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Abstract

Those in senior managerial positions and working in central services in higher education institutions (HEIs) need data about research activities. Such data is used by these individuals to assist their planning and reporting, for promoting the institution, and to enable them to identify opportunities for funding. This article describes the requirements for research activity information of senior managers and administrative staff at a large, research intensive HEI in the UK. A pilot registry for research activity data and exemplar web services that it supports have been created as part of a project designed to address some of those needs. The project was born out of the development of an institutional repository and uses a solution based on semantic web technologies. Developments are considered against the backdrop of change in current research information management activities. 
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1 Context

The current research climate in UK HEIs (Higher Education Institutions) is one where research assessment determines a major part of institutional funding. Bidding for competitive funding takes place in an increasingly competitive environment, and research impact is taking an ever more important role in the evaluation of research outcomes. Institutions need to be fully informed about research being undertaken within their walls, and organisational units are expected to provide rapid responses to requests for information about research activities. Such demands give rise to a need for easy access to up to date and reliable data. 

Universities often posses the data they need: the problem lies in finding appropriate data, accessing the data, aggregating data into a useful form and providing it in a useful output format. The data may be dispersed across units, in a format that makes it inaccessible, and need considerable manual work to make it useful. 

When considering the prospect of raising income, rankings and the institution’s image, universities are keen not to be left behind their competitors. Coupled with this there is a desire to cut costs and improve efficiency as budgets are squeezed, a situation not helped by inefficient data management, for example unacceptable duplication of effort when creating data. The picture is further coloured by the need to attract high quality research students and staff by publicising the institution’s research. 

1.1 Research activity data – a sub-set of data

Management of research at an HEI requires data gathered from a wide array of sources including financial, human resources and research services. This article and the project described focuses on a sub-set of that data that we are calling ‘research activity data.’ Research activity data is data about research and researchers that describes what research is taking or has taken place, who is involved, who is funding it and what the outputs are. It is not concerned with research processes such as managing a research project budget. 

1.1.1 Research activity data in the institutional repository 
Like many HEIs, the University of Oxford has implemented and is continuing to develop an institutional repository for research materials. The Oxford University Research Archive (ORA) (ORA, 2009) is a growing collection of research materials produced by scholars at the University. The repository team at Oxford wishes to encourage use of the repository by making deposit easy and, in an ideal world, barely noticeable to authors and creators. This might include bulk uploads of metadata and content from other sources, automatic metadata generation and deposit direct from a personal workspace. The large amount of material produced by researchers coupled with intense pressures on academics’ time means that they are generally unwilling to fill in a form each time they wish to deposit an item, especially when that form requests data which they have supplied endless numbers of times to different people. It is therefore sensible to derive metadata for items in ORA from existing data stores wherever possible. However, it proved difficult to identify and obtain data for re-use in this way. 

The technical architecture of the Oxford repository has a modular design and digital object structure. In drawing up this design, there were plans for a registry to store data used to describe items in ORA, including that drawn from other sources. Data about people, departments and so on could be held as data entities within the registry. Each entity could be fully described and linked to other related entities. The team soon realised that the solution they were proposing had the potential to provide a number of additional benefits for the University.

The emergence of this solution and the fortuitous simultaneous call for bids for funding issued by the JISC in their circular 7/08 Institutional Innovation programme, prompted the team to propose a formal project. The resulting project, Building the Research Information Infrastructure (BRII) runs from September 2008 to March 2010. The aim of the project is the efficient sharing of research activity information using semantic web technologies. Data is harvested into the pilot registry, created as the main output of the project. Ontologies and taxonomies define and describe data objects (for example people, research groups, funding agencies, publications and research ‘themes’) to forge connections between them and provide web-based services to disseminate and reuse this information in new contexts. Data sources include disparate groups, both academic and administrative, from across the collegiate university. 

1.1.2 Fit with existing and planned systems

In large organisations management systems tend to deal with different aspects of research such as recording details of researchers or successful projects, and have some data in common with other systems. The ideal situation is where all systems fully integrate and interoperate with each other. In practice, this is not always the case. It is important that any new system does not duplicate another existing (or planned) system, although there may be overlap in their operations. 

The BRII registry does not duplicate any current system, but provides a ‘view’ on existing data. It bridges a gap in the existing research information systems at Oxford, using an innovative design that offers additional benefits for integration and data sharing. Its semantic web design means that it does not have to interoperate technically with other systems. However, difficulties of obtaining data from some sources should not be underestimated.

One area under scrutiny at a national level is the use of CERIF (Common European Research Information Format) (EuroCRIS, 2009) for research data exchange. Oxford is monitoring developments closely and participating in discussions about use of CERIF for the forthcoming REF (Research Excellence Framework). The outcomes of such discussions and the ability to comply will be of vital interest to senior management and can be included in the future development of the BRII registry. Like others involved in this area, Oxford is waiting for the report from the EXRI (EXRI, 2009) project (due December 2009) which is expected to result in recommendations for research data exchange formats for the UK.

1.2 External influences

The need for access to research activity data is heavily influenced by the actions and requirements of bodies external to the University. The University cannot afford to ignore these requirements as money and prestige are at stake. The main external influence is probably the Higher Education Funding Council for England (HEFCE) and its forthcoming exercise, the REF, aimed at judging the quality of research (HEFCE 2009). HEIs place great importance on their REF returns and the ability to gather the data and other information about the research taking place within their institutions is considered high priority.

Funding agencies want evidence of how their money is being spent and judge the value for money that is being achieved. They therefore require recipients of research funding to report on their activities, outputs and outcomes. Compliance in so doing could affect decisions about funding of future research proposals by that team.

Research activity data is used to create and inform publicity and communications materials in order to attract high quality staff and students. As such it plays an important role in defining the university’s place in the world, external perceptions of the institution, and the calibre of its research.

2 Motivations

2.1 Levels of interest

Early on in the project a stakeholder analysis of those involved with research activity information at the University of Oxford was undertaken. Interviews with stakeholders resulted in them being grouped by function:

· Researchers: those who actively define and undertake research

· Administrative staff: those who manage research activities at different levels

· Strategists and disseminators: those who work at university level and who are not directly involved with research activities. 

It is this third group with which this article is concerned. These individuals

‘need to keep well informed so they can develop strategies for future research priorities and disseminate research information across the University, nationally or internationally. Roles within this category include heads of departments and divisions, research and strategy committees, vice chancellors and the Press Office…Strategists and disseminators do not produce research activity data but are heavy consumers of them. They are continuously fed with information which they have to interpret, adapt, reformat or publicise in different outlets…Products of their work could be classified as reports or summaries written in non-specialised language and whose scope covers all the University’s research disciplines. They possess a high level perspective of research activity at the University’ (Loureiro Koechlin, 2009).
Academics’ activities are focussed on their specific subject area within their world of dispersed subject-related colleagues in which they operate. However, university level users comprising strategists and disseminators, work across the institution and must deal with all disciplines. It is this high level ‘university view’ where the need seems most pressing for research activity information. The information required by this group needs to be broad and general rather than at the level of detail needed by subject specialists.

2.2 Meeting the requirements of strategists and disseminators

The interviews that formed the stakeholder analysis threw up a number of real life questions from strategists and disseminators together with general areas of information need.

2.2.1 Problematic questions

The types of questions posed by strategists and disseminators and requiring research activity information include:

· What research is taking place in a particular research area (which may be cross- or multi-disciplinary research)?

· Who is collaborating with whom (both internally and externally)?

· What are the outputs associated with a particular project?

· Who is working in a specific research area and collaborating with others in a specified country: a rapid response required

These sorts of queries do not require answers that give detailed information about the research and its findings: that is the domain of the research specialist. The importance of any system such as this for managers and disseminators lies in the ability to gather an overview of that research information and to be able to do so quickly. By contrast, the stakeholder analysis revealed that these high level needs are not of interest to the individual researcher. 

The questions posed above tend to arise in situations such as contact with existing or potential sources of funding, internal reporting, personal contact (such as a visit by influential individuals) or to identify research opportunities. Statutory and other reporting together with publicity are additional drivers for developing easy methods of gathering and reporting this information.

2.2.2 Current sources of data

The top level university view of research activity often requires a general picture of activity across the University to be drawn. However, this overview can be elusive. It has to be built up from elements available in disparate and disconnected sources, a bit like doing a jigsaw comprising many separate pieces all stored in different rooms. One cause of this is that most current initiatives to collect research information within Oxford have their own aims and business processes at the forefront: making the data available for other purposes has until now been of secondary consideration or altogether out of scope.

2.2.3 Additional important factors

As a general rule, the image of the institution as a whole is important to university level strategists and disseminators. Research activity data feeds publicity channels and can be used by external communications departments to provide information to a wide range of interested groups. This is particularly important when comparisons with other institutions are being drawn.

Timing can be crucial. This might be because the immediate need to identify a specialist to field an interview with the press, or it might be because an urgent funding opportunity presents itself. In these sorts of scenarios, university level staff need information that can be obtained immediately and reliably and that is up to date. 

3 Oxford research activity registry

The main output of the BRII project is a pilot registry that has the potential to meet a number of the needs expressed by different stakeholders. It tackles the two main challenges of research activity data: i) provide data for the easy discovery of, access to and re-use of research activity information (for internal purposes) and ii) to feed channels for the dissemination and promotion of Oxford research (the public facing aspect) as shown in Figure 1.

3.1 Boundaries and scope

The duration of the project (18 months) meant that clear boundaries had to be drawn as to what was possible within the timescale. It was decided that the project should focus on data that could be made publicly available and avoid the many difficulties associated with restricted data including access rights. For the purposes of the project, publicly available data is classed as that which could be made freely available via a website. The registry can technically store restricted data. It remained important to respect the wishes of some groups not to participate because of the sensitivity of their data.

3.1.1 Data harvesting

Data is harvested from existing sources causing minimal interference to those systems. It is important that data providers understand that the data in the registry mirrors the original source: ownership of the data is retained by the original data source. All data are marked with the source and any queries regarding accuracy or omissions are directed to the source.

The aim is to harvest ‘live’ data. This is to ensure that data are as up-to-date and as accurate as possible. There are some instances where static data are acceptable such as a list of publications which will not change. Manual entry of data will be avoided. The ideal is to encourage systems whereby the data is ‘pushed’ into the registry. Some examples of systems capable of this have been discovered and can be used as examples of good practice for others. Types of data sources and their ease or harvesting and synchronisation have been drawn up, as shown in Table 1.

 It is expected that the majority of data sources will fall into the fourth category, that which can be accessed, but does not have records of history or provenance, or obvious modification dates, and which will vary in their ease of inclusion. An assessment of the work needed to repeat data harvests from contributors beyond the life of the project and the most cost-effective developments to support export from key sources will be considered as a part of future development.

Because data are being provided by contributors across the University, the registry is dependent on those sources for the quantity and quality of that data. This is an important point when considering the requirements of users of the data. Users want registry data to be comprehensive and accurate. But until there are many data contributors with comprehensive data to offer, the registry cannot be comprehensive. The project team managed this situation by stating clearly that the project will provide a pilot service to demonstrate the potential of the system. 

It was decided to focus on depth of coverage using a limited number of contributors rather than attempt to demonstrate breadth of coverage. Having said this, as many sources of content have been included as proved practical including from a selection of academic units, from at least one central administrative department and from one college. 
3.1.2 Managing expectations

There was a danger that the system would be perceived as a ‘cure-all,’ such was the desire for easy data access by senior managers. The team had to ensure that the users who were interviewed and expressed their requirements for obtaining data understood the types of data with which the project was concerned. For many, their needs for research information extended beyond that covered by the BRII registry. It was crucial that the project managed the expectations of the community. One means of achieving this was to document what the registry could be expected to offer by the project end and to publicise this information to key stakeholders. It was also important to describe the potential for future extension, additional functionalities and improvements based on wider explorations of user requirements, given adequate time and resources. 

3.2 Additional benefits

The implementation of the BRII registry is expected to result in a number of additional benefits to the institution and to users of the data, especially to strategists and disseminators.

The data will not only be available to assist answering questions such as those listed above, it could also be re-used to save another individual re-creating that data as has previously been the case. This refers to the original problem that was identified with ORA and the desire not to have to re-enter data such as author name, department and so on. Having a single canonical source of the data not only aids efficiency by reducing duplication of effort when creating the data, it also encourages accuracy and consistency because only a single source has to be maintained, thereby eliminating the possibility of errors as the same data is duplicated. There are also efficiency gains in staff time as they are able to find and access the data they require quickly and easily.

By making data more visible, frequently accessed and re-used, and by offering an easy to use error and omission reporting mechanism, data owners will be encouraged to improve the comprehensiveness and quality of their data. 

One of the main drivers for setting up Oxford’s digital repository was the long-term preservation of and continued access to the Library Services’ digital collections. Oxford’s DAMS (Digital Asset Management System) which is being created and managed by Oxford University Library Services (OULS) has at its heart the storage and preservation of Oxford’s digital collections. The BRII registry is part of the DAMS and as such, the digital objects it comprises will be preserved along with Oxford’s other digital collections. This forms an important service for data owners and extra reassurance of the longevity of their data.

3.3  ‘Blue Pages’ and themed website

Although the development of the registry is the cornerstone of the BRII project, to demonstrate the possibilities for data re-use that it offers, two exemplar web applications are being constructed. The concept of the registry can be difficult to grasp: it is an invisible resource. Creating a visible manifestation of use of the data enables potential users to understand what might be possible and enables them to ‘see’ the data in action in a real-life situation. The two example uses of the data are the Oxford ‘Blue Pages’ and a themed website.

3.3.1 Oxford ‘Blue Pages’

The Oxford ‘Blue Pages’ is an online directory of researchers and research activity at Oxford. It uses data held in the BRII registry to populate a freely available website which enables users to search and browse for people, projects and other information about research at Oxford. Users can access a person’s profile page to find out which projects they are associated with, their affiliations (such as department and research group), their publications (including data drawn from ORA) and their collaborations. Other pages include similar ones for research projects.

It is not unknown for members of Oxford University to have two or more personal web pages, plus information about their research activity held on other Oxford web sites. The ‘Blue Pages’ does not aim to replace existing personal webpages. Instead, it draws disparate data together making it accessible and searchable in one location. It also acts as a signpost, pointing the end user to the webpages or other sources that supplied data. 

The importance of the ‘Blue Pages’ for managers and disseminators lies in the fact that it can be used to find and access Oxford research activity data easily from a single location. The data can then be extracted for re-use as required. In fact, what happened was that the ‘Blue Pages’ started to become accepted as an important resource in their own right.

The Blue Pages offers the opportunity to make connections between researchers and research activities. This is only possible when the user can obtain details across fields and departments. These connections might not have been previously apparent and therefore could be influential in identifying new research opportunities or collaborations. This type of information is crucial for strategists, particularly those involved with informing academic staff of funding opportunities. 

Extensive user testing was undertaken to assist with the design and functionality of the web interface. An iterative approach was taken to speed up development and to reduce wasted effort. Testers were selected from different communities across the University to ensure different viewpoints were taken into consideration.

The quantity and quality of data available via the ‘Blue Pages’ is dependent on the data held in the registry and supplied by data contributors. This affects the comprehensiveness and accuracy of the data which understandably is of great importance to strategists and disseminators. However, these individuals are sometimes in a position to influence the maintenance and content of the original data sources.

3.3.2 Themed website

The data held in the BRII registry is being used to demonstrate an example of the API integration with a themed website. A themed website is a means to aggregate disparate data around a common selected theme. Users can then easily discover all activities included in the registry based around that theme, no matter where they are located. It is therefore possible to present a more subject-focused overview of research in areas such as cancer and neuroscience which cross a number of departments and cross-disciplinary topics such as climate change. The data can be combined with other data not held in the registry. The result might highlight potential collaborators and other connections across the University. For the purpose of demonstration the Medical Sciences Division will construct a website integrating information about researchers across the Division, with information about opportunities for graduate studies.
3.4 Simplifying deposit in ORA

Returning to the original reason for developing the BRII registry, one of its main functions is to simplify deposit in Oxford’s repository for digital research outputs, ORA. It will do this by offering auto completion of fields where the registry holds the data. There will be shared use of the subject descriptive thesauri held in the registry (for example the American Mathematical Society classification or author generated vocabularies created using software produced as an output of the BRII project). 

4 Using semantic web and digital object model

HEIs are generally large complex institutions. Oxford, it could be argued is more complex than most, with its devolved collegiate structure, nearly 120 libraries and around 7000 research active staff formed from a mixture of college, faculty and other appointments. Use of semantic web technologies coupled with the digital object model allows this complexity to be reflected within the system. Attempting to shoehorn the complex nature of the people, their associations and so on into a rigid database table structure would not only be difficult, it would limit the use of the system.

Researchers can have many different roles, for example, a single individual might be a professor, a principal investigator on one project, a member of the research team on another and a head of department. All of these can be accommodated. Add to that membership of multiple departments and research institutes that draw people from many departments across academic divisions, and the depth of complexity begins to emerge.

Within the registry there are a number of separate entities including ‘person,’ ‘project,’ ‘place’ and ‘funder.’ These entities are defined and the relationships between them described using the RDF triple model. Each entity holds all the data about them including temporal data (see below). Some data is fixed (eg date of birth) and some more fluid (such as role of PI). In this way, importance is placed on the context of the data to ensure that source and provenance are recorded.

The registry uses RDF ontologies and taxonomies to define and categorize data objects. This enables connections between researchers, grants and other entities to be forged. Wherever possible existing ontologies and taxonomies are used and, if necessary, extended. They include:

· RES, a researcher profiling system developed in the Medical Sciences Division (MSD). (MSD, 2009)
· The AIISO (Academic Institution Internal Structure Ontology) (Styles & Shabir, 2008)
· The Participation Ontology (Styles, 2008) for describing the roles that people play (Styles & Wallace, 2008)
· ARPFO (Academic Research Project Funding Ontology) a new ontology developed by the BRII project (O’Steen, 2008)
Ontologies and taxonomies developed as part of the BRII project (and other endeavours at Oxford) are being stored and made available for others to use at http://vocab.ox.ac.uk 

Controlled vocabularies and thesauri being used assist with research categorisation, search and retrieval. They include the LCSH (Library of Congress Subject Headings) as linked data (LoC, 2009) and the HASSET (Humanities and Social Science Electronic Thesaurus) thesaurus (UKDA, 2009). This will support the work of strategists and disseminators.

Software is being created as part of the project that enables the easy construction of new vocabularies. This means that researchers with specialist expertise can create a vocabulary automatically applying the semantic web RDF structure, custom built for their research area which can then be used by others. This feature may be useful for strategists who want to label research entities in a way that is useful to them.

Every entity is assigned temporal data. This tags when data was valid and when it changed and thereby describes the provenance of that data. The temporal data being recorded currently comprises three descriptors: ‘validFrom,’ ‘validUntil’ and ‘validAt.’ This helps demonstrate the trustworthyness of the data. In addition, data changes over time, but the institution needs to be able to report on previous status such as a project that ended 10 years ago. 

Each term and entity is resolvable to a URI where it is defined to ensure the context and meaning of the term is clear. Entities and terms are given as linked data to encourage further linking and innovative re-use. Use of this model is not yet fully understood by strategists and disseminators who are familiar with standard databases. It is likely to be some time before this group accepts the benefits of this method of data publication. 

5 Benefits beyond Oxford

Although the BRII project work is based wholly at the University of Oxford, there are a number of developments and services that will be made available for the benefit of the sector. 

A set of software will be made freely available to enable others to create a vocabulary store similar to the Oxford vocab.ox.ac.uk store. The vocabularies held in this store are available for others to use under a Creative Commons licence. The software described above in Section 4 enabling easy creation of vocabularies will also be made freely available. The collection of new and adapted vocabularies stored at vocab.ox.ac.uk will be freely available for use. 

Oxford is collaborating with other groups involved in similar and related work which are likely to result in tools and other developments that benefit the sector. Sharing expertise and experiences is feeding into national developments as these groups participate in discussions about research information management as part of a series of meetings organised by JISC (JISC, 2009). The national focus of this work for research management information sharing is of interest to strategists and disseminators, particularly in connection with REF reporting.

6 Conclusions

The BRII project provides an innovative solution to a problem that affects users across the Collegiate University in addition to the benefits for the institutional repository. It has been fortunate in its timeliness both in terms of concurrency with technical system and research management developments at Oxford and research information management activities taking place at the national level. There have been a number of influential internal ‘champions’ who understand how the registry has the potential to support and improve the working practice of strategists and disseminators across the University and assist the publicity of its research for the benefit of the whole institution, as well as individual academic divisions and central units.

The critical success factors for the BRII registry (or probably more immediately, the Oxford Blue Pages) are ease of use, comprehensiveness, accuracy and keeping data up to date by way of regular data harvests from contributors. The project team needs to demonstrate the future likelihood of success in these areas in order to gain continuing support for development. The iterative mode of development and comprehensive user testing assisted user buy-in and the development of a user-friendly web interface. 

Use of the semantic web has been a vital factor in the development of the registry and its usefulness to strategists and disseminators. Each individual group has its own drivers and critical factors and it is this ability to reflect both individual preferences and the resulting complexity without trying to impose order that is decisive.
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