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Executive Summary

Summary of Project Achievements

· ARCHES repository designed and built which seamlessly links assets, learning objects and evaluation of their use.

· Functionality to enable discovery trails within learning objects and assets designed and tested

· 600 images uploaded with associated metadata

· VRA Core metadata schema modified for use with digital images

· Repository piloted with learning activities

· Pilot of practical application UK LOM Core

· Sample learning objects created and deposited in a variety of VLEs and in RELOAD

· Process for economic and efficient creation of metadata piloted

· Recommendations for effective use of learning objects within learning and teaching established

· Advice on creating effective educational metadata delivered

· Advice on essential requirements for creation and design of repositories established
Main lessons learned from the project
Creation of digital repositories

Essential elements of a digital repository are:

· It should be easy to use

· It should work through a standard web browser (since few users have the administrative rights to download software to their PC)

· All but the minimum of metadata to be autogenerated, because students are creating learning objects and it is important that the process of creating metadata does not discourage them from creating the learning objects.

· balance the work required in putting resources in with the work required in pulling resources out, i.e. reduce metadata as much as is feasible (but not more)

· individual bespoke repositories that are interoperable are preferred by users to centralised repositories

· specific design of the functionality of a repository must be carried out through a series of reiterative steps, each step focusing on the needs of the users, including metadata creators, depositors, teaching staff and students.

Cataloguing of large numbers of visual resources

· Level 1 learning objects (referred to as assets or as resources within the ARCHES project) need different metadata schema to describe them, than level 2 or above learning objects.

· The context for visual resources is highly important for meeting the learning needs of students. 

· Metadata schema such as VRA Core need adaptation to make them suitable for digital resources

· There is usually a range of existing metadata associated with a resource (e.g. filenames, directory pathnames) that can be used to catalogue a resource.

· Good quality contextual information must be generated by subject specialists, whose IT literacy will vary enormously. Making the creation of metadata as effective and as economic as possible requires close management of the workflow.

The creation and use of learning objects

· The greater pedagogical value of learning objects is as materials to be created by students rather than for students. 

· The greater barrier to the effective use of learning objects by students is not that of IT literacy, but of information literacy. Students need guidance and instruction in effective searching for and processing of information. 

· The issue of the students being unsure if the information they have gathered is complete can be addressed by asking students to present the LO in class because the resource-based work can be commented on by the lecturers, so students’ constructed knowledge can be authorised and completed by an authority on the subject.

· The use of reflection on one’s own and other’s work is a useful task, but there is a wide range in abilities and experience at doing this for which students need explicit instruction.
Contracting software vendors to develop bespoke software

· It is important to appoint an independent consultant who can both translate between the vendors and academics and arbitrate between them.

Background

The ARCHES project aimed to make available photographs, 3D computer images and animations from other University of Warwick sources, including the THEATRON and Appia projects from the School of Theatre Studies and private collections of lecturers including Dr. Zahra Newby of the University’s Classics department. The aim was to place these within an online repository, so that they would be available for teaching and research, but also so that they could be used by students in creating essays, presentations and, possibly, within performances. The University of Warwick, and the School of Theatre Studies in particular, have been conducting innovative learning activities using e-learning technologies for several years. Technologies developed at Warwick include the SiteBuilder content management and webpage design software, and BlogBuilder, which enables staff and students to easily create personal and group blogs.

The project thus built on previous experience of teaching using technology and also built upon prior externally-funded projects. Individual staff had experience of using and developing repositories and developing taxonomies and metadata from their work on RESULTS (a JISC-funded project), the New Opportunities Fund BEME (Black and Ethnic Minority Experience) project and TELRI. In developing the ARCHES repository the 5/99 project ArtWorld was a direct antecedent of many of the design elements the project team drew upon.

The needs originally identified were related to the provision of visual materials, both for the immediate use by lecturers and students at Warwick and the project’s partner FE College, and making the resources available to the JISC community as a whole.

There was also a perceived need to find ways to browse these images and make them available for re-purposing by students within their learning activities. The view was also that the education community as a whole would benefit from analyses and case studies of how the resources were used within learning activities.

The repository now has close to 600 images available within it, each of which has metadata associated with it, in many cases these metadata are in-depth descriptions of the work the image is related to. Modifications are needed to the browse function to make these images more easily discoverable, but the resource is now available to the community as a whole.

3D images are contained within the repository, as are some animations, however, it was decided to not add 3D models to the repository. As we developed our understanding of digital rights management, and balancing the protection of IPR with making resources available, we reconsidered this goal. The models themselves require 3D Studio Max to operate and would open the way to wholesale plagiarism of our work. In pragmatic terms, the deposit issues would be not inconsiderable.
E.g. each model has hundreds of components (textures etc.), each of which
has a unique name that the model uses to identify and insert the appropriate
part. However, what will be provided is 3D animations produced using these models, which will enable repurposing for learning and teaching, but will not enable the re-creation of the original VR models.

The case studies have been conducted and made available to the community. However, the focus of these case studies was expanded from just examining the benefit of re-purposing materials. Changes were made to the approach identified in our pedagogical evaluation framework as a result of the trial evaluation made of the first of the activities carried out as part of the ARCHES project. The original aim of the evaluation was to compare and contrast the educational impact of students and lecturers being able to collate and re-purpose digital resources with that of simply using materials without re-purposing. 

In the trial evaluation conducted within the project, the major distinction made by the participants (both lecturer and students) was not between non-adapted and re-purposed materials, but in the different mode of learning that necessarily results from the use of materials per se in learning activities. This is referred to as problem + resource based learning (P+RBL) within the project, since each time a resource is used it is done so in conjunction with a task set for the students.

Differentiating between the learning activities that use reusable learning objects and those that use any other resources would not only be impractical, it would also have failed to examine the issues facing lecturers and students in implementing this new learning mode. The pedagogical evaluation therefore did not focus on the use of reusable learning objects alone, but in the process of implementing problem+resource based learning in general. 

In addition, a wide range of additional needs was noted, as we encountered unexpected tasks required to complete the project. It seemed that these were issues the education community had not fully addressed or were still unaware of. As our own needs to complete the project were encountered, these issues were analysed and our responses to them recorded. These findings have been disseminated to colleagues at Warwick and at other institutions, as they address issues that have only become known since the project began, but the need to have these issues addressed appears to be widespread within the education sector. The issues that the findings of the ARCHES project has been able to inform are:

· Effectively communicating between academics and software developers.

· Identifying appropriate metadata schema.

· Creating metadata effectively and economically.

· Identifying the most appropriate level of detail of metadata.

· Placing the student experience at the centre of re-purposing of materials.

· Developing appropriate vocabulary for pedagogical metadata.

· Deciding whether national policy should be to develop a central repository, or develop an interoperable federation of repositories.

· Identifying key elements of functionality that add value to the re-purposing of learning materials (e.g. enabling linking between assets and learning objects, avoiding the requirement for specific software)

Aims and Objectives

Aims and objectives set at start of project
The aims and objectives agreed at the start of the project were that the project would contribute to the Exchange for Learning Programme in five crucial ways:

1. By providing the discipline communities with access to a vast, new set of innovative resources supporting the study of classical antiquity. VR resources relating to ancient theatre are of great value to a wide range of disciplines, including theatre studies, history, classics, archaeology, architecture, visual arts, history of art, VR modelling. The project outcomes will therefore increase the range and number of materials accessible for use in the learning and teaching across a variety of subject areas.

2. By developing mechanisms to allow browsing, searching, harvesting and re-purposing of these resources alongside resources created by others, by interweaving descriptions of the materials themselves with exemplars of their effective use in a range of learning and teaching scenarios in both HE and FE contexts. 

3. By documenting and evaluating the implementation processes through the production of case-study materials demonstrating how resources have been re-purposed in pedagogically and technological effective ways to satisfy the needs of a range of novel learning and teaching scenarios applicable to several humanities subjects. 

4. By establishing effective collaboration and co-operation with a number of key national stakeholders and existing projects and initiatives to ensure the outcomes of the project where appropriate influence future development and provide sustained services to the HE and FE communities.

5. By maintaining access beyond the lifetime of the project to a growing number of assembled online materials and associated exemplar case studies that depict how resources are being re-purposed for use in learning in HE and FE contexts. 

Achievements and changes

1. Materials loaded into the repository were from the field of theatre studies and classics exclusively, although archaeology and art history resources are also planned to be uploaded after the end of the project. These and other similar subject disciplines (history, architecture, visual arts) can also be uploaded without any modifications to the repository, since the taxonomy used to define the resources so far is also applicable to them. Extending the repository to other disciplines will not be possible without further funding to develop the repository. However, the materials now available to the community, both in terms of the images available and the high quality descriptive metadata that accompanies them, are now available for use in learning and teaching.

2. Like other repositories such as SCRAN and ArtWorld, ARCHES stores both individual assets and learning objects created from those assets within the same repository. A unique aspect of the ARCHES repository, however, is that the asset metadata are updated with links to the learning objects when they are used in those objects. Similarly, the learning objects contain links to the original images. The intention is that users do not only find images and information about those images through systematic keyword searches or browsing, but can also do so through observing the other uses that have been made of those images. Since users add their own text to create learning objects, the opportunity is there for the repository to evolve as more use is made of it and for cross-disciplinary links to be made and built upon. The metadata of the learning objects are also updated with links to the evaluations made of their use in learning situations, seamlessly achieving the interweaving aimed for in the project proposal. These elements of functionality are planned to be incorporated into other repositories, such as SCRAN and the West Midlands Distributed E-Learning Programme.

3. Although the range of educational scenarios was more limited than those proposed, the scenarios that did take place were fully evaluated, and were conducted with different classes and years, enabling valuable comparisons to be made between different cohorts of students. Altogether five different learning activities were conducted and evaluated. Two of these involved the ARCHES repository, three of these involved re-purposing the image resources by using alternative technologies.

4. Collaboration and co-operation was established with key national stakeholders, such as JISC, TechDis, CETIS and other X4L projects, particularly those within the Wales-Midlands cluster.  The findings of the ARCHES project have been presented at national and international conferences and have influenced individual institutions. It is still too early to determine whether the outcomes of the project have influenced future development and provided sustained services to the HE and FE communities, but the continuing dissemination activities will enhance the probability of this occurring.

5. The access to the materials and the case studies is confirmed for three further years beyond the end of the project. Furthermore, the strategic alliances planned, particularly with the Distributed E-Learning Programme and SCRAN, and also potentially with the Newton Repository at Imperial College, London and PRISM at PALATINE (the HEA Subject Centre for performing arts) indicate that the lessons learned from the ARCHES project will continue to inform the process of re-purposing learning materials.   
Methodology

Overall approach

The original project design involved five separate and distinct sub-projects called “arches”. This sub-division is a design employed frequently within projects run by the Centre for Academic Practice at the University of Warwick (cf. the ANNIE project http://www.warwick.ac.uk/ets/annie). As separate distinct activities, sub-projects are disengaged from each other, and therefore independent. If one of the activities falls behind schedule, it does not alter the schedule of other sub-projects. It also makes planning easier, since only the core team need to be involved at all stages, interaction between the individual participants of the sub-projects is not necessary. However, this can still mean that outcomes from one sub-project can be used to inform the implementation of sub-projects that take place later.

In the ARCHES project the five sub-projects were:

1. Re-purposing between FE and HE. Materials made available by Warwick would be used in teaching at Coventry Technical College.

2. Re-purposing between disciplines at HE. Metadata, metadata schema and images developed for ancient theatre history would be employed in the ingestion of materials for classical architecture.

3. Re-purposing between different delivery modes in HE. Materials made available online would be used by students to create learning objects.

4. Re-purposing between different learning activities in HE. Learning materials intended for academic work would be transformed for use in performance-based work.

5. International Online Study Centre. Materials would be made accessible to the theatre history community via a link to the online journal Didaskalia.

This approach was undermined by the lack of repositories available at the start of the project (due to Strands A and B of the X4L programme running in parallel). It also appeared that the design of the Strand B projects once completed would not meet the essential requirements of the learning activities we had planned. This necessitated ARCHES contracting software developers to create a repository, before any of the sub-projects could take place, hence putting all of the projects back by approximately a year. Designing our own repository also meant identifying the needs of the participants, identifying the functionality that would provide us with the ability to achieve the learning outcomes that we required, and learning the language to describe this functionality to our developers. Considerable amount of time was also spent in the early phases of the project in identifying relevant interoperability standards, identifying appropriate metadata schema, and adapting them, where necessary, to our own needs.

The progress of the projects was further undermined by our underestimation of the complexity of identifying appropriate metadata schema and the amount of work required in creating metadata. This pushed back the date at which the learning activities could be conducted. 

Setting up the arches as discrete units did aid the project, however, when two of the proposed arches could not take place; arch #1 because of the withdrawal of our FE partner from the project, arch #4 because the learning activity required additional funding for equipment from another source which was delayed. Arch #5 was completed in the month following the completion date of the project and will be evaluated over the ensuing months. Although this meant a shortfall in the number of sub-projects, it did not affect the overall achievement of the project, since the work involved in the remaining arches could be extended. Arch #2 was extended (at the bequest of the students involved) to provide revision material, in addition to the classroom-based learning activities intended. Arch #3 was extended to include two additional undergraduate courses, enabling us to refine our approach by taking our findings from working with one cohort and applying them to similar activities undertaken with a later cohort. Arch # 1 was replaced by an interoperability test between ARCHES and VLEs in use at South Birmingham College (LearnWise and Moodle). Although not testing the re-purposing pedagogically, this was an effective test of the technological aspects of re-purposing.
Technical Development

Our contract with Luminas Internet Applications required them to deliver work in six stages, the completion of which would constitute a milestone that could be signed off and their work paid for. The six stages began with the creation of the ingestion form for uploading metadata to the repository; the final milestone was to set in place a mechanism for harvesting external metadata, however, this final milestone was never begun. Milestones 2 through to 5 were iterative steps enabling us to request design elements and functionality, test them, gather feedback and request further modifications. 

These modification requests, were co-ordinated through a series of project planning documents, that were updated frequently, usually fortnightly, at some points (i.e. during implementation and testing phases) daily. The documents also contained all of the other planning steps, such as liaison with external repositories such as PADS and Jorum and the steps taken in finding a host for the repository. These documents provide a detailed record of what was involved in developing the repository and in finding a permanent home for it. A sample of these is available on request.

In addition to the external metadata harvesting, remaining technical development still outstanding is the addition of a workable browse function and taxonomy, addressing the accessibility issues for severely visually-impaired users and the scalability. Scalability is a problem because although the mode of presentation of the resources is adequate for the 600 assets we have at the moment, but with more images a method for conducting more refined searches will be needed, such as permitting Boolean searching (specifically AND searches) and enabling chain indexing. 

Evaluation methodology

Within projects conducted by the Centre for Academic Practice, it is common practice to conduct two evaluations; an internal evaluation and an external one.

The internal evaluation, conducted by a member of the project, in this case the educational developer, examined the pedagogical impact, and the practice involved in the project management. The goal of the pedagogical evaluation was to identify good practice in conducting learning activities that employ learning objects, and to further improve these by looking for common needs and successful elements as stated by the participants. The goal of the project management evaluation was to identify the successful and less successful elements of the project management. These reports could then be aggregated as a set of common principles and guidelines for further activities and the participants’ own professional practice. The results of this utilisation-focused evaluation are therefore our key messages to stakeholders, and are discussed more fully below.

As in the project design, the pedagogical evaluation design divided the project into separate discrete sub-projects and conducted the evaluation of these sub-projects independently. The chief method for obtaining data was focus groups, of the whole class in three cases, and in a random selection of students in smaller focus groups in two cases. These choices were made due to external factors, i.e. the type of focus groups were chosen to fit around the learning activities that were taking place. On reflection, the focus groups of smaller selections of students provided data that were more valid; because these groups were interviewed separately, the data were arrived at independently and therefore could be used to corroborate the reliability of the responses. However, the attitudes of the students were highly consistent across the five evaluations. The secondary source of data was the direct observation of the learning activities, also conducted by the educational developer. These case studies are included in Appendix A.

Alongside this evaluation, the project management methodology was also evaluated. This was conducted mainly through direct observation and review of primary documentary evidence. Reliability of these data was obtained through their review by other project members.

The goal of the external evaluation was to provide an independent appraisal of the success of the ARCHES project. The evaluation was conducted by an independent consultant hired by the project. The external evaluator’s report is submitted alongside this report as appendix B.

Implementation

The aim of the ARCHES project was that anyone creating and using learning objects from the photographs, etc (or “assets”) available to the project would be able to do so within the one computer environment. This single system should allow users to:

· search keywords associated with the asset

· search for words contained in the text describing the asset

· see those images returned as a series of thumbnail images

· read the descriptions associated with those images

· select any of those images for inclusion in their own learning object

· add text to those images to create a personalised object

· store that learning object for review later through a web browser

· export the learning object as an xml package for storage in other repositories

· search through all the learning objects contained within the system using specific keywords

We also wanted the learning objects and the images used within them to remain hyperlinked. This would enable anyone discovering an image to see all the learning objects in which it had been used, or alternatively, anyone viewing a learning object would be able to click on an image in that object and open up more information. The idea was that information could be found systematically through structured searches, or serendipitously by following the trail of links from learning object to image to other learning objects and so on. This latter function was thought to be a way to enable students and researchers to uncover material from other subject disciplines with which they might be unfamiliar.

It quickly became apparent that there was no repository that could provide the functionality we needed. The University of East Anglia’s Artworld system came very close, and so the software developers who designed that were hired to create a similar system for ARCHES.

Design considerations included how to make the assets and the learning objects searchable. To achieve this they were tagged with metadata information. The learning objects also were required to be deposited within JISC’s national repository (Jorum), and so the metadata we created had to be compatible with their standards.

The aims of the project were therefore constantly changing. Although at the start, the project’s aims were entirely to do with implementing changes in teaching practice, once the project began these were substituted by considerations of a more technical nature, chiefly: how do we create the repository. Creating the repository required us to resolve the problems of information management, i.e. what taxonomy would we use to arrange the assets, which metadata set should we use, how can we quickly and economically generate the metadata required? These issues were all resolved, and the project participants have been able to contribute to the national debate on creating metadata, and provide advice and support for academics within and outside the University of Warwick on these areas – a field of expertise we had not anticipated acquiring at the start of ARCHES.

In March 2004, this system was sufficiently advanced to be used in the classroom. Dr Newby ran a session with four groups of students who used the images stored within ARCHES to create learning objects, which they then presented to the rest of the class.

The results were highly successful. The students reported that the software was easy to use, and that the learning activity had been a valuable one. The students’ approval of the ARCHES system was underlined by their request that the resources for more of their modules be added.

Failures in the system at this time were the inability to use the taxonomy effectively to create a working “browse” function that provides chain indexing. The metadata associated with the description field were drawn from the AAT (Arts and Architecture Thesaurus) Style/Period classification system, in which styles and periods are arranged hierarchically. This should mean that a student could search for, for example, an image of a work from the Greek Classical period (750-490 BCE), which would search through assets thus defined, and also automatically search for phrases that were subsidiary parts of the hierarchy, in this case assets defined as Early Classical (480-450 BCE), High Classical (450-400 BCE) and Late Classical (400-330 BCE). According to our developers, this would not be possible. Instead, the search phrase has to match the phrase stored in the metadata, so each level in the hierarchy has to be entered as a separate metadatum. We also found that a free text search for keywords is problematic in that users need to be aware of the range of resources in the repository before they can effectively search. We are therefore in the process of replacing the free text search with a drop-down box of keywords that we have used in creating the metadata. The remaining issue with the ARCHES system is the overall look of the repository. With more time and resources, we would have used a designer to produce a more attractive interface.

However, the resulting repository is both an effective demonstration of the proof of concept, (that students can build learning objects easily and that the two-way linking of assets and learning objects works as a means to discover resources) and a workable tool for learning and teaching activities.

Further adaptations to the ARCHES platform were to create a second style matching the Didaskalia interface, so that it could be more effectively incorporated into the Didaskalia journal. Although, this was achieved over the summer of 2004, it was not possible to achieve the proposed merger between the two systems. The problem was this time an organisational and resource issue.

When the project was costed, there had been no plans to create our own repository and hence no need to purchase our own server. Throughout the project, the ARCHES system had been stored on a development server owned by the software company, which was a situation that could not continue. An offer of space on a third party’s server was withdrawn around this time. We therefore had a working system, but no server to store it on. Finding a server left over from a finished project from elsewhere resolved part of the problem, however, persuading IT services at Warwick to agree to store it and service it was a further problem. Negotiations were completed satisfactorily in January 2005, and hence the ARCHES system is now running again, with a permanent home.

At the time of writing, the ARCHES server, and the software stored on it, will continue to be maintained by IT services at Warwick for the foreseeable future. The ARCHES resources will therefore be available for all lecturers, researchers and students who wish to view them and use them in creating their own learning objects. Anyone wishing to add to the resource, either by adding new images, or by annotating the images already in there, is welcome to do so, and will be able to do so for as long as the system is supported. The ARCHES system will continue to be used for teaching within the University of Warwick. However, funding for further modifications to the system, adding new functionality and making changes such as improving the accessibility and the search and browse functions, has not yet been secured, and so improvements seem unlikely in the near future. More likely is that the functionality developed in ARCHES may be integrated into other repositories, such as Edinburgh’s SCRAN archive, and JISC’s Jorum, and that further development will occur through these collaborations. In addition, we would also hope that the models of good practice developed through the ARCHES project, those of creating metadata effectively and economically, and identifying appropriate methods for describing learning object metadata, will continue to be drawn upon by colleagues within the HE sector.

Outputs and Results

The objective and independent review of the ARCHES project has been written by an independent consultant contracted to provide such a review. This is appended to this report (appendix B).

The research results for the project are included in Appendix A, in which the separate ARCHES are evaluated and discussed. Since the goal of the project was to develop practice and research into the role of using learning objects in learning and teaching, and to disseminate this experience, our outputs our findings and our messages to key stakeholders are effectively congruent. The outputs of the project are summarised in the section “Outcomes” and the findings of the project are summarised in the section “Conclusions”.

In addition, the project created a digital repository. This was not intended to be an output of the project, but was required in order to achieve our intended outputs. For the process of ingestion and re-purposing of the materials within the ARCHES software the process was divided into the following steps:

collections a number of collections of ancient theatre resources not previously publicly available are incorporated within ARCHES: lecturers’ private slide collections, research generated resources, and donated external collections.

resources a database of the assets from ARCHES collections and information about the assets to be used as materials for students and lecturers. The assets are tagged with a modified VRA Core metadata schema, which meets our needs but also is interoperable with other digital repositories. Information about the original work (e.g. a theatre) is stored in a parent record (or “work” record). This information is typically several hundred words in length. Digital resources related to the work are stored as child (or “image”) records. This enables us to store all of the descriptive metadata about a particular work once only and relate all relevant digital resources to each other.
albums groups of resources produced by registered ARCHES users as personal collections of images, kept as private workspaces or made public. Creators, usually students, can add images from the resources section and add their own text, or incorporate information from the descriptive metadata accompanying the work.The public albums are the learning objects in ARCHES

scenarios case studies illustrating how effective the use of learning objects are within a range of different sectors, learning and teaching situations and web environments. 

The albums use UK LOM Core metadata. All but six learning object metadata elements are autogenerated by the software, reducing the onerous task of metadata input by the contributor. Users need only add a small amount of learning object metadata from drop-down lists. All albums that are created can therefore be exported as learning objects and will be discoverable. Also the albums are given a unique URL so that they can be accessed via the Internet for presentations or submissions to a lecturer.

Users can either conduct a search of the resources, if they plan to create a new learning object, or can search on the albums to discover which learning objects have already been created. A keyword search on resources will identify all works that have that particular keyword in its metadata. Clicking on that work will then reveal all of the images of that particular work. A keyword search on the albums will identify all the learning objects that include that word in their metadata, or in their text. 

Another feature of the repository is that when a resource is used in an album, a link is generated and added to that resources metadata. Any searcher can therefore see which albums the resource has been used in and therefore read what additional information has been added by another student. The long-term goal is that as more students add their own learning objects to the repository the amount of information available within it will also expand. In addition, the albums also contain links from the images contained within them back to the original work record in the resources section. During presentations therefore, presenters can click on any image, and reveal additional information enabling them to create non-linear learning objects. 
This linking also draws together the albums and the scenarios in which they have been used. Therefore when looking at an album, it is possible to see when it has been used in an educational context and view via a single mouse-click, the evaluation of its use.

Finally, throughout the lifetime of the project, an important outcome is that close to a hundred students in classics and in theatre history have had their educational opportunities expanded through the support of the project. 

Outcomes

Beneficiaries

The likely beneficiaries of the project are anyone involved in:

· The creation of a digital repository

· The cataloguing of large numbers of visual resources

· The creation of learning objects

· The use of learning objects within the classroom

· Contracting software vendors to develop bespoke software

Impact on the teaching, learning and research communities

Practical application of the UK LOM Core and creating effective educational metadata

Having a metadata schema, no matter how complete, is only the first step in the procedure of using educational metadata. The schema must also be applied, a process that requires analysing each element of the schema, working out which elements apply, which can be autogenerated and what controlled vocabulary can be entered. The ARCHES project was one of the first repositories to apply the UK LOM Core in a practical situation and one of the very first to make this analysis available to the education community. This analysis has been distributed to JISC, CETIS and other projects through the Wales-Midlands Cluster. Other repositories have also taken an interest in these findings, particularly SCRAN and the West Midlands Distributed E-Learning Programme project. Section 5 of the metadata schema, the metadata that describe educational intent, has been further debated, and the ARCHES project has been a major contributor to that debate.

The overall impact of this is still to be determined, since the debate is still continuing, and further modifications are still to be made to the UK LOM Core. However, the ARCHES team has attempted repeatedly to influence this debate.

Process for economic and efficient creation of metadata

The steps required for creating metadata economically and efficiently, and the skills required of the people creating them, have been catalogued by the project in order to optimise the workflow. This has generated interest from the educational community, and the ARCHES team have provided consultancy for the University of Manchester and SCRAN for these organisations to draw on the ARCHES experience. Again, it is too early to determine the full impact of these findings, the opinion of the project is that most institutions will only encounter this as a problem over the next few years as they develop their own digital repositories. It is anticipated that over this period the ARCHES findings will have more impact on the community. 

Effective use of learning objects within learning and teaching

The findings regarding the effective use of learning objects have formed the basis of workshops held within the University of Warwick, and of papers presented at InHolland University, Amsterdam, July 2004, The Central School of Speech and Drama, November, 2004 and at ALT-C, University of Exeter, September 2004. 

Essential requirements for creation and design of repositories

The observations of the ARCHES project regarding essential requirements for creation and design of repositories has been presented at the joint JISC programme meeting in Brighton, July 2004 and is being disseminated to other projects such as the West Midlands Distributed E-Learning Programme and SCRAN.
Key messages for stakeholders
Creation of digital repositories

We would hope that the design principles on which the software we have developed draws and the methods we have used for storing, tagging and building resources are taken into consideration when building a repository for the JISC IE. Essential elements of a digital repository are:

· It should be easy to use

· It should work through a standard web browser (since few users have the administrative rights to download software to their PC)

· All but the minimum of metadata to be autogenerated, because students are creating learning objects and it is important that the process of creating metadata does not discourage them from creating the learning objects.

The key issue with repository design is balancing the work required in putting resources in with the work required in pulling resources out. We have combined with this the design philosophy of trying to streamline the inputting of metadata as much as possible without simplifying the metadata to such an extent that the repository is no longer interoperable with other repositories (in other words, usability versus usefulness). Only six elements of the UK LOM Core have to be filled in by the user (title, description, intended sector, end use, end user and digital rights). The rest are autogenerated. This has been possible because our design is specifically for the limited range of uses to which the repository is to be put, and because we have placed much of the onus of resource discovery on the “pullers” rather than the “putters”. Without due consideration of this issue, repositories run the risk of placing so high a demand for metadata creation that it precludes the use of the repository at all. 

This simplification is possible because the ARCHES repository is specifically intended for use at the University of Warwick and so its design can be optimised for the uses to which students and staff at Warwick will wish to put it. Users also have control over the taxonomies, keywords and metadata schema used within the repository, as well as keeping control over the use to which their resources are put. The learning objects are still exportable and interoperable with other repositories since they use the UK LOM Core and standard xml manifests, and can be directly linked to through the web. Their metadata is also searchable by external metadata harvesters because the repository is OAI (Open Archive Initiative) compliant. This should be an effective model for informing the debate for future developments of repositories, i.e. is the more useful route the creation of a federation of interoperable bespoke repositories that meet the needs of individual institutions but which can share resources through intermediary brokering software, or should the national agenda be to create a centralised repository for all institutions to upload content to? The findings of the ARCHES project indicate that the former is the better solution, but this needs to be explored further through continuing projects, such as the West Midlands Distributed E-Learning Programme.

Cataloguing of large numbers of visual resources

Level 1 learning objects (referred to as assets or as resources within the ARCHES project) need different metadata schema to describe them, than level 2 or above learning objects. We found that the UK LOM Core was appropriate for describing learning objects that had a pedagogic intent, but for individual images and animations using only VRA (Visual Resources Association) Core metadata was more appropriate. 

The context for visual resources is highly important. The descriptive metadata associated with a visual resource was extremely useful, and in many cases these metadata ran to several hundred words of context. To avoid the ingestion of these metadata being replicated, the repository was structured into parent records (in which the work itself was described) and child records (in which the image of the work was tagged). This enabled many images of a single work to be listed, but the contextual metadata was entered only once.

Dividing records into parent/work records and child/image records also means that different metadata schema could be used to describe the records. This meant that empty or redundant fields could be avoided; it also meant that fields specific to the recording of information about digital files could be employed (e.g. filesize, format, filetype). The metadata schema created by the ARCHES project specifically to describe digital images is listed in appendix D.

The distinction between “work” and “image” is arbitrary – in the situation of (for example) a 3D projection of a digital image of a photographic slide of a painting of a theatre, which counts as an image and which as a work? When creating a repository that makes a work/image distinction, it is more practicable to define all digital files as “images” and all records of objects that have a physical presence (including photographic slides) as “works”. This division enables the most appropriate metadata schema to be applied.

There is usually a range of existing metadata associated with a resource (e.g. filenames, directory pathnames) that can be used to catalogue a resource without the requiring a subject expert to generate new metadata. These have been described as “found metadata” within the project reports.

Attempt to reach a balance between creating high quality metadata (making the resource easier to find, but more difficult to tag) and simply acquiring any metadata (making the resource easier to tag but more difficult to find). That is, the goal is not to have a resource in which all of the appropriate resources can be easily found, but one in which most resources can be found without too much effort, but in which the metadata can be easily generated. This is because the time and expense of creating lots of high quality metadata is too high a barrier to implementing deposition of resources.

Although some metadata can be extracted from found materials, good quality contextual information must be generated by subject specialists, whose IT literacy will vary enormously. Making the creation as effective and as economic as possible requires these subject specialists to create metadata in whatever format with which they feel comfortable, for later translation to the required format by a data clerk. This clerk can also generate metadata from existing resources. This can become a complex administrative process however.  An important role within the development of a repository is therefore that of a configuration librarian who would be responsible for both version control of the repository and asset control of the various collections through the steps of metadata creation and ingestion.

The creation and use of learning objects

The greater pedagogical value of learning objects is as materials to be created by students rather than for students. This is the most important finding of the ARCHES project, and a finding which should guide all future developments of digital repositories. The value of any repository which is not accessible by students, and capable of being easily used by students, is extremely limited. 

The greater barrier to the effective use of learning objects by students is not that of IT literacy, but of information literacy. Students need guidance and instruction in effective searching for and processing of information. Students’ biggest issues are with:

· Processing the large amount of information with which they are presented
· Identifying the degree of work that is required

· Confidence in the validity of the knowledge they are constructing

· Confidence in the relevance to the curriculum of the knowledge they are constructing

· Awareness of any “missing” information, i.e. whether they have covered all the areas of the syllabus that they are required to know.

However, something to bear in mind is that there are still students who have had no exposure to ICT. For some using ICT is just another subject discipline, and not one that they’ve engaged in, rather than a mainstream literacy or social activity. However, students with low literacy found that simply collaborating with students with greater literacy met their needs.

When setting tasks requiring use of resources and creation of learning objects, it is therefore useful for lecturers to mediate the information-gathering process by

1) setting generic questions for developing the LO

2) selecting specific websites for the students to read

3) specifying a select reading list.

The issue of the students being unsure if the information they have gathered is complete can be addressed by asking them to present the LO in class i.e. because the resource-based work was reported in class and was commented on by the lecturers, this meant that the students’ constructed knowledge could be authorised and completed by an authority on the subject.

The use of reflection on one’s own and other’s work is a useful task, but there is a wide range in abilities and experience at doing this. Students are: creating content, reflecting on the content, reflecting on each other’s ability to represent that content, and even commenting on their ability to reflect on the content. Introducing technology creates further divisions and barriers to engagement, not just in the basic ICT skills but also, as here, in students’ abilities to conceptualise the issues involved in using ICT. This is because a certain degree of fluency is required in using ICT, not just literacy, before students are sophisticated enough to be able to reflect and comment on its use.
The intent of collaboration isn’t self-evident to many students who may have not been involved in this sort of activity before. Before setting out a collaborative activity, even at HE level, it is probably worthwhile making explicit the intention, purpose and value of collaborative learning.
Contracting software vendors to develop bespoke software

Defining a contract and a set tasks for work, with milestones and deliverables, is not sufficient for an effective working relationship between academics and software developers, since the terminology with which these need to be described will not be understood in the same way by the participants. To avoid conflict and ensure effective delivery, it is important to appoint an independent consultant who can both translate between the parties and arbitrate between them. They would also be responsible for signing off milestones.

Conclusions

The likely beneficiaries of the project are anyone involved in:

· The creation of a digital repository

· The cataloguing of large numbers of visual resources

· The creation of learning objects

· The use of learning objects within the classroom

· Contracting software vendors to develop bespoke software

Key messages for stakeholders
Creation of digital repositories

We would hope that the design principles on which the software we have developed draws and the methods we have used for storing, tagging and building resources are taken into consideration when building a repository for the JISC IE. Essential elements of a digital repository are:

· It should be easy to use

· It should work through a standard web browser (since few users have the administrative rights to download software to their PC)

· All but the minimum of metadata to be autogenerated, because students are creating learning objects and it is important that the process of creating metadata does not discourage them from creating the learning objects.

The key issue with repository design is balancing the work required in putting resources in with the work required in pulling resources out. We have combined with this the design philosophy of trying to streamline the inputting of metadata as much as possible without simplifying the metadata to such an extent that the repository is no longer interoperable with other repositories (in other words, usability versus usefulness). Only six elements of the UK LOM Core have to be filled in by the user (title, description, intended sector, end use, end user and digital rights). The rest are autogenerated. This has been possible because our design is specifically for the limited range of uses to which the repository is to be put, and because we have placed much of the onus of resource discovery on the “pullers” rather than the “putters”. Without due consideration of this issue, repositories run the risk of placing so high a demand for metadata creation that it precludes the use of the repository at all. 

This simplification is possible because the ARCHES repository is specifically intended for use at the University of Warwick and so its design can be optimised for the uses to which students and staff at Warwick will wish to put it. Users also have control over the taxonomies, keywords and metadata schema used within the repository, as well as keeping control over the use to which their resources are put. The learning objects are still exportable and interoperable with other repositories since they use the UK LOM Core and standard xml manifests, and can be directly linked to through the web. Their metadata is also searchable by external metadata harvesters because the repository is OAI (Open Archive Initiative) compliant. This should be an effective model for informing the debate for future developments of repositories, i.e. is the more useful route the creation of a federation of interoperable bespoke repositories that meet the needs of individual institutions but which can share resources through intermediary brokering software, or should the national agenda be to create a centralised repository for all institutions to upload content to? The findings of the ARCHES project indicate that the former is the better solution, but this needs to be explored further through continuing projects, such as the West Midlands Distributed E-Learning Programme project.

Cataloguing of large numbers of visual resources

Level 1 learning objects (referred to as assets or as resources within the ARCHES project) need different metadata schema to describe them, than level 2 or above learning objects. We found that the UK LOM Core was appropriate for describing learning objects that had a pedagogic intent, but for individual images and animations using only VRA (Visual Resources Association) Core metadata was more appropriate. 

The context for visual resources is highly important. The descriptive metadata associated with a visual resource was extremely useful, and in many cases these metadata ran to several hundred words of context. To avoid the ingestion of these metadata being replicated, the repository was structured into parent records (in which the work itself was described) and child records (in which the image of the work was tagged). This enabled many images of a single work to be listed, but the contextual metadata was entered only once.

Dividing records into parent/work records and child/image records also means that different metadata schema could be used to describe the records. This meant that empty or redundant fields could be avoided; it also meant that fields specific to the recording of information about digital files could be employed (e.g. filesize, format, filetype). The metadata schema created by the ARCHES project specifically to describe digital images is listed in appendix D.

The distinction between “work” and “image” is arbitrary – in the situation of (for example) a 3D projection of a digital image of a photographic slide of a painting of a theatre, which counts as an image and which as a work? When creating a repository that makes a work/image distinction, it is more practicable to define all digital files as “images” and all records of objects that have a physical presence (including photographic slides) as “works”. This division enables the most appropriate metadata schema to be applied.

There is usually a range of existing metadata associated with a resource (e.g. filenames, directory pathnames) that can be used to catalogue a resource without the requiring a subject expert to generate new metadata. These have been described as “found metadata” within the project reports.

Attempt to reach a balance between creating high quality metadata (making the resource easier to find, but more difficult to tag) and simply acquiring any metadata (making the resource easier to tag but more difficult to find). That is, the goal is not to have a resource in which all of the appropriate resources can be easily found, but one in which most resources can be found without too much effort, but in which the metadata can be easily generated. This is because the time and expense of creating lots of high quality metadata is too high a barrier to implementing deposition of resources.

Although some metadata can be extracted from found materials, good quality contextual information must be generated by subject specialists, whose IT literacy will vary enormously. Making the creation as effective and as economic as possible requires these subject specialists to create metadata in whatever format with which they feel comfortable, for later translation to the required format by a data clerk. This clerk can also generate metadata from existing resources. This can become a complex administrative process however.  An important role within the development of a repository is therefore that of a configuration librarian who would be responsible for both version control of the repository and asset control of the various collections through the steps of metadata creation and ingestion.

The creation and use of learning objects

The greater pedagogical value of learning objects is as materials to be created by students rather than for students. This is the most important finding of the ARCHES project, and a finding which should guide all future developments of digital repositories. The value of any repository which is not accessible by students, and capable of being easily used by students, is extremely limited. 

The greater barrier to the effective use of learning objects by students is not that of IT literacy, but of information literacy. Students need guidance and instruction in effective searching for and processing of information. Students’ biggest issues are with:

· Processing the large amount of information with which they are presented
· Identifying the degree of work that is required

· Confidence in the validity of the knowledge they are constructing

· Confidence in the relevance to the curriculum of the knowledge they are constructing

· Awareness of any “missing” information, i.e. whether they have covered all the areas of the syllabus that they are required to know.

However, something to bear in mind is that there are still students who have had no exposure to ICT. For some using ICT is just another subject discipline, and not one that they’ve engaged in, rather than a mainstream literacy or social activity. However, students with low literacy found that simply collaborating with students with greater literacy met their needs.

When setting tasks requiring use of resources and creation of learning objects, it is therefore useful for lecturers to mediate the information-gathering process by

4) setting generic questions for developing the LO

5) selecting specific websites for the students to read

6) specifying a select reading list.

The issue of the students being unsure if the information they have gathered is complete can be addressed by asking them to present the LO in class i.e. because the resource-based work was reported in class and was commented on by the lecturers, this meant that the students’ constructed knowledge could be authorised and completed by an authority on the subject.

The use of reflection on one’s own and other’s work is a useful task, but there is a wide range in abilities and experience at doing this. Students are: creating content, reflecting on the content, reflecting on each other’s ability to represent that content, and even commenting on their ability to reflect on the content. Introducing technology creates further divisions and barriers to engagement, not just in the basic ICT skills but also, as here, in students’ abilities to conceptualise the issues involved in using ICT. This is because a certain degree of fluency is required in using ICT, not just literacy, before students are sophisticated enough to be able to reflect and comment on its use.
The intent of collaboration isn’t self-evident to many students who may have not been involved in this sort of activity before. Before setting out a collaborative activity, even at HE level, it is probably worthwhile making explicit the intention, purpose and value of collaborative learning.
Contracting software vendors to develop bespoke software

Defining a contract and a set tasks for work, with milestones and deliverables, is not sufficient for an effective working relationship between academics and software developers, since the terminology with which these need to be described will not be understood in the same way by the participants. To avoid conflict and ensure effective delivery, it is important to appoint an independent consultant who can both translate between the parties and arbitrate between them. They would also be responsible for signing off milestones.

Implications

The ARCHES Project has pioneered the practical application of the UK LOM Core, has identified good practice in workflow processes for creating metadata, and has shown that there is greater educational value in enabling students to create learning objects, and store them, than in creating them for students. All of these factors ought to inform the national strategy for an information environment,. The forward and backward linking of assets, learning objects and pedagogic metadata to create alternative means to discover material would also be a valuable route to follow and conduct further research on its effectiveness, by incorporating this functionality into other repositories. 

Further work within the community should build on the research on the use of learning objects within learning activities, particularly the prerequisite skills that students need to make the most effective use of them and the techniques that lecturers can employ to make the learning activities more effective.

Recommendations

Creation of digital repositories

Essential elements of a digital repository are:

· It should be easy to use

· It should work through a standard web browser (since few users have the administrative rights to download software to their PC)

· All but the minimum of metadata should be autogenerated, because students are creating learning objects and it is important that the process of creating metadata does not discourage them from creating the learning objects.

· balance the work required in putting resources in with the work required in pulling resources out, i.e. reduce metadata as much as is feasible (but not more)

· individual bespoke repositories that are interoperable are preferred by users to centralised repositories

· specific design of the functionality of a repository must be carried out through a series of reiterative steps, each step focusing on the needs of the users, including metadata creators, depositors, teaching staff and students.

Cataloguing of large numbers of visual resources

· Level 1 learning objects (referred to as assets or as resources within the ARCHES project) need different metadata schema to describe them, than level 2 or above learning objects.

· The context for visual resources is highly important for meeting the learning needs of students. 

· Metadata schema such as VRA Core need adaptation to make them suitable for digital resources

· There is usually a range of existing metadata associated with a resource (e.g. filenames, directory pathnames) that can be used to catalogue a resource.

· Good quality contextual information must be generated by subject specialists, whose IT literacy will vary enormously. Making the creation of metadata as effective and as economic as possible requires close management of the workflow.

The creation and use of learning objects

· The greater pedagogical value of learning objects is as materials to be created by students rather than for students. 

· The greater barrier to the effective use of learning objects by students is not that of IT literacy, but of information literacy. Students need guidance and instruction in effective searching for and processing of information. 

· The issue of the students being unsure if the information they have gathered is complete can be addressed by asking students to present the LO in class because the resource-based work can be commented on by the lecturers, so students’ constructed knowledge can be authorised and completed by an authority on the subject.

· The use of reflection on one’s own and other’s work is a useful task, but there is a wide range in abilities and experience at doing this for which students need explicit instruction.
Contracting software vendors to develop bespoke software

· It is important to appoint an independent consultant who can both translate between the vendors and academics and arbitrate between them.
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