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Note this article assumes some familiarity with these concepts: Learning Objects, 
Metadata, Educational Standards for Technical Interoperability, Digital Repositories 
and Learning Design. For a useful quick introduction to each of these concepts please 
follow these web inks: 
 
Learning Objects (Content Packages) & Learning Design 
http://www.cetis.ac.uk/static/briefings.html 
 
Metadata 
http://www.cetis.ac.uk/content2/20050210042132 
 
Educational Standards for Technical Interoperability: 
http://www.cetis.ac.uk/static/standards.html 
 
Digital Repositories 
http://www.jisc.ac.uk/index.cfm?name=pub_repositories 
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1 Introduction 
 
This paper sketches out some of the technical issues affecting repositories.  It offers 
brief explanations of what these technologies and their relationship to each other.  
Some of the issues and technologies discussed here are explored in greater detail in 
activity 28, with the emphasis of this report being on the big picture. 
 
 

2 Map of Technical Factors 
 
The ideas and technologies that surround repositories can often confuse new comers.  
As illustrated by the diagram below there is wide array of different technologies that 
are involved with a repository.  This document gives a concise description of these 
technologies and point to sources of further information readers are asked to also look 
at these related project reports; WP2-1 activities 28 & 29 as well as the technical ‘sub-
reports’ for more background. 
 

 
Figure 1 Venn diagram of technical factors effecting repositories 

 
Not only are there a large number of different technologies involved many of the 
technologies are related to each other. This is depicted in the diagram above. Note this 
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diagram is not to be seen as a definitive statement but is intended as a starting point 
for your own discussions about these matters – different projects and institutions will 
have different perspectives – and it can be useful to use a graphical representation like 
this as a tool to support discussion and training etc. 
 
 

2.1 eXtensible Mark-up Language – XML 
 
XML is a language that can be used to exchange information between different 
systems and platforms about digital resources including learning objects.  XML 
documents are usually created in accordance with a set of rules declared using the 
XML Schema Language. A lot of standards such as those for metadata and rights 
expression languages are expressed through XML – for more about this please see the 
supporting report Talking to the Techies # 2: a brief introduction to XML. 
 

2.1.1 Resource Description Framework - RDF 
RDF is a metadata standard and is intended to provide a way of describing things on 
the web; these descriptions may be expressed in XML, but it has an abstract model 
that is independent of XML.  In addition to XML it incorporates URI (Uniform 
Resource Identifier) technology (Miller, E., Swick, R., & Brickley, D., 2006).  It can 
be applied to a wide range of entities for example Creative Commons license types 
are described in RDF format.   
See: http://www.w3.org/RDF/  
 

2.2 Access Management 
 
Access management is a generic name for authenticating users and authorising them 
to access pre-approved resources.  For example a university may pay for access to an 
online journal, when someone tries to access the journal from the university the access 
management system interacts with the journal provider to tell them the user is allowed 
to view the article.  For a fuller description see WP2-1 activity 29. 

2.2.1 Athens 
Athens is an access management system developed by Eduserv.  It is currently the de-
facto standard in UK higher Education. 
 
http://www.athens.ac.uk/  
 

2.2.2 Shibboleth 
Is a framework for a set of secure protocols for exchanging information.  It can be 
termed an access management system however it does not authenticate users; it 
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merely provides a framework that facilitates this.  It has had a global uptake and its 
adoption is being encouraged by JISC in the UK. 
 
http://shibboleth.internet2.edu/  
 

2.3 Syndication 
 

2.3.1 RSS 
RSS stand for really simple syndication (or Rich/RDF Site Summary) and it is an 
XML standard that allows feeds (such as news items) to be disseminated from a 
website.  Version 2.0 is patented by Harvard University. Unfortunately the previous 
versions (0.9x and 1.0) are all in competition and not compatible. 
 
http://blogs.law.harvard.edu/tech/rss  

2.3.2 ATOM 
Atom is an alternative standard for syndication and unlike RSS 2.0 it is not patented.  
Whilst technically superior its uptake has not been as quick as RSS perhaps due to 
slight increase in its complexity. 
 
http://www.atomenabled.org/  
 

2.4 Rights Expression Languages 
 
Rights Expression Languages are usually XML based and express the terms of a 
license in a way a computer can understand. 

2.4.1 eXtensible rights Mark-up Language (XrML) 
eXtensible rights Mark-up Language is a propriety Digital Rights Expression 
Language developed and owned by ContentGuard – who claim they have the patent 
for the entire concept of rights languages, much to the consternation of the public and 
private sectors. For more information on this patent claim please see the project paper 
entitled: The Interactive Media Industry, Intellectual Property Rights, the Internet and 
Copyright: Some Lessons from the TrustDR Project 
 
http://www.xrml.org/  

2.4.2 Open Digital Rights Language (ODRL) 
Open Digital Rights Language is an open source, non-propriety Digital Rights 
Expression Language. 
 
http://odrl.net/  
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2.5 Creative Commons licenses (CC) 
Creative Commons is a set of standard licenses with supporting infrastructure that are 
offered for free in human and machine-readable format and are now an established 
part of the landscape – legally, technically, and culturally. 
 
http://creativecommons.org/  
 

2.6 Identifiers 
 
Identifiers offer a means of referring to an entity or object usually for a prolonged 
length of time.  Requirements for preservation and permanence are key to ideas that 
surround the concept of permanent and unique identifiers. 

2.6.1 Uniform Resource Identifiers (URI) 
A URI is a string of text than confirms to certain syntax in order to reference an object 
or entity.  A URL (Uniform Resource Locator - like a web address) is a common 
subset of URI, for example a URI written to conform to the HTTP protocol for web 
pages might be: http://www.ulster.ac.uk, and a URI written to conform to the FTP 
protocol may be: ftp://ulster.ac.uk  
 

2.6.2 Digital Object Identifier (DOI) 
DOI is a standard for persistently identifying a piece of intellectual property.  The 
DOI is made up of a prefix (that identifies the registrant and system in use) and a 
suffix identifying the object.  DOI names can resolve to the actual object or 
information about the object (metadata) by being embedded in a URL or using a plug-
in.  See WP1-4 for a further discussion of DOIs. 
 
http://www.doi.org/ 
 

2.6.3 Persistent Universal Resource Locator (PURL) 
PURL is a means of providing a permanent URL regardless of the actual, changeable 
URL the webpage is located on; please see Forever is a Long Time in E-Learning: the 
need for permanent identifiers in digital object management in WP2-3 for a 
discussion of PURLs. 
 
 

2.7 Metadata 
 
Metadata for learning objects provides a way to describe the learning objects 
including information such as title, author, description and copyright; metadata may 
be expressed in XML. A common example is that it is like a library catalogue record 
for a book (nowadays it usually sits in digital form in the tables if a relational 
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database) – it is essential to the working of a digital repository. For a further 
discussion about metadata see Workpackage 2-1 Doing the Right Thing: sources of 
guidance for good practice in metadata in repositories and the background study 
called Talking to the Techies # 3: an introduction to metadata standards. 
 

2.7.1 IEEE LOM 
IEEE standard for Learning Object Metadata provides an extendable schema for 
describing learning objects.  The schema is hierarchical, with the first level of the 
hierarchy dividing the metadata into categories including General, Life Cycle, 
Technical, Educational, Rights and Classification metadata. Under these there are 
elements for providing information about many aspects of the resource in relation to 
rights, including author, publication status, format, owner, and terms of distribution. 
 

2.7.2 Dublin Core 
The Dublin Core Metadata Element Set is a set of 15 descriptive semantic definitions 
and represents perhaps the most widely used of all metadata standards in the digital 
realm, it has been created by the Dublin Core Metadata Initiative (DCMI). It 
represents a core set of elements likely to be useful across a broad range of vertical 
industries and disciplines of study. The Dublin Core Metadata Element Set was 
created to provide a core set of elements that could be shared across disciplines or 
within any type of organization needing to organize and classify information. You can 
find out more about Dublin Core at this we page: http://dublincore.org/about/. 
 

1. Title,  2. Contributor,  3. Source,  
4. Creator,  5. Date,  6. Language,  
7. Subject,  8. Type,  9. Relation,  
10. Description,  11. Format,  12. Coverage  
13. Publisher,  14. Identifier,  15. Rights. 

The Dublin Core Element Set 
 
The DCMI is an influential force in the world of metadata and is very widely used in 
all sectors. The users of other metadata standards often use it as a common reference 
point when thinking about sharing their metadata with other systems for 
interoperability purposes. For instance the Open Archives Initiative Protocol for 
Metadata Harvesting (OAI-PMH) mandates Dublin Core as the minimum ‘lowest 
common denominator’ metadata format. Thus, those wanting to use OAI-PMH to 
share metadata between repositories and to support federated searching usually must 
make sure their metadata can be mapped onto the Dublin Core format to support this 
process.  
 
In addition to the core set of elements in the Dublin Core the DCMI have introduced 
other optional elements and element refinements as well as a range of possible 
encoding schemas (including Dewey and Library of Congress) and a set of different 
vocabularies. These optional elements and refinements are sometimes referred to as 
‘Extended’ or ‘Qualified’ Dublin Core. To see a fill listing of all the elements and 
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refinements available with Dublin Core (to which the DCMI give the generic name 
‘Terms’) please see this web page: http://dublincore.org/documents/dcmi-terms/#H2. 
It should be noted that the Dublin Core Metadata Initiative (DCMI) continues to work 
on and extend the functionality of the standard to make it more flexible and 
interoperable in use with other standards. For more information, see this page that 
describes the DCMI Abstract Model that is being developed to support this: 
http://www.ukoln.ac.uk/metadata/dcmi/abstract-model/. 
 
 

2.8 Metadata Guidelines 
For general information please see: 
http://metadata.cetis.ac.uk/guides/ 
 

2.8.1 UK LOM Core 
“The UK LOM Core is essentially an application profile of the IEEE 1484.12.1 - 2002 
Standard for Learning Object Metadata that has been optimised for use within the 
context of UK education.” (Campbell, L. M. et al 2004).  It is really a set of 
guidelines.  
UK LOM Core identifies three types of elements: 
 

1. Mandatory: Values placed in this category must be supplied 
2. Optional: These, as the names suggests are optional 
3. Optional (recommended): These values should be supplied where possible. 

 
UK LOM Core can have tailored application profiles, though they should contain all 
the mandatory elements. 
 

2.8.2 CanCore Guidelines 
A set of guidelines for the implementation of the IEEE LOM from Canada, CanCore 
is an application profile, it can be seen as an interpretation of IEEE LOM, literally a 
custom interpretation of it.  It seeks to offer a more simplified implementation and 
with clear direction in usage.  This clearer direction comes from a 250 page guideline 
document developed over three years.  
 

2.8.3 IMS Learning Resource Meta-data (IMS LRM) 
The IMS Meta-data Best Practice Guide for IEEE 1484.12.1-2002 Standard for 
Learning Object Metadata, Version 1.3 is available from 
http://www.imsglobal.org/metadata/. Earlier versions of the IMS LRM Best Practice 
and Implementation Guide, (based on an earlier draft of the LOM), remain useful for 
those parts of the LOM that did not change for the final standard, and are also 
available from http://www.imsglobal.org/metadata/.  
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2.8.4 BS8419 
"BS8419 - A code of practice for interoperability between metadata systems used for 
learning, education and training" is a draft two-part British Standard covering the 
creation of application profiles and methodologies for achieving interoperability 
between application profiles.  This is available at a cost from the BSI web site at 
http://www.bsi-global.com/ICT/Elearning or for free via a public library. 
 
 

2.9 Federation – for searching 
Federated searching refers to the ability to search multiple repositories through a 
portal.  There are number of standard and protocols that enable this.  These standards 
and protocols are outlined below. 
 

2.9.1 Open Archives Initiative Protocol for Metadata Harvesting 
(OAI-PMH) 

This is a standard that allows metadata from repositories to be transferred to a search 
engine where it may then be searched. It relies on HTTP to interact with OAI-PMH 
compliant repositories. 
 

2.9.2 Z39.50 
Z39.50 is a client server protocol used to search remote computer databases.  It is 
used widely in library environments such as interlibrary loan service.  Development 
of the protocol began in 1970s and as such it pre dates the web. 
 

2.9.3 SRW/U 
This is a successor to Z39.50. SRU (Search/Retrieve via URL) and SRW (Search 
Retrieve Web Service) are a pair of standard search protocols for Internet search 
queries, both utilizing CQL (Common Query Language), a standard query syntax for 
representing queries. In SRU the queries are encoded as URIs; in SRW they are sent 
as XML messages. 
http://www.loc.gov/standards/sru/  
 

2.9.4 Common Query Language (CQL) 
CQL is a query language that can be used for web indices, museum collections and 
bibliographic catalogues. It attempts to be easier to understand than more formal 
query languages such as SQL but more powerful than more readable interfaces such 
as Google’s searching syntax. 
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2.9.5 Simple Query Interface (SQI) 
SQI is a robust standard for querying repositories and online collections – including 
those of learning objects it aims to become an independent specification for all open 
educational repositories. For a useful description see this web page: 
http://www.cetis.ac.uk/content2/20040227011926 
 

2.9.6 CORDRA 
Content Object Repository Discovery and Registration / Resolution Architecture 
(CORDRA) is a model for designing technology that facilitates federated searches, 
primarily serving a US Dept of Defence need. 
http://cordra.net 
 

2.9.7 OKI 
The Open Knowledge Initiative (OKI) promotes interoperability by developing and 
publishing standards for Service Oriented Architecture (SOA). Specifications are 
published as Open Service Interface Definitions (OSIDs). The aim is to help speed up 
the development of interoperable educational systems, more information can be 
gained from the project website: http://okicommunity.mit.edu/ 
 
“The Repository Open Service Interface Definition (OSID) is an O.K.I. specification 
which defines the storing and retrieving of digital content, referred to as Assets. 
OSIDs are programmatic interfaces which comprise a Service Oriented Architecture 
for designing and building reusable and interoperable software. 
 
Assets may contain metadata and reside in Repositories, which support one or more 
Asset Types. Examples of Assets are documents, course materials, assessment items, 
images, video, etc. 
 
Multiple repositories can be managed or searched through the use of OSID adapter 
patterns where underneath a single Repository OSID can exist multiple Repository 
OSIDs forming a federation of repositories, where each implementation may be using 
a distinct incompatible technology and the OSID integrates them.” 
http://en.wikipedia.org/wiki/Repository_Open_Service_Interface_Definition  
 
 

2.10 Good Practice for Interoperability in Repositories 
 

2.10.1  ECL (EduSource Communication Layer) 
This is from the work of the Canadian federated repository programme – EduSource – 
and is being developed by the Simon Fraser University of Canada and is looking at 
finding ways for different repositories to share information about their collections. 
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http://ecl.iat.sfu.ca/  
 

2.10.2 IMS DRI (Digital repository Interoperability) 
This is an influential guide (but dated). The IMS Best Practice Guide for repository 
interoperability available at: 
http://www.imsglobal.org/digitalrepositories/driv1p0/imsdri_bestv1p0.html  
 

2.11 Vocabularies 
In metadata vocabularies are used in two ways. Firstly, the terms used to describe the 
attributes of the elements for example a vocabulary for a house may include: type of 
roof, number of bed rooms, number of bath rooms, period of architecture, type of 
construction (e.g. flat terraced, semi detached etc.). Secondly, the words and phrases 
that are used when describing those particular attributes can be considered a 
vocabulary as well – in this case the roof might be described as “pitched” or “flat”, 
the number of rooms will be described by numbers (i.e. integers) “one”, “two”, 
“three”, and type of construction could be “terraced” or “semi-detached” etc. In some 
situations it makes sense to control the values that are used in such vocabularies – 
especially in well-known domains. You can find more of a discussion of vocabularies 
in the project background report Talking to the Techies # 3: an introduction to 
metadata standards. 
 

2.11.1 Zthes 
The Zthes family of specifications facilitates interoperability for applications that deal 
with thesauri - semantic hierarchies of terms as described in ISO 2788 and 
ANSI/NISO Z39.19. 
 
    * The core specification in the Zthes suite is an abstract model for thesaurus terms. 
    * This model is made concrete by an XML format for representing thesauri 
according to this model. 
    * Additional specifications show how queries into Zthes-compliant thesauri may be 
expressed using CQL, and how such thesauri may be accessed using the REST-like 
SRU protocol and the SOAP-based SRW web-service, or using the ANSI/NISO 
Z39.50 information retrieval protocol. 
http://zthes.z3950.org/  
 

2.11.2 VDEX 
The IMS Vocabulary Definition Exchange (VDEX) specification defines a grammar 
for the exchange of value lists of various classes: collections often denoted 
"vocabulary". Specifically, VDEX defines a grammar for the exchange of simple 
machine-readable lists of values, or terms, together with information that may aid a 
human being in understanding the meaning or applicability of the various terms, in the 
same way that English Grammar defines how we use our language. VDEX may be 
used to express valid data for use in instances of IEEE LOM, IMS Metadata, IMS 
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Learner Information Package and ADL SCORM, etc, for example. In these cases, the 
terms are often not human language words or phrases but more abstract tokens. 
VDEX can also express strictly hierarchical schemes in a compact manner while 
allowing for more loose networks of relationship to be expressed if required. The 
VDEX Version 1 Final Specification was approved by the IMS Technical Board in 
February 2004.  
http://www.imsglobal.org/vdex/index.html  
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