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Abstract

The rate of acquisition of data, its structuring into information and its interpretation as knowledge is increasing rapidly.  There are more active researchers now than ever and the output of white publications per researcher is increasing.  The output of grey publications is orders of magnitude greater.  Past techniques of experts (librarians) cataloguing manually with metadata each publication do not scale. The problem is to find ways to manage this resource. 

The hypothesis is in 4 parts: (a) that the R&D process itself provides some context for managing the information; (b) that linking the records of the process to the publications provides this context; (c) that questions of curation and provenance are addressed automatically in such an environment; (d) that such an environment integrates grey and white literature and other R&D outputs such as software, data, products and patents.

At UiB the emphasis of the work has been on assessment of the research output - especially publications - linked in context with records of the researchers, their organisational units, and related CRIS (Current Research Information System) information (the FRIDA system which is mostly CERIF-compatible).

At CCLRC the emphasis of the work has been on the production of an open access repository of publication outputs from the organisation (ePubs), linked to the CERIF-compatible CDR (Corporate Data Repository) CRIS and thus to other research outputs with associated metadata.

The recording of the data provides the context including the workflow of the R&D process, history and provenance.  Grey documents produced as early ideas are captured in a temporal and organisational context, just as well as white publications, via the linked repository.  CERIF allows, in a multidimensional framework, deduction or induction of relationships between documents – for example between a grey internal report and a white published paper - and with other research outputs.  Furthermore, relationships between documents can be expressed explicitly: references and / or citations can be recorded.  In this way a rich context for understanding the R&D output is provided, including versions, history and provenance.

Recording facts once in a structured R&D process environment and then re-using them in many ways reduces - by automated provision assistance - the need for user input of metadata to describe research outputs (especially grey literature) and thus addresses the scalability problem.

The costs including all staff, overheads, equipment, software etc for CCLRC are as follows:

(a) Development of the CDR (Corporate Data Repository CERIF-compatible): (i) Pilot phase: 30kEUR; (ii) Production phase (~ 1 year): 80kEUR; (iii) Annual maintenance including integration with the ePubs system and with our workflow environment: 30kEUR

(b) Development of the ePubs Open Access Institutional Repository: (i) 80kEUR (~ 1 year); (ii) Annual maintenance including integration with CDR 50kEUR

We are now (with integrating CDR, ePubs and workflow) developing re-engineered business processes: this programme of work is estimated at ~ 300kEUR per year for 2 years and relies on CDR and ePubs.  We believe the benefits in improved effectiveness and efficiency will run at ~ 4mEUR per year. 

The costs for the University of Bergen are as follows: The total cost of developing our national system Frida is 2.250.000 NOK for the 4 universities and the cost of UiB (only for developing) is approx 500.000 NOK.

1 Background

1.1 The Problem

Research outputs – publications, patents, products – are produced by research activities or projects.  The volume is increasing rapidly, partly due to the ‘publish or perish’ paradigm.  Researchers are under increasing pressure to produce outputs, and to record them.  The metadata describing the research outputs, and the source materials themselves, may not be adequately recorded.  There are three major problems:

1. the information is difficult to collect, partly because the end-user interface to available systems presents a formidable threshold barrier;

2. the end-user commonly works in an environment that is not well-structured and so the tasks to record the research output information (usually the metadata including a URL to the source  material) are not done, or done without sufficient attention, or simply forgotten;

3. commonly the information is available progressively; e.g. as a publication is submitted, accepted and published. At each stage metadata are available and should be recorded.  Without a structured environment for the progressive collection of data the request for information input consists of a demand for a large amount of information - rather than building progressively the metadata corpus using small incremental data input steps - and this demand for a large amount of information is inhibiting to the end-user.
The aim of this paper is to address those problems.
1.2 The Research Process

The research process, considered in overview, is the set of steps – with alternatives and conditions, and some steps omitted or repeated – that produces research outputs such as publications, patents or products.   The overall process can be represented (Figure 1):

Figure 1: The Research Process
It should be noted that the metadata describing the research outputs (and indeed appropriate information collected at each step of the research process such as project title, project abstract, person(s) doing the research, organizational unit(s) of the persons etc.) are stored in a CRIS (Current Research Information System).  The EC (European Commission) standard for recording research information recommended to member states is CERIF (CERIF).  The advantages of relating output publications (and other outputs) to a CERIF-CRIS have been demonstrated (Jeffery and Asserson 2004) and concern mainly the value of contextual information in understanding the research publication and the maintenance of integrity and data quality.  As an aside, the requirement for formalised metadata to describe research output publications thus allowing machine-understanding in addition to machine-reading was demonstrated (Jeffery 1999).  Formalised publication metadata within or associated with the formalised CERIF structure of a CRIS provides an information environment suitable for precise querying, improved constraint checking at data input and knowledge-based techniques to resolve heterogeneity and to provide end-user assistance.  The knowledge-based techniques of deduction and induction can also be applied (Jeffery and Asserson 2004).

1.3 The Research Process and Grey Literature
Grey literature is an important research output.  Commonly grey literature forms the documented ‘know-how’ of an organisation and may also be shared with partner organizations or persons.  Grey literature commonly is stored in a repository, more particularly an institutional repository which may have open access if the organisation perceives business benefit (including public relations benefit) from making the material openly and freely available.  The metadata describing the grey literature may be stored in the CRIS or in the repository or both; the source material (the grey literature publication) is stored only in the repository.  Thus, the collection of metadata concerning the grey literature publication should be progressive in the research process and – being linked with the CERIF-CRIS – be associated with contextual data about the research.
1.4 The Hypothesis
The major hypothesis of this paper is that: (a) that the R&D process itself provides some context for managing the information; (b) that linking the records of the process to the publications provides this context; (c) that questions of curation and provenance are addressed automatically in such an environment; (d) that such an environment integrates grey and white literature and other R&D outputs such as software, data, products and patents.

2 research process, publications and context

2.1 The Process
The process was presented above in overview.  It is clear that, knowing that a particular publication has been produced from a research project and submitted for publication, that the CERIF-CRIS provides additional contextual information adding value to the metadata concerning the publication – for example the purpose of the research, the persons in the team, the organizational units (universities, departments, groups) involved, the facilities used, the particular equipment utilized etc.  
Furthermore, at the time of publication submission all this information should have been collected incrementally at previous steps in the research process so the burden on the researcher to input information at the time of submission is lessened considerably.  The relevant information at any one time period (present or past) is easily determined because CERIF includes linking relations with role and date/time stamps linking the base entities (Jeffery 1999) so that a snapshot of database state at any time can be obtained.  This is particularly helpful in tracking provenance and in data curation.
Here, each step of the research process is considered in turn with the (meta)data that is collected and the input information that is required for the step to be executed.

2.2 Research Process Steps
The major outputs and inputs at each step can be represented in the following table:

	PROCESS STEP
	SUB-PROCESSES
	INPUT
	OUTPUT

	Workprogramme
	Economic, Societal, Technology Foresight
	World/Country state, world/country models, technology predictions,  solicited advice
	ProgrammeName
Funding
OrgUnit
Person responsible
Workprogramme document


	Proposal
	Idea, review previous work, Objectives, Method, Resources and Dependencies
	Previous results, previous projects, finance, human resources
	Title
Abstract
Person(s)
OrgUnit(s)
Proposal Document


	Project
	Project management
	Previous results, previous projects, finance, human resources
	Title
Abstract
Person(s)
OrgUnit(s)
Funding
Project Plan


	Results
	Initial result, internal review, peer review, registration or publication
	Previous results
	Person(s)
OrgUnit(s)
Project(s)
Product(s)
Product Description (e,g, publication reference metadata)


	Exploitation
	Results, business plan, finance, marketing, production, selling
	Marketing information,  economic information
	Person(s)

OrgUnit(s) 

Business plan

Finance Data

Marketing Data

Production Data

Sales Data



	Wealth Creation
	Marketing, employment, production
	Marketing information,  economic information
	Person(s)

OrgUnit(s) 

Annual Reports/Accounts

Employment Records

Dividends Records



From the above it is obvious that much (meta)data required in later steps can – and should - be recorded in earlier steps.

2.3 Research Output  Publications
Research output consists of publications, patents and products.  Here we consider only publications.  The metadata required was defined (Jeffery 1999; Jeffery and Asserson 2004).  However, in addition, for published (white) literature the full reference metadata is required.  This includes author names as they appear in the publication (as well as the usual title, abstract), but also - for the channel of publication - the name, series, volume, part, ISSN or other identifier, pages within the bound publication containing the publication of the author(s) and other relevant information that can be (re)structured into Vancouver, APA or other formats.
It is clear that some of the metadata required is available at the time the publication is drafted: title, abstract, authors.  More metadata is added through internal review: a URL to location in an institutional repository, linkages to the research context (using a CERIF-CRIS) and annotations by reviewers.  Again, further metadata is added when it is submitted for external publication via peer review: publication channel name.  Finally, when published, the full metadata can be completed – but most of the input is already done and only the publication channel details need to be added.

2.4 Grey Literature
The process for grey literature is little different.  The early sub-process steps are the same, including usually internal review.  However, the changes come in the later sub-process steps since there is no external peer-reviewed publication channel.  However, it is common for an internally-reviewed grey literature publication to become (possibly with modifications) an externally peer-reviewed white publication.  CERIF-CRIS provides the means to record this using the linking relation publication-publication with role and date/timestamps.
3 experience

The experiences at CCLRC and UIB are described.  
At UiB, there has been an historical development, from FORSKDOK – an information retrieval system using semi-structured simple research data - through FDOK – a CERIF-based system developed at UiB - which created the national demand for FRIDA (FRIDA) – a system developed at University of Oslo but used by 4 universities and with a steering committee and project group representing them.  FRIDA is essentially CERIF-compatible but concentrates on entities persons, organisational units and publications and the entity project is being implemented.  The representation of publications required extensions over the CERIF2000 model but these extensions are now being incorporated into CERIF2005.
The use of FRIDA allows each university to quantify its white research output in a form suitable for the funding ministry and thus assures appropriate funding allocations.  However, in addition each university now has a consistent record of its intellectual property including grey literature, the importance of which is being realized progressively.  FRIDA acts as a hub; from each university personnel system data are imported into it.  To ensure completeness and to overcome the threshold barrier of metadata input, records are imported from the Thomson ISI system and the national library bibliographic system, BIBSYS (BIBSYS).  FRIDA is providing a component to link to the institutional OA repositories of the four universities providing access to full-text or hypermedia representations of the research output.
At CCLRC, the CRIS (named the CDR: Corporate Data Repository) has several functions: 

· it links together many other systems including those managing finance, human resources, projects and e-documents among many; 

· it links to the open access institutional repository containing metadata (and in many cases also the source material) for CCLRC publications – both grey and white literature;

· it links to portals managing access to research datasets (with their own metadata) and is being extended to link to open source software for research;

· it provides the repository record and source data to drive the workflow-supported business processes of the organization including  research processes such as research proposal submission and publication submission and management or administrative processes such as travel claim management or authorising leave.

Its central role is evident; it provides the hub for interoperation and linkage making replacement of other systems and system components relatively easy and allowing development and evolution in line with the CCLRC business requirements. It allows recording of the information related to the research process.   It also provides the central mechanism for curation of CCLRC information.
4 The Way Forward

The GRIDs environment (Jeffery 2001, 2004, 2004a) provides an infrastructure to benefit greatly the research process.  The major concept – distinguishing GRIDs from the GRID (Foster & Kesselman 1999) is that the user interacts intelligently with the GRIDs environment to determine the request and the GRIDs environment then proposes a ‘deal’; composing the necessary resources of computation, networking, data stores, information provision, detector-based additional data collection, appropriate software for analysis and visualization and ambient intelligence as necessary for the results to reach the end-user on her device of choice.  The user accepts or rejects the proposed ‘deal; if accepting the GRIDs environment then executes the request.  This level of virtualization of all the resources required frees the researcher from tedious work finding the data, interpreting it as information, running computer models, executing statistical analyses, generation visualizations, collecting more data etc etc – in order to leave the researcher free to think and do research.  Of course these same virtualization virtues have equal benefits in a commercial business or industrial environment, in healthcare, in environmental management and in the humanities.
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