Education approach is wrong,
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but rather to provide a complementary view, avajdinplication of effort, showing the
sort of resource description into which the DC Eadiosn module might plug.
Throughout this project there has been continu@asheenication with, and assistance
from the DCMI Education Community.

2.3. Audience for this report

The primary audience for this report are those mgne managers in JISC who are
responsible for, or who have an interest in theagament, retrieval and use of learning
materials and interoperability between repositonbgh contain learning materials in
order to facilitate their management, retrieval asd. We aim to provide this audience
with the information necessary to inform their égmns on any future development of a
metadata application profile for learning matereatsl on approaches to describing,
locating, explaining and facilitating the use dcdri@ing materials in general.

A secondary audience for this report are adviseryises and individuals who provide
specialist advice to repository managers in UK lremrand Higher Education on
metadata requirements for leaning materials. We ltlogt this report will provide them
with an overview of the general picture to whichitfadvice contributes.

Some repository managers may also find this regfarterest, however they should
remember that it is a scoping study about an agidic profile developed in very
generic terms, and it is not intended to be theatlibasis of an application profile which
they could implement. It is hoped that the releahtisory services will be able to
provide them with advice that is informed by theport, but which is more directly
tailored to the needs of their specific situation.

Hopefully, this report will also be of interestparticipants in Standards bodies who are
developing metadata standards for learning masefigfiorming future versions of the
standards mentioned above.
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Synthesis

This section contains first a list of the domairtsala may drive the metadata
requirements for learning materials and then a sarpmof the information scoping
those requirements.

3.1. Range of metadata relevant to learning materia Is

The following is the list of domains of expertigdevant to learning materials for which
information about metadata requirements was seticit

Metadata for scholarly communication

Metadata specific to the citation of scholarly wark.g. conference
proceedings and journal publications, to facilitdie use of these resources in
teaching and learning. Examples include the Sclyoldorks Application
Profile, PRISM and OpenURL (for citations journdghtions).

Image metadata

Metadata specific to still images, for example plgoaphs, line drawings,
vector and bit-mapped graphics. Example metadaiensa include the JISC
sponsored images application profile and 239.87/MIX

Moving image metadata

Metadata specific to moving images, video and ationa. Examples include
JISC sponsored application profile on time basediane

Geo-spatial metadata
Metadata relating to geographic location e.g. Gtauata.

Complex object metadata

Metadata specific to the description and managewfectmplex or compound
objects which comprise several resources of diffietygpes. Examples include
elements of IMS Content Packaging [IMSCP], METSDPODAI-ORE.

Technical metadata

Metadata describing the technical features andiraments of a resource.
Much of this is covered under metadata requiremeintise specific resource
types or activities (e.g. the pixel informationkbafmapped images) however it
Is useful to collate this under one heading andiciem whether there are any

gaps.

Personal / organizational data

Information about people and organizations relet@aiieir role in the creation
and use of educational resources, for exampleeaautinor of a resource.
Example schema include vCard and FOAF and elenoémisiny other schema.
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Metadata for general resource discovery

Covers general descriptive metadata applicableyaesource, e.g. title,
description, subject. Typical formal metadata scaeare Dublin Core and
MARC; folksonomy or tagging approaches are alsorgplas.

Collection management metadata

Administrative metadata required for managing tbiéection of objects in a
repository, for example reviewing the suitabilitiytibe content for
dissemination.

Curation / preservation metadata

Metadata that is used to assist in ensuring thgtiadiresources remain
available and readable over a period of time. Examipclude METS and
PREMIS.

Rights metadata

Information about the terms and conditions undeickva resource may be
used. Typified by ODRL, XrML.

Accessibility metadata

Metadata that can be used to describe a resoazEssibility and its ability to
match a learner's preferences. Examples includeAbt®ssForAll Meta-data
[IMSAcMD]and ISO Access For All Digital Resource €xiption

[ISOACMD].

"Usage metadata" and ratings

Information directly or implicitly relating to thealue of a resource to end
users, which can be used for recommendation sysfEmsmay be as simple
as the number of times a resource has been dovadp#te number of links to
a webpage; also includes reviews and ratings ofebeurce.

Assessment metadata

Metadata specific to the description of assessiitemts, questions and tests,
for example the LOM application profile and othegtadata in IMS QTI 2.x

Education metadata

Metadata to aid resource discovery and selectioedacational use, e.g.
description of intended learning outcome and le¥elifficulty, descriptions of
the educational context for which a resource wasyded or in which a
resource has been used, and, in the case of resauch as learning designs,
the activities and pedagogical approach descrilgatidoresource. Typical
examples are IEEE LOM and course description schema
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3.2. Metadata for scholarly communication

"Metadata specific to the citation of scholarlyrk® e.g. conference
proceedings and journal publications, to facilitdie use of these resources
in teaching and learning. Examples include the BelyoWorks Application
Profile, PRISM and OpenURL (for citations journghtions)."

Scholarly works have been the subject of their application profile [SWAP] funded
by JISC. We would expect this to form the basisaioy description (in UK HE) of
scholarly works that are part of a collection @lrl@ng materials. The reasoning for this
is that, firstly, the functional requirements tBAWAP is designed to address are as
applicable to the use of the scholarly work foraational purposes as they are to its
use for research purposes. Secondly, we envisatySWAP will be implemented in
many UK Further and Higher Education Institutioasrepositories of research output
and it is sensible to maintain compatibility withst

Only a fraction of the scholarly works used in taag and learning at an institution will
be available for deposit in that institution's repary for learning materials: most will

be written by authors at other institutions (thoagien then there may be circumstances
when copies are stored). There may be a casediongtreferences to scholarly works
held elsewhere, i.e. the data required for a staioiaaliographic reference to material
accessed online, along with information about hioesé works had been used in
education. SWAP contains the elements necessasuftr a reference. Alternatively
these references will be within the text of then@ag materials for which they are used,
and the scholarly work itself will not feature etrepository.

The properties described by SWAP are listed betmwedference, under headings which
refer to the entity in the SWAP model to which thpeytain (this model is similar to the
model proposed in the Analysis section of this r§po

Scholarly Work
title, subject, abstract, grant number, has adiaptatentifier (URI)

Expression

title, description, date available, status, versiamber or string, language,
genrel/type, copyright holder, has version, hasstetion, bibliographic citation,
references, identifier (URI)

Manifestation
format, date modified, identifier (URI)

Copy
date available, access rights, licence, is paiteftifier/locator (URI)

A few of the properties listed above would not neelde described in the context of
providing access to the scholarly work as a legrnmaterial. For example it is doubtful
that the grant number of the work would be sigaific
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3.3. Image metadata

"Metadata specific to still images, for exampletggraphs, line drawings,
vector and bit-mapped graphics. Example metad&tensa include the
image application profile and 239.87/MIX."

Image metadata transpired to be an interesting thdess the image happens to be
embedded in a document in close proximity to téxiued the image, discovery of images
by search services is almost entirely reliant otecheta. Also any given image is often
available in different formats: an original paimgfiwith a digital surrogate available as a
thumbnail for browsing, a larger format for usgnesentations or web pages, and
perhaps a high resolution scan—each of these rogghe with different usage
conditions. For these reasons images provide ggathples of many more generic
issues relating to metadata.

JISC are funding a specialist application profdeifmages, which will hopefully be
based on requirements that are compatible withetbbgarning materials. Generally,
the important metadata for images include desegptietadata for the image and
technical metadata about the image file. We caeexbat the metadata for images as
learning materials will need to encompass the vahg:

General descriptive information

A set of descriptive metadata for the subject matt¢he image to support
resource discovery and selection. This descriptif@mation could act as a
caption or alternative long description of the imaghen it is used, this can aid
accessibility for the visually impaired.

This metadata should also describe any aspectafrtage that might provoke
sensitivities, e.g. depiction of violence, sexuaiiplicit content—the exact
nature of what is sensitive will depend on the ande of repository.

Relationships

In order to aid the discovery of images of par@écidubjects, it is useful to
provide information on how the image relates teoimages, objects, places,
and whether there is information about the relagsdurce available. For
digitized images, it may be important to separateiformation that relates to
the original image-object from that which relateshe digitized image. For
example, in order to find suitable quality digisairrogates of a portrait of a
particular person it would be necessary to des¢hberoperties of the
digitized image, those of the original portrait ahdse of the person in the
portrait, perhaps as separate but related objects.

It may also be helpful to identify whether the ireag included as part of a
larger resource or collection.
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One could also show relationships between diffevergions of an image, e.g.
in order to identify a high resolution version abie for a large print copy for
use on a poster or for a visually impaired learner.

Identifiers are important in representing all thesationships.

For maps, scientific images, and other technicalges, specification of scale
or magnification can aid discovery and selection.

Rights and Restrictions

Users and repository managers need to understaattindy can and cannot do
with the images, e.g. include in PowerPoint prest@ms, web pages, handouts,
distribute to other image collections, manipulatelisseminate at other
resolutions. Any conditions of use should alsodmrded, for example credit
required, limitation on use, e.g. for internal onrcommercial uses only. For
images of people, especially in the case of medheages, it is necessary to
record whether the subject has given their confeerthe use and distribution

of the image. There may also be confidentiality dath protection issues.

Knowing the provenance of the image will be impottae. where it has come
from, so that users and repository managers cdragioto clarify rights issues.

As well as general purpose licence languagesObgRL, there are image
specific rights metadata languages, e.g. PLUSYmdtcensing universal
system) which relates to images from commercialksimage services.
Metadata may also be required to support imagegedeinder the CLA
scanning licence, which enables image creation @S (design arts and
copyright society) licence in negotiation, whiclmaito allow greater freedom
of educational use of images by an institution tthenCLA licence does.

Technical metadata

Prior knowledge of basic technical metadata, daeyfdrmat, file size and pixel
dimensions, can be useful in order to aid seleaifcem appropriate copy.
Maintaining a record of this information can alssiat the management of the
collection, since one might need to restrict acte$sgh resolution images for,
say, IPR reasons.

If other information is available in the source geavhen deposited in the
repository (it may have been automatically generatethe camera or scanner
that generated the digital image) and if it careasily extracted automatically
it may be worth storing and selectively exposingiich information may, for
example, help with resource management, presernvatiquality control of the
images, but it is not of direct importance to theie as learning materials.
Example formats for this technical metadata are ZB#MIX and PREMIS.
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3.4. Moving image metadata

"Metadata specific to moving images, video andrations. Examples
include the JISC sponsored application profileioretbased media.”

The issues around metadata for moving images anplea. Part of the reason for this is
that audio/visual material can be considered ta bemplex collection of parts in
several different ways. They can, for example rbeated as a sequence of stills or
frames; equally they can be considered as comgrasimoving image stream with
(potentially a choice of) soundtrack and possibighwther information such as
subtitles, credits and other metadata. Severdlede parts may be useful independently
of the others, so a lecturer may wish to use at gitiprfrom a longer video in their

choice of file format, audio and subtitle language.

Publicly shared material like that found on YouTuw# normally have metadata
describing the whole piece, and not be specificddlyigned to support the discovery and
use of segments within the video. This may be sigfiit if the video is short enough to
be treated as a single segment and available ynoor@ form.

The metadata used in professional production anttobmanagement systems takes
into account the complex nature of video, givirtgr@e dependant account of what
happens in the video. Technical and rights issuksl@etermine whether these can be
accessed either by cutting that clip from the oé$he video or by sending a request
which includes the desired start and end timedtvseaming media server. However the
metadata available in professional video tendstbighly specific to the type of
content, e.g. football matches will have metadaemiifying when goals are scored.

Both self-generated and professional video aréylitachave some embedded technical
metadata which has been automatically generatedgisinooting and editing the video.
While this may not be of direct importance to tise of the video as a learning material
there is an argument for keeping at least somg efg. version information, which may
be useful downstream when using the content, easlpedifurther editing is required.

Most existing metadata is aimed at and suitabl@fofessional broadcast producers and
may not meet the needs of typical education usewsepting media studies teachers and
learners). In many cases the requirements of tiypahacation users would be similar to
those of other resources, e.g. information on titgest of the video, versioning and
relationships, licensing, but with the complicattbat this may be time dependant.

3.5. Geo-spatial metadata
"Metadata relating to geographic location e.g. @kKadata.”

Encoding information about geographical location ba useful in resource discovery
when the subject or origin of a resource is a plabe data may be generated
automatically (some cameras have this facilityif onay be added to a resource in the
repository (sometimes called geotagging or geo@ydWWwhen combined with mapping
software (e.g. Google Earth) geo-spatial metadatafarm the basis of innovative
resource discovery approaches.
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Geo-spatial metadata comes in two forms: coordidata or gazetteers. Coordinate data
specifies the location of a point or boundariea bbx with reference to a grid.
Gazetteers are essentially controlled vocabulafigéace names or codes (e.g.
postcodes) and are more appropriate for specifgications in terms of extended,
irregular areas e.g. Scotland. Crosswalks exisbhwert between different coordinate
systems (e.g. latitude/longitude to UK Nationald}and between coordinate and
gazetteer approaches.

3.6. Complex object metadata

"Metadata specific to the description and manageémiecomplex or
compound objects which comprise several resourcdgferent types.
Examples include elements of IMS Content Packad#tg] S, DID, OAI-
ORE."

Many learning materials are complex objects conmgiseveral individual files, for
example a tutorial package with pages of text anchations or an assessment with
several questions, some of which may in turn cosepobjects such as images or video.
There are two different approaches being takereetihg complex objects: the
packaging approach and the metadata relationsipywagh. The packaging approach
allows complex objects to be stored in repositoagsingle entities, e.g. IMS Content
Packages. However the parts of a complex objectbreayseful in their own right and
there is value in being able to discover them ssphrwhile still knowing that they are
part of a potentially more useful aggregation. fretadata relationship approach is
supported by the IEEE LOM and DC metadata with heséhd isPartOf relation types
that can be applied to show the relationship betvetmple assets and a complex object
that incorporates them.

It is important that a suitable object model anddamtifier framework exist to support
the representation of simple assets, compound tskged the relationships between
them.

3.7. Technical metadata

"Metadata describing the technical features agdirements of a resource.
Much of this is covered under metadata requiremeintise specific resource
types or activities (e.g. the pixel informationbaf-mapped images) however
it is useful to collate this under one heading eoiisider whether there are
any gaps."

Technical metadata supports resource discovergaledtion by allowing the user to
find and choose resources compatible with the sotiwhey use to display and edit
them. It also faciliates the selection of copies oésource suitable for a specific use;
see the discussion of technical metadata for imades/e. As well as a general
requirement for resource discovery, technical metad/ias identified as particularly
important for ensuring accessibility and preseprati
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One approach to technical metadata is to deschieacteristics of the resource rather
specify the software required to run it. At a minimthe MIME type of the resource
and file size (or bit rate) can be specified; fomg resource types specialized schema
are available to provide more detail. However thisrmation is not always sufficient.
A simple MIME type may not be enough to specifyarfat precisely (for example IMS
Content Packages may have a MIME type of applin&tip but not all software that can
open a ZIP file will understand the contents of plaekage; similarly
application/msword covers many versions MS WordgrEwhere more detailed
technical information is available there needsda@lservice that maps from this to the
capabilities of various software that may be avddgsee for example the DCC
representation information registry repository tp ¥registry.dcc.ac.uk/omar/.

The alternative approach is to provide a machimegssable list of compatible software
in the metadata for each resource. This is theosgprtaken by IEEE LOM and it
directly meets the requirement outlined above ésource discovery and selection. This
approach works for specifying a few simple requieets relating to platform (e.qg.
resource for a specific operating system), howéwaken any further the result is
complex, very inefficient and difficult to maintaiA simpler method that is frequently
adopted is to provide human-oriented free textrmgttion to provide an overview of the
requirements and assist selection and use of raksteri

In the absence of a usable approach that fulfdsdigquirements to describe the technical
characteristics of a resource sufficiently to allmwomatic matching of resource
requirements to the user's available software chijiedy a combination of minimal
structured metadata (MIME type and file size) sepmgnted by human readable text is
enough to provide basic filtering of appropriatedesired resources and give users some
advance "clue" about whether the resources theii be useful to them.

3.8. Personal / organizational data

"Information about people and organizations rahva their role in the
creation and use of educational resources, for plaas the author of a
resource. Example schema include vCard and FOARmients of many
other schema."

Information about the authors, creators, publishedsusers of a resource and its
metadata can be useful in identifying and seledgagning materials (e.g. finding
resources from a trusted source, or that have bsehin a similar institution to one's
own). The location of authorship and publication ba useful in assessing the cultural
appropriateness of a resource. Information abgttsiholders can be helpful when
using a resource (for example, to query or negotitat is allowed under the);
information about all the above can be useful imaging a repository.

The requirements are similar to those of scholadyks, so the information required to
identify agents in the scholarly works applicatmofile may be sufficient. This is:

Type (person or organization);
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Name;

Family name;

Given name;
Workplace homepage;
Mailbox;

Homepage.

It may additionally be desirable to provide somfeimation about the institution(s) that
a person works in. Allowing the user to judge wleeth resource was developed at, or a
comment originates from an institution with a semiprofile and mission to their own
gives contextual information that can help withouege selection.

3.9. General resource discovery

"Covers general descriptive metadata applicabsntoresource, e.g. title,
description, subject. Typical formal metadata scheare Dublin Core and
MARC; folksonomy or tagging approaches are alsamgpltas."”

The precise information required to support resewliscovery will depend on the type
of material, what users want it for, the userstceatrategies, the search facilities
available (e.g. is a search over metadata thesmdych available or is full-text
searching also available), and the information remment within which the repository
sits (e.g. what resource discovery services daesghository interoperate with). It is
important to have both a standards-compliant mégastzhema and agreed cataloguing
conventions, but the latter are largely out of gctiy this study. Typically the following
metadata elements will be important:

Title

Usually required for the display of search restdtaid resource recognition
and selection. Even where there is no widely kntthanfor a resource (which
is more often the case with some types of learmatgrials, e.g. computer
simulations, that with some other types of resouactitle can give an
immediate indication of what a resource is abagt, '#How to truss a chicken".
Titles may also support simple searches since apeeight can be given in
returning search results where the search termg atthe title.

Keywords (and source)

As well as supporting simple searches, keywordsiseéul for onward
browsing, e.g. the "find similar resources" typduwofctionality. While free
keywords can be useful in supplementing what isigdesl in other descriptive
fields, it is useful if keywords come from conteadl vocabularies such as
thesauri in which case additional functionalityg(eoffering to find similar
resources based on broader or narrower terms)ecarobided. For controlled
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keywords the source of the term should be recordsdr provided keywords
are dealt with under tagging, below.

Description

A description supports simple search since it efaies on the keywords.
Where no immediate preview of the resource carhbe/s a description may
be important in helping resource selection. Coasisf is less important here
than in keyword and classification fields, so aushend users may provide
useful content for this field.

Classification by subject (and source)

Classification by subject supports resource disgokg search and browse in
ways similar to keywords. It can also be imporiarfiltering metadata records
when a repository that covers a range of subjectgqes data for a subject-
specific resource discovery service. The clasgiboascheme used should be
identified in the metadata.

Date of resource creation

The date of resource creation is probably the mngsbrtant date for users who
might want to select up-to-date resources or nath&iv search to a relevant
time period.

Resource type

It can be useful to separate resource type fronteittenical format and medium
of a resource, e.g. is the resource a diagrantpdalior an assessment. For
example a lecturer might want a diagram to illustespecific point; a learner
might need an online tutorial to meet their leagnieeds. Users will express
these needs in natural language which is wherdistiection between type and
format may become lost.

Provenance: author or publisher and institution

Many users will want to consider reputation andternwhen selecting
resources, for example choosing resources thateveated by a well-known
expert or come from an institution with a similaofie to their own. It may
also be useful to display information about otlesources from the same
source (e.g. subject classification, keywords, tegs) as a means of helping
users form their own opinion about the authoritp@ésource creator or
publisher.

Relationships between resources

Resource selection and discovery of related ressuray be assisted if related
resources are linked, for example different edgioha book or different parts
of a course.
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Warnings about sensitive content

A point made specifically for images is probablygeal enough to repeat here.
The metadata may include mention of any aspedteofdsource that might
provoke sensitivities, e.g. descriptions of viokensexually explicit content—
the exact nature of what is sensitive will dependh® audience of the
repository.

3.9.1. User generated metadata and social tagging

While discovery metadata is frequently createddspurce authors and cataloguers,
there is a growing recognition that user createthdsa can aid resource discovery. A
good example of this is delicious.com, which allaygers to tag resources with simple
keywords and to add their own description; bothvkayl and description are stored on
the delicious.com website, not the resource websitaddition to the functionality
supported by conventional keywords and descriptitagging has a social function,
making it possible for users to identify othershwsimilar interests and to discover
resources they have tagged. Whether this typetwitgids best supported at the
repository or at an independent site will probatdpend on the nature of the repository,
the resources it holds and the user group.

To support tagging on independent sites all theggsiired of a repository is that it
provides a public URL for each resource. Gettirgitfiormation back from the sites
where resources are tagged is, however, more pnaltie Tagging within the
repository is probably best supported with a spe@i#ld, separate from the keyword
field; additional information about who tagged tlesource (the user IDs) would be
required to support functionality such as displgyiesources tagged by other people
who had tagged a resource the user is lookinguath&r information on the
relationships between users (e.g. user X is intedda resources tagged by /
recommends resources to user Y) will allow usegatmer and pass on
recommendations more directly. There are then lagdltechnical issues about how
much of this information should be shared with otites and how.

3.10. Collection management metadata

" Administrative metadata required for managingc¢bkection of objects in a
repository, for example reviewing the suitabiliiytlbe content for
dissemination.”

Much of the metadata that is helpful for collectrnanagement is present in the
metadata required for other activities such asuresodiscovery. There is, however,
some information about the resource and aboutdlagionship of the resource to the
collection that needs to be recorded specificallgit! collection management.
Additionally there is information that may be reded to support other activities that is
also important for specific reasons relating tdesztion management.
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Dates relating to the resource in the collection

In order to make sure that the resource descriptoe current it is necessary to
record the date when the metadata describing Hueiree was first created,
when it was updated, and when it was last checked.

Metadata creator and validator

A record of who created and validated the resodeseription that is sufficient
to allow them to be contacted in case of a queoptthe metadata may be
necessary.

Record owner

Information about the owner of the metadata mightdguired in order to
facilitate rights management relating to syndigatimetadata.

Resource access

Information about how often a resource has beeessetl by users can be
useful in identifying which resources are no longesufficient interest to be
included in the collection.

Comments field

Notes on the history of a resource, its reliahilgyecial reasons for its
inclusion in the collection etc. can help with eallion management decisions.

Version

Information about the version of a resource is agag/ where version control
IS important.

Resource owner

Information about the owner of a resource is nexgss order to allow queries
about rights issues relating to its inclusion ie tollection.

Relationships between resources
Information about, for example, the different masthtions of the same
resource, different parts of a serial resourcediffierent parts of a compound
object, is useful because if action is requiredoioe part of such a resource it
might indicate that other parts also need attention

Classification (subject, resource type etc.)

Classifications of the resource by themes suchibjgest and resource type may
also be important in ensuring that the coveragb®tollection matches the
interests of the repository's users.
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3.11. Curation / preservation metadata

"Metadata that is used to assist in ensuringdiggtal resources remain
available and readable over a period of time. Exasipclude METS and
PREMIS."

The area of curation and preservation of learniatenmls is one where there is very
little existing practice and so, at present theunegments for preservation of learning
materials should be outside the scope of this wdirks however being addressed
elsewher®. However, the general requirement for curatiod preservation, that a
reasoned decision be made on what approach sheuékén the long term curation of
resources, stands. The decision might be that #ierrals are ephemeral and long term
curation is not necessary. If that is not the casd some form of preservation activity
is required, then the preferred metadata appraabhsed on PREMIS and the OAIS
model for information packages in archival repasis.

In general there seem to be broad similarities eetwthe metadata requirements and
challenges for preservation and for sharing regsuriéor example, OAIS includes
representation information, that is the informatiequired to make the object in archive
intelligible to the users of that archive. Thisnegentation information will include
metadata about the technical requirements suftiteedisplay the material. So there is
possibly a link between the requirements of presém metadata and those of technical
and accessibility metadata; requirements that lza#enging to meet. Similarly there are
preservation requirements for provenance and rigietsidata. Further investigation of
these similarities would be desirable in the hdyg/tare close enough to allow for joint
solutions to be developed, and that ultimately extya effort required at the repository
in order to address preservation issues would etilis fulfilling other requirements.

3.12. Rights metadata

"Information about the terms and conditions unaleich are resource may be
used. Typified by ODRL, XrML."

Metadata relating to digital rights is necessargrater to inform users what they are and
are not allowed to do with a resource that thewiobrom a repository and under what
conditions (e.g. whether payment is required). Righetadata includes licence terms,
information about the rights holder, and in som&esausage monitoring data.

The licence terms and conditions under which awesois offered can be provided in
machine readable form using a number specificatibhsse typically encode in XML a
description of what someone is and is not alloveeda with a resource under specified
conditions. The number of elements involved in ¢hgsecifications can be large,
however, if many resources in a repository arelabls under the same conditions then

2 The JISC has issued an ITT for e-Learning mdtepeeservation and curation studies, see

http://www.jisc.ac.uk/Home/fundingopportunities/tling_calls/2008/01/elearningmaterials.aspx The
attitudinal study is being carried out by EvideBase, see http://www.ebase.bcu.ac.uk/projects.htm
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there is no need to edit this metadata for eadures, a single record template can be
applied to all resources. Alternatively some forhassistance can aid the depositor or
repository manager in selecting from a choiceadrices or selecting a set of terms and
conditions in order to create a licence. The XMh e#ther be embedded in the metadata
record, for example as an extension to the LOM Rightegory, or linked to from the
resource description metadata. One aspect of ngatadata that may require further
attention is vocabularies describing acceptabldrus€éucation-specific contexts, for
example freely available for UK-HE only.

Recording the rights holder of a resource alloweasf the resource and potential users
of the resource and managers of the repositorgnitact the rights holder in order to
check the licence conditions or to negotiate teflonsise not covered in the licence.

In some cases it is necessary to record how amesbas been used. For example the
CLA requires a high level of usage reporting inahgddetails of the duration of the
specific courses that the resource has been usedddhe number of students who
have taken that course. This information can beigeal using an extended profile of
the XCRI (eXchanging course-related informatiorgafication.

3.13. Accessibility metadata

"Metadata that can be used to describe a resswceessibility and its ability
to match a learner's preferences. Examples indM&eAccessForAll Meta-
data and ISO Access For All Digital Resource Dgdiann."

There are two distinct approaches to ensuringréadsitories support accessibility. The
first is to describe the modalities of resourcearaisset or individual file level, for
example stating whether the asset has auditonyav@ textual content. Accessibility
can then be enhanced if the repository can pranidemation about alternatives in
different modalities, for example a transcriptiod audio. This is the approach taken by
existing metadata specifications and standardsXample the ISO Access for All
standards. The ISO standard also provides a meadgsgcribing learner preferences
which can be matched to resource descriptionsaatiiy appropriate materials for each
individual. At present, uptake of accessibility ata is patchy.

The second approach is to focus on the intendeditepoutcome rather than the
accessibility of the objegter se, and to make appropriate adjustments to the tegchin
rather than try to make a technical substitutidme Tontext of the learner is crucial here,
since different adjustments would be necessarysty, master-level distance learners
compared to first year undergraduates on-campus feveéhe same learning material.
For example, in some contexts pairing students nluiglappropriate, in others the best
adjustment might be for the student not to speme tn this part of the course. There
needs to be information available to support th@ahof adjustment, perhaps based on
sharing previous experience of using the same resau resources of similar type in
similar learner contexts. One possible approathatthis information, along with
information about the modalities used by partshefresource, could be held as a free-
text record (see TechDis, no date). Access tdofitbestext record could be open for users
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to add their own supplementary information aboat eikample, what assistive
technology or other measures they used to ensuaessibility of the resource in specific
circumstances. The details of how this might beeadd in practice, however, is
currently not well understood, nor is it clear wietthis approach could be used to
select resources automatically given knowledgeletmer's preferences.

3.14. "Usage metadata" and ratings

"Information directly or implicitly relating to #nvalue of a resource to end
users, which can be used for recommendation sysfEmsmay be as
simple as the number of times a resource has bmenloaded, the number
of links to a webpage; also includes reviews atidga of the resource."

Usage metadata has been extensively exploitedme sommercial systems that have
similarities to repositories, a notable examplangedmazon recommendations. Typical
usage metadata includes the number of times anasbas been downloaded (or
bought), ratings, short reviews, inclusion of tasaurce in lists of favourites: all of
which support the capability of the system to ppibple to other resources that were
liked by other users with similar tastes to the&imoA simplistic application of this to
learning materials might be problematic: the teaghar learning context is critical in
determining how valuable a resource is; the ciiicass of information (about resources
and users) required before any useful inferencedealrawn might not be available
from the usage of a single repository; academas fdisciplines where there is a
culture of providing in-depth book reviews as prthe scholarly output might feel that
providing short off-the-cuff reviews and ratingsusbdamage their reputation. Pooling
of usage metadata between repositories might feglthg critical mass of information
required. Reviews of learning materials and howy theeve been used might require
longer reports which could capture richer, deepeme nuanced information than can be
accommodated in a simple metadata comment. If tiegsrts exist as independent
information resources there is however the proléimow to maintain links to them
from the resource description in a host repository.

An interesting example of information that couldabpart of usage metadata is provided
by "track back" or "pings" in blog postings [TRACKEK, PINGBACK]. These allow
a sort of reverse link from a blog posting to oth@ho are referencing that post. A
similar system might help repositories keep traickeviews of materials they host.
Furthermore, one can imagine the utility of a systehereby a learning environment
sends information to a repository about how itdsg resources sourced from that
repository. This information can be used at th@sépry to find out which resources
have been used in which courses, for example, \@ppraising which resources are
most (or least) useful, when a new lecturer wamtshow what their predecessor used,
and in avoiding inadvertently giving students taene material to cover in two courses.
In blogs the back link typically includes a snippétext from around where the
reference was made; for learning materials the baklcould include information about
the course on which the resource was used (c.example of using XCRI to specify
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which course copied materials have been used troae® 12 Digital Rights Metadata
above).

3.15. Assessment metadata

"Metadata specific to the description of assessntems, questions and tests,
for example the LOM application profile and othegtadata in IMS QTI
2.xX"

To a large extent the characteristics one wouldtwadescribe for both assessment
items (i.e. the information required for individugalestions) and tests are the same as for
any other educational resources. This is why th8 Byecification for question and test
interoperability uses profiles of the IEEE LOM foetadata. There is of course a need
for specialist vocabularies to express assessmpeife terms for characteristics such

as learning resource type, and relation type. TaAsralso some properties where
assessment has exceptional requirements, these are:

Title
Tends not to be relevant to assessment items.

Version and status

Highly important in some scenarios, for examplewimg which questions are
embargoed pending their use in high-stakes exaroimsat

Duration, typical learning time

Need to be careful about the interpretation oféhaghe context of time-
limited exams

Difficulty, age range

Difficulty is handled by usage data; age rangeftismonot relevant since ability
IS more important.

Interaction

Interaction has a different meaning in computeedidssessment than in other
educational contexts, specifically it relates taviibe question is answered, for
example by text entry, choice or matching.

There is also a class of metadata that is entgégific to assessment items:

Assessment usage data

Assessment usage data is context specific infoomatibout the performance of
a given cohort on a specific question, for exanmgl& many students in the
cohort got the question right, which wrong answeese provided, how good
was the question at discriminating between ablelesglable students. Usage
data provides information on the difficulty of aegtion and other measures
that can be used to evaluate the appropriatendbge gluestion to a given
context as part of the quality assurance procedtersa test is administered or
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trialled. Subsequently this data can be used tp@tigelection criteria for
future use of the question. It is conceivable thatdata could be shared
between repositories holding the same questiorsitesmlong as the context of
the usage were maintained—one would have to matabteiadjustments if
usage data from high school physics students vedpe tised to select items for
use with University Engineering students.

The IMS QTI specification provides a framework foeating a record
describing various statistical measures based sgsament usage data; the
minimal requirements for a repository wishing tdisg# usage data is that there
is a pointer in the metadata to this record, aatlttiere is a description of the
context in which this record was generated.

3.16. Education metadata

"Metadata to aid resource discovery and sele¢tpeducational use, e.g.
description of intended learning outcome and |e¥elifficulty, descriptions
of the educational context for which a resource desgned or in which a
resource has been used, and, in the case of resauch as learning
designs, the educational use that the resourceiblescTypical examples
are |IEEE LOM, course description schema and pedagogabularies.”

Generalizing greatly, the overarching aim of theetpf metadata considered in this
section is to help people find, use and manageauress with reference to how they meet
a general or specific learning, educational ontreg need. Unfortunately it is difficult
either to articulate this aim more precisely ospecify the requirements for meeting it,
though the DC Education working group [DCEd] is @ged on work that promises to
do so with more rigour and in more detail than idiserto been the case.

This seems to be an area where the expectatiohatf siould be supported by metadata
goes beyond resource discovery to include resawgeeA related observation has been
made in relation to learning designs (descriptionsducational activities): one view of
learning designs is that they should offer a "sttipat can be run by a VLE or learning
management system (this is the intent of the IM&hieg Design specification and its
machine-readable XML binding); another view is ttiegy should provide a human
readable description that teachers can use asatispifor their own classes. Similarly
for education metadata, there is a case that theriggon of the resource could be seen
as providing inspiration for how and why one wouke it in teaching and learning.

A complicating factor for education metadata ig thany of the resource types and
activities of interest are experimental or emergantl consequently there is little
agreement on how to support them. Learning desigmé example of this, where there
is debate over the nature and purpose of the reso@nother example is where central
policies such as moves to support life-long leagnmork-place learning, student
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centred learning etc. may require changes in assomspabout the nature of the
activities that the metadata is trying to support.

Some examples of the information that might beviaié to resource description in
relation to educational scenarios are: the sulojeconcept being addressed, the
educational level, the educational setting, andrieg and learning styles.

Subject or concept

To a large extent the requirement that one shoellddbe to ascertain whether a
resource is relevant to the subject being leartawght is met by the subject
classification, which is also required for more gén resource description.
However this may not be specific enough in someuaistances, for example
where a resource is required to support learningtds some goal, objective
or competency specified in a set curriculum. Ofrseuthis brings in elements
of educational level and discipline: the same cphogay be addressed in
different ways for first year undergraduate physiod for masters level
chemistry. Also any mapping to a specific curricalambodies an assumption
that the educational setting in which the resowitibe used is one where that
curriculum is current.

Educational level

It seems intuitively clear that some form of indioa of the level is helpful in
selecting appropriate resources, hence the abueddri for beginners" or
"AdvancedY”, "Introduction toZ" and similar formulae for titles. However,
defining the educational level of resources (asospg to qualifications or
stages of a curriculum) comprehensively in a traradfle manner is difficult. A
common approach seems to be to define (sometiroiy)tahe usefulness of a
resource in relation to a qualification or curriouml stage.

There are clear relationships between educatienal Bnd other attributes
which have been used to describe learning matesiath as the age of the
intended audience, the educational setting (englékgarten or University), the
difficulty of the resource, and in part, the topgelf (introductory quantum
mechanics and introductory arithmetic are undetstoaelate to different
educational levels). However, none of these ratatips are always one-to-
one, so for example people of (almost) any aganinsetting could be learning
introductory French (but probably not using the saesources).

Educational setting

A common requirement of those looking for educalanaterials is that they
wish to find something that is appropriate for thgarticular educational
context or environment. Ideally they might want sbinmg that has worked for
someone in similar circumstances to their owntlaetén minute demonstration
in a lecture or a complete module for studying petedently. Examples of
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differing settings are distance education versas fa face, learner or tutor
directed, small group versus large group, formahfmrmal learning.

Time required to use the resource

The time required to use a resource is importanita may be looking for
something that can be used in a single class wititeld time, or a learner may
be looking for a complete course on some topic tighexpectation that they
will spend several hours studying over a periotroé. The time required to
use a resource is not always the same as the ¢etihmn time of a media file
such as a video since it applies to resources asisimulations and texts that
have no inherent run time and it may include tioredther activities that are a
necessary part of using the resource to leara.not generally possible, nor is
it necessary, to provide this time with precisitims normally sufficient to say
that the resource will take less than about 10 tesjwor a single (1 hour)
lesson, or an approximate number of hours to cample

Teaching and learning style

Finding a match between the teaching approacheardihg preferences is
important in ensuring high quality education. Sedecational materials are
designed with a specific pedagogic approach irdgrsome support certain
approaches or make others difficult. For exampie nhicroworlds type of
resources pioneered by Seymour Papert's LOGO BhddStorms” (Papert,
1993) was designed to support constructivist (nspexifically constructionist)
teaching. Similarly learning materials based oncept or mind maps may
favour visual learners. Finally some educationalemals, for example learning
designs, explicitly describe a teaching approach.

Teaching and learning style is related directlyndirectly to elements in
current metadata schema for describing the ressursgructional method,
interactivity type and level, and resource type.

The first two items above are of considerable irtgoore for resource description
relating to a specific learning goal. Where a seticulum exists, relating learning
materials to set points on that curriculum goesng way to meeting these needs. Thus,
for example COLEG, a charity that provides learmmaferials for Scotland's colleges,
classifies learning materials against descriptamfthe SQA qualifications catalogues
(for example the Catalogue of National QualificaipSQA, no date). Within an
institution or department the same can be saidtatmuse syllabuses. This perhaps is
one reason behind the practice of using VLEdedacto repositories, since VLES are
structured entirely around course syllabuses ahdyavappropriate, these will relate to
set curricula. A similar approach can be seen inynmgpen courseware or open
educational resource sites, where the materialadadble under browse headings that
correspond to the originating institution's counfferings, see for example the MIT
OpenCourseWare website (MIT, no date). Howevedthag back of mapping to
curricula and syllabuses is that these tend tot& knd to change over time. One
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alternative approach which is being tested (VarnchAss2007) is to map the curricula,
syllabuses and resources to competences which vihoplefully be more stable and of
wider applicability.

A final indicator of the problems inherent in medtaifor education is the problem of
agreeing controlled vocabularies to describe edutatcharacteristics. To pick two
examples: first, even something as seemingly simplproducing a set of educational
levels for all sectors throughout UK (MEG, 2003pyed to be deeply problematic;
second, a report by Curriatr al (2005, p.5) on pedagogic vocabularies found that th
requirements of the community for such vocabuldiw@sy enormously and, to date,
have not been clearly articulated in a coherertifes. A conclusion that may be
equally applied to education metadata in generalbelieve that there are
characteristics that it would be useful to descrig it is very hard to specify precisely
how this should be done.
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Analysis

4.1. Introduction

Two models were developed to aid the analysis@friformation collated above. One

is focussed on the repository holding the learmvagerials and helps to put the creation,
management and use of metadata into context. Homdes focussed on the objects
being described and their inter-relationships, a&ilidoe of more direct importance to
any application profile development work.

4.2. A model for repository activities

In order to draw some distinctions between sontbetypes of metadata discussed
above we have used a simplified version of the ORéEerence Model [OAIS], with
specific adaptations, to provide a picture of tbevities that are centred on a repository.
The use of OAIS in this way follows the evaluatfording of the JISC Digital
Repositories Support Team (Allinson, 2006) thaglatleight version of the OAIS
model, with less emphasis on preservation, wouddige a reasonable basis for a
generic model of repositories. The high level fiorwl entities of the model are
depicted in figure 4.1 below:

Preservation planning

Data Consumer _ © descr
7 Management Data Input
j@—» Ingest A

sip @ / v Access
T Archival

~a
AP storage

AMZECmwWZO00

e

AMO-<0OXT

AlP

Adapted from “Reference model for
. : an open archival information system
Administration (OAIS)" Fig 4.1 OAIS Functional
Entities http://public.ccsds.org/

publications/archive/650x0b1.pdf
MANAGEMENT

Figure4.1: an adaptation of the "Reference model for an @pehival information
system (OAIS)" showing the communities, informatpactkages (SIP, AIP, DIP, see
below for a full explanation), functional entitiéa boxes) and data flow relevant to a
repository.

The repository system is shown in the centre ioterg with three groups or
communities: the providers of resources, the comssior users of resources, and a
group responsible for the management of the sydRawmources in OAIS are modelled
as three types of Information Package: the Subandsiformation Package (SIP) is the
resource as received, the Archival Information Rgek(AIP) is the resource as stored,
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and the Dissemination Information Package (DIRhésresource as delivered to the
consumer. An easy to understand example of hove thiegy differ in format is the case
of an image received in proprietary high resolufimmat, stored in an open high
resolution format, and disseminated in lower retsotuor using a lossy compression
algorithm. The repository system itself compridesfollowing entities:

Ingest function

Involves receiving the resource from the providet areating the archival
information package, including extracting metadeden the submission
package and/or creating metadata on submission.

Data management function

Responsible for managing descriptions of the stogedurces, ensuring data
integrity, performing dataset updates includingesuoh updates, and handling
queries and the generation of result sets.

Archival storage function

Responsible for long term storage and maintenahtteearchived information
packages and providing them for dissemination.

Access function

Supports the discovery to delivery process, allgndonsumers to appraise the
contents of the archive and managing access tesapiresources of interest to
them.

Preservation planning function

Provides services and functions with the aim ofieng that the resources in
the archive remain available for as long as reguenen though the surround-
ing computing environment changes.

Administration function

Supports the management of the archive, includegptation with providers
and consumers, auditing, system maintenance.

Consumer data input function

This is an additional function not in the OAIS mbdehich has been included
to highlight the concept that consumers may alsprbeiders of information
by, for example, reviewing and rating resourcesyialing contextual usage
information, and commenting on and annotating ressesior adding their own
descriptions or tags. This does not include resabiom of re-purposed objects
or contribution of user generated content, sindb@se cases the user is a
content provider rather than consumer.

While the modelling and language of OAIS is forn#linson found that the model
itself is applicable to formal and informal reposiés at all levels, allowing that for
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some informal or personal repositories the funaionght be reduced to trivial tasks
much simpler than is implied in description abovéne model also shows a repository
as a stand-alone system in direct contact witpridgider and consumer communities. In
a federated network of repositories and other sesvihe situation is likely to be more
complicated than this: for example, the repositorght be a data provider for services
that have diverse consumer communities. The coesegs of this will depend on the
nature and policies of the federated network.

4.2.1. Observations drawn from the model

The three information packages in the model aratedethrough different means and
serve different ends, not surprisingly they areliito have different metadata. It is
important to ensure that the metadata requirentdritéferent information packages are
not confused. So for example, the metadata requirad archival information package
to support resource management and storage neée pairt of the dissemination
information package—unless the repository is phé f@deration in which how an
object is managed in that repository might impiongets use elsewhere. Conversely, the
metadata available for some information packagesbmacontingent on what is
available in others. An example of this is the aafstechnical metadata for images (e.g.
details of the camera settings when a photograghtaken), discussed in section 3.3
above, much of which is unlikely to be availabld it not created when the photograph
is taken and present as part of the submissiomnr#tion package. Another example is
information about the provenance and ownershimadtgect, the lack of which on
submission creates extra work at ingest. In genkealvorkflow question of what
metadata is best created where is an importaninothetermining the quality of
metadata (see for example Barteb@l 2003).

It is probable that metadata generated by resaiwgees (i.e. consumers in this model)
will increasingly play an important role in resoermescription. User generated metadata
encompasses usage data as described in sectioalid, but also includes
classifications (tags) and descriptions generayeaskers of the resource. One of the
complications to be considered in any federatetdi@cture or other system based on
separate data providers and service providers é&hghand how the user generated
metadata is aggregated in order to make it availbbther services involved in
managing and disseminating the resource.

Understanding what metadata is best produced atstdge (i.e. the workflow for
metadata creation) and how metadata can be passeddn repositories managing
different copies of the same resource (i.e. reposihteroperability infrastructure) will
be important in determining what is practicablyiaghble for a metadata application
profile for learning materials.

4.3. A model for resources

As part of this scoping study a model for resoutw@Es been discussed. The aim of the
model is to show the different entities being digsat, the relationships between them,
and to define what properties are described. IDIG#I Singapore Framework
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(Nilssonet al, 2008) such a model is called the domain modelisadstep in the

process of defining the scope of the applicatiasfile. The model is presented here as a
starting point for further discussion and servemash to highlight problems as to solve

them. It is by no means finalized, and the ver&ielow is just one of several variants on
a theme considered during the time of writing.

The model follows the scholarly works applicatiaonfge (SWAP) entity-relationship
model, which is based on the Functional RequiresnfamtBibliographic Records
(FRBR) entity model. The rationale behind thishiatt firstly, scholarly works may be
considered learning materials in higher educasomany model for learning materials
should also be capable of describing scholarly woBlecondly, the FRBR model is
well-tested and seems generic enough to describg other types of resource (e.g.
musical scores and performances, images, onlioaness).

The model is shown in figure 4.2. The "group 1'itezd from FRBR in the centre of the
figure (Work, Expression, Manifestation and Itengdual the learning material at
various degrees of abstraction; the related estitiay also require description in order
to support requirements relating to the learningena.

o Work IjHasAsSubject—> X

| IsCreatedBy:
IsIntendedFor— | X = Work, Expression,
l IsRealizedThrough Person, Concept . ..
Audience 1 Expression IsEditedBy—» Agent

A A
. IsEmbodiedin

- Manifestation ——IsPublishedBy:

IsExemplifiedBy

IsUsedFor—— ltem

IsUsedBYy:

IsStudyingin / ‘

IsTeachingIn
IsUsedIn

!

> Education
» Context

Figure4.2: the entity-relationship model discussed for definivhat is being described
by metadata for learning materials.
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4.3.1. The primary resource: the learning material

The FRBR group 1 entities, which model the learmragerialper se, and which are
shown in the centre of the figure, are:

Work

Taken from FRBR, the work is the most abstrachefdroup 1 entities,
modelling the learning material as "a distinct lietetual or artistic creation”. A
work is what we mean when we talk of Homéli'ad or Shakespearelomeo
and Juliet as an entity, without specifying a version of teet or performance
of the play. A work is identifiable, is associateiih a subject and we can talk
about the creator of a work. Different versionsafork, i.e. variations which
do not represent significantly distinct intelledtoaartistic creations, such as
updates, corrections, verbatim transcriptionsamglations, arrangements of a
musical piece, are modelled as expressions of trk.vA work is a conceptual
entity that allows us to talk about what these egpions have in common. By
contrast, adaptation of a work for a differentsiiti medium (e.g. writing a film
script based on a novel) or for a new audience ¢bitfdren) and writing
summaries or abstracts are considered to invblerteation of a new work.

Expression

A FRBR Expression is a realization of the intelledtwork in a specific form,
for example as a text, a performance or a presentddifferent revisions or
editions of the material are different expressi@ssare translations, and
different modalities (e.g. printed text and spoland for book and audio book
respectively). Expressions can be identified, astba related editor (the
individual or organization responsible for the protlon of that expression).
Differences in physical format alone, e.g. pageldyhard or soft covering,
disc versus tape or file download etc., do not titute different expressions
but are considered different manifestations ofsdu@e expression.

Expressions are often produced with a specifimithtel audience or for use in a
specific educational context—e.g. speakers of aifipéanguagd, people with

a preference for listening rather than readingyvesity-level students, to
support a specific course.

Manifestation

A FRBR Manifestation is the physical embodimenaonfexpression a
particular medium or format: for example, the tegxta PDF, HTML or MS
Word format file, or printed on paper; a performainc presentation as an

3 If it weren't for the issue of audience languagd translations being considered by FRBR to be

expressions of the same work we could identify tbiationship at the level of the work; conversely,
when the accessibility needs of the audience amsidered it may be that this relationship cannot be
identified until we have a specific manifestation.
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audio/video recording. Manifestations can be idettiand related to an agent
responsible for publishing them. A manifestationyrha exemplified by many
physical items.

Item

An item is a single exemplar or instance of a mestétion, and is the most
concrete of the primary entities. For physical tegses, the item is a copy of a
book, disc or object that can be held and usedjifptal resources an item is
less concrete but may be taken to be the instamtiaf a file or files on a
specific system, e.g. the copy of a pdf file oneoynputer with my comments,
rather than the copy on the server (Floyd and Re268a7).

At the level of the specific item we can identifetuser of the resource, either
as an individual (agent) or as a class (audience).

For complex/compound objects or aggregates anyeskt entities may comprise several
parts, which may be expressed in the model by RBR-"whole/part” ("has part" and

"is part of") relationships. So, for example, ityr@metimes be useful to describe a
work as comprising several parts (e.g. parts ai@ecof a book, a story told as a
trilogy of books). In the case of an anthologyre manifestation may aggregate
manifestations embodying expressions of severaksy@onversely, in multivolume or
multimedia editions the manifestation of a singlerkvmay have several parts, e.g.
printed volumes, book and CD-ROM / website, texd anage files etc.

An example of breaking down a typical learningorgse into FRBR Group 1 entities is
provided in Appendix 2.

4.3.2. Secondary entities

Secondary entities, which are related to the legrmaterial and which have properties
that need to be specified in order to provide bdescription of it, are

Agent
Following SWAP, the agent entity is a merging af #RBR person and
corporate body entities and models a specific idd@&l or organization that has
an important connection with the resource. Thevagleagents, about whom it
might be useful to record details (name, affiliafioontact details etc.), are the
resource creators, editors, publishers and users.

Two examples of queries which require informatibow agents are: find me
materials created by William Shakespeare, and,fiedhe resources that were
used by my predecessor teaching this course.

Audience

The audience represents a class of users for vahiebource is intended or
which actually uses the resource. For learning rizd¢ethe audience will be
studying or teaching in a specific educational eghtProperties of the
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audience include the language spoken, the edueatmrel, and preferences
for accessing the resource and for teaching amditepapproach.

Education Context

Agents and audiences directly involved in educatibat is teachers and
learners) will be in a specific context. Contexdludes modalities such as
distance learning or face-to-face, formal or infarhearning, the type of
institution, cultural issues etc. For formal leagniwe will likely be able to
characterize some of the following: the qualifioatbeing studied for, the
intended learning outcomes, a course code or ftkmnti

Metadata Describes—»

Figure 4.3: the entity-relationship model discussed for definihe relationship between
the metadata description and the learning materials

Metadata

4.3.3.

Figure 4.3 shows the simplest model possible ferétationship between the
metadata and the resource being described. Thelatatantity has the
properties necessary for collection management ¢esgtor, owner and date of
creation of the metadata, annotation relevantearbtadata etc.). Some of this
information could also be useful in helping usestaklish the basis for claims
made in a metadata record, e.g. who says this res@iintended for the
educational level stated? However this approachlmeapo simple in assuming
that the metadata is a single record describingvtitde resource rather than a
set of statements from diverse sources, each desgspecific entities or
properties (Hillmanret al, 2004; Downes, 2004).

Properties of the entities

Appendix 1 presents a draft overview of suggestegearties for each of the entities
listed in sections 4.3.1 and 4.3.2, and also attetapindicate the metadata range for
each property, i.e. the relevancy of each propertiie metadata types listed in section

3.

4.3.4.

Observations

It should be stressed again that the model preséntene variant that has been
considered. Possible variations mostly centre erptbperties and relationships
between entities, and the version presented hetmply includes a fair amount of
redundancy. For example, is it necessary to hatleddirect link from the primary
resource to the intended educational context amthtionship via the audience? Is
educational level a property of audience or cotéxtieed, is it possible to merge
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audience and context? In part, this representei@elof conceptualization of successful
resource discovery: a person who is looking toausesource (i.e. looking to set up an
"is used by" relationship to a copy of the resoumay be conceptualized as either
looking for a resource designed for or used byuatemce of which they are a member
or as looking for a resource for use in educatiairalbmstances similar to their own.
Other possible variations which are not shown laosé that would arise if one were
primarily interested in modelling the context (€ay. course description) or agents (e.g.
for attention profiling). Thus there could be astas subject” link for education context
and "has interest in subject"” links for agent aaggibly audience, but these don't seem
necessary for learning material description.

A large amount of the educationally relevant infatibn seems to pertain not to the
resource itself but to the intended or actual aumieor context. This is not surprising if
one accepts that "anything used for teaching anieg" may be an educational
resource, as suggested in section 2.1, sincentipibeis that the defining quality of an
educational resource lies in (or results fromugs, i.e. the users and their context,
rather than being inherent to the resource itdedfa consequence, the part of the model
that represents the resource itself is not speifiearning materials, rather it is one
which is rooted in bibliographic metadata (althoaglthe level of detail used here it
seems there is nothing in the model that preclotlesr types of resource being
described). It may be possible to use other regomadels in place of the group 1
FRBR entities and there may be advantages in dsmng specific circumstances. It is
not clear whether having a single model for leagmmaterials that can be used with any
resource type is at all preferable to definingsinita model that can be plugged into
other domain models in order to add the entities@operties necessary for learning
materials. The second, modular, approach is beit@ied by the DCMI Education
Working Group.
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Discussion

5.1. The multifaceted nature of metadata for learni  ng
resources

During this work we have tried to avoid assumptiaheut the way in which a learning
materials application profile might be used witthe UK further and higher education
sector. We have not limited the scope of our workesource discovery, either locally at
the level of the service providing the metadateeanotely through a service provider,—
we believe that metadata has a valuable role ipatipg the management of locally
available learning materials within an institut@s well as a role in sharing materials
and information about their use between and beywstdutions. We have not assumed
anything other than the most inclusive definitidnubat might constitute learning
materials, and we have tried to avoid assumptielaging to what metadata schema (e.g.
LOM or Dublin Core) would be used. Finally we hanat assumed that the learning
materials are situated in a single formal repogitthrey may be in several distinct
repositories, or in a VLE, or on the welihe net result has been something akin to
scoping an application profile without knowing tgplication or what is being profiled.

We started with a definition of metadata that aeskthat metadata could support
resource management, retrieval and use; and thestam) has been echoed in the
metadata fields suggested by experts from the wai@omains we examined. Resource
management is seen as one of the core functioasegfository with respect to learning
materials (Campbell, 2008) and, for example, kmaolgk of IPR ownership and
licensing conditions, resource use and resourcerage are important in resource
management. While full text searching meets magtirements for resource discovery
and retrieval for materials that are largely teasdd or are closely associated with a
textual resource, for non-textual materials theatliata record may be required to
furnish this searchable associated text. Whenmtpalith education metadata this study
has recognised a requirement for what might beadrfmspirational” metadata, that is,
teachers looking for information on how they migke specific learning materials.

Any future work should recognise that metadata beyaluable in supporting resource
management, discovery/retrieval and use; and thapplication profile to support
resource discovery might be quite different fromagplication profile to support
resource management or use.

5.2. Relationship to type-specific metadata

We also based this work on the premise that "legrmaterials” are not a resource type
per sein the way that journal articles, images or awahd video recordings can be
described as resource types. Instead we adoptersa a&nd pragmatic definition that a

4 However any metadata application profile suchM#&P is only relevant where the description

of resources is managed, at least to the exterdrdbrming to a metadata profile, and we recogtiiaé
the reality is that this will not apply to most oesces in VLES or on the web.
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learning material is anything that may be useeathing and learning. We believe that
a definition along these lines is necessary to iieeheeds and expectations of teachers
and learners, and to reflect the fact that manynleg materials are aggregated
multimedia resources. However it is worth rememigethat many of the examples of
successful repositories (by which we are thinkihgrXive, Getty Images, Flickr,
YouTube, iTunes, SlideShare and several examplesagfe or media libraries of

smaller scope) all limit their scope to a singlaie resource type. Similarly for

physical materials, cataloguing in libraries anchares tends to be resource type
specific rather than against a single grand schiatacan be used for books, archive
deposits, journals, audio-visual material etc. Bisien needs to be made as to whether
the component media assets comprised in an aggriesgaihing material are treated as
significant entities in their own right and meriamagement as such, or whether they are
valuable only as part of an aggregation. Likewiskeeision needs to be made as to
whether the aggregation has value that is not extfien component parts individually.
Many factors will affect these decisions, and tbhag only be made on a case by case
basis at service level and resource level. Theoouwcof these decisions will be that
some resources are described in "broad-brush” igeieems and others will be

described in detail as aggregations of relateduress with some parts of significant
value in their own right. We should not mandateatded metadata for all resources, but
nor should we ignore the requirement of detailetaateta for some.

Any future work on learning material applicatiorofles should allow resources to be
described either as generic learning materialsithr type-specific metadata.

5.3. A heterogeneous environment

It is unlikely that many sources of metadata wihygde complete resource-type specific
metadata and complete descriptions of all the gt aspects of a resource, and it is
certain that such comprehensive metadata will eavailable for all resources.
However, it is important to note that for a giveisaurce it may be the case that all this
information is available by combining data from el sources. For example, an image
bank might describe the content and technical deddaan image, while another service
elsewhere describes how it has been used in eduodatillustrate a specific point. The
same applies to other resource types, e.g. momiages, audio, text resources etc,
however the information available about each o$¢hesource types will be different.
Services built on metadata for learning materialsprobably have to deal with
metadata from multiple sources, some of which dekcribe resources as generic
learning materials and others which will providetasata specific to various resource
types. For example, within an institution there rbayimages used for teaching and
learning that are managed in a dedicated image, la@skssment items that are managed
in a dedicated item bank, both of which will hapedalised metadata; there may be
course resources from the VLE in an associatedsrepy, with metadata from the
resource creator and information on what courseg llave been used in from the VLE
(these resources may include images and assessemesfrom the other services).
Nationally and internationally there will be an evgreater variety of services, possibly
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with information relating to the same resources &na held in the institution, especially
if we consider the resource description potentigozial networks, tagging, blogs, the
semantic web etc. So a service built to help teacéhin an institution discover and
appraise what materials are available for useeir teaching would have to cope with
heterogeneous metadata from multiple sources ierakgducational jurisdictions.
Building such services is challenging. Applicatfmofiles are one approach aimed at
trying to reduce this problem by creating a mormbgeneous environment within a
federation of repositories and related serviceg. disadvantages of this approach are
that the burden of providing the metadata requiogdin the federation may be too
onerous or inappropriate for some sources of in&dion and that the resulting services
within the federation may fail to exploit all theformation that is available (since not
everyone will be in the federation). While applioatprofiles are helpful in this context,
other complementary solutions are also necessatgdming materials and probably
for other applications as well.

We hope that the JISC will explicitly include learg materials in any work aimed at a
better understanding of how to create servicesthasédeterogeneous metadata from
multiple sources.

5.4. The requirements for education metadata

One can imagine an approach where descriptiortseafducational properties of
learning materials are held separately from the-{gpecific descriptions of the
resources, to be combined in a service facilitatespurce discovery or management for
teaching and learning. Unfortunately, it was nalde during the course of the study
that metadata for some resource types and purpasebetter understood than for
others, and that metadata for education was otteeadomains where the issues were
least well articulated and where solutions werstlegell developed. In many of the
areas where resource description was seen ascUtifthere seems to be some
suggestion of movement away from structured megaaiadl towards the approach of
providing semi-structured free text descriptions ¥ée this in the domain of
accessibility and in the experience of using leagriesignsto provide information on
how learning materials are used. While this seepregmatic solution the following
guestions remain: what properties should be dest@dnd are these properties of the
material or of its use; which parts of a resouregctiption need to be provided as
structured metadata to be easily intelligible tmpaters and which can be left as free
text to be interpreted by humans; how might bathcstired metadata and human-
oriented resource descriptions be created mosiafitly and effectively?

More work is needed to understand the requirenfentkie description of the
educational properties of learning materials ana Boch a description might be
created.

° Using the term learning design (lower case) ferr® a free text description of what could be

encoded in a fully structured form following the 8M_earning Design (upper case) specification.
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Work on domain models for resources both for thgort and in the DC-Education
working group has highlighted that much of whatdsicationally relevant information
about a learning material pertains not to the nedtigself but to associated entities (the
resource creator, intended audience and userdpahdir context. Currently this
information is frequently not collected, which wdwssist resource management, or
shared, which would assist resource discovery aedfor example, it does not seem to
be the case that services hosting and disseminatnging materials receive
information from VLEs about which materials aredi$ar which courses. Even where
such information is recorded there is no practicgharing it, which in itself poses many
guestions: precisely what information should beethaf copies of an open resource are
used in many institutions should the informatiorcbated, and if so where, should the
service that manages this information necessagilthb same as the one hosting and
managing the resource? Of course such informateud only be disseminated to those
who have access, or potentially have access, tedneing materials. If the learning
materials are only available within a single ediacel setting (an institution, or maybe
just a department within an institution) then gathgthe information to aid resource
management is less complicated, being reducedambimtegrating the resource
management service with the learning and teacmrganment. If the resources are
shared between institutions, and if successfukdiasation of a learning material
depends on successful dissemination of informagtmyut its intended and actual
educational use, then these issues need to besaddre

Following other JISC application profile studies nave examined the use of FRBR as
the basis for a model of the resource being desdriQuite apart from the necessary
addition of secondary entities (users, audienaa®egt), the fact that many learning
resources are aggregations and available in mamats means that FRBR-based
descriptions can become very complex. The moded Howvever seem to have potential
in showing relationships between resources in atatywould be useful to teachers
and learners. Implementing this sensibly in catailog) systems, educating those
creating resource descriptions in how to applyg iearning materials, and exposing the
information in a way useful to users would all psgbstantial challenges.

5.5. Conclusion

In conclusion, it seems that learning materialsxcaibe treated as a single resource
type, and the underlying requirements for metaftatiearning materials are
multifaceted, and quite likely different to those fnetadata for other types of resource
(just as the case for sharing learning materiadgiite likely different to the case for
sharing resources such as research publications3eSs of an application profile for a
relatively simple and relatively well understoodaarce type such as research
publications cannot automatically be rolled oulet@rning materials without first
solving many other problems. In our view the fpsgbrities for work aimed at providing
descriptions of learning materials within JISC eamiments should be to clarify how to
capture and encode educationally relevant infoilmnagbout resources in a way that this
can be used to enrich resource descriptions inguoggia settings.
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Al. Properties of entities in the model of resource s

The tables in this appendix show a suggestion @ft\ploperties might be worth
describing for each of the entities in the modelré&sources presented in section 4.3,
and the range of relevancy of these propertiesring of the metadata domains
discussed in section 3.

It must be stressed that this is incomplete anaitddle: a complete version is not
possible with the information gathered during $gsping study. Indeed it would
probably require an actual application profile téodgreed and then stakeholders from
each of the domains could indicate which propestiese relevant to their work. Other
issues with the tables below are the following. €bkimns represent such different
concepts that it is difficult to compare them. fow,example, the "Scholarly
Communication" column represents the informatiaquieed for disseminating journal
papers, which cannot easily be compared with tfegnmation in the "Technical”

column which indicates those properties that ar@ teichnical nature. Also, some
columns such as that for scholarly communicatiandialone; others make sense only if
combined with another, for example the properttesck&ed in the "Curation and
preservation” column are an incomplete set unlesgea with properties for a resource

type.

The tables are presented here in order to fleskheuhodel for resources and to show
how it handles the metadata requirements elicitethd this project. We also believe
that completing such a table might be of use ifdng an understanding of the
interplay between metadata requirement from diffecemmunities, which would be
necessary for an application profile that cuts s&€many distinct resource types and
purposes.
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Table Al.1: Possible properties of Works and their range of use

Suggested properties of works as described in thaehfor resources presented in section 4.3, amdellevancy of these properties to the range
of metadata discussed in section 3. It must bes#rkthat this is incomplete and debatable.

5 < g Q =z e > >
. . ) g U =
Possible properties of 52| | = & 3 3 82| 2218829 o 3 c| @ g
. >0 D =20 = D =
Works and their range of 5o § @ 2 2 S| §s (e8| |k aq &, 2 & S
use 82| @ 3 2 ) S|s2|85 |35 23 & =S| G 3 5
= 8 o -(__(% 2 3 & o % S S & Z =] S
= Q —
Title X X X X
Abstract / description X X X X ?

Subject Classification or X X X X X X X
HasAsSubiject relation

Keywords (free text) ? X X X ? X
Rights info(?) ? ? ? ? X ?
Has adaptation X ? ? ? 7 ?
Whole/part relation ? X X X ? X
IsCreatedBy (Agent) relation X X X X X X X
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Table Al.2: Possible properties of Expressions and their range of use

Suggested properties of expressions as descrilibe imodel for resources presented in sectiorah@the relevancy of these properties to the
range of metadata discussed in section 3. It mastriessed that this is incomplete and debatable.

Q < Q 9 =Z o > >
Possible properties of = g _ 2 g 32 2 | S § o2 89| 280 pe 3 c 2 g
Expressions and their = S § Gl @ R S| 58S § § % & % % % g é ‘é 2
range of use 22| @ 8| 5| 2| 8|95 38|85~ | 5| °| & S
5 ® a D = =S
Title X ? X X
Description X ? ? X ? X
Date available X X X X
Status X X ? X
Version X ? X X X ? X
Language X X ?
Genreltype X ? ? ?
Modalities? X
Copyright holder X X X X X X X X
Bibliographic citation
References ?
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Q < Q Q =Z o > >
Possible properties of 5% | £ g1 32 2 | 8 § 22138 ¢ 21 5| 8 c| B T
Expressions and their % = § e 8 % 3 gg 8 ‘é €8 | 2 & S ‘é £ g g
range of use %'% ® L;g; = Tg 8 g =133 § S| 5a 2 E ® 2 S
Time to use X X
Pedagogic approach
Has Version ? ? X X X ?
Has Translation X X ?
Is Part Of (collection) X X X ?
Whole-part relation ? X X ? X
Is Edited By (agent) relation ? ¢
Is Intended For (audience / X X
context) relation
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Table A1.3: Properties of manifestations and their range of use

Suggested properties of manifestations as descirnbth@ model for resources presented in secti®nahd the relevancy of these properties to
the range of metadata discussed in section 3. dt beistressed that this is incomplete and deleatabl

Q < Q 9 =Z o > >
Properties of = 2 < % g = 2 | & § 9% 2 8| g 2 . 3 c 2 g
manifestations and their S| 3| €| g % S| §S|c2 48 % 5| S ¢ 2 s 8
range of use 22| @ 8| 5| 2| 8|95 38|85~ | 5| °| & S
5 ® a D = =S
Format X X X X X X ?
Date modified X X X X X
Scale factor / magnification X
Other technical X X ? X X ?
Date of inclusion in collection X
Accessibility information X X
Whole-part relation X X X ?
Is Published By (agent) X X X X
relation
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Table Al.4: Properties of items and their range of  use

Suggested properties of copies as described imtuel| for resources presented in section 4.3, laadelevancy of these properties to the range
of metadata discussed in section 3. It must bes#rkthat this is incomplete and debatable.

Q < Q o =z ° >
. S S| 8| 2| z|€8|9r|89|359 : Z| @
Properties of items and Z 32 35| 3 ° 3 S| 2¢ |32 | 285|238 2 @ & o S
their range of use 25| & =| 3 5 S| 2z 2|22 |58 = = | & 2 2
82| © 5 8 g 8|21 88|3¢9| 22 @ =| ° 5] S
S 8« *| g |8F 27| s*® < 2
Date available
Rights, terms, conditions X X X X X ? X X
Location (=URL =identifier) X X X X X X ?
Whole Part relation
Is Used By (agent) relation X X X
Is Used In (context) relation
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Table A1.5: Properties of Agent and their range of use
Suggested properties of agents as described malle! for resources presented in section 4.3, laadelevancy of these properties to the range
of metadata discussed in section 3. It must bes#rkthat this is incomplete and debatable.

S 4 S o = o > >
| Se| _| £ 8| 2| s|€%| 9z 59|3e : AR
Properties of Agent and 25 3 E o B 8124|885 88 g % @ @ S
their range of use §-g 8 5 B o 2123 |355| 38 59 = 5 8 % 2
Type of agent X X X
Name X X X
Family name X X
Given name X X
Mailbox X X
Homepage X X
Affiliation X X ?
Location X ?
Workplace homepage X X
Age? ?
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Table A1.6: Properties of Audience and their range of use

Suggested properties of works as described in thaehfor resources presented in section 4.3, amdellevancy of these properties to the range
of metadata discussed in section 3. It must bes#rkthat this is incomplete and debatable.

Q < Q o =z ° >
| | =g 2| §| 2| F 83| 93|89 g? g |
Properties of Audience Z 32 5| 3 ° 3 S| 2¢ 82 | a5 |23 2 o G o £
and their range of use 25 & = 9 - 2|23 (35|22 8¢ = 5 & a 2
8 = [0} g =4 8 8 ot = ®3 3 0 = 5 » = [0} ] o
- & 2| g F|ER|=° %% sk g 23
Role X X X
Language X
Level? and/or Age range? X
Access preferences X
Teaching/learning preferences X
Cultural sensibilities? X X X ?
Relation to expression (is X ?
intended for)
Relation to education context X
(is studying in / is teaching in
relation to copy (is used for) 7 X ¢
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Table A1.7: Properties of Context and their range  of use

Suggested properties of works as described in thaehfor resources presented in section 4.3, amdellevancy of these properties to the range
of metadata discussed in section 3. It must bes#rkthat this is incomplete and debatable.

g < g o =z e > >
. 20 2| §| 2| F|E€2|gm| 29| g2 8 2| @
Properties of Contextand | 2 5 5| 32 ° 9 S| 2¢ 82 | a5 |23 2 o G o S
their range of use 25| & =| 3 5 2| 23| 355(22| 8¢S = = | & 2 2
53| % 2| 8| &| §|si|35|25\52 " 2| S| & ¢
S &1 = 5| T || |37 8" g 23
Learning outcome / X X
competency
Level? X X
Language? X X
Pedagogic approach ... X X
Course detalils ... X X
Relation to expression (lIs X X X
intended for)
Relation to copy (is used in) X X
Relation to audience
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A2. An example of applying FRBR to a learning
material *

The example shows the application of the FRBR mtalalcourse unit (a lecture, plus
supporting material such as power point slides@ontlem sheet). The example is based
on a module of an Open Yale courséth the modification that whereas in the original
the overhead notes were written and displayed emldgickboard during the lecture
delivery in the example they are envisaged as beowerPoint slides and made
available separately.

W : The course unit

Newton’s Laws of Motion HasPrt
HasPart HasgPart (IsSummarigedin?)
% wa: f
Haspart Wi : content of W2: overhead Wa: problem set S ) ¢

1 course unit
lecture display content

IsRealizedThrough
9 IsRealizedThrough IsRealizedThrough IsRealizedThrough IsRealizedThrough

E : The course unit :
Newton’s Laws of Motion

Online version, Fall 2006 asPart
{ ) aspart HasPart HpsPart asPart asPart asPart (IsSurpmarizedin?)
E1.1: written E1.3: video verbal & E3.1: text of E3.2: text of problem E4 : summary of

verbal content visual content problem set set with solutions course unit (fall 2006)
E1.2: audio version E2: overhead
verbal content display slides
IsEmbodiedin
IsEmbodiedin
IsEmbodiedin IsEmbediedin i i i IsEmbodiedin

M : The web presence :

Newton's Laws of Motion
(Fall 2006) asPart jasPart HpsPart asPart
HagPart
M1.1: HTML of M1.3.1 : Flash video of M1.3.3: Qt of verbal M3.1 : PDF of M4 : splash / index

verbal content verbal & visual content & visual. content (Lo) problem set page

HacPart Hesp ' /1
IsExemplifiedBy 1.2 MP3 of verbal L M1.3.2: Qt of verbal & L M2 : Powerpoint oot
content visual content (Hi) slides
IsExemplifiedBy IsExemplifiedBy IsExemplifiedBy IsExemplifiedBy IsExemplifiedBy
IsExemplifiedBy IsExemplifiedBy IsExemplifiedBy IsExemplifiedBy

| The web file(s) for :
Newton’s Laws of Motion

Part
(Fall 2006) as| Haspart He%t Haé&rt :
HsBart 11.1.1: html file 113.1.1: fiv file of 11.3.3.1 : qtfile of EBH EIDES it il fle
verbal content verbal & visual cont. verbal visual cont. [prodieimise: P pagt
Haypart HasPart HasPat_ 13.2.1 pdf file of problem
11.2.1: .mp3 file of 11.3.2.1: .qtfile of 12.1 : pptfile of set with solutions

verbal content verbal & visual cont. slides

Figure 1: a graphical representation of the breakdown afrdme course module into
FRBR components.

Works

The course unit is treated as an aggregate worlkowiprising: W1, the content of the
lecture; W2, the overhead display content; W3 pitmdblem set; and W4, a summary of
the course unit.

W: The course unit "Newton's Laws of Motion"
has part W1: content of lecture
has part W2: overhead display content
has part W3: problem set
has part W4: summary of course unit

! Many thanks to John Robertson (JISC CETIS and G&Mtrathclyde University) for his help in
preparing this section.

2 available at http://oyc.yale.edu/physics/fundaratsadf-physics/content/sessions/lecture03.html
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Discussion:

The reason for treating this collection of worksasg aggregated into a single work is
that the works collectively seem to have a singliective (to explain Newton's laws of
motion) and it is likely that the component worksres conceived as being
complementary to each other in achieving this &m.while the lecture, problem set
and overhead display content each stand in thairrayint as independent endeavours,
the aggregation of them aims to achieve sometiagdannot be achieved by those
works independently. The course summary is modeléea part of the aggregate work,
though it could also be a separate work summaritiagourse unit (indeed it might
even be a version of the metadata for the course).

Some relationships are not modelled here. The eaund is a part of a larger work (the
course) and has a sequential relationship withrqtags of that course. The course as a
whole, and its constituent course units, mighthe@dated version of a previous
course, or may have been subsequently updatesidagother version. Also, in certain
circumstances the problem set might be an aggoegatiindividual problems which are
themselves independent works.

The reading assignment is modelled here as a dehatek (at expression level since it
might change year on year, see below). In othersesuthe reading list may have a
similar role to the problem set here, the creatibwhich represents enough intellectual
effort to justify it being considered a work.

The overhead display content is envisaged as lagingdependent work, in some cases
it may be no more than a summary of the lecturéesinor even just an expression of
that content.

Expressions

One of the expressions through which the main aggeework realized is the online
version of the course unit from Fall 2006, E, whidmprises expressions of the
component works. The content of the lecture iszedlthrough a written transcript
(which is assumed to be edited), an audio recor@ingd a video recording (which
includes sound). The overhead display contentnseiged as being realized through a
set of slides. The problem set has two expressisrext, with and without solutions.
The summary of the course unit is realized thraiegh graphical layout and the
expression of relationships (as hyperlinks).

W: The course unit "Newton Laws of Motion"
E: The course unit "Newton Laws of Motion" (Onlinersion, Fall 2006)

W1: content of lecture
E1.1: written verbal content
E1.2: audio version of verbal content
E1.3: video of verbal and visual content
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W2: overhead display content
E2: overhead display slides

Wa3: problem set
E3.1: text of problem set without solutions
E3.2: text of problem set with solutions

W4: summary of course unit
E4: summary of course unit (Fall 2006)

E: The course unit "Newton Laws of Motion" (Onlinersion, Fall 2006)

has part E1.1: written verbal content

has part E1.2: audio version of verbal content

has part E1.3: video of verbal and visual content

has part E2: overhead display slides

has part E3.1: text of problem set without sohsio

has part E3.2: text of problem set with solutions

has part E4: summary of course unit (Fall 2006)

Discussion

The realization of the main aggregate work moddtlect is just one of its possible
expressions. Others would include the "real-lif@dressions, i.e. the lecturer in the
classroom with handouts etc., which apparently otwice a year. Treating these as
expressions parallels the treatment of performaatasmusical work by the composer
as an expression in the FRBR report (assuminghleatontent of the lecture does not
change significantly between course offerings)sTisiassuming that there is no
significant change in the lecture between instéiotia which would be sufficient to
model different instantiations as realizations istidct but related works.

It seems natural that the realization of an agdeegark should result in an aggregate
expression comprising relevant expressions of éimeponent works. There would
certainly be value in thus showing the sibling tielaships between the various
expressions in order to facilitate discovery otigable record of, say, the lecture
content.

The reading assignment is not shown, but would béetted as a related manifestation
of an independent work at the level of manifestaimce the assignment may change
without significantly affecting the nature of theurse unit. This parallels the inclusion
of "references” as an attribute of an expressidahenScholarly Works Application
Profile’.

The video recording of the lecture performanceoismodelled as a distinct work. The
content of the video recording is not significardifferent to that of the other
recordings: it contains some hand waving and sootesron the blackboard but the

3 http://www.ukoln.ac.uk/repositories/digirep/indistddel
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omission of these from the other recordings wasentioe result of limitations in the
media used for these recordings than any intekéetfiort (alternatively the inclusion

of, say, overhead display content may signify thatvideo recording comprises
manifestations of two works). Secondly it is assdrit the creation of this recording
does not involved any significant cinematographyudthe video recording is treated as
on a par with the recordings in other media, alidvicc examples of audio books as
being expressions of the same work as printed BoSkewing the relationship of these
different formats to the same work may have acbéggibenefits, for example when
needing to provide a version suitable for studeitis hearing difficulties.

Manifestations

The online version of the course unit from Fall 9 embodied in a section of the
Open Yale course website. The entry point for $leistion is the "splash” page, and the
parts of it are manifestations embodying the exgioes described above; again these
are modelled as component parts of an aggregagetobjhe only expression embodied
in more than one manifestation is the video ofitltéure which has manifestations in
different formats and quality.

E: The course unit "Newton Laws of Motion" (Onlinersion, Fall 2006)
M: The web presence for "Newton Laws of Motion'h(i@e, Fall 2006)

E1.1: written verbal content
M1.1: HTML version of verbal content

E1.2: audio version of verbal content
M1.2: MP3 version or verbal content

E1.3: video of verbal and visual content
M1.3.1: Flash video version of verbal and visuaitent
M1.3.2: QuickTime version for high bandwidth ofrlval and visual content
M1.3.2: QuickTime version for low bandwidth ofrieal and visual content

E2: overhead display slides
M2: PowerPoint version of display slides

E3.1: text of problem set without solutions
M3.1 PDF version of problem set without solutions

E3.2: text of problem set with solutions
M3.2.1 PDF version of problem set with solutions

E4: summary of course unit (Fall 2006)
M4 HTML "splash” page

M: The web presence for "Newton Laws of Motion" (i@e, Fall 2006)
has part M1.1: HTML version of verbal content

* See the treatment of "Harry Potter and the Gaifl€ire" by William Denton at
<http://lwww.frbr.org/eg/hp-goblet-1.html>.
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has part M1.2: MP3 version of verbal content

has part M1.3.1: Flash video version of verbal @isdal content

has part M1.3.2: high bandwidth QuickTime versabwerbal and visual content
has part M1.3.2: low bandwidth QuickTime versafrverbal and visual content
has part M2: PowerPoint version of display slides

has part M3.1 PDF version of problem set with@laons

has part M3.2.1 PDF version of problem set witrsmititions

has part M4 HTML "splash” page

Discussion

The possibility of one of the component expressiefeting to two of the component
works is raised above (the video recording migiptwee the lecture and the overhead
display); a similar possibility might occur if ooe more of the recordings were to be
packaged with the overhead content in a single festaition. This might well occur if
the slides were made available as a "slidecas#f af slides streamed with automatic
transitions synchronized with an audio recording

Showing the relationships between alternative nestations may have accessibility
benefits, for example allowing a user to obtainrtaerial in a format compatible with
their requirements.

Items

Individual files are considered to be the rele\iterhs for each manifestatidnThere
will be multiple items for each manifestation (fiies on the server, the files down-
loaded for viewing, copies of files kept elsewheedthough this is not shown in the
diagram, and there is no particular interest imneenating the items here.

Discussion

It's not really clear what the item of the aggregaactually is, except as a notional
entity (i.e. the collection of files on the servdrpwever it seems clear that not all copies
of the component items will be part of a compleaipycof a complete aggregation item.
One case where there could clearly be seen tacbenplete aggregation item would be
where the whole thing were available in a singtheve file, e.g. a .zip file, orin a
similarly packaged format (e.g. an IMS Content Raek—although this case may be
considered a different manifestation from the wid)si

Knowledge of the whereabouts of items exemplifypagticular manifestations and how
these items relate to expressions may be usefdtinities related to digital curation.

® http://www.slideshare.net/fags/slidecast

® For a discussion of this see I. R. Floyd and ARenear, "What exactly is an item in the digitarld®"
in The American Society for Information Science & Technology Annual Meeting 2007, Milwaukee,
Wisconsin., October 2007. [Online]. Available: http://hdl.lthe.net/2142/5254
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A3. Contributors

Informants

For each metadata domain we identified one or mepreesentative informant, for
example from a JISC Advisory service or other epgesup. The informants were:

Gayle Calverley Manchester University / Moving ireadtime based media)
time-based AP project

Lorna M. Campbell JISC CETIS Education

Sarah Currier Intrallect Ltd. Education, conteights

Ellen Daly IRISS Images

Mick Eadie VADS/Image AP project Images

David Giaretta DCC Curation / preservation

Andy Heath Independent consultant Accessibility

Sarah Higgins DCC Curation / preservation

Linda Kerr Intute Discovery, collection management
Sheila MacNeill JISC CETIS Education

Tony Mathys Edina Geospatial

Lesa Ng Intute Discovery, collection management
Sharon Perry JISC CETIS Accessibility

Peter Rainger Key2Access Ltd. Accessibility

Mary Jane Steer Intute Discovery, collection managy#
lan Watson IRISS Images

Grant Young TASI Images

Rowin Young JISC CETIS Assessment

Expert working group

This work was supported by an expert working grane commented on a draft outline
of this report presented at a face to face medatil@jasgow. Members of this group also
commented on the work at other stages. The groopiised:

Julie Allinson University of York (formerly of SWAP
Gayle Calverley Manchester University / Time-baseatliia AP
Lorna M Campbell JISC CETIS (convenor)

John Casey JORUM

Phil Cross Intute

Sarah Currier Intrallect Ltd. / DC Education worgigroup
Neil Fegen JISC CETIS

Pete Johnston Eduserv Foundation

Sheila MacNeill JISC CETIS

Peter O'Hare JORUM

Sharon Perry JISC CETIS

John Robertson JISC CETIS / Repositories ReseaaamT
Rowin Young JISC CETIS
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