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 Abstract

The ever-increasing volume of research output requires recording in CRISs (Current Research Information System(s)). This is usually done by storing the research output in an appropriate system and recording metadata describing it in the CRIS.  Current CRISs commonly demand re-input of the metadata at various times.  This practice does not scale, the effort threshold to input all this (meta)data is too great and end-users are protesting leading to incomplete, inconsistent and poor-quality data.  We propose that three simple measures can overcome these problems. Taking the research process the three measures are: 1.recording data concerning research at the earliest opportunity in a CERIF (Common European Research Information Format)-CRIS; 2. re-using the data by utilising the linking relations of CERIF rather than re-inputting;  3. utilising the logic-properties of CERIF to constrain data values to improve quality.
1 The Issue

There are more active researchers now than ever and the output per researcher is increasing.  The output of grey publications is orders of magnitude greater than white, and the production of white literature is prodigious.  A similar problem, but of much smaller scale, occurs in recording research output as patents.  However, like publications, one area of research output (usually classified as product) is increasingly rapidly: research datasets and associated open source software.  Such materials are increasingly important in research to justify the proposals or conclusions of a publication and / or to allow validation by another researcher.  Another increasing characteristic is to re-purpose the materials: to utilize them for a different piece of research commonly inter-relating them to other materials and increasingly in an interdisciplinary context.  One has only to track the rate of increase of the international genomic databases, the datastreams predicted from LHC (Large Hadron Collider) at CERN for particle physics or the output of instruments on spacecraft – particularly those with imaging capabilities.  Such datastreams can, for a large laboratory, reach 5-10 Petabytes/year.  Furthermore, the increasing use of in-silico experimentation is generating simulated datasets of enormous size, from multilayered and fine-grained models of the atmosphere in a meterological context to models of protein folding within a genomic context.  Thus, the rate of acquisition of data, its structuring into information and its interpretation as knowledge is increasing rapidly. 
Past techniques of experts (librarians) cataloguing manually with metadata each publication do not scale.  Furthermore, the threshold barrier facing a researcher to inputting the relevant information is too high if the metadata input is required all at once.  Similar problems occur in cataloguing datasets and software.  The problem is to find ways to manage this cataloguing process to assure the recording and preservation of the important research information in a CRIS.   

2 The Proposition

We contend that the R&D process itself provides some context for managing the information; that linking the records of the process to the publications themselves provides this context; that questions of curation and provenance are addressed automatically in such an environment and that such an environment integrates grey and white literature and other R&D outputs such as software, data, products and patents.  The notion is that – in the everyday work of a researcher – research information is collected, generated and documented.  Usually only components of the overall information picture related to a piece of research are available at any one time – but over time the whole information picture can be assembled.  If it is possible to collect into a CRIS this fragmentary information as soon as it becomes available, then the end-user inputs data into the CRIS as part of the everyday work i.e. within the research process.  The process may be supported by a workflow system - providing some control of the process steps - or simply by electronic forms.  In either case, the key is to make the inputting of research information a natural part of the work of the researcher and to ensure that the researcher herself gains benefit from the effort of input.  Examples of such benefit might include automated lists of publications, automated production of a CV (curriculum vitae) or automated production of a list of conferences attended.  Futhermore, other benefits might include easy discovery of competing or cooperating research teams or commercial exploitation (with appropriate reward) of the IPR generated by the researcher.  However, for all this to happen we must first understand the research process and acknowledge the required properties of a CRIS to support it.
3 The Research Process

3.1 Process Steps

The research process typically has the major steps: Workprogramme, Proposal, Project, Results (outputs), Exploitation and Wealth Creation (Figure 1).   A CRIS should provide the environment to store appropriate attributes describing instances of entities for each of these major steps.  It is apparent that attributes related to workprogramme (such as amount of funding and the organisational unit which is reviewing proposals) relate to the proposal step.  Similarly the proposal itself will have a title, abstract, associated persons (in roles such as principal investigator, researcher, technician) and organisational units which occur again – and thus can be re-used without further input - in the Project Step.  A result publication at the Results step requires information such as title, abstract and so on which can be input at the publication creation time and linked with person(s) in role author(s), their organisational units etc.  When the paper is published, only the publication channel details (e.g. journal, volume, part, pages, date) need be added; the other information is re-used. 
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Figure 1: The Research Process Steps

3.2 Requirements of a Supporting CRIS

The required environment to provide a record of the process clearly has to store values of attributes within entities recording the data and metadata for the products of the research and also that for the research projects, persons, organisations etc. which provide contextual information for the research output information but also are valuable data in their own right and may be used for multiple purposes.   Moreover, instances of these entities must be related temporally - to record the time period when the relationship between them was valid - and by role - to record the way in which they were / are related.    The supporting CRIS should be able to validate input data using existing stored information and logic and assist the end-user during input by providing contextual information.  The CRIS should allow incremental input and must provide flexible mechanisms for inter-relation of instances of entities so capturing the flexibility of the research activity in real-life.  The CRIS should be extensible so that new aspects of research activity can be captured and recorded.  The CRIS should be open to interoperation with other CRISs to allow open sharing of research information, subject to privacy, security and rights issues.  The CRIS should also be linkable to other systems related to the research process in a particular organization where finance systems, HR (human resources) systems, project management systems, customer relationship management systems and others have information relevant to the overall research activity.
3.3 CERIF-CRIS as Process Support
It is no accident that CERIF (Common European Research Information Format) provides a datamodel with exactly these desirable properties.  A CERIF-CRIS provides the instantaneously static (but changing dynamically) record.  It consists of facts - stored as values of attributes within entities which are usually unchanging and to which new attribute values may be added - and logical relationships between those facts  -stored as tuples in linking relations recording that one instance of one entity is related to another for a given time interval and in a particular role.  It can thus accrete (meta)data recording the research process, in contradistinction to datamodels which record only the current state (and so losing historical information) or datamodels which record temporal attribute values with the static attributes and not with their inter-relationships.
The recording of temporal and role information associated with linking relationships is critical to answer such questions as such as “during what time interval was person A project leader of project P?” or “to which research group(s) did person A belong when she produced publication X?”

CERIF allows – and indeed encourages - in a multidimensional framework, deduction or induction of relationships between entities describing research – for example between a grey internal report and a white published paper - and with other research outputs such as datasets or software.  This allows automated generation of facts:  the data may be recorded in the CERIF-CRIS or deduced / induced afresh each time it is required.  Furthermore, relationships between documents can also be expressed explicitly (i.e. asserted): references and / or citations can be recorded by directly inputting the information into the CERIF-CRIS.  Clearly the existence of these clearly defined role-based temporal relationships between publication instances provides a basis for detailed research output metrics, a feature increasingly in demand from CRISs as research institutions seek to justify their funding and to improve their relative standing in league tables while funding organisations seek to justify their decisions.
Additionally, through the flexible and dynamic linking relations between entities, with their role and time-stamped attributes, a rich context for understanding the R&D output is provided, including versions, history and provenance.  This context is particularly important for other users of CRISs such as entrepreneurs engaged in technology transfer and wealth creation and the media explaining to the public the importance of the research being done.
However, CERIF does not store all research information.  Research output objects such as the full-text (or multimedia) of publications or research datasets or software are considered to be best stored in appropriate systems for the type of research output object.  Thus e-publications are usually stored in a repository which supports interoperation by harvesting using the OAI-PMH protocol and has usually a portal for access.  Similarly, there are datacenters curating research datasets and software which have appropriate storage facilities and metadata to describe the research output objects.  They usually also provide some kind of portal access for end-users.
Nonetheless, a CERIF-CRIS needs to store information that such research output objects exist for the usual research management purposes.    The relationship is illustrated in Figure 2:
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Figure 2: CERIF-CRIS linking Repositories

Thus repositories with portals for access exist for publications and for research datasets.  They are related to each other via the CERIF-CRIS using its data as metadata providing the context for the output products.  For the researcher, the research dataset used as the basis for a publication is available for verification, while access to the dataset indicates publications - and thus interpretations - derived from it.
4 Dealing with the Issue

4.1 Recording in the Process

The progressive recording of the data at appropriate stages throughout the research process provides the context, history and provenance.  The research process can be seen as a series of interlinked workflows, each with process steps themselves defined by a sub-process and constrained by pre- and post-conditions which assure quality data.  As an example, early research ideas or work in progress may be captured as a grey document and described by appropriate metadata (title, abstract….) input at the time of deposit.  At the same time, this publication metadata should be linked to pre-existing research information (such as person, organisational unit, project) in a temporal and role-based context.   If the grey document is developed into a white publication, the additional publication metadata is input at the time of submission.  It is linked through temporal and role-based relationships to the pre-existing grey publication and to the pre-existing contextual information such as persons, organisational units etc.  The documents themselves are stored in the linked institutional repository.  Similarly the research datasets and software are themselves stored in an appropriate managed research filestore, ideally accessible through a suitable portal.
4.2 Re-use to Manage Scalability

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. This addresses the scalability problem and also the high threshold of effort problem.  The cost to end-users of (meta)data input is spread throughout the process: only appropriate (meta)data is required at each step.  This improves also the quality because the end-user at that point in time is most concerned with the additional data being input - and the research record is built progressively in ‘bite-sized chunks’.
4.3 Quality

Inputting the metadata describing research outputs to the CERIF-CRIS in a workflow-controlled process ensures that only that metadata available and required at any one time is input.  This in itself improves quality because the information is all ‘to hand’ at the time. However, this also allows – at each step – for the newly input metadata to be validated by cross-checking against previously input metadata – for example validating that a person in role author is indeed from the institution that was recorded for her previously (and if there is a change triggering an update) or supporting the end-user inputting the metadata by suggesting values for attributes that can be deduced from pre-existing values of other attributes..  

5 Where is the metadata stored?
5.1 The Problem

When metadata representing a research output object (such as a publication or a research dataset) is to be stored, decisions have to be made.  These concern the best place to store the metadata for the anticipated usage purposes.  

5.1.1 Metadata in the Repository

One side of the argument prefers storage of the metadata in the repository for publications or research datasets.  The positive aspects are that the metadata is with the actual object (full text publication or dataset) and can be used with it for any purpose – from retrieval to statistical processing to advanced computation in the case of datasets.  It is also available for interoperation – for example using the OAI-PMH protocol for harvesting publication repositories.   In this case the CERIF-CRIS would hold just a key value which may be used to retrieve the metadata, and thence the research output object, from the repository.   Retrieving the metadata from the repository would mean it could then be used together with the data in the CERIF-CRIS to gain the overall context of the research output object.
The disadvantage of this approach is that the metadata is not available in the CERIF-CRIS for processing management information queries (see below for examples).  
A further disadvantage exists; most existing publication repository systems (such as DSpace or  ePrints) do not provide for storage of the metadata attributes required but provide only the essential Dublin Core metadata set.  This, while suitable for metadata harvesting using OAI-PMH, does not provide the components needed to generate a traditional bibliographic reference.  In fact these repository systems do not even allow for storing the DOI (Digital Object Identifier).  The DOI allows direct linkage to the database of a publisher  - assuming the end-user’s organization holds an appropriate licence – to access the published e-publication object itself.  In contrast, ePubs does provide this facility.
5.1.2 Metadata in the CERIF-CRIS

The other side of the argument prefers storage of the metadata in the CERIF-CRIS.  The advantage is easy processing of queries of the management information type which involve also persons, organizational units, projects etc – i.e. to answer questions like ‘which research unit at this university produced most publications in ISI highly-rated journals last year?’ Or ‘which publications came from this project grouped by organizational unit and within that by lead author?’  In addition bibliographies, or lists of research datasets, can be produced easily for individual persons, organizational units, projects etc.

The disadvantage is that the metadata is not stored with the research output object. For publications this approach means that OAI harvesting systems have to be redirected to the CERIF-CRIS to collect the metadata with consequent difficulties and if this is not done the research output of the organizational unit is much less visible with consequences of reduced impact.  For research datasets this makes processing extremely difficult. It has a secondary effect that the CRIS contains much metadata that really is not relevant to managing research information but is much more concerned with the further processing and re-evaluation / repurposing of research datasets.  
5.2 The Solution

There is no obviously preferable solution among the two approaches: metadata in the repository  favours further research, metadata in the CERIF-CRIS favours research information management.  The solution that appears best to the authors is as follows:
(a) the primary information storage is of the metadata in the CERIF-CRIS.  The reason is to utilise the CERIF-CRIS associated information for validation – e.g. for publications to ensure the person in role author is indeed a member of the organizational unit and for research datasets to ensure that the person depositing the dataset has appropriate authority.  Furthermore, it is easier to support the research process (with workflow and / or e-forms) with a CERIF-CRIS than a repository so the advantages of incremental input are obtained;
(b) the CERIF-CRIS holds basic metadata describing the research output: in the case of a publication it is the usual bibliographic reference information stored as component attribute values which can be recombined on output to produce the common reference styles such as Vancouver, APA etc and with additional attributes to cover the (formalised) Dublin Core (Asserson & Jeffery 2004) to allow any systems utilizing this metadata format to interoperate with the CERIF-CRIS and perform resource discovery.  In the case of a research dataset a general formalized Dublin Core-like metadata set is required in the CERIF-CRIS, again to allow interoperation and resource discovery.  If curation is also required then the metadata sufficient for generating the OAIS (OAIS) protocol is required;

(c) The repository for publications holds the research output metadata information as in the CERIF-CRIS but with the transformation of attribute values from formalized Dublin Core attribute names to those of OAI or other relevant metadata formats. The repository for research datasets also holds the research output metadata information as in the CERIF-CRIS. However, in addition, the research dataset will have detailed metadata to allow software to interpret correctly the dataset including its detailed schema and information on accuracy, precision and null values used.  There will also be associated metadata describing the data collection process (laboratory notebook-like) and possibly the instrumentation used, the validation procedures and other experimental information.
From the above one might object that some components of the metadata is stored twice – which it is.  However, storage is cheap and the end-user demand for performance justifies this decision.  The potential disadvantage is the need to input the metadata twice; this is avoided by utilizing the research process: the metadata is input via the CERIF-CRIS at the time of deposit of the publication full text or research dataset and then replicated to the repository as the research output object is actually stored.  This ensures validation of the data and appropriate authorisation   It also means that in either the CERIF-CRIS or the repository there is appropriate metadata for the commonly-used purposes.
6 Experience and Conclusion
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). UiB is running DSpace and a link from FRIDA to DSpace is being implemented.  The preferred plan is for the research output metadata to be stored in the CRIS and a set of pre-formatted metadata records are generated from the CRIS for inclusion in the repository with deposited research outputs.
At CCLRC there is production running of an open access repository of publication outputs from the organisation (ePubs), linked to the CERIF-compatible CDR (Corporate Data Repository) CRIS and thence to other research outputs (such as datasets and software) with associated metadata via an e-Science portal.  The research output basic metadata is replicated in the CRIS and the repository, the latter in component form of attribute values to allow generation dynamically of any appropriate metadata format for interoperation or resource discovery.  At present the two systems are not integrated fully at input time: this is a component of the next phase of development.
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