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Executive Summary

The PerX project reviewed and analysed the current digital repository landscape within engineering.  A toolset was developed which was used to produce a pilot service providing subject resource discovery across a series of repositories of interest to the engineering learning and research communities.  This pilot was used as a test-bed to explore the practical issues that would be encountered when considering the possibility of full scale subject resource discovery services. 
Focus groups and a questionnaire showed that there was much support for the idea of an engineering cross-search service, but that the Pilot needed more content and a number of improvements.  More content was sought and added to the Pilot, and various enhancements were made.  Time did not permit the revised Pilot being re-evaluated with users.  The project also produced Advocacy materials which were well-received and proved to be popular.  

Whilst setting up, maintaining and enhancing the Pilot we investigated the automation of various processes and worked with some JISC infrastructural services.  Automating the process of reharvesting proved to be problematic.  Many limitations with the OAI-PMH approach were found.  We explored issues involving the use of the Pilot search interface within a VLE, implemented some methods of metadata enhancement, and produced a separate instance of the Pilot aimed at a particular user group (civil engineers).
Background

Experience gained by the Subject Portal Project indicated that technically enabling searching across multiple digital repositories raised a raft of issues that would be critical to actual service provision.

In order to investigate such issues, the PerX project developed a pilot service providing subject resource discovery across a series of repositories of interest to the engineering learning and research communities.  For the purposes of the pilot, a broad approach was taken when defining repository sources.

This pilot was then used as a test-bed to explore the practical issues that would be encountered when considering the possibility of full scale subject resource discovery services. 

Issues investigated included: the range and availability of actual and potential digital repository sources; exploration of cultural barriers to the use of repositories in the subject community, functionality of software tools; advocacy to encourage participation of repository providers; maintenance issues; interactions with infrastructural shared services; enhancing metadata quality; embedding and reuse of resource discovery services; improving search and browse results presentation; service profiling for particular audiences, and service sustainability.
Such issues are important for the scoping of a national repository service infrastructure, the cultural and practical issues affecting the implementation and usage of digital repositories, and the scoping of any future subject-based resource discovery service.
Aims and Objectives

The project had four main Aims, and within each Aim, several Objectives.  The Aims and Objectives are listed below, with commentary in italics.
Aim 1
To assess the potential usefulness of a subject-based cross-repository resource discovery service for engineering.

Objective: Review and analyse the current digital repository landscape within engineering, and identify repository sources with a view to informing the development of a pilot service.

This Objective was met.  A review is available at: http://www.icbl.hw.ac.uk/perx/sourceslisting.htm   
An analysis is available at: http://www.icbl.hw.ac.uk/perx/analysis.htm 
Objective: Set up a pilot subject-based cross-repository search tool for resource discovery.

This Objective was met.  A Pilot is available at: http://www.engineering.ac.uk/ 
Objective: Using the pilot subject-based cross-repository search tool as a testbed, ascertain from a selection of academic end-users in engineering their opinions on the appropriateness of the subject-based approach to resource discovery, and the effectiveness of different versions of the pilot.

This Objective was partially met.  The Pilot was used as a testbed, and opinion from a selection of end-users was gained.  Feedback and questionnaire reports are available at: http://www.icbl.hw.ac.uk/perx/userfeedback.htm   
An improved version of the Pilot which cross-searches over 35 targets was also developed.  Details of enhancements are available at: http://www.icbl.hw.ac.uk/perx/pilotenhancements.htm  
However, because of delays resulting from the need to replace unsuitable and unsupported SPP software, and the subsequent in-house development of a new PerX toolset to replace it, it was not possible within the planned timescale to test the effectiveness of the improved version of the Pilot with end-users.
Aim 2
To investigate the practical management and maintenance issues associated with enabling resource discovery across multiple digital repository collections.

Objective: Monitor, quantify and document the technical and management effort required during the pilot.

This Objective was met.  A Setup and Maintenance Report is available at: http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm 
Objective: Investigate and implement automatic methods of harvesting repositories.

This Objective was partially met.  A variety of ways to potentially implement automatic methods of harvesting repositories were investigated, and attempts were made to implement these.  However it was found that these methods required significant manual intervention, and it was therefore not possible to implement fully automated reharvesting.  These issues are discussed in the Setup and Maintenance Report available at: http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm  and in the Case Study: PerX Experience of Harvesting & Utilising Metadata from Oxford Journals, available at: http://www.icbl.hw.ac.uk/perx/casestudyoxford.htm 
Objective: Analyse suitability of JISC shared infrastructural services for use within the pilot, and experiment with the incorporation of a minimum of two.

This Objective was met.  A Shared Services Report is available at: http://www.icbl.hw.ac.uk/perx/sharedservices.htm 
Objective: Consider methods of metadata enhancement, and implement if appropriate.

This Objective was met.  An Augmentation Report is available at: http://www.icbl.hw.ac.uk/perx/metadataaugmentation.htm 
Objective: Analyse and list the basic functional requirements necessary for full-scale service provision.

This Objective was met.  A Basic Functional Requirements for Cross Search Service listing is available at: http://www.icbl.hw.ac.uk/perx/basicfunctionalrequirements.htm 
Objective: Appraise the suitability of a number of sustainability models (e.g. publisher support, subscription, JISC-funded, mixed models) for full-scale service provision.

This Objective was met.  See below under ‘Implications’.
Aim 3
To encourage the development of repositories, and repository content, of use to engineering academics.

Objective: Identify a number of potential source repositories, and work with them to understand their needs and encourage their participation.

This Objective was met.  PerX worked with several potential source repositories, including: Institution of Civil Engineers, Institute of Electrical and Electronics Engineers, IHS Specs & Standards Service, EPSRC, Taylor & Francis  Journals, Institution of Mechanical Engineers, Morgan &  Claypool, Institution of Structural Engineers, Emerald Journals, Oxford Journals.
Objective: Produce advocacy materials aimed at potential data providers.

This Objective was met.   'Marketing' with Metadata - How Metadata Can Increase Exposure and Visibility of Online Content is available at: http://www.icbl.hw.ac.uk/perx/advocacy/exposingmetadata.htm 
Objective: Add new repositories to the pilot subject-based cross-repository search tool.

This Objective was met.  A range of additional sources was successfully added to the enhanced cross search, including: Copac (via SRU), Emerald Engineering, Google, GRADE, Institution of Civil Engineers (ICE) Virtual Library, Open Video Project, Oxford Journals, The Structural Engineer Archive, Intute IR Search.  A range of other sources were investigated, but for various reasons could not be successfully included (e.g. National Archive of Geological Photographs, OSTI, Public STINET, Information Bridge, IEEE).  Work is still ongoing with respect to Morgan & Claypool.

Aim 4

To investigate improved methods of resource discovery within a subject-based cross-repository search tool.

Objective: Embed the pilot search tool within a VLE.

This Objective was met.  The Pilot was embedded in a test version of the Heriot Watt VLE.  An Embedding PerX Toolkit in BlackBoard VLE report is available at: 
http://www.icbl.hw.ac.uk/~santiago/perx/embedreuse.pdf  
Objective: Enable reuse and tailoring of search results by users.

This Objective was partially met.  Several enhancements to the service (Full text indicators, Advanced Search refinements, etc) which were not anticipated in the Project Plan, but which were highlighted as being of benefit through feedback from focus groups and an online questionnaire, were implemented.  It is hoped that Post Search Clustering (tailoring of results), and Record Selection, to enable users to select, view, export (reuse) and remove selected records, may be implemented after the official end of the project.
Details of Pilot Service Enhancements are available at: http://www.icbl.hw.ac.uk/perx/pilotenhancements.htm 
Objective: Trial Adaptive Concept Mapping techniques for facilitating retrieval of resources within the pilot.

This Objective was cancelled due to partner Adiuri, who produced ADC techniques, going into receivership.  Instead, additional work was undertaken to develop a PerX Toolset to provide cross-search software to replace SPP software.
Objective: Develop a separate instance of the pilot aimed at a particular user group.

This Objective was met.  A separate instance, aimed at the Civil Engineering sector, is available at: http://www.engineering.ac.uk/civil/ 
Methodology

We began the project by surveying the existing digital repositories landscape in engineering.  An analysis of this survey led to the identification of a number of relevant repositories.  We attempted to create a pilot repository cross-search service, using SPP software, but when this software was found to be unsuitable and unsupported, we subsequently developed our own PerX Toolset for this purpose.  The cross-search service which was eventually produced included a number of the identified repositories that we were able to harvest.

This pilot was then used as a testbed, with end-users, in focus groups and via a web questionnaire, to solicit views on the appropriateness of a subject approach, and secondly to investigate some of the maintenance issues associated with enabling resource discovery across multiple repository collections.

We produced advocacy materials and publicised these in order to encourage the exposure of new relevant digital repositories.  We subsequently enhanced the pilot with some new sources.  We also worked towards improving results presentation within the pilot, according to the feedback received from focus groups and the questionnaire.  A separate tailored instance of the pilot aimed at a particular user group (civil engineers) was developed and tested with end-users.  

Whilst setting up, maintaining and enhancing the pilot we investigated the automation of various processes, and also worked with some JISC infrastructural services.  We also explored issues involving the use of the search interface of the pilot within a VLE, and the tailoring and reuse of search results by end-users.

Findings were fed back to the JISC community via the PerX website, via reports to the Digital Repository Programme, via some conference papers, journal articles and news items, and via some postings to a selection of email lists.

Implementation

A PerX Local Working Group, consisting of project staff at Heriot-Watt University, was formed, to take forwards and implement the project plan.  Project partners were kept informed about progress, and made contributions, via a JISCmail email list and through occasional personal contact.  A website was developed (http://www.icbl.hw.ac.uk/perx/), along with private pages where discussion documents were stored.
We initially identified repository sources in engineering of relevance to the UK Higher Education Engineering community, along with their means of interoperability (e.g. OAI-PMH, Z39.50, SRW).  This list was used to identify sources that were included in the initial pilot subject based engineering repository cross search service, plus other sources which were targeted for inclusion in the enhanced cross-search. 

Our analysis of the Engineering Digital Repositories Landscape helped to inform the development of the pilot, and also provided a synopsis of the current state of digital repository and metadata repository provision (including obvious gap areas) within engineering related disciplines.  For the most part, 'closed access' commercially produced repositories (e.g. various commercially available full-text and Abstract & Indexing services such as ScienceDirect, Ei Compendex, Inspec, Technology Research Index, Web of Science, etc) were not included in the analysis or discussion because they required authentication, and this was outwith the remit of the project.  

Our analysis of the landscape revealed several things:

· The virtue of a subject based approach to resource discovery.  
· Differences between disciplines need to be carefully considered when evaluating which approaches are likely to be successful. 
· The complexity of the engineering information environment. Any potential service which aims to facilitate resource discovery from repositories must take into account the complex information environment in engineering and the specific needs of the engineering community.  
· Existence of gap areas within the engineering subject area.  E.g. Research Data Repositories, Technical Reports Repositories, Journal Repositories, Engineering subject based repositories and repositories of assessment materials. 
· Identification of suitable repositories was time consuming.

· There are many relevant repository sources which are multidisciplinary in nature and many currently offer no effective means to subdivide collections on a subject basis. 
· Sources vary in their means of interoperability from currently un-interoperable, to non-standard interoperability (i.e. proprietary APIs), to fully functional interoperability based on established standardised means (e.g. Z39.50, SRW, OAI-PMH). It is likely that any effective cross search service must be able to deal effectively with a range of possible interoperability mechanisms (e.g. OAI-PMH, Z39.50, SRW/U). 
· There was potential for various avenues of advocacy type work.
· Cross-search services must be easy to use and be designed so that little knowledge or 'buy-in' is required of users. 

Such conclusions were born in mind when designing the Pilot cross-search.  They would also be important for any practical subject-based service development.

Unanticipated problems were experienced with the initial SPP software.  For example, it was found to not handle threads well, and as a consequence server RAM over-filled and the server had to be restarted each day.  Funds were not released by JISC to allow ILRT to maintain the software until well into 2006 and although staff at the ILRT were helpful, development work on SPP was not being undertaken.  Therefore, in order to have a Pilot to use as a testbed, we developed a new PerX Toolset which provided suitable federated searching functionality and simultaneously cross-search OAI, Z39.50 and SRU/SRW repositories as well as databases with custom APIs.  The toolset software uses IndexData YAZ technology to search remote Z39.50 databases, and the Lucene search engine for searching local databases obtained by harvesting OAI metadata repositories. It uses in-house software for remotely searching SRU/SRW targets. It also includes custom APIs for searching proprietary databases such as the Google search engine, and potentially Amazon and Wikipedia searchable data.  An easy to use administrative interface (Perx Admin Interface: PAIN) was developed,  to facilitate administrative functions.  This Toolset retained the use of algorithms developed by the SPP Project.  A suitable number of source targets were included in the Pilot to allow testing with end-users, and after some initial bugs were fixed, the Toolset was found to operate in a very satisfactory manner.
Feedback on the basic pilot service was conducted during May-August 2006 via a Web-based questionnaire and Focus Groups.  A very high percentage (94%) of respondents to the questionnaire believed there was a need for an engineering cross search service.  Other findings were that the majority indicated that they were able to find useful information using the basic pilot service, but that more content would increase its usefulness.  The main suggestions for improvements to the basic pilot service were: 
· improved content, i.e. more specialised engineering sources in the cross-search; changes to the Pilot search default; 
· improved advanced screen layout/options; 
· changes to results display; 
· clustering of results facility; 
· improved ranking; full text indicators; 
· some sort of alerting service.  
The Focus Groups showed the need for similar enhancements, especially in terms of increased content, along with some further suggestions such as removing collections with zero hits from the results page, and that full text indexing is desirable where possible. 

The Advocacy material produced by the project was promoted in various places, and was well received, with numerous positive comments, and suitably large numbers of hits to the web pages (1,985 within a few weeks, plus many more since then).  The Advocacy material avoided jargon as much as possible and explained the advantages to publishers and database producers of making their content accessible and searchable from a varied range of other websites, with appropriate links back to the original content provider's web site.  It explained how this would result in more eyeballs, more hits, more traffic, and ultimately increased exposure and visibility of the actual content to a wider audience.  It introduced the means by which content providers could share, or embed, their descriptive data (metadata), with other websites, in standard and reusable ways.
In line with the feedback findings, in the second stage of the project, more content was sought and in several cases added to the Pilot (adding up to a total of 35 sources), and a number of enhancements were made to the interface.  
New content included: Copac (via SRU), Emerald Engineering, Google, GRADE, Institution of Civil Engineers (ICE) Virtual Library, Open Video Project, Oxford Journals, The Structural Engineer Archive. A range of other sources were investigated but for various reasons could not be successfully included (e.g. National Archive of Geological Photographs, OSTI, Public STINET, Information Bridge).  
In most cases, the addition of new content was not without problems, often due to the fact that metadata providers rarely follow the OAI-PMH standards and recommendations in full, and also that commercial content providers often have little interest in OAI-PMH.  Such issues were investigated in a paper produced by the PerX team: Overcoming the obstacles of harvesting and searching digital repositories from federated searching toolkits, and embedding them in VLEs [1].  In essence, much of the metadata produced by data providers contains errors and omissions which can cause problems for service providers, or, at worst case scenarios, make the metadata unusable.  Largely because of this, and despite some time being spent on various attempts, it proved impossible to automate the reharvesting process to any degree.  There are many limitations with the OAI-PMH approach.
The effort required to add targets shows that an array of challenges exist for services which aim to provide subject based cross-search services utilising harvested data, distributed searching and non standard means.  These challenges are different depending upon the means by which targets are cross searched, and are analysed in more detail in the PerX Setup & Maintenance Issues report http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm  The experience gained from the PerX project suggests that successful ongoing maintenance of OAI targets, for example, would require a mixture of automated and manual approaches and that the level of ongoing maintenance required for OAI targets in a live service would be relatively high.

Inclusion of more targets clearly escalates the set-up and maintenance effort required, which needs to be borne in mind in relation to the possible funding of actual cross-search services.  It is also worth noting that the PerX technical team had considerable prior experience of both Z39.50 and OAI-PMH standards and that the recorded effort does not include identification of suitable targets or software development time.

The PerX team attempted some metadata enhancements with content identified, and undertook some ‘normalisations’ to: 
· Convert UTF-8 encodings; 
· Remove/correct invalid elements; 
· Check for valid URLs in <dc:identifier> elements; 
· and Merge common elements.  
Some basic collection specific transforms were made (e.g. to get a functional identifier (URI) with which to link to the resource.  Other basic collection specific transforms included the merging of metadata elements (e.g. merging of <dc:subject> elements or merging of <dc:description> with other descriptive elements) and splitting of metadata elements (e.g. splitting of inappropriate <dc:title> which contained the title along with the creator metadata.  At least half of all OAI targets utilised for the PerX cross search required some form of manually performed basic collection transforms to be provided in addition to the normalisation process.  Contact was attempted with a number of OAI data providers. In some instances this proved useful and the relationship was of benefit to both parties.  
Enhancements made to the Pilot included during the second stage of the project included:

· The addition of Full Text Availability Indicators - these indicators use a ‘traffic light' metaphor to attempt to categorise the resource availability of included collections.

· SRU Functionality. 
· The PerX SRU/W client allows SRU/W targets to be incorporated into the cross search service. 
· The PerX SRU Server allows other services to conduct SRU searches on any of collections cross searched via PerX.
· Improved Advanced Search.  
· The advanced search was improved to provide a category list of collections as well as the default alphabetical list. 
· The look and feed was modified to make the advanced search more similar to Google. 

· Default Search modified to 'ALL' 
· Remove Collections with Zero hits from Results. 

Time did not permit some other enhancements, such as Refine Search, and Records Selection, though these may be implemented after the official end of the project.  A number of further possible enhancements were investigated, but were not taken forward – e.g. Merging sets (in the context of PerX this would be very difficult to implement), Citation Linking (probably not possible for PerX with current metadata restraints), Geospatial Searching (little interest expressed via focus groups).
In addition, the Lucene search engine replaced the previously used Failte one.

One of the aims of the PerX project was to investigate the practical management and maintenance issues associated with enabling resource discovery across multiple digital repository collections, and associated with this was an objective to analyse the suitability of JISC infrastructural shared services for use within the pilot, and experiment with the incorporation of sufficiently mature services.  In particular, PerX worked with the Information Environment Service Registry (IESR), aiming to obtain up to date target information in order to set up and maintain search targets for the Pilot Cross Search service.  Several conclusions were drawn from this work, which were accepted by the IESR as being useful for planning further development in this area.  The PerX-IESR interaction was not automated due to concerns with currency of the IESR data. 

The project also cooperated with the STARGATE static repository gateway (http://cdlr.strath.ac.uk/stargate/ ) [2]

In order to facilitate the embedding of the Pilot with a VLE, a PerX Building Block was developed, and a trial installation was successfully carried out.  More information on this is available (http://www.icbl.hw.ac.uk/~santiago/perx/embedreuse.pdf).
The Project was fortunate to work with one of the partners - the Institution of Civil Engineers (ICE) – in the Development of a separate, trial instance of the pilot based on a particular user group’s needs, and to benefit from some user testing undertaken by the ICE on this trial interface.  This user testing once more showed support for the concept of subject-based cross-searching, and indicated desired enhancements, many of which mirrored previous feedback.  Once again, the need for an increased number of relevant sources in the cross-search was identified.  It was unfortunate at the time of this trial that no content was available from UK Institutional Repositories, due to problems with the ePrints UK target which were outwith the control of the PerX Project, and lack of UK content was specifically identified by several respondees as reducing the usefulness of the test service.  Since the testing exercise, a Z39.50 target consisting of aggregated content from 61 repositories, via Intute: Repository Search, has become available and has been added to the Pilot.
The above work enabled us to produce a Basic Functional Requirements for Cross Search Service document which could be useful as a blueprint for any future service development.
Outputs and Results

Outputs are detailed above in the descriptions of how the project’s objectives were met.

Available at the Project Website: http://www.icbl.hw.ac.uk/perx is background information about the project, news items about the project, all of the project’s deliverables and reports, plus links to the Pilot and the civil engineering trial interface.
Outcomes

The two documents produced by the project - Listing of Engineering Repository Sources http://www.icbl.hw.ac.uk/perx/sourceslisting.htm ; and the Engineering Digital Repositories Landscape Analysis, and Implications for PerX http://www.icbl.hw.ac.uk/perx/analysis.htm  - have provided a better understanding and knowledge of the digital repository landscape in engineering, including gap areas, and have also identified other issues of potential interest to the wider digital repository community.  This has been communicated to others in the DRP.  Comments received about the documents have been supportive.

More repositories of potential interest to the engineering community have become available since the start of the project and have been added to the Pilot.  These include ADT, DiVA, Emerald Engineering, GRADE, ICE Virtual Library, JORUM, Open Video Project, Oxford Journals, STINET, Structural Engineer.  
Publicising the various PerX deliverables has increased awareness within the engineering community of the benefits of digital repositories.  Material about PerX has appeared in external publications (e.g. Peter Scott’s Library Blog [3], various other blogs, D-Lib [4], E-MmITS [5], Free Pint [6], ResourceShelf, CurrentCites [7], UKSG Serials e-News, eLucidate [8], Research Information [9], Ariadne [10], and Library + Information Update [11]).  A poster was presented at the Open Scholarships Conference [12].  The availability, and increasing use of, the TechXtra service http://www.techxtra.ac.uk, a freely available service and an initiative of Heriot-Watt University, is encouraging practical resource discovery from repositories in engineering, maths and computing.  TechXtra was recognised by IWR as a Top Web Site: http://pages.citebite.com/v9r3e8h0lbpn 
A better understanding has been gained of the practical challenges of utilising interoperability  standards, such as OAI-PMH, Z39.50, SRW/U, from a service providers perspective. This has been reported on in the PerX Setup & Maintenance Issues report http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm and in two papers: Overcoming the obstacles of harvesting and searching digital repositories from federated searching toolkits, and embedding them in VLEs [1], and Building Bridges with Blocks: Assisting digital library and Virtual Learning Environment integration through reusable middleware [13].  
Knowledge of end-user opinion on subject-based resource discovery services has been gained via the Focus Groups http://www.icbl.hw.ac.uk/perx/userfeedback.htm and Web Questionnaire http://www.icbl.hw.ac.uk/perx/userfeedback.htm  This will help to scope the future development of the common national repository infrastructure and the Information Environment.

Experience of attempting to automatically harvest repositories, and maintenance issues for subject-based cross-searching services has been gained.  This has been reported on in the PerX Setup & Maintenance Issues report http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm  This knowledge will be valuable to anyone setting up a repository cross-search.

Experience of using shared services (IESR) has being gained.  This has been reported upon in the Shared Services Report http://www.icbl.hw.ac.uk/perx/sharedservices.htm 
Experience of embedding a cross-search service within a VLE has been gained and reported upon: http://www.icbl.hw.ac.uk/~santiago/perx/vle.html .  This will benefit those developing VLEs.

Knowledge about the maintenance effort required for subject-based services has been gained and reported on in the PerX Setup & Maintenance Issues report http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm  This will help to scope the future development of the common national repository infrastructure and the Information Environment.

Knowledge of the particular needs of a specific user group has been gained through the development of a separate, trial instance of the pilot: http://www.engineering.ac.uk/civil/  This will help to scope the future development of the common national repository infrastructure and the Information Environment.
Particular things to note:

Lessons for other projects in the DRP and elsewhere include those arising from the conclusions of the PerX Engineering Digital Repositories Landscape Analysis, and Implications for PerX.  These are available at: http://www.icbl.hw.ac.uk/perx/analysis.htm#conclusions   

The amount of effort needed to maintain a potential subject-based service is significant, and larger than originally anticipated.

Our experience continues to show that persuading publishers to adopt standardised interoperable approaches such as OAI-PMH, in addition to their well established means of metadata exchange with the large search engines, is an uphill struggle.  What has also become apparent is the fact that commercial publishers often have bespoke methods of metadata exchange (e.g. via FTP, Custom XML Schemes), with a range of partner organisations (e.g. Aggregators, Seach engines etc).  
Our experience shows that even where interoperable approaches are taken by publishers (e.g. OAI-PMH), the process of harvesting is often neither simple nor trouble free.  

Our experience shows that users of cross-search services request a large amount of digital repositories to be cross-searched, especially, but not restricted to commercial sources.  
Conclusions

A subject based approach to resource discovery has much merit.
Differences between disciplines need to be carefully considered when evaluating which approaches are likely to be successful in the delivery of any subject-based search service.

Creating subject perspectives on multidisciplinary repositories is often difficult.

A hybrid approach to cross-searching has limitations.

Identification of suitable repositories relevant to a subject is time consuming.

Commercial content providers may not always appreciate benefits from working with projects.

Setup and maintenance of subject based cross-search services is complex and time intensive, even when the sources used utilise ‘standardised’ interoperability mechanisms.

Maintenance of OAI-PMH sources, and automating the reharvesting process, present a number of challenges for service providers.

Metadata enhancement and data normalisation is often required.

A large number of relevant content sources, as well as established sources which are already utilised by end users, are needed in order to provide a sufficient base for a cross-search service.
Advocacy work with content providers is only sometimes successful, because commercial content providers are by nature only interested in effort which will provide a suitable return on investment.

Persuading content providers to adopt a standardised approach to metadata exposure is not straightforward.

Investigation and trial usage of JISC Information Environment Shared Services (e.g. Service Registries, Terminology Services) has revealed that many are currently projects with identified service potential.  Their level of readiness for live service deployment varies.

It is possible to embed cross-search functionality within a VLE by utilising open source and open standard approaches.

Sustainability of subject-based search services is an issue not yet resolved.

Implications

The work undertaken by PerX has enabled enhancements to be made to the TechXtra http://www.techxtra.ac.uk/ service, which is supported and maintained by Heriot-Watt University as a free service for the online community.  Content has been added to this service, which now cross-searches a significant percentage of the targets investigated via PerX, and enhancements have been made to the interface (though at the time of writing, several further enhancements await implementation).  The service uses the PerX Toolset.  The availability of TechXtra service has been widely announced in various places and through a publisher-supported launch, and it is now also included in both Webfeat and MetaLib federated search resources.  Usage of this service has gradually increased over the period of the PerX project, and is approaching 20,000 unique site visits per month.

It had originally been anticipated that TechXtra, as a service available to the public, could be used as the basis for an analysis of various possible sustainability models, such as publisher support, subscription, JISC-funded, or mixed models.  A fuller list of possible business models might include: 

· Brokerage (bringing buyers and sellers together for fees)

· Advertising (supported by advertising revenue)

· Sponsored (similar to advertising)

· Infomediary (collecting and selling consumer data)

· Merchant (direct selling of goods and services)

· Manufacturer (direct selling of the product)

· Affiliate (income from affiliation schemes)

· Community (income and content direct from the community)

· Subscription (pay for access)

· Utility (metered pay-as-you-go use)

Some of these models are clearly not appropriate or practical for a subject-based cross-searching service (e.g. brokerage, infomediary, merchant, and manufacturer).  In the light of the considerable effort required to maintain such a service, as identified in the PerX Setup & Maintenance Issues report (http://www.icbl.hw.ac.uk/perx/setupmaintenance.htm), it is obvious that despite considerable promotional effort, current TechXtra usage levels, though not insignificant, would be insufficient to support the introduction of a service based solely upon revenue from online advertising, or a subscription or utility model.
Commercial publisher support for the process of supplying metadata to the service has been rather less than originally anticipated.  Although the service has benefited from content supplied by Emerald, Inderscience, ICE and IoP, content from other publishers has been difficult to obtain.  The comparatively low interest from publishers is almost certainly due to the greatly changed situation since the PerX project was conceived, in early 2005.  Since that time, Google Scholar and Live Search Academic have become widely used, freely available and respected tools for finding academic resources.  Live Search Academic currently searches across 27 million articles from multiple sources, most of which are STM.  Google Scholar is used by millions to retrieve scholarly information.  In addition, the Scirus service has developed into a highly respected, efficient and commercially supported resource discovery service which cross-searches many of the same sources as TechXtra, and now has a user-base of over 115,000 searches per day.

In addition, other services have appeared since the start of the PerX project, or are either emerging or are due to appear in the not too distant future.  These include Science.gov http://www.science.gov/ (a search engine for government science information and research results), ScienceResearch http://www.scienceresearch.com/search/ (a free, publicly available web portal allowing access to numerous scientific journals and public science databases), Scitation http://scitation.aip.org/ (a cross-search service delivering more than one million documents from scholarly journals, magazines, conference proceedings, and other special publications from prestigious scientific societies and technical publishers), scitopia.org http://www.scitopia.org/ (a free federated vertical search across 3 million articles from thirteen of the world’s leading science and technology societies), Web Citation Index™ (a subscription-based multidisciplinary citation index of scholarly content from institutional and subject-based repositories), and the future British Library/US Department of Energy global science gateway.

Google and its ilk are firmly established as the first port of call for the vast majority of web users.  As such, these services are now an integral part of people's online information seeking behaviour for any query in any area ranging from academic endeavour, to personal pursuits, leisure, news and beyond.  The other services mentioned above are also large enough and well-supported enough to build up a sizeable user base. 

There will be elements of such services which will not satisfy everyone, however, and the broad focus on science and technology of most of the above should be noted and compared with the more specific focus of PerX and TechXtra.  It is therefore not surprising that PerX feedback has confirmed that there is relatively considerable support, within the community, for a subject-specific cross-search service (especially one which could include more sources).  
Focussed subject based cross-search services such as TechXtra can provide valued niche services to a relatively small user base, but they can never aspire to be an integral part of everyday online usage, or to develop sufficient use to be supported through advertising or subscription or pay-per-view.  Such services may, however, be potentially sustainable via a combination of:

· public funding (the model examples here would be Go-Geo http://www.gogeo.ac.uk/ or Vascoda http://www.vascoda.de/ or perhaps a future Intute subject portal service, or on a larger scale, NHS Scotland eLibrary http://www.elib.scot.nhs.uk/ ), 
· income via affiliation scheme (TechXtra currently raises some income in this way), and 
· sponsorship (one model would be Sapling http://www.sapling.info/sponsor/ ).  
Our opinion is that focussed subject-based cross-search services are more likely to be used and much more likely to be sustainable if they form part of subject-based services delivering other subject information, especially those which have direct input from the subject community, as these are more likely to become embedded in user’s online activities.  Examples of such in the area of engineering would be services such as iMechanica http://www.imechanica.org/  GlobalSpec http://www.globalspec.com/ or Materials KTN http://www.materialsktn.net .
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