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Executive Summary
A primary objective of this research is to identify a framework for universal citation services for open access (OA) materials, an ideal structure for the collection and distribution of citation information and the main requirements of such services.

The work led to a recommended proposal that focuses on:

· OA contents in IRs rather than on wider OA sources.

· Capture and validation of well-structured reference metadata at the point of deposit in the IR.

· Presentation of this data to harvesting services for citation indexes.

The aim of the proposal is to increase the exposure of open access materials and their references to indexing services, and to motivate new services by reducing setup costs. A combination of distributed and automated tools, with some additional effort by authors, can be used to provide more accurate, more comprehensive (and potentially free) citation indices than currently exist.
The methods adopted in this research included desk research and the development of an initial proposal for an ideal citation indexing service for OA materials. Telephone (or email) interviews were conducted with 17 key experts and stakeholders. The proposal was then adapted and expanded and sent to the respondents for further feedback. A final proposal with the following recommendations was developed from all feedback received.

Recommendations
· Integrate reference parsing tools into IR software to allow the immediate autonomous extraction of reference data from papers uploaded by authors. 

· Automatically parse most reference formats deposited as free text, and present a properly parsed version back to the author interactively. Authors can then be invited to check the reformatted references and attempt to repair unlinked references. 

· Establish a standard means for IR software to interact with reference databases, e.g., through a published Web services interface, allowing IR administrators to choose between reference database providers (e.g., CrossRef, PubMed, CiteULike, etc.).

· Create or adapt reference database services to support remote reference linking, i.e., using the partial data obtained from autonomous reference parsing to query, expand and link those references to the canonical reference. 

· Develop a standards-based approach to the storage and communication of reference data, e.g., using OpenURL ContextObjects in OAI-PMH.

The benefits to stakeholders include:
Authors
· Greater visibility and possibly greater impact

· More accurate, more comprehensive and, possibly, cheaper indices.

· Conversion of structured data at the IR to journal-specific formats.

· Non-OA material, e.g., references from books, could be indexed.

Institutions
· Providing well-formatted and linked references improves presentation and trust in an IR and its contents.

· Improves the visibility of its collection in third-party citation services.

· Could help measure usage of institutionally-provided resources by its authors (e.g., which journals have been cited).

Citation Services
· Devolving most of the responsibility for reference linking to the point at which the citations are created will allow the system as a whole to scale over all disciplines. 

· Reducing the cost of producing the index will enable services to focus on value added features, such as the potential uses for the network of links created by references.

One of the main concerns among stakeholder was the amount of work that may be required by authors depositing papers in IRs, such as checking parsed references and correcting errors identified in references, which could result from adopting these recommendations. A quick and simple approach to author input was requested that would not become a barrier to the wider adoption of OA and the provision of substantially more OA content. Stakeholders raised the possibility of developing and implementing a more automated system, taking the workload from the authors. Consensus was that authors would not be willing to expend more time on deposit than they currently do.

Ultimately the provision of high quality citation indexing services depends on the quality of input references, and this cannot be solved by automation alone. Further investigation is needed to build and test appropriate services based on the recommendations and to evaluate an appropriate balance between author effort and automated assistance to satisfy the integrity of citation services and the requirements of users. Thus the proposal needs to be tested in terms of technical implementation and usability as well as acceptability by authors before it is included in a production version of any IR software.
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1.      Introduction

The study is an examination of the information on citations to and in open access (OA) materials. Our terms of Reference were:
· To examine the present sources for citation information on open access content.

· To consider an ideal structure for the nature of citation information on open access content and the means of its collection and distribution.

· To write a report making recommendations to JISC for consideration in a national and international context.

Academic authors have a choice of how they publish and provide access to their research. Traditionally, academic authors have communicated their research through peer reviewed scholarly journals, which have become increasingly managed and controlled by publishers as a commercial enterprise. The vast majority of these publishers charge for, and therefore limit, access to journals. However, the number of authors choosing to make their research freely available through an open access route is increasing: 

“Scholarly articles can be made freely available to potential readers in one of two main ways – by being published in an open access journal or by being deposited in an electronic repository which is searchable from remote locations without restrictions on access” (Swan & Brown, 2004b).

Electronic repositories are used to provide open access to author produced and self-archived versions of peer reviewed papers published in subscription-based journals. Such repositories can be managed on a subject basis, such as the major physics arXiv, or by institution. With improved searchablity of distributed repositories, based on the Open Archives Initiative, recently there have been many more launches of institutional repositories than subject based varieties. Despite the appearance of some strong open access journals and publishers, publishing models are expected to be slower to adapt, and IRs, which supplement the traditional journal model, are where the strongest growth in open access is expected.
Open access means making the full text of an article available online to all users free of charge, immediately and permanently. This allows, potentially, a greater number of people to access materials compared with subscription-based journals only and in turn helps to solve the research access/impact problem - where restricted access results in the loss of potential research impact (see Harnad et al, 2004a).

Research impact refers to the use and application of an article by others. One such method for measuring research impact is to count the number of times other authors cite a work. Citation counts are often used, e.g.,, to determine the reputation of an author, the impact of a discipline or that of an institutional department. This puts pressure on authors to maximise the impact of their work (Meadows, 1997).

A number of recent studies demonstrate that open access increases impact (Hitchcock 2005), that is, authors who make their peer reviewed papers open access are cited more than those whose full-texts are available only on a subscription-basis from the same refereed venue. It is expected that the growth and use of OA will increase as awareness spreads among authors that OA increases visibility, resulting in more citations and therefore leading to greater impact. 

OA to peer reviewed research papers holds the promise of providing a rich source of data, not just for users but for services that measure the impact of research. There is therefore a need to examine the means by which we can develop measures of impact of OA articles to assist multiple needs. Machine interfaces to larger collections of OA papers offer the prospect of more powerful and flexible, and potentially free, impact measuring services. 

An ideal citation information service for open access materials has three principal features. These are:

· Access to the indexed data (i.e.,, to open access material)

· Autonomous indexing of source material (using OAI-PMH) 

· Well-structured citation metadata (e.g., OpenURL)

This points to three streams of analysis which will be discussed in the literature review (section 3) - open access, citation indexing and citation metadata. These were used to construct, test, evaluate and consolidate the target proposal. 
This report describes the research methods adopted for the project, the results of expert feedback on the citation indexing proposal, along with recommended actions to implement the proposal. 

2.
Methods

The objectives of the study were addressed through background desk research, development of an initial proposal, interviews with key stakeholders, adapting the model according to stakeholder feedback and recommendation of a revised proposal for providing citation information on open access papers. 

2.1
Desk Research

The desk research covered the following broad topics:

· Open Access

· Sources of Open Access Material

· Citation Indexing

· Citation Metadata

Based on the findings of the desk research, the initial proposal for an ideal Open Access Citation Index Service was developed (see Appendix B). 

2.2
Interviews

18 respondents were identified by the project team for interview, based on their experience with and knowledge of open access, citation studies and metadata. The respondents included representatives of the following stakeholder groups (for a list of interviewees see Appendix A):

· Funding bodies 

· The UK Research Assessment Exercise 

· Producers of Citation/Reference Management Services

· Experts in OA, citation studies and citation metadata

· Librarians

· Authors 

A list of interview questions were developed and sent with the initial proposal via email to respondents who had agreed to participate. 

As respondents were based in the UK, USA and Australia, and due to the time constraints of the project, it was decided they would be interviewed by telephone. Respondents were offered the choice of emailing their responses.

2.3
Developing the proposal
The  proposal was adapted according to feedback from the interviews and sent out again, via email, to the original respondents for any further feedback. The final proposal and recommendations were developed from the feedback received. 

3.       Literature Review

3.1
Open Access

Open access (OA) refers to permanent, online access to the full-texts of papers, free for all users.
“Open access is a recognition that all published, refereed scholarly papers could and should be freely accessible in some form to everyone online without compromising the quality and integrity of the literature. That is the goal” (Hitchcock, OpCit Bibliography, 2005).

OA has two essential properties: such materials are freely available (though may not be free to produce) and the copyright holder consents to unrestricted reading, downloading, copying, sharing, storing, printing, searching, linking, and crawling. (Suber, 2003). 

This study focuses on full-text preprint or postprint articles (i.e., pre- or post- peer review) available toll-free, to all, on the Web, that could be indexed by an OA citation information service. It must be noted that practices in providing access to and using research output at different stages of development varies between fields. For example, biomedical and chemistry disciplines typically work with peer-reviewed results; computer scientists often use less formal technical reports and conference proceedings; physics has a strong pre-print culture. Humanities disciplines are more likely than the sciences to produce formal monographs, and these are less likely to be the target of open access, although their references can be indexed just as with articles.
Although institutions have never been able to afford access to all the refereed literature, the ability of institutions today to make the literature available is declining further. Harnad and Hemus (1997) argued the existence of the ‘Faustian bargain’, referring to the accord between author and journal publisher that was necessary when only print distribution was possible and which favoured the publishers whose profits are made by restricting access to those who pay for content. The solution would be for all the refereed literature to be made freely available online, making it accessible to all those with access to reliable information communications technology (Harnad, 2000), (Van de Sompel et al, 2004). 

Open access, or free online access as it was known, first became visible on a large scale through the physics archive, ArXiv, originally produced at the Los Alamos National Laboratory in the USA in 1991 and now hosted at Cornell University. The emergence of the Web as a popular communications medium in the early 1990s led more authors to post copies of published papers freely on personal Web sites, a development characterised and advocated in Harnad’s (1994) ‘subversive proposal’. 
In 1999 the Open Archives Initiative (OAI) emerged to bring some organisation to these disparate sites. The OAI, significantly, produced a protocol for harvesting data from distributed, but organised, sites based on agreed metadata standards. This laid the foundations to extend the establishd arXiv author self-archiving model to institutional repositories. ArXiv was copied by some other disciplines but had never scaled to the necessary volumes of content other than in the distributed archives of  economics working papers indexed by RePEc. Architecturally, then, OAI owed more to RePEc than arXiv.
OAI was designed to apply to all types of materials that might be found in a digital library, and applied to the records of these materials rather than the actual contents, Ironically, in its shift from a content to a technical focus, although seminal, OAI had lost sight of the original target, free online access to refereed journal. 

That focus was revived and formalised as ‘open access’ by the Budapest Open Access Initiative (BOAI 2002). BOAI identified two routes to OA: posting the article in an institutional or subject-based repository/archive and continuing to submit it to a toll-access journal, or the submission of an article to an OA journal (Harnad 2004b).

Although free-to-read journals began to proliferate as the Web emerged, these were often individual journals produced on an ad-hoc basis. BOAI gave rise to dedicated OA journal publishers, notably BioMed Central and Public Library of Science, with new business models aimed at sustaining the journals. Typically, but not exclusively, these models switched cost recovery to producer, rather than reader, pays.
Sources of Open Access Material

· Institutional and Subject-based Repositories/Archives

Open access archives/repositories may take one of two forms: institutionally-based, which will be referred to throughout the report as institutional repositories (IRs), or subject-specific archives, referred to as subject-based repositories. 
The first repositories were set up in research centres and were subject based, e.g., the physics ArXiv. However, many institutions are now establishing their own repositories (James et al, 2003). Institutional repositories are digital archives of material created by an institution’s faculty. The primary functions of an institutional repository are to provide open access to the peer-reviewed research outputs of its authors, thereby increasing the impact of this work, and consequently increasing the visibility of the institution and therefore its prestige . 

A number of authors have argued that scientists and researchers publish not for financial gain but for impact. Studies have begun to emerge reporting evidence that material made available though OA routes increases impact considerably (Harnad et al, 2001), (Harnad et al, 2004).

OA repositories do not perform peer-review and can include un-refereed pre-prints  (articles posted before they are submitted to a journal), refereed post-prints (articles that are posted to IRs following peer review by a journal), or both (Suber, 2003).
The Institution Archives Registry, produced at Southampton University, at the end of July 2005 identified over 450 OA Archives worldwide (Institutional Archives Registry, n.d.). The Registry covers archives that are OAI-compliant (interoperable and therefore harvestable using the OAI harvesting protocol). 

The Registry tracks the growth in the number of OA Archives across time as well as the growth in their contents (the number of records across time in each archive), providing growth charts for each Archive, as well as across Archives (see Figure 1). 

“[The Registry provides] data on the total number of records in each individual Archive, the total number of records across all Archives (and Archives in each category) and the average number of records per Archive and Archive category” (Harnad, 2005).


Listed below are the number of Archives by type, correct as of June 2005:

· Distributed Institutional/Departmental Pre-/Postprint Archives (212)

· Central Cross-Research Archives (55)

· Dissertation Archives (e-theses) (54)

· Database Archives (e.g.,, research data) (8)

· E-journal/e-publishing Archives (39)

· Demonstration Archives (not yet operational) (24)

· "Other" Archives (non-OA content of various kinds) (42) (Harnad, 2005).


Examples of institutional repository projects include the University of California Escholarship Repository, which expanded to support journals and books publishing as well as author self-archiving (Escholarship, 2005). On a national scale, the DARE project in the Netherlands created a framework for building an IR at every university.

In the UK the SHERPA (Securing a Hybrid Environment for Research Preservation and Access) project motivated the introduction of IRs at a number of affiliated institutions. The SHERPA Website provides a list of its existing IR projects (SHERPA, n.d.). SHERPA was part of the JISC- funded FAIR programme (Awre, 2004). Through SHERPA and other projects FAIR gave impetus to a significant growth in IRs in the UK, but the projects found it difficult to motivate authors to deposit content 
Underscoring that building repositories is not a barrier to the growth of IRs, there is a variety of both open source and commercial software platforms for setting up and implementing IRs (Ware, 2004). The two leading software packages in terms of usage are DSpace and Eprints. Both are free, open source software and are OAI-PMH compliant (Steele, 2003), (Harnad, 2004d). Others include CDSware (CERN Document Server Software). bepress (Berkeley Electronic Press IR Software) is commercial software supporting IRs, among other activities,. To help organisations and institutions select appropriate software for OA archives/repositories, the Open Society Institute (funded by the Soros Foundation) launched a guide to IR software (Open Society Institute, 2004). 

The biggest obstacle to the success of institutional and subject-based repositories seems to be adoption by faculty. The main reason for this problem seems to be that depositing papers takes too much time (Mackie, 2004), (Carver, 2003). This is despite the fact that it has been argued that it only takes a few minutes (Suber, 2005a) and a few keystrokes (Carr and Harnad 2005).

The two largest and fastest-growing institutional archives in terms of annual growth in full-text OA content are the CERN Archive (CERN Document Server, 2005) and the Southampton ECS Archive (ECS EPrints Service, 2005). These two archives are based on mandatory self-archiving policies for authors of journal papers. Harnad reported that both institutions are self-archiving over 90% of their research output (Harnad, 2005). These examples show the rapid growth that occurs when self-archiving is mandated.
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Figure 1: Growth of Institutional Archives (n.d.)
Subject-based repositories such as arXiv.org are digital repositories that collect material on a specific subject. Beginning as an e-print archive for high-energy physics, ArXiv.org has since expanded to include other cognate fields including physics and related disciplines, mathematics, nonlinear sciences, computer science and quantitative biology. ArXiv.org is a pre- and post-print repository containing full-text e-prints (325,000, as of August 2005) that have been self-archived by authors since 1991 (Harnad and Brody, 2004). 

Now hosted at Cornell University (Lamb, 2004), ArXiv.org is probably the best-known electronic archive and distribution server for preprints. Papers are submitted to the archive in electronic form, and made available to readers in advance of, as well as after, refereeing. This system currently enables users to submit and obtain information free of charge and is delivered directly to the desktop. ArXiv.org remains the primary means of communication for physicists, allowing rapid dissemination and access to material, with tens of thousands connecting every day (Butler, 1999). 

PubMed Central (PMC) is another subject-based repository. Operated by the U.S. National Library of Medicine (NLM), this digital archive of life science journal literature was launched in 2000,  providing free access to full text articles. It became OAI compliant in October 2003. In this case, all of the posted material is peer reviewed by journals before being placed in the archive by publishers (Kling at al, 2002).
A drawback of PMC is that is that materials only become freely accessible some time after journal publication. By not fulfilling the requirement of immediate access on publication, strictly PMC represents an example of back access rather than open access.

In 2004 the NIH, parent of the NLM, sought with congressional support to extend PMC by mandating authors to self-archive immediately upon publication their versions of papers produced as a result of funding by the NIH. Instead a compromise left PMC as a source in which authors are recommended, rather than mandated, to provide back access rather than open access. While the full effects of this move will take a few years to emerge, the early signs are that growth in the number of accessible papers will be slower than if the mandate had been imposed.
Currently, a group of medical research funding agencies led by the Wellcome Trust, along with the Joint Information Systems Committee (JISC), is planning to establish a UK version of PMC mandating back access to funded work, although on a shorter timescale, six months rather than the NIH’s recommended one year.

The Core Metalist of OA Eprint Archives in 2003 gave details of 34 subject-based repositories (Core Metalist of Open Access Eprint Archives, n.d.), and, while the majority of these are science-based, humanities repositories are also represented.

Most OA archives and repositories comply with the Open Archives Initiative – Protocol for Metadata Harvesting (OAI-PMH) (Open Archives Initiative, n.d.), which is essential to allow interoperability between archives and enables resource discovery:

“…this means that users can find a work in an OAI-compliant archive without knowing which archives exist, where they are located, or what they contain” (Suber, 2005a). 

The metadata of articles included in repositories must be searchable to allow search engines to locate and harvest the material (Oppenheim, 2005). The Open Archives Initiative has proved to be a valuable vehicle to promote OA. 

Search and visibility are services that build naturally for OA content, and it is vital for OA growth that a range of services emerge, although the viability of such services will in the first instance depend on achieving a critical mass of OA content in selected areas. Among services that index metadata broadly within OAI-compliant repositories, making effective focussed searches for academic and library materials, is OAIster. Elsevier has developed its scientific search engine Scirus, a free service, to combine data from publications with data from IRs for more comprehensive search, even if the results are not equally accessible. Scirus Repository Search adds by-repository search, providing an additional search capabilities for IRs:

“By optimizing its field capturing, Scirus allows users to search on all important bibliographical information such as author, title and keyword. As with all valuable sources, Scirus will brand the search results so that users can easily identify…. content in the results list” (Suber, 2005d). 
· The Web

Many academic authors increasingly post material on personal Web pages, thereby making the material available through general Web search engines. Services such as Google Scholar and CiteSeer are scholarly Web databases that search such material and are free to the end user. These services are discussed later.

· Open Access Journals

Open access journals maintain the traditional values of journals: notably peer review, but also editing and formatting, and marketing. What is different is that OA journals  are free to the end-user. Velterop gave three criteria for a journal to be open access: free accessibility to all articles, the depositing of all articles in an archive/repository, and a licence granted for the right to copy or disseminate (Velterop, 2003). 

Some journal publishers currently offer delayed free access, or back access, making issues of journals free after six months or a year. In fast moving topics, such material can be out of date when the majority gain access. OA journal publishers such as the non-profit  Public Library of Science (PLoS) or for-profit BioMed Central (BMC) allow immediate free access, or OA . 
The Directory of Open Access Journals (Directory of Open Access Journals, n.d.), maintained by Lund University Library, listed 1,636 OA journals with 74,851 articles as of June 2005, although journal figures have also been quoted at approximately 2,000 (Oppenheim, 2005). This compares with an estimated 24,000 non-OA peer reviewed journals publishing over 2.5M papers annually (Harnad 2005b). While the majority of OA journals currently seem to be in the science disciplines (e.g.,, Molecular Biology, Analytical Sciences), new humanities OA journals have also been established, e.g.,, Australian Humanities Review and  Early Modern Literary Studies (The Directory of Open Access Journals, 2004).

The strategy of PLoS has been to establish OA journals in competition with the top-ranking subscription-based journals in biology and medicine, namely PLoS Biology and PLoS Medicine. Charging author, or producer, fees to cover production costs, the journals retain rigorous peer review and high editorial and production standards and are made available in print as well as online, with authors retaining copyright (Aim, Scope and Instructions for Authors, in Journal of Biology, 2004). Just two years after the release of PLOS Biology, Thomson ISI gave it an impact factor of 13.9:

“The open-access journal PLoS Biology has been assessed by Thomson ISI to have an impact factor of 13.9*, which places PLoS Biology among the most highly cited journals in the life sciences. This is an outstanding statistic for a journal less than two years old, from a new publisher promoting a new business model that supports open access to the scientific and medical literature” (Public Library of Science, 2005).

Following the online release of PLoS Biology, the Web site received over 500,000 hits in the first 8 hours. High refereeing standards are reported to be the reason the journal publishes only 22 percent of papers submitted to it (Guterman, 2004). 

BioMed Central (BMC) is an independent online commercial publishing house providing open access to peer-reviewed biomedical research. BioMed Central offered more than 100 online open access research journals in 2004 and reported over 200,000 users. In January 2002, BioMed Central started charging authors $500 to publish accepted papers. Alternatively, institutions could also pay a membership fee (demonstrating a commitment to submit papers), whereby all members of the institution could publish papers with BMC for free for the duration of membership. To promote OA journal publishing JISC made an arrangement with BMC to cover all institutional memberships in the UK from July 2003, extending the deal to September 2005. With the charging of author fees and institutional and funder memberships, as well as Web site advertisement, running costs have been shifted to the individuals and institutions that use it for publishing (Willinsky, 2003). 
Although these journals charge author fees, only a minority of existing OA journals do so. In some cases costs are supported by funding bodies and associations (Suber, 2005a), (Oppenheim, 2005).

Many OA journals make their article metadata available in an OAI-compliant format, meaning that OAI service providers can harvest the metadata:

“In other words, e-prints in the form of open access journal content are available to all and the pointers to them are easily harvestable” (Swan et al, 2004).

While there has been growth in the number of OA journals and articles, numbers of articles are still relatively low compared to those published in established subscription journals.

Growth of and Support for Open Access

· Academic Authors

OA sources and the use of these sources will grow based on the motivation of authors to take advantage of them. As the producers of articles, authors have a key role to play in OA. Steele noted an almost schizophrenic nature amongst academics; wanting published works to be accredited but complaining about high costs, and preferring free access but not utilising it (Steele, 2003). This view was confirmed by a study conducted in 2003 with academic authors in the faculties of economics and law at Brescia University in Italy. The study sought to determine knowledge and use of OA archives in the named disciplines, and to identify the conditions given by the authors for their participation in an Institutional OA initiative (Pelizzari, 2003).

With a response rate of 58 percent (62 authors), Pelizzari reported that while 44 percent of authors knew about the existence of OA initiatives and archives, only 4 percent had used them to deposit their material. In comparison, the 33 percent who claimed to have used free material on the Web had found the material by using an OA disciplinary archive. 

A study also conducted in 2003 at the University of Edinburgh focused on the nature and volume of research material posted and available online on university Web sites, and found that although the numbers self-archiving were low, academic authors were willing to post material once repositories were established. Results of the study also showed a distinct difference between academic disciplines in the percentage of scholars self-archiving their material on departmental and personal Web sites: 15 percent of scholars had self-archived in science and engineering, 3 percent in social science and humanities faculties, and 0.3 percent in medicine and veterinary medicine. It was also found that even within these disciplines there was wide distribution of values (Andrew, 2003). The study concluded that there was a direct correlation between the willingness to self-archive and the existence of subject-based repositories: 

“Most of the academic units that have a high percentage of self-archiving scholars already have well-established subject repositories set up in that area” (Andrew, 2003).

Gadd et al (2003a) found that considerably more authors used others’ freely available research papers than made papers available themselves, although another report by Gadd et al (2003b) with 542 responses from 57 countries, reported that those who have previously self-archived are more likely to have used self-archived materials than those who have never self-archived. However, a high proportion of those that had not self-archived (75 percent), were reaping the benefits of the self-archiving activities of others. The largest proportion of respondents (81 percent) had located freely available research papers through personal Web pages.

Sullenberger et al (2004) discussed one particular journal, Proceedings of the National Academy of Sciences of the United States of America (PNAS), which operates as a not for profit, break-even operation. Sullenberger et al reported a survey from 2003 which was conducted to determine the number of authors who would be willing to pay author fees in order to make their articles freely available online at the time of publication, and how much they would be willing to pay. With a 34 percent response rate (210 responses):

“Almost exactly half of the respondents were in favor of the open access option. It was a surprise at this early stage of the discussion that so many would be willing to pay extra for open access. However, the vast majority of these, almost 80%, were willing to pay a surcharge of only $500, about one-fourth of the amount that might be needed to cover journal operations without subscription income” (Sullenberger et al, 2004).

The study also reported a wide variety of views regarding OA and found that some authors stated they will continue to publish in PNAS only if an OA option is offered, whereas others would not publish in PNAS if OA was offered (Sullenberger et al, 2004).

Back in 2002, Swan and Brown reported that a large proportion of randomly selected authors were not familiar with the concept of OA (Swan and Brown, 2002). However, in 2004 their first seminal study concerning authors’ views on OA demonstrated that this had changed. The study aimed to: 

“…better understand such issues as authors’ awareness of open access publishing opportunities, the reasons why some authors have chosen this route while others have not, the concerns authors express about the concept of open access publishing, and the experiences of authors who have published work in open access journals to date” (Swan and Brown, 2004a).

154 responses were received from those who had published in OA vehicles and 157 from those who had not published via OA. While 62 percent of non-OA authors were familiar with OA journals, the level of awareness of e-print archives was considerably lower. 

When asked about their reasons for OA publishing, 92 percent of the OA authors stated the principle of free access for all readers was important, with 87 percent perceiving OA journals to have faster publication times than other types of journal, and 71 percent perceiving the readership to be larger than for subscription-based journals. 64 percent of those who had published OA material believed that OA articles will be more frequently cited and 56 percent of OA authors were also concerned about the cost of traditional journals to their institution. 

Those who had published using OA tended to have opposite views and opinions in relation to OA publishing than those authors that had not. Non-OA authors had a much greater level of concern that publishing in OA journals may limit the potential impact of their work, while those with experience believed that OA articles are more frequently cited. A main reason that authors were not publishing OA was that they were not aware of, or familiar with, the OA routes or journals in their field. In terms of e-print archives, authors expressed willingness to use e-print archives if they were available, though evidence shows that authors are not highly motivated to comply. The report concluded that: 
“There are some cultural and behavioral barriers to overcome, largely on the part of authors but also on the part of institutions, if open access is to flourish…. most importantly of all, authors are not familiar enough with the open access journals in their field to submit work to them” (Swan and Brown, 2004b).

Swan & Brown (2005) followed this with a second international, cross-disciplinary author survey. This survey had 1,296 respondents and reported that 81 percent of authors would willingly self-archive if required; 13 percent would comply reluctantly and only 5% say they will not comply (the highest willingness reported was in the USA with 88 per cent; the UK had 83 per cent; and the lowest was China at 58 per cent) (Swan and Brown, 2005).

Almost half (49 percent) of the study’s respondent population reported self-archiving at least one article during the last three years. The use of institutional repositories for self-archiving had doubled since the first survey (Swan and Brown, 2004b) and usage was reported as having increased by almost 60 percent for subject-based repositories. 

However, 31 percent of respondents were not yet aware of the possibilities of self-archiving (Swan and Brown, 2005).

While it is often reported that authors have frequently expressed reluctance to self-archive because of the perceived time required and possible technical difficulties involved, findings here report that only 20 percent of authors found some degree of difficulty with the first act of depositing an article in a repository, and that this dropped to 9 percent for subsequent deposits (Swan and Brown, 2005).

In another large author survey, Nicholas and Rowlands (2005) received feedback from over 4,000 international authors. They reported that OA was still a minority activity with only about one in ten authors reporting having published in OA journals. However, while nearly half (46 percent) said that they had not published in this format, they were aware of it. The study also found different levels of knowledge and views about OA which depended on the author’s geographical location and discipline. They also reported that authors with previous experience of publishing on the Web were more likely to have published via OA routes (Nicholas and Rowlands, 2005).  

It is clear to see that over time, author views toward OA have altered considerably. 

· Open Access and Impact

One important factor for all authors is the impact of their work. If authors can see an improvement in the impact of their work because of OA they will be more willing to use OA routes. Brody (2004) argued that:

“Increased access generates the increased impact”.

More specifically, on average, peer reviewed papers that are OA are cited more than those full-texts that are available only on a subscription-basis from the same refereed venue. This has been shown with reference to papers in OA archives, e.g., arXiv, compared with other papers that are not OA appearing in the same issues of journals as the published versions of the OA papers.

Lawrence (2001) was the first to publish data demonstrating this. He investigated the impact of free online availability by analysing citation rates in the field of computer science, comparing free online articles against articles that were not available online, and reported:

“… clear correlation between the number of times an article is cited and the probability that the article is online. More highly cited articles, and more recent articles, are significantly more likely to be online. The mean number of citations to offline articles is 2.74, and the mean number of citations to online articles is 7.03, an increase of 157 percent” (Lawrence, 2001).

Later works have extended this finding, showing that the impact advantage is not just for free online papers against offline, but applies to free online versus non-free online.

Antelman (2004) studied the impact of freely available articles in disciplines at different stages of OA adoption (philosophy, political science, electrical and electronic engineering and mathematics) as measured by citations in the ISI Web of Knowledge database. Results showed that, across all four disciplines, freely available articles do have a greater research impact:

“The data show a significant difference in the mean citation rates of open-access articles and those that are not freely available online in all four disciplines. The relative increase in citations for open-access articles ranged from a low of 45 percent in philosophy to 51 percent in electrical and electronic engineering, 86 percent in political science, and 91 percent in mathematics” (Antelmann, 2004).

Brody et al. (2004) revealed even larger effects than those reported by Lawrence, with OA/non-OA citation ratios of 2.5/5.8. 

Kurtz (2004) analysed journals in the field of astronomy and reported that the more restrictive access policies are, even in the case of subscription journals, the less likely they are to be read. In the field of astrophysics (a small field in which there is already effectively 100% OA through institutional licensing), the overall usage (downloads) of articles has doubled from levels before OA materials were available Kurtz (2004).
For OA journals the impact advantage is not yet widely demonstrated. Research by Thomson ISI using a selection of OA journals in the field of natural sciences found that OA and non-OA journals have similar citation impact factors (Pringle, 2004) and stated that there:

“…was no discernible difference in terms of citation impact or frequency with which the (open access) journal is cited” (The Impact of Open Access Journals: A Citation Study from Thomson ISI, 2004).

Given the small number of OA journals in comparison with non-OA journals, and the relatively short lifetime, just a few years at most, of those OA journals demonstrating highest impact, this result can be seen as positive for OA. It will take longer for the impact effect to appear for journals than for papers generally, because while new journal titles need time to acquire credibility, authors can publish in an established journal with high impact (may not be OA), and additionally provide OA themselves.

Rising impact factors have been reported by two dedicated OA publishers, PLoS and BMC: 
“Journals published by BioMed Central have again received impact factors that compare well with equivalent subscription titles, with five titles in the top 

five of their specialty. The high impact factors for these journals affirm that they are respected by researchers, and are fast becoming the place for authors to submit important research findings” (Baynes, 2005).
This increase in journal impact factors shows that BioMed Central's OA journals have joined the mainstream of science publishing, and compete with traditional journals on their own terms. 

Others have urged caution in the use of journal impact factors:

“The use of journal impact factors as surrogates for actual citation performance is to be avoided, if at all possible” (Garfield, 1998).

Garfield stressed that article citation counts need to be analysed rather than average citation counts of journals.

These studies have so far only covered a limited number of subjects. Harnad and Brody (2004) are testing the OA advantage across all disciplines using an ISI sample of 14 million articles from a ten-year period. The study is comparing citation counts of individual articles that have been made OA by the author, with non-OA articles from the same journals (Brody et al, n.d.). 
To promote the trend towards open access, authors require accessible online sites and repositories to deposit papers, and users need a means of discovering and evaluating those papers (Hitchcock et al, 2003b). These authors also argued that archives and repositories need a greater number of papers to be deposited, and this may require the support and implementation of institutional and national policies mandating the self-archiving of all funded research output in OA archives.

· Support from Funding Bodies and Government

A number of funding bodies such as The Wellcome Trust and Research Councils UK (RCUK) have adopted policies in favour of OA, following a report from the UK House of Commons Science and Technology Committee. 

The Wellcome Trust funds research in human and animal health and is the UK’s largest non-governmental source of funds for biomedical research. The trust awarded grants worth £1.2 billion over the years 2000-2003 (The Wellcome Trust, n.d.).

The Trust has published a statement declaring its support for open and unrestricted access to the published output of research as part of its mission, and supports the OA model. In particular, the Trust has stated it will meet the costs of publication charges when awarding grants. The Wellcome Trust has also stated that a copy of research publications funded by the Trust must be deposited with PubMed Central (Wellcome Trust position statement in support of Open Access publishing, n.d.). 

In December 2003, the UK House of Commons Science and Technology Committee launched an inquiry into the prices and accessibility of scientific journals, concluding that the current model of scientific publication was unsatisfactory and recommending that all UK higher education institutions establish online repositories (Scientific Publications: Free for al, 2004).

Recommendations included:

· The government should provide funds for all Higher Education Institutions (HEIs) to launch open access institutional repositories;

· All HEIs should establish institutional repositories (IRs) as an important first step toward more radical change;

· Authors of articles based on government funded research should deposit articles in their IRs, within a month of publication;

· The government should appoint a central body to oversee the launch of institutional repositories and work on preservation and to co–ordinate the implementation of a network of institutional repositories;
· The government should create funds to help authors pay the fees of OA journals for the experimentation of the model;

· Research Councils and other Government funding bodies mandate their funded researchers to deposit a copy of all of their articles in this way (Oppenheim, 2005). 
The UK Government did not accept the call to mandate researchers to deposit a copy of their published material in IRs, instead focussing on the global subscription levels of the publishing industry (Poynder, 2004). However, Research Councils UK (RCUK), which represents the eight UK research councils and through which half (£2.1 billion) of the UK’s public research funding is channelled, in May 2005 announced an OA policy covering all Research Council funded output. RCUK proposed to make it mandatory for research papers arising from Council-funded work to be deposited in openly available repositories at the earliest opportunity:


“A requirement for all grants awarded from 1 October 2005 that, subject to copyright and licensing arrangements, a copy of any resultant published journal articles or conference proceedings should be deposited in an appropriate e-print repository (either institutional or subject-based) wherever such a repository is available to the award-holder. Deposit should take place at the earliest opportunity, wherever possible at or around the time of publication. Research Councils will also encourage, but not formally oblige, award-holders to deposit articles arising from grants awarded before 1 October 2005. Councils will ensure that applicants for grants are allowed, subject to justification of cost-effectiveness, to include in the costing of their projects the predicted costs of any publication in author-pays journals” (RCUK, 2005).

It is likely the forthcoming research assessment exercise in the UK will accept submissions based on author CVs generated by IRs. ‘Guidance on Submissions’ for the 2008 RAE states that higher education institutions will be required to make some submissions electronically, and the method of submission may involve HEIs depositing items in an IR (RAE 2008, 2005).
In the USA, The National Institutes of Health (NIH), the world’s largest funding body of medical research, has also recently implemented a new policy to enhance access to the research it funds. The policy recommends each researcher receiving an NIH research grant and publishing the results of that research to deposit a copy in PubMed Central (National Institute of Health, 2005). The policy does not recommend immediate deposit, however, and allows for a six or twelve month embargo period.  

A number of countries are promoting OA nationally. The Finnish Ministry of Education has recommended OA through ‘The Open Access Scientific Publishing Committee’, which issued a call for all researchers in Finland to improve access, availability, visibility and usability to research. The report recommended to research funding agencies and organisations conducting research that OA repositories/archives be established for deposit of publications, that researchers be encouraged to deposit copies of articles, that funding agencies should pay author fees of OA journals and encourage the depositing of articles, that journal publishers should allow authors to archive post-prints in the OA repositories, and that libraries should support the distribution of metadata and full-texts of OA research (Suber, 2005a). 


Scotland has also issued a declaration in support of OA:

“We believe that the interests of Scotland – for the economic, social and cultural benefit of the population as a whole, and for the maintenance of the longstanding high reputation of research within Scottish universities and research institutions – will be best served by the rapid adoption of open access” (OATS, 2004).

The declaration stated support for both OA routes and has been signed by a number of institutions (OATS, 2004).

While support for OA from funding bodies and government is welcome, these bodies need to work with institutions to monitor and ensure the policies are implemented to sustain the resultant growth of OA through IRs.

· International and Institutional Support 

A growing number of international organisations and institutions are offering strong support for OA. 

First and most prominently, the Budapest Open Access Initiative (BOAI) was launched in February 2002 by the Open Society Institute with a statement of principle, strategy and commitment to making research articles in all fields publicly available on the Internet, recommending the two complementary strategies to achieve OA, 
· self-archiving (depositing electronic articles into electronic archives) 
· the launch of OA journals. 
The BOAI argued that these changes are within the reach of the scholar and change can therefore be initiated straight away (Budapest Open Access Initiative, n.d.). 

The BOAI has mobilised financial resources to help the transition to OA for new journals, has assisted existing journals in changing business models, and has published resources to support HEIs in self-archiving. 
Subsequently, influential OA policies prompted debate within disciplines and across regions, although often emphasising the role of OA publication in journals at the expense of OA in IRs. In June 2003 the Bethesda Statement in support of OA (Bethesda Statement on Open Access Publishing, 2003) drafted OA principles and recommendations for the biomedical research community. The Berlin Declaration, established in October 2003 (Berlin Declaration on Open Access to Knowledge in the Sciences and Humanities, 2003) was signed by Germany’s principal scientific and scholarly institutions. Alongside BOAI, these initiatives provided definitions of OA that have been central to the OA movement, but since the House of Commons report, NIH and RCUK policies have returned to a more balanced approach to the dual-routes to OA advocated by the BOAI. In similar vein, the Berlin Declaration has been supplemented with an agreed recommendation advising institutions on implementation and inviting institutions to register their commitment to implementing the policy (Berlin 3 Open Access, 2005).
By August 2005 this Registry of Institutional OA Self-Archiving Policies listed 16 institutions that have adopted OA based on the Berlin declaration (Registry of Institutional OA Self-Archiving Policies, 2004), including the major French research organisations (CNRS, INRIA), universities in Germany, the USA and Portugal 
So far the University of Southampton is the only UK university with a self-archiving mandate, leading to a 90% self-archiving rate within its School of Electronics and Computer Science where the policy has been in force longest. Another signatory, CERN, the European Organization for Nuclear Research, has historically had a large proportion of self-archiving authors, while Queensland University of Technology in Australia was one of the first to introduce a policy on self-archiving.
A range of resolutions on OA passed by US senates, at the University of California and Cornell University, among others, are strong on identifying problems with journal prices and subscriptions, offering OA as the solution, but are less clear about implementation. Columbia University supports open access and encourages the university to advance new models that promote OA and encourage faculty to take action in support of OA (Suber, 2005c). 
The University of Kansas Senate went further by calling on all university faculties to self-archive:

“[seek amendments to publisher's copyright transfer forms to permit the]{1} deposit[ion of] a digital copy of every article accepted by a peer-reviewed journal into the ScholarWorks repository, or a similar open access venue... {and} to{2} invest in the infrastructure necessary to support new venues for peer-reviewed publication" (OA Self-Archiving Policy: University of Kansas, 2005).

· Support for OA from Publishers

The simplest, and most popular, way publishers can support OA is by allowing authors to self-archive their own copies of published papers, thus avoiding the need to adopt new publishing business models before they have been fully tested. 

The Romeo project (Self-Archiving Policy by Journal, n.d.) produced a list of publishers that allow self-archiving (allowing pre- and post-prints to be archived). A searchable database of publisher policies on self-archiving and copyright, first detailed by ROMEO, is now hosted by the SHERPA project (SHERPA, n.d.).

The database uses a traffic-light scheme to highlight publisher policies, a scheme introduced by Harnad. The term ‘green’ indicates publishers giving authors a ‘green light’ to self-archive, with ‘gold’ referring to OA journals (Harnad et al, 2004a). 
A complementary database of journal, rather than publisher, policies, based on the simplified colour scheme (Eprints.org Self-Archiving Policy By Journal), shows that 91 per cent (at August 2005) of the 8460 surveyed journals are ‘green’. Harnad argues that while the gold route may be ideal, the green option is faster and proving more successful: only about 5 percent of journals (c. 1000) are 'gold'. (Harnad et al, 2004a).
By adopting ‘green’ policies, a significant number of subscription-based journals – from publishers including Elsevier, Springer, and Sage - that had previously required case-by-case requests to permit archiving, now give blanket permission to all authors. Simply, this means that authors can publish in virtually any journal that will accept their work and still provide OA to the published version of the text through an OA archive (Suber, 2005a). 

A hybrid approach is enabling some publishers to experiment with OA and test the market for ‘gold’ OA journals. For example, Oxford University Press has launched Oxford Open, in which for a number of OUP journals authors can choose to publish their papers as OA:

“Authors of accepted articles who can arrange to pay a $2,800 processing fee will get immediate OA.  Authors who cannot will get TA (toll access).  If the author's institution subscribes to the journal, the fee is discounted to $1,500.  Further discounts are available in cases of economic hardship” (SPARC Open Access Newsletter, 2005).  

Springer has launched a similar scheme, Open Choice, like OUP claiming that over time subscription prices will decrease in proportion to author uptake of the OA option. However, only those authors who pay for the OA option will be allowed to deposit their articles in OA repositories immediately upon publication; authors who do not pay the charge will have to wait 12 months (SPARC Open Access Newsletter, 2005).  

As publishers and institutions continue to assist authors in providing  OA to their works, it is important to provide the means to measure the resulting growth in OA. Brody argued:

“OA is now firmly on the agenda for funding agencies, universities, libraries and
publishers. What is needed now is objective, quantitative evidence of the benefits 

of OA to research authors, their institutions, their funders and to research itself. Web-based analysis of usage and citation patterns is providing this evidence. (Brody, 2004).

3.2
Citation Indexing 

Bibliometrics
Bibliometrics is the application of quantitative methods to analyse and identify patterns in the usage of materials, or the historical development of a specific body of literature, in particular its authorship, publication, and use (Online Dictionary for Library and Information Science, 2005). Bibliometrics uses quantitative analysis and statistics for describing patterns of publication in a field or body of literature.

Bibliometric techniques are often adopted for the assessment of authors, departments and higher education institutions (Weingart, 2005). The ISI Web of Knowledge database (a multidisciplinary database of scientific literature containing citation data and allowing the compilation of citation counts and impact factors of journals, see Weingart, 2005) has been used for bibliometric assessment and evaluative purposes by many groups and organisations (further discussion of ISI Web of Knowledge appears later). The ISI databases offer many appropriate tools for bibliometric assessment and have been argued to:

“…provide a quick and easy yard stick for measuring research quality” (Adam, 2002).

In the UK, the current and accepted method of research evaluation is the Research Assessment Exercise. 

The Research Assessment Exercise and Quantitative Indicators
The Research Assessment Exercise (RAE), conducted in the UK every 5 or 6 years, assesses the quality of research in UK higher education, and informs the selective distribution of public funds for research by the UK higher education funding bodies (RAE 2008). The assessment today consists of academic peers conducting a review of work published by higher education departments over a period of time. The RAE also considers student numbers, research income received and the future of research programmes:

“University departments are then ranked and consequently funded by central government for their research activities, based upon the score they achieve” (Norris and Oppenheim, 2003).

Past RAEs have required submission of at least four research-related articles published in recognised peer-reviewed journals by each academic over a given period of time. 

Pedersen (1998) argued that the RAE has been one of the most influential reasons for the growth in academic publishing from UK academics in the last ten years, and Bence and Oppenheim argued that the RAE rating has become a major preoccupation for most UK university departments (Bence and Oppenheim, 2001). The RAE has been criticised for increasing the pressure to publish a certain amount, by a certain date, in a reputable (i.e.,, peer-reviewed) journal (Swain, 1999). 

Bence and Oppenheim (2004) argued that because funding is dependent on research output, RAE submissions are dependent on what journals are regarded as high quality, and:

“Because of this, RAE submissions can, at best, be no more than a snapshot of the state of UK research in any given discipline at any given time and, at worse, the RAE itself may be exercising an influence on those very patterns of submissions to and publication in academic journals” (Bence and Oppenheim, 2004).

Throughout its history, the RAE has faced much criticism and has altered assessment techniques. The RAE has been criticised as inconsistent, contradictory and allowing for personal bias (Weingart, 2005), and as costly and time consuming (Bence and Oppenheim, 2004), (Jaffe, 2003), (Harnad 2003). Bence and Oppenheim (2004) also pointed out that while quality is said to be the main factor of the assessment, the impact and prestige of individual journals are often taken into account. Seglen (1997) argued that journal impact factors should not be used in the evaluation of research.  

The use of bibliometric techniques and, in particular, citation studies in place of, or as a supplement to, the RAE, has been considered by many. In 1995, Oppenheim reported a strong correlation between citation counts and the 1992 RAE ratings for Library and Information Science departments in universities across Britain, and argued that a citation counting exercise could be used as a cheaper and simpler alternative to the existing RAE (Oppenheim, 1995). Further studies in the same and other disciplines (Seng and Willett, 1997), (Oppenheim, 1997), (Holmes and Oppenheim, 2001), (Ginsparg, 2003) found similar results or offered alternatives.
In the field of psychology Smith and Eysenck (2002) found that citation counts predict 80 percent of the outcome of the UK RAE. Thus citation counting and the RAE are achieving the same aim, they stated, claiming that citation counting is both more cost-effective and transparent (Smith and Eysenck, 2002). 
A more specific citation study (Norris and Oppenheim, 2003) looked at the submissions made by the 692 staff in the unit of archaeology for the 2001 RAE. All results showed high, statistically significant correlation between the RAE result and citation counts, with results significant at 0.01 percent. The authors recommended that:

“…correctly applied, it [citation counts] should be the initial tool of assessment for the RAE. Panel members would then exercise their judgement and skill to confirm final rankings” (Norris and Oppenheim, 2003).

The identified correlation between RAE results and citation counts has been found in a wide range of subject areas:

“Of itself, the correlation between citation counts and RAE scores is not particularly surprising. It is well established that high citation counts reflect the impact, and by implication the importance of a particular publication, or a group of publications. It is therefore hardly surprising to find that the RAE scores, which reflect peer group assessment of the quality of research, are correlated with citation counts, which reflect the same phenomenon. What is perhaps surprising is that the correlation applies in such a wide range of subject areas, including those where citations occur relatively rarely, and ranging from those with small publications outputs to those with high ones” (Holmes and Oppenheim 2001).

A critique of citation studies and the use of citation analysis for research assessment purposes was offered by Warner (2000). He stated that there is a lack of validating studies for citation analysis and recommended that the future value of citation analysis could be to inform, but not to determine, judgements of research quality. 

Later Warner (2003) acknowledged the correlations established between citation counts and RAE assessment scores, and discussed a number of benefits, recommending a combination of both qualitative and quantitative methods for future RAEs. However, he commented that the promise of reduced labour would not be seen due to the large task of editing data into an acceptable form for comparisons between entities for assessment. 

Even in 1973, Garfield stressed that the use of citation data in evaluating performance was valid only as a starting point in a qualitative appraisal and recommended its use with other tools (Garfield, 1973). Indeed, today the majority of authors arguing for the benefits of citation counting still do not recommend it as the only tool (Baird and Oppenheim, 1994), and argue that bibliometric techniques should be used alongside peer review to add value to traditional methods (Weingart, 2005, Van Raan, 2005, Kostoff, 1997, Warner, 2000). 
“…consideration of other factors and the careful scrutiny of marginal cases must complement the process. Nonetheless, we believe, despite the well-known suspicion by academics of citation-based measures, that there is a convincing case that citation analysis should form the first part of any future assessment of research quality” (Norris and Oppenheim, 2003).

“…metrics have a useful role to play in the evaluation of research. Each metric employed, whether bibliometric, economic, co-occurrence, or others, brings a new dimension of potential insight to the complex problem of research assessment. However, when used in a stand-alone mode, metrics can be easily misinterpreted and result in misleading conclusions. Metrics should be an integral part of a more comprehensive approach to research evaluation, in which the leading role is assumed by expert peer review” (Kostoff, 1997).

However, Garfield also stressed that citation analysis can still be used validly in large-scale appraisals (Garfield, 1973).

In a survey in 1991, academics did not support the use of citations in periodic assessment (Science and Engineering Policy Studies Unit, 1991). These views are changing. Faced with critiques of techniques and demands to make the process cheaper and fairer, the Higher Education Funding Council for England (HEFCE):

“...is considering using citation analysis as a significant part of the RAE” (Jaffe, 2003). 

The benefits of a new online system for the UK RAE  - the promise of saving time and money, making all research available freely on the Web, and the capability of continuous assessment - were outlined by Harnad et al (2003 and 2003b). It was proposed that all HEI staff active in research in the UK create and maintain an online CV including a link to the full-text of every refereed research paper in  the university’s online e-print archive. The aim of this system is to: 
“…give the UK Research Assessment Exercise (RAE) far richer, more sensitive and more predictive measures of research productivity and impact, for far less cost and effort (both to the RAE and to the universities preparing their RAE submissions),… increase the uptake and impact of UK research output, by increasing its visibility, accessibility and usage, and… set an example for the rest of the world that will almost certainly be emulated, in both respects: research assessment and research access” (Harnad et al 2003). 

Fundamental to the debate on research assessment is what can and should be assessed. In a comprehensive literature review the Australian National University discussed quantitative indicators for research assessment (Australian National University, 2005). 
This study is concerned with how OA material could affect research assessment, both in terms of enabling access to a broader range of material, as well as the potential for performing deeper and more interesting analyses using automated tools. Improved citation analysis and services can be of benefit and can aid the RAE in its efforts, as deemed appropriate. 
Citation Indexing

The term ‘citation’ refers to a paper being cited by another author. Typically an address, or ‘reference’, locating the cited item is given in the list of references or the bibliography in the citing paper (Garfield, n.d). A cited work is a paper that has been mentioned in another paper, while a citing work refers to other cited papers that it  references (Garfield, n.d). 

Citation indexing (Garfield, 1955) is the process of building an index of citations to cited items. A citation index is a database connecting citing articles to cited articles. While in a given paper its reference list points to earlier work as influences, only a citation index can provide a list of the later papers that cited the given paper.

Citation indexes are used for citation analysis (a bibliometric technique where works cited are examined to determine the impact of a paper or author). Citations can be used as a measure of the impact of an article within its particular field. If an article is widely read and cited, it is an indication that the article has influenced other researchers within the field (Brody et al., 2004).

“When a work is cited, it generally indicates that it is taken as being relevant to the citing author’s research. Citations allow scientists to gauge how much their research is used by other authors. Citations are thus, in a sense, also actually an indicator of productivity as well as impact” (Garfield, 1988).

Guedon argued that a problem with citation indexes is in specific disciplines they create ‘core’ journals ranked according to journal impact factor. Authors then feel limited to publishing in these ‘core’ journals (Guedon, 2001).

With the growth of online capabilities, citation indexes and analysis have become more sophisticated. More full-text content is now available online, providing connections between documents in the form of citations and hyperlinks (Borgman & Furner, 2002). With the rise in OA journals and repositories there is potential for a greater number of journals and articles to be included in online citation indexes. 
While ISI was once the only source of information providing citation data, online technologies have meant that new citation indexes, some automated, have been developed (a brief review of existing services appears below).

Journal Impact Factors

Journal Impact Factor (JIF) refers to the frequency with which a journal’s articles have been cited:

“It is calculated by dividing the number of all current citations of source items from a journal during the previous 2 yr by the number of articles published in that journal during those 2 yr” (Fassoulaki et al, 2000).

ISI JIFs informally guide many academics in selecting journals for publication. JIFs are also used by publishers for market research, by librarians for the management of journal collections, and also for academic evaluation by proxy by effectively assessing the prestige of a journal (Garfield, 1994). 

One advantage of using impact factors to assess journals is that it does not favour large journals over small ones, or those issued more frequently than others, or the age of the journal (Garfield, 1994). 
However, the JIF has been criticised as being an imprecise measure of quality and subject to disciplinary differences (Fassoulaki et al, 2000). Garfield argued that it is a useful measure only if the data are used sensibly and with other evaluation methods such as citation rates and peer review (Garfield, 1994). Seglen argued that the JIF is not statistically representative of individual articles (Seglen, 1994). 

Webometrics and Web link analysis
On the Web an authored link, or hyperlink, to another Web page can be considered a citation. This provides the basis for another means of measuring connections between online materials: Web link analysis, also called Webometrics. This technique is used to measure how often one electronic resource has been linked to by other electronic resources, and has been defined as the use of bibliometric techniques to study the relationship of different sites and pages on the Web (Kurtz et al, 2005). For further details on the method, see Thelwall’s major review of Webometrics (Thelwall et al, 2005). 
Webometric techniques cannot be relied upon as a measure to assess the impact of electronic resources, and methods are affected by the distributed, dynamical and diverse nature of the Web, as well as by the deficiencies of search engines (Bjorneborn and Ingwersen, 2001).

Web link analysis has had a major impact in Web search engines, notably Google, and will provide new metrics that can be applied to scholarly materials on the Web. This study, however, is concerned with article-to-article citations (i.e.,, citation links that may or may not have an associated URL) rather than with more general Web links, that is, a link without an article citation.
Web download impact 

The number of times an article is downloaded from a Web server can be instantly counted and recorded. Noting that research articles are increasingly accessed through the Web, Brody and Harnad (2004) proposed using this as a new metric - Web download impact:
“Whereas the significance of citation impact is well established, access of research literature via the Web provides a new metric for measuring the impact of articles – Web download impact. Download impact is useful for at least two reasons: (1) The portion of download variance that is correlated with citation counts provides an early-days estimate of probable citation impact that can begin to be tracked from the instant an article is made Open Access and that already attains its maximum predictive power after 6 months. (2) The portion of download variance that is uncorrelated with citation counts provides a second, partly independent estimate of the impact of an article, sensitive to another form of research usage that is not reflected in citations” (Brody, T. and S. Harnad, 2004).

This study is not concerned with downloads but we note it could form a useful measure of Web impact when used in conjunction with citation indexing.
Future of Open Access/Web Metrics

OA research materials thus have three properties that can be measured: citations, links and downloads. All three measures judge the popularity of an item against its peers - the inference being that these popularity metrics indicate impact within the community at large. The underlying premise for this is that better research will be read and cited or downloaded more than mediocre research. 
The Open Access Citation Index Working Group has the aim of ensuring citation coverage of all types of scholarly material, rather than the more selective approaches developed and employed by established citation indexing services. The group is also working towards the acceptance of improved metrics for assessment and evaluation, taking into account the need to develop metrics for OA material (Leiden Declaration). The work of this group may play an important future role.

Citation Indexing Services

Existing citation indexing services include both pay-to-use selective journal indexing, and free-to-use Web indexing. 

Selective journal indexing services
ISI Web of Knowledge, Elsevier’s Scopus and CrossRef are examples of selective journal citation indexing, and are provided on a commercial basis.
Web of Knowledge
ISI Web of Knowledge http://isiwebofknowledge.com/index.html
Launched in 1997, ISI Web of Knowledge is a multidisciplinary citation indexing service based on a number of ISI databases including: Science Citation Index (1900-present), Social Sciences Citation Index (1956-present), Arts & Humanities Citation Index (1975-present), Index Chemicus (1993-present), and Current Chemical Reactions (1986-present) (Burnstein, 2000).

The index covers 28 million records from 1975-2005, from more than 9,000 journals, including research journals in the arts, humanities, sciences and social sciences (including, at present, over 230 OA journals). The index provides cited reference searching (LaGuardia, 2005) and provides links to full-text electronic journal articles (ISI Web of Knowledge cited reference searching of 8,700 high impact research journals, n.d.). ISI estimates that of the 2000 new journals reviewed annually by the service, only 10% are selected for inclusion in the database (Belew, 2005).
Web of Knowledge uses and maintains strict rules of standardisation for data capture and uses a unique, algorithmically created cluster key to represent each individual document (Atkins, 1999).

“The references are then matched against the cited reference checking system, then they are unified and processed for entry into the database” (Szigeti, 2001).

Web of Knowledge allows navigation using cited references (locating research that influenced an author) and number of times cited (finds the impact an article has had on other papers), and records can be exported to bibliographic management programs. Results can be sorted by source title, first author or citedness. When sorted by citedness, the user can view the most-cited works.

The Web of Knowledge allows users to:

· conduct citation analysis, measuring the influence of a paper.

· track a topic of research.

· locate relevant articles missed through a topic or subject search.
· analyse the results of a search.

· set up citation alerts.

· view the number of shared references for each record.

· access all records retrieved by searches (ISI Web of Knowledge cited reference searching of 8,700 high impact research journals n.d.).
Jacsó (2004a) evaluated the ISI Web of Knowledge and stated that the indexing service is the most powerful system of cited references, linking millions of scholarly papers published up to 60 years ago (Jacsó, 2004a). 

Jacsó reported advantages of enhanced software which has made searching easy and instantly rewarding, the creation of a more understandable design, easier navigation and layout, with no need for familiarity of subject terminology of the databases (Jacsó, 2004a). 

However, Jacsó (2004a) and Burnstein (2000) also identified some disadvantages and made recommendations for changes: 

· Citedness score should be prominently displayed with the bibliographic citation in the result list, and should be a sortable data element. 

· The index needs to include the title of the cited articles or conference papers in an alternative result list format.

· Still too difficult for users to understand.

· Does not provide number of citations by author.

· Does not include conference proceedings as source material.

In conclusion, Jacsó stated:

“By combining the name of the primary authors, the abbreviated journals titles, the volume and starting page numbers (or some of their subsets), a program could identify the matching source records in the databases mentioned above. It could then extract the titles and add them to the cited references in a batch process without human intervention. Ambiguous matches could be flagged and held for additional checking. The large scale impressive experiments of autonomous citation indexing projects, such as CiteSeer, CiteBase and ParaCite, have clearly proven the viability of this approach” (Jacsó, 2004a).

Overall, ISI Web of Knowledge has been praised as one of the best citation indexes (Jacsó, 2004a). May (1997) stated that while it has many biases, it gives a wide coverage of most fields. As the oldest citation index, it is used by a large number of organisations and individuals. 

Scopus http://www.scopus.com/
Scopus is an online bibliographic abstract and indexing service developed and operated by the publishing group Reed Elsevier. Scopus was launched in November 2004 and covers 14,000 international journals from over 4,000 international STM publishers (including five years of back lists), and currently over 400 OA journals (LaGuardia, 2005). The main scope of the database is science and engineering but other disciplines are included.

Reed Elsevier claims that the Scopus database includes 167 million scientific Web pages dating back 40 years, although in a pre-launch review Jacsó reported approximately 27 million records (Jacsó, 2004e). Scopus searches the Web using the Elsevier Science Internet search engine (Scirus) and claims to include the largest collection of abstracts (Reed Elsevier, 2004).

Scopus is sold to both commercial and educational institutions by subscription (Pickering, 2004), (Pickering, 2005), which varies according to the size of the institution (Reed Elsevier, 2004). The Scopus Web site offers detailed information regarding the use and features of the database. The service is OpenURL-compliant. In this way full-text links (via a link resolver) are shown if the library of the institution has a subscription to access the article. (Reed Elsevier, 2005).

Scopus offers quick, basic and advanced search functionality and results can be viewed and ranked by date, relevance, author, source title and number of citations (cited-by’s) (Reed Elsevier, 2005). Following a search, the results list shows the bibliographic elements deemed most important (these consist of publication year, article title, author(s), source title and ‘citedness’ count) in a grid layout.
“There is another appealing feature in Scopus — the automatically (and instantly) generated summary matrix of the results. It shows the distribution of maximum 1,000 records in the results list by journal name, authors, publication year, document type and subject category” (Jacsó, 2004b).

One disadvantage is the lack of comprehensive search for date ranges (Jacsó, 2004b).

Jacsó noted that Scopus searches Elsevier’s own abstracting and indexing databases as well as PubMed and other publisher records (Jacsó, 2004b). While the database is predominantly English, it links to a number of articles in European languages. 
Scopus allows the user to browse the cited references, view citations of individual documents from other documents in the database, set up document citation alerts for new articles that cite a chosen document, and export citation counts for individual search results (Reed Elsevier, 2005). 

“Scopus retroactively adds the cited references to the records imported from its own set of abstracting/indexing databases and presumably extracts cited references from the well-structured digital archive of more than six million articles from the journals of Elsevier and its imprints, as well as from the digital records of its partner publishers” (Jacsó, 2004b).

Scopus includes and can search the title of the cited reference, includes all author names, the title of the document as well as the end page (allowing the user to view the length of the paper). Another feature is ‘Related Items’ which locates articles sharing cited references with a record that the user chooses from the results list (Jacsó, 2004b). Scopus has subfield-specific indexes for the cited author, cited year, cited source, and cited pages and handles truncation automatically (Jacsó, 2004b).

Scopus includes URL links to open access sources for both master records and cited references. Jacsó concluded:

“All in all, Scopus is impressive and offers another excellent tool for searching by cited references in a huge collection of scholarly sources” (Jacsó, 2004b). 

Scopus is a relatively new service and may therefore still be subject to further development. The service is comparable in many respects with the features and functionality of ISI Web of Knowledge. 

CrossRef  www.crossref.org
Launched in 2000, CrossRef is a collaborative reference linking service for electronic scholarly information. CrossRef is operated by the Publishers International Linking Association, Inc. (PILA), a not-for-profit, independent organisation, established by a number of leading scholarly publishers. The aim of CrossRef is to provide a citation-linking backbone for online publications. The service does not host full-text information, nor does it present linking services directly to users, but it allows participating publishers to share article metadata and add reference linking capability to their online services:

“The end result is an efficient, scalable linking system through which a researcher can click on a reference citation in a journal and access the cited article” (Crossref, n.d.). 

CrossRef was established with the mission of improving access to STM material but has expanded to cover all disciplines.
“…the network has registered 10.3 million content items, representing more than 9,200 journals, in addition to several thousand books and conference proceedings” (Misek, 2004).

Over 1,000 publishers, societies, libraries, affiliates, agents, and journal-hosting platforms participate in CrossRef and are charged annual fees that are dependent on gross publishing revenue. 
CrossRef uses Digital Object Identifiers (DOIs) as persistent identifiers. DOI is based on an open standard and identifies electronic content and its location through managed directories. CrossRef is an authorised agent that can allocate and register DOIs and operates the infrastructure to allow the declaration and maintenance of content metadata (Misek, 2004). DOIs can be used in and by many systems (OpenURL and CrossRef, n.d.).

Within CrossRef each publisher creates a DOI for each of its articles, which are submitted with full bibliographic data, abstract and citations. The DOI subsequently links to the article’s metadata (Scitation, n.d. not cited previously). 

“To resolve a DOI, the DOI link is sent to the Handle System resolver operated on behalf of the International DOI Foundation. That resolver (actually, multiple servers located throughout the world) redirects the DOI to its associated URL (Scitation, n.d.).
Crossref allows the end-user to access cited articles by clicking on a reference link in an article displayed in a publisher’s service, if access to the cited article is permitted by the user’s local service.

Crossref uses OpenURL, which recognises users with access to local resolvers. When following a DOI link metadata is retrieved from the CrossRef database to create an OpenURL that is sent to the local link resolver. Selected articles might be available from various sources within a library service, and OpenURL directs the user to the most appropriate resources within a library-supported, paid-for service providing access to the selected article (OpenURL and CrossRef, n.d.).

Advantages of CrossRef include:

· Reference links to content from over a thousand publishers.

· Persistent identification of scholarly material with centralized management of links to cited resources.

· No end-user charges.

· Utilises OpenURL and integrates with institutional link servers so that library users with access privileges can follow links to appropriate resources.
Disadvantages of Crossref include:

· Links only to material of participating publishers.

CrossRef provided a reference linking-only service until 2004 when it announced its Forward Linking service, effectively adding a citation indexing capability:
“In addition to using CrossRef to create outbound links from their references, CrossRef member publishers can now retrieve “cited-by” links -- links to other articles that cite their content. This new service is being offered as an optional tool to allow CrossRef members to display cited-by links in the primary content that they publish.” (CrossRef and Atypon 2004)
Recently CrossRef teamed with Google Scholar in a pilot project called Crossref Search. The project included CrossRef sharing metadata and citation links for articles from a select number of publishers to enhance Google Scholar by providing authoritative, peer-reviewed literature from a known set of sources, rather than relying solely on the Google Web index:

“Google will also be using the digital object identifiers as primary means to link to an article. Also, starting April 2005 results from CrossRef will be delivered from Google Scholar rather than results that were in the Google index” (CrossRef Search with Google Scholar, 2005). 

Web Indexing Services

Web indexing services include Google Scholar, CiteSeer, Citebase Search and ISI Web Citation Index. All, apart from ISI, are free-to-use.
Google Scholar http://scholar.google.com/
Google Scholar, the beta version of which was launched in November 2004, offers a search engine that indexes and searches scholarly literature across an array of sources and disciplines, including academic publishers and OA materials from Irs, preprint repositories and the Web.

The service includes peer-reviewed papers, theses, books, preprints, abstracts and technical reports, and claims to include all broad areas of research (Google Scholar, 2004). However, reviews of Google Scholar showed that coverage was stronger in science and technology than in the humanities (Google Scholar FAQ, 2005), (Quint, 2004a), (Myhill, 2005), with Jacsó reporting significant gaps in the coverage of disciplines as well as materials (Jacsó, 2004c). 

“I also know that millions of citations from scholarly journals and books are not counted, let alone listed, such as the ones from most of the 1,700 Elsevier publications that are not covered at all by Google Scholar, let alone analyzed for citations…(The service found) many redundant and irrelevant pages and ignored a few million full-text scholarly papers and/or their citation/abstract records” (Jacsó, 2004c).

Google Scholar searches academic publishers (those named include ACM, IEEE, PubMed, and OCLC, see Tenopir, 2005). A common complaint, however, is a lack of:

“…specific information about the publisher archives or the (p)reprint servers covered, (n)or about the type of documents processed (such as major articles versus all the content, including reviews, letter to the editors) or the time span covered” (Jacsó, 2004c).
Other reviews of Google Scholar found further problems, one of the biggest being access to articles listed following a search (Hamaker and Spry, 2005). Many of the articles returned were available only to journal subscribers, with Google Scholar searching subscription-based publishers and providing links to articles with a charge for access to the article, or providing access only to those that have subscriptions or belong to institutions with subscriptions (Payne, 2004). 
Google Scholar has since begun working with various service providers and content aggregators to offer OpenURL links to overcome this difficulty. For example, Google Scholar will display OpenURL links to SFX link servers from Ex Libris, enabling institutions with an SFX link server to have their electronic library holdings displayed in Google Scholar search results, indicating when full text is available (SFX links up with Google Scholar, 2005).
As well as linking its results to other services, e.g., via OpenURL, Google Scholar is beginning to be integrated within other services pointing at it. From May 2005, BioMed Central started adding links to Google Scholar from BMC articles that are more than a month old. These links run Google Scholar searches for articles linking to the BMC article (Suber, 2005b).
Other cited drawbacks of Google Scholar include no consistent, controlled vocabulary; no ability to search fields such as ISBN; no facility to sort by publisher, author, or dates (Tenopir, 2005), the search process is not intuitive, the beta version does not yet include OAI harvested materials, and information on the service for the user is limited. 

Jacsó reported, after conducting searches on Google Scholar, that often open access, full-text scholarly articles were ignored:

“Google Scholar needs much refinement in collecting, filtering, processing and presenting this valuable data” (Jacsó, 2004c).

This is confirmed by other authors (Quint, 2004a), (Sullivan, 2004), (Hamaker and Spry, 2005).
As well as Web search for selected items, Google Scholar provides a citation indexing service. Google Scholar displays search results by rank using a combination of page rank (i.e.,, based on Web links) and conventional citation counting:
“Google Scholar also automatically analyzes and extracts citations and presents them as separate results, even if the documents they refer to are not online”. (Google Scholar, 2004)

The citation tool identifies citing items extracted from reference footnotes of other documents, bibliographies, and curriculum vitae and makes these available via a link from articles listed in search results (Jacsó, 2004c). Clicking on this link displays a list of documents and articles that have cited the original document. The number of citations is factored into the ranking algorithm, and therefore highly cited items appear high in the list of search results (Tenopir, 2005).

Google Scholar displays the number of citations to the resource in a similar way to the "cited by" search feature within Thomson ISI's Web of Knowledge (Banks, 2005). However, a number of studies of Google Scholar have identified problems with this tool:

· Citation frequency only measures articles and citations that are indexed within the Google Scholar database, this being a much smaller subset of scholarly articles (Google Scholar FAQ, 2005), (Quint, 2004a).

· Google Scholar may not index the citations in its database, and therefore they do not have clickable links (Google Scholar FAQ, 2005).

· It is not clear how the citation ranks given by Google relate to those on more established services (Payne, 2004).

· Citation scores displayed are often inflated and inaccurate (Jacsó, 2004c).

· Google Scholar does not eliminate duplicate citations (Jacsó, 2004c).

Wentz (2004) compared the Google Scholar ‘cited by’ facility to the Web of Knowledge ‘citation frequency’ facility:

“Google Scholar’s ability to identify citations is at best dodgy, but more likely misleading and based on very spurious use of algorithms establishing similarity and relationships between references…Found references on (Google Scholar) that give higher citation figures than ISI citation indices” (Wentz, 2004). 

Wentz also found, however, that Google Scholar sometimes finds 'cites’ that Web of Knowledge misses (e.g.,, conference papers, Websites, journals not indexed on Web of Knowledge (i.e.,, non peer-reviewed)). He commented that:

“(Google Scholar) is particularly unreliable for authors with many publications, published perhaps in the same journal and the same issue (e.g., editorial and review article), (Google Scholar) may do slightly better for authors with only one or two publications in different journals” (Wentz, 2004).

Wentz concluded by recommending that Google Scholar should withdraw the 'cited by' feature from its Beta version and “probably not offer it in the final version” (Wentz, 2004).

While Google Scholar has faced much criticism, it is a new service, still under development, and is therefore difficult to compare with other established services. Jacsó commented that the citation scores have potential for choosing the most promising articles and books on a subject. Others have offered recommendations to improve the service: 

· cover a wider range of resources.

· sort by availability (Payne, 2004).

· consolidation of cited references through the DOI registry (Jacsó, 2004c).

· adopt tools to handle citing and cited references and scores from OA services and repositories (like e.g.,, Citebase and Citeseer) (Jacsó, 2004c).

· make use of materials in IRs and integrate tools for searching all repositories (Myhill, 2005).

·  “better search syntax will aid precision and recall of the search and is used by many academic information systems” (Myhill, 2005).

Google Scholar is a work in progress that has had an immediate impact and has already gained widespread acceptance and use (Myhill, 2005) principally due to its association with the parent Google company. Despite its identified shortcomings, all Web citation services are working in the shadow of Google Scholar.
CiteSeer http://citeseer.ist.psu.edu/
CiteSeer was created by a number of academics using autonomous citation indexing in the creation of a digital library to search for and locate articles, extract citations, identify citations to the same article and identify the context of citations in the text of articles (Lawrence et al., 1999).

Now called ResearchIndex, Citeseer was developed in 1998. CiteSeer is an autonomous citation indexing system, a Web-based information agent which links to citing and cited publications. CiteSeer incorporates citation context, full-text indexing, related document identification, query sensitive summaries, awareness and tracking, and citation graph analysis.

CiteSeer operates by using Web search engines for crawling to find articles and heuristics to locate papers. For example, CiteSeer searches for pages that contain the words ‘publications’, ‘papers’, and ‘postscript’, downloads the Postscript or PDF files, and converts them into text using PreScript from the New Zealand Digital Library project (Lawrence et al, 1999). CiteSeer detects and skips duplicates and uses document parsing to convert the postscript files to text. The system then extracts the necessary information  (e.g.,, URL, header, abstract, citations, citation context) and the full text for inclusion in the database (Mathew, 2004), (Giles et al, 1998). 

CiteSeer can extract individual citations from located articles using citation identifiers, vertical spacing or indentation. Each citation is ‘parsed’ using heuristics to extract metadata:

“By using regular expressions, CiteSeer can handle variations in the citation identifier, such as when a citation lists all authors or only the first author” (Lawrence et al, 1999).

However, maintaining heuristic parsers is expensive and error-prone, as they have to be adapted to cope with a very wide range of possible citation formats, and operate successfully across all disciplines.

The CiteSeer database can be searched using full Boolean search with phrase and proximity support, and by citation-based links or key words, and papers can be ranked by number of citations. Results of a search show the exact form of each citation, a link and URL to the citing document, and the context of the citation in the citing document. 

“CiteSeer's window displays the number of citations to each article in the left-hand column. The "hosts" column indicates the number of unique hosts (Web servers) from which the articles containing the citations originated. The "self" column indicates the citations to the given paper that CiteSeer predicts are self-citations” (Lawrence et al., 1999).

CiteSeer also generates a graph showing the number of citations against the year of publication for each cited article and does not include self-citations. 

The benefits of an autonomous system are that it:

“…automates the tedious, repetitive, and slow process of finding and retrieving Web based publications…guides the user towards interesting papers by making them searchable…helps the user by suggesting other related papers using similarity measures derived from semantic features of the retrieved documents...no work from authors is required beyond placement of their work on the Web” (Bollacker et al., 1998).

Autonomous citation indexing can assist in the evaluation of individual articles accurately and quickly. The aim of CiteSeer is to complement existing commercial indexes and is available at no cost for non-commercial use.
Advantages of CiteSeer include: 

· Completely autonomous, does not require manual labour.

·  Not limited to pre-selected journals or publication delays. 

· Searches are based on the context of citations.

· As well as journal articles CiteSeer includes pre-prints, conference proceedings and technical reports.

· User feedback provided on each article (Mathews, 2004). 

· Can receive email notification of new citations to papers of interest (Lawrence et al, 1999).

The disadvantages of CiteSeer are that it does not cover journals that are not available online and the system cannot always distinguish sub-fields (e.g.,, authors with the same name) (Mathews, 2004). 

Citebase Search  http://citebase.eprints.org
Developed at the University of Southampton, Citebase is an autonomous scientometric tool to explore and demonstrate the potential of OA material. The database presents a citation impact and search service for large e-print archives (Brody, 2003b). One of the first OAI services, Citebase was announced in December 2001, and now integrated with arXiv.org, has a large number of users. 

Citebase originally provided a service to physicists as well as a source for researching infometrics (data mining the research literature) (Brody, 2003b). The service aimed to hyperlink every paper from the arXiv e-print repository to every paper in the archive that it cites (Brody, 2003b). It now harvests records from other archives as well as arXiv (Jacsó, 2004d): 

“Citebase….currently harvests self-archived full-texts from 2 central OA Eprint Archives, arXiv.org and Cogprints, 2 local institutional OA Eprint Archives -- a Southampton University departmental archive (ECS) and Southampton’s institutional archive -- plus 1 publisher-based OA archive, Biomedcentral” (Brody, 2004).

As of July 2005, the database contained 370,000 articles, 10 million references (of which 2.5 million are linked to the full-text), and approximately 260,000 named authors. There are approximately 2 million identifiable cited items (a combination of the 370,000 self-archived articles and the articles that they cite) (Citebase Statistics, 2005).
This autonomous system ranks OA papers by impact. It is free to the end-user and offers both a human user interface and an Open Archives (OAI)-based machine interface for further harvesting by other OAI services. Citebase reference links are OpenURL-enabled, pointing to links at library and journal services (Hitchcock, et al, 2002), (Hitchcock et al, 2003). Citebase Search in principle plans to expand to cover research articles from all online e-print archives and IRs (both pre- and post- peer-reviewed articles). Citebase combines metadata harvested from e-print archives using the OAI-PMH and references parsed from the full-text, harvested using bespoke interfaces (Brody, 2003b). 

Citebase does not store full text documents, but utilises different methods, depending on the harvested source, to retrieve the full-text of articles for indexing. From BMC full texts are retrieved in XML by requesting a different metadata format from BMC’s OAI interface where the structured references can be read directly and stored in the database. The ArXiv.org article format is harvested and parsed for references, which are in turn parsed into structured references. The Dublin Core metadata from Cogprints includes the URLs of the formats available for the full-text of the article. Citebase retrieves the formats such as PDF, HTML and plain text and attempts to parse out both the reference section and individual references (Brody, 2003b). 

The Web interface/user service to Citebase is a metadata search engine that provides links to abstract pages. Search results are returned in a number of ways, which can be selected by the user: 

“The search engine allows searches to be made by author, title/abstract free-text, the journal title, and date of publication. Results can be returned in one of 6 rankings: citation impact of the article, citation impact of the article’s authors, web downloads of the article, web downloads of the article’s authors, date of creation, and date of last update” (Brody, 2003b).

A tool that generates a graph (or table) of the correlation between citation impact and usage impact (hits), the Correlation Generator,  is based on the Citebase database (Brody, 2003a).

Users can classify search query terms based on metadata in the harvested record (title, author, publication, date) (Hitchcock, et al, 2002).Results allow for citation navigation by following referenced articles and articles that cite the current article, as well as co-cited articles. Links are provided to full text PDF files which in turn are passed through a linker to present links from references in the PDF to the cited article in Citebase (Brody, 2003b).
Hitchcock et al reported an evaluation of Citebase from almost 200 arXiv.org and other bibliographic service users in June 2002. It was found to be a simple and reliable citation-ranked search service and compared favourably with other citation services (Hitchcock et al, 2003).

Advantages of Citebase include:

· Autonomous indexing.

· Easy to use interface.

· Allows users to select the criterion for ranking results.

· Users can rank results by the number of 'hits', a measure of the number of downloads and therefore a rough measure of the usage of a paper (Hitchcock et al, 2002). 

· Records include informative citation and impact statistics and co-citation analysis with the generation of customised citation/impact charts (Jacsó, 2004d). 

· Additional tools: Graph of article's citation/hit history, list of top 5 articles citing an article (with a link to all articles citing this article), top 5 articles co-cited with this article (with a link to all articles co-cited with this article) (Hitchcock et al, 2002).

Disadvantages include:

· Requires better explanations and guidance for first-time users. 

· Lacks coverage of a wider range of disciplines.

The Citebase Search Website states that the system is still under development and users are encouraged not to use the database for academic evaluation yet (Citebase Search, n.d.). However, in his review of the service Jacsó (2004d) claims that Citebase, even with a few limitations:

“…shows the perfect model for the ultimate advantages of not only self-archiving scholarly documents but also of linking to full text – and offering citation/impact analysis on the fly to help researchers make an informed decision in selecting the most relevant papers on a topic from a combination of archives” (Jacsó, 2004d). 
ISI Web Citation Index 
Separate to ISI’s well-known Citation indexes, ISI announced the creation of the Web Citation Index for launch and full sale access in 2005. The Web Citation Index has been designed as a comprehensive citation index to gather information on scholarly works that are disseminated solely online (Kiernan, 2004).
“The database will list which scholarly works have cited particular papers published online. It also will track citations of traditionally published works by online papers, but it will remain separate from the company's database of citations of peer-reviewed journals” (Kiernan, 2004). 

The index is multidisciplinary and will use CiteSeer autonomous citation indexing tools (Quint, 2004b). So far, the index covers computer science and physical science disciplines.

“When fully operational, the new resource will be a unique content collection within ISI Web of Knowledge. It will complement the Thomson ISI Web of Knowledge®, and provide researchers with a new gateway to discovery—using citation relationships among Web-based documents, such as pre-prints, proceedings, and "open access" research publications” (Thomson ISI and NEC Team Up to Index Web-based Scholarship, n.d.)
By making it possible for authors to see the impact of their work, the Web Citation Index will no doubt encourage the use of institutional and subject-based archives by authors.

Overall, the Web indexing services differ in discipline, use, material covered and tools offered. While a number of reviewers have compared the functionality and tools of these services (La Guardia, 2005), (Jacsó, 2004e), (Belew, 2005), others have argued that future services should use a combination of the existing services (Zhao and Logan, 2002). Ultimately, many users cross disciplines and require different tools, and therefore will need to utilise a number of the services. Table 1 summarises some of the key performance features of these services, for illustrative purposes evaluated with respect to a single selected article.
New initiatives such as CiteuLike (http://www.citeulike.org/) and Connotea (http://www.connotea.org) are services that automatically extract the citation metadata so authors do not have to add it manually. Such services may be useful as a model for a future OA citation index. 

While a number of these services are beginning to include open access components and material (e.g.,, ISI and SCOPUS), the Leiden Declaration of the OACI Working Group stated that:

“…there is significant need to extend the system beyond the expensive framework of those two toll-gated products to ‘open access metrics on open access publication’” (Leiden Declaration).

Some Performance features of Citation Indexing Services

While the citation indexing services described above provide useful tools to end-users they do not necessarily provide an exemplar of how an ideal citation index could be built for all open access literature. An OA citation environment is needed to free the citation link database to enable experimentation and to encourage competition between services on the quality and depth of citation analysis provided. Instead all of these citation services duplicate each other’s parsing and linking effort, and provide similarly limited analysis tools.

Table 1 provides an overview of some practical, performance features of these tools. The table gives the total number of full-texts indexed (where known), and the data in that index for an example paper – from astro-physics – a subject covered by all of these services (with the exception of Citeseer, an archive of computer science papers).

Citebase Search and Citeseer are based almost exclusively on author self-archived e-prints. As the references from author e-prints are typically unstructured these services rely on rule-sets to parse the reference text into something that can be citation linked. It’s unclear how Google Scholar gets citation data, however it is apparent from experimentation that it has algorithms for parsing and linking references from full-texts. NASA ADS, Elsevier Scopus and the ISI WoK use a combination of structured data from publishers (e.g., from XML versions of the full-text) and automated parsing algorithms.

Scopus is the newest of these services and provides a modern-style interface, along with novel tools for navigating from a search result (essentially allowing the user to drill down search results based on categorisation). However, the number of citation analysis tools provided by these services is notable by their absence, e.g., Google Scholar provides only the number and a list of the citations to a given article.

Not unexpectedly the NASA ADS service found the highest number of citing articles to the example article, given this service’s near 100% coverage of the field. Of those services that provided Web links for the article’s references (Citebase, Scopus and WoK), WoK provided the most links, although those links are not to an OA version. Co-cited articles – that is articles that have been cited alongside the current article by another article – were provided by Citebase and the ADS, finding 1386 and 5612 co-cited articles respectively. Co-citing articles – articles that share a similar reference list to the current article – was provided by Scopus and WoK, with respectively 3888 and 5739 articles found. Co-cited and co-citing articles identify articles that may be related to the current article, but not cited by its authors.

None of the services reviewed provided an obvious mechanism to find citations to an author – while perhaps of less use to users of the literature, the citation impact of an author is increasingly being used for evaluation. The use of citation data for evaluation is a field that is yet to be supported by these citation services (with the exception of ISI’s Journal Citation Reports product, which applies only to journal titles).

Despite academic experiments with visualisation of citation networks – the link structure of the research literature – the most any of these services provide are graphs of citations over time.
3.3
Citation Linking using Reference Metadata
Reference metadata describes a citable item e.g., its title, author(s), journal title, etc. References are linked to the cited item by matching the reference metadata against an existing database of articles (thus creating a link between the citing and cited articles). These citation links can in turn be used to create a citation index; a service that allows the user to discover articles that have cited a given article.

Ideally OAI records for full-text articles deposited in (i.e., citing) OAI-compliant data providers such as institutional and subject-based repositories would include reference lists, but this is not prescribed or required by the OAI-PMH. Another option is to allow authors to cut-and-paste reference lists into an institutional repository deposit form. This approach also offers a point of support to check the accuracy of the submitted references, potentially, through interaction with the IR software and selected network services such as publication, or citation, databases.

For citation linking systems used in digital publisher archives to operate correctly and proficiently, the metadata must be correct and complete. However, many fail to work correctly because of errors in the metadata (Jacsó, 2004f). New services such as CiteuLike (http://www.citeulike.org/) and Connotea (http://www.connotea.org/) provide collaboratively-built, shared publication databases, potentially avoiding the need for authors to manually enter reference metadata.

In addition, approaches to validating the content and structure of deposited reference data can exploit the wide use by authors of personal reference managers such as EndNote and ProCite and others to import such data, while also enabling export back to reference managers for reuse by authors.
In the absence of formally checked structured reference metadata, autonomous Web citation indexes have tackled the reference processing problem by raw computing power (e.g.,, Google, Citeseer) or by the use of heuristics (e.g.,, Citebase).

These services can now be assisted by more formal approaches to specifying citation information. A number of experiments are being performed with various metadata formats and XML schema for transporting reference data (Hitchcock, et al, 2002). The two most promising are OpenURL and Dublin Core Guidelines for Encoding Bibliographic Citation Information (see below).
These approaches describe the means for packaging and, in the case of OpenURL, transporting citation data using the Web hypertext transfer protocol (http), i.e., effectively creating a reference link by putting the data within a URL. This latter feature echoes the earlier linking interfaces introduced by individual publishers (e.g.,, APS, see Doyle, 1999), enabling citation metadata to be transformed into a URL. Publisher-specific linking has been superseded by OpenURL.
OpenURL
The OpenURL framework is now a NISO standard (Apps, 2005). The standard defines the architecture for creating OpenURL framework applications. It specifies and defines core components, including metadata format, and explains how a new OpenURL framework application can be deployed (NISO, 2005).

OpenURL is a mechanism for transporting/encapsulating citation metadata and identifiers describing a publication, for the purpose of context-sensitive linking:

“The OpenURL standard is a syntax that creates web-transportable packages of metadata and/or identifiers about an information object. OpenURL metadata packages are at the core of context-sensitive or open link technology, now widely used in many scholarly information systems and by Google Scholar. By standardizing the syntax, innovative user-specific services can be created so content in various disciplines and business communities can be Web-enabled.” (NISO, 2005).

OpenURL is a protocol for interoperability between an information resource and a service component, often referred to as a link server, enabling a link to lead to the desired resource (OpenURL Overview, 2004). 

“The OpenURL standard enables a user who has retrieved an article citation, for example, to obtain immediate access to the "most appropriate" copy of that object through the implementation of extended linking services” (OpenURL Overview, 2004).

The “most appropriate” copy is a term used by libraries effectively to describe a process whereby ideally, among its many subscription content and service providers, it can locate a version of a requested item that will cost no more money. The critical feature that is relevant and applicable to the problem of collecting and verifying citation data, however, are the “extended linking services”.
An OpenURL has two components: the address of an OpenURL resolver (Van de Sompel and Beit-Arie, 2001a) and bibliographic metadata that describes the referenced article (Powell, 2001). 

Van de Sompel and Beit-Arie (2001b) discuss the operation of OpenURL. Information resources permit open linking by including a ‘hook’ along with each metadata description they present to users. This ‘hook’ is presented in the user's browser as a usable URL, the OpenURL: 

“An OpenURL for a work contains a number of parameters that are relevant to the functioning of the framework, formatted in a standardized way. Most importantly, this OpenURL contains identifiers, metadata and/or a pointer to metadata of the work. The target of the OpenURL is the user's overlaying service component, typically operated by the user's library. By clicking an OpenURL for a work, the user requests that the service component deliver extended services for that work. The service component takes the OpenURL as input and collects metadata and identifiers for the work. It can do this by directly parsing such information from the OpenURL and/or by fetching it using the metadata pointer that was provided in the OpenURL. This pointer can lead into the original resource or into another one. Once identifiers and metadata are collected, the service component will evaluate them and provide extended service links to the user. When the service component is appropriately tailored, these links will be sensitive to the context of the user” (Van de Sompel and Beit-Arie, 2001b).

OpenURL, it has been argued, is easy to implement, serving user needs and providing a cost-effective way for information providers to serve their customers (Arms, 2000). Because of this, many leading information providers have made their resources compliant to OpenURL, or have plans to do so (Van de Sompel and Beit-Arie, 2001b). 
While setting a standard for citation metadata was not the primary aim of OpenURL, it has been adopted by many as a standard for citation metadata.
Standardisation, wide adoption, citation structure, transportability and interoperability with network services are features that recommend the use of OpenURL in improving the quality of reference data in IRs and hence in the provision of better linking services and cost-effective Web citation indexing services, as advocated by Chudnov, Cameron and Frumkin, et al, (2005):

“..simple designs operating separately on the two components of OpenURLs can not only solve the appropriate copy problem, but also foster the sharing of references between a much broader variety of applications and users (Chudnov, Cameron and Frumkin, et al, 2005).
OpenURL is a useful tool for the encoding and transport of bibliographic metadata. OpenURL is already used extensively in digital libraries to link references to the full-text, so is a natural candidate for building citation linking into Open Access. 

Dublin Core Guidelines for Encoding Bibliographic Citation Information

Where OpenURL provides a means of encoding citation information in a format suitable for machine reading and thus for use with network services, there remains a need to describe typically cited items such as journal articles in a standardised manner within OpenURLs and in other applications. The need to describe journal articles is not new, of course, and over time many organisations have invented their own solutions. This solves the problem locally, but for use in electronic library systems does not allow for interoperability. 
Dublin Core is an emerging standard for metadata describing bibliographic items for resource discovery or for simple, interoperable resource description (Dublin Core Metadata Initiative, 2005). 

Dublin Core provides controlled vocabularies and a basic 15-metadata-element set, with elements including: Title, Creator, Subject, Description, Publisher, Contributor, Date, Type, Format, Identifier, Source, Language, Relation, Coverage, and Rights. All these elements are optional and repeatable. Qualified Dublin Core allows for further refinement and specification using interoperability qualifiers to increase the precision in the semantics of the metadata, e.g.,, adding alternative titles (Dublin Core Metadata Initiative, 2005).

“The Dublin Core standard for metadata specification is primarily concerned with the semantics of the metadata rather than the syntax used for its inclusion with an information resource. It is designed for simple resource description and to provide minimum interoperability between metadata systems, with a consequent potential for cross-domain metadata interchange. Dublin Core does not attempt to meet all the metadata requirements of all sectors, where Dublin Core would be enhanced to produce domain-specific metadata schemas for richer descriptions” (Apps and MacIntyre, 2002).

However, Dublin Core elements do not immediately lend themselves to describing journal citations, so the Dublin Core Metadata Initiative Citation Working Group was set up to:

“…agree on mechanisms for providing a DC-compliant set of metadata properties for recording citation information for bibliographic resources” (DCMI Citation Working Group, 2005).

The WG’s Guidelines for Encoding Bibliographic Citation Information in Dublin Core Metadata (2005) are now a DCMI Recommendation, i.e., effectively a standard approved by the authority that oversess the development of Dublin Core. The recommendation provides an interoperable way to encode bibliographic citation information within a Dublin Core description. 
“It is primarily about capturing the bibliographic citation information about
a journal article (for example) within its own metadata for which it
recommends the DC property 'dcterms:bibliographicCitation', which is an
element refinement of 'dc: identifier', but also includes recommendations for
capturing references in 'dcterms:references'. But this could easily be
extrapolated to using a recommended parsable citation as the value of a
'dc:source' property, for example when capturing the publication citation
for an eprint…. Also the recommendations in the document assume that 'qualified' DC is being used, i.e.,, with the availability of all the 'dcterms' properties. But it does also give guidelines for using simple Dublin Core” (Apps, 2005).
For citations intended to be machine-readable, the guidelines suggest using an OpenURL Framework ContextObject, a machine-parsable metadata package that describes a reference to a object (e.g., a journal article) bundled together with the associated resources that comprise the context of the reference.
Such standardisation can be beneficial to future work in the area of citation analysis and indexes. Common problems with metadata include: the absence of publication dates, format of author names, and incorrect or out-of-date URLs. After setting up their own citation indexing system, Barrueco and Krichel (2004) concluded: 

“Good metadata is essential to obtain relevant results in the citation linking process” (Barrueco and Krichel, 2004).

	Feature
	Citebase Search
	Citeseer
	Elsevier Scopus
	Google Scholar
	ISI WoK
	NASA ADS

	Scope
	Author self-archived e-prints
	Web-published e-prints
	“14,000 peer-reviewed journals”
	Web e-prints & journal metadata
	Journals & proceedings databases
	Astrophysics publishers, arXiv

	Document Records


	350,000
	730,000
	?
	?
	?
	4,300,000

	Example Article †


	?F21C2206B
	?E2FC2506B
	?Q13C5306B
	?V56C1206B
	?T6BC2306B
	?M28C1206B

	Total Citations to Article


	181
	
	155
	84
	170
	220

	Internal Linked References
	7
	
	18
	n/a
	26
	n/a (link to journal full-text)

	Co-Cited Articles
	1386
	
	n/a
	n/a
	n/a
	5612 (ranked by citation impact)

	Co-Citing Articles
	n/a
	
	3888 (ranked by date)
	n/a
	5739
	n/a

	Citations to Author (KZ Stanek)
	n/a (31 cites to authors on average)
	
	n/a (possible by searching by author, export, parsing the result)
	n/a
	n/a
	n/a


Table 1: Review of Citation Indexing Services based on a selected example article (review conducted May 2005 - service provider features may have changed since)
† For all services except Citeseer example article is KZ Stanek et al “Spectroscopic discovery of the supernova 2003dh associated with GRB 
030329” Stanek KZ Astrophysical Journal 591 (1): L17-L20 Part 2 1.7.2. To access the given example article append the identifier to “makeashorterlink.com”, e.g., for Citebase Search use http://makeashorterlink.com/?F21C2206B

4.
Testing the Proposal: Results of Interviews 
The investigation described above revealed the growth of open access from various sources, particularly through institutional repositories. With reference to the use of these sources for reference linking and citation indexing, the research revealed the strengths and weaknesses of current services. To extend these services and perhaps to encourage new services, a proposal was developed to improve the quality and collection of citation data from open access materials and then make the data available openly for other services to build on.
The initial proposal was deliberately wide-ranging to test a broad set of ideas (Appendix B). According to the methods set out in section, this proposal was then sent to identified experts. Of the 18 experts contacted, 16 responded and were interviewed (Appendix A). One organisation provided feedback from two respondents, thus making 17 respondents.

A list of eight interview questions were developed. The questions were very general in order to apply to the various stakeholders and allowed scope for responses on a range of topics according to the interviewee’s special perspective.

1. What were your initial reactions to our suggested model?

2. Do you think the model is viable?

3. Which aspects would be successful?

4. Which aspects would be unsuccessful? Why?

5. What changes would you recommend?

6. Would you suggest an alternative?

7. Would you be willing to answer further questions following changes?

8. Do you think this model is viable in 5 years time? 10 years time?

Initial Reactions to the Proposal

Respondents offered initial reactions, and many elaborated with comments: 

positive = 7; negative = 6

Among the comments to this question were:

The proposed service “…would provide better picture of impact at a lower cost, maybe even for free”. 

"Well it’s something that should have been done before, so positive about 

it. We've been thinking of doing something like this for a number of years 

but it hasn't been done. It is absolutely viable". 

The main views were that the proposal was a good idea, useful and sensible, though respondents were concerned about the level of work required by the authors (mentioned by four respondents). 

Viability of the Model/Proposal

11 respondents commented on the viability of the model/proposal. Three respondents felt the model was viable; one believed it was not; two did not know; and five stated that the proposal’s viability was dependent on certain conditions or alterations, whereby the proposal should:

· offer major advantages to those who deposit publications.

· not require authors to do any additional work.

· be quick and easy for all users.

· use automated software to reformat citations/automating author input process.

· deal with how to get authors to cooperate.

· make it clear that it serves a need.

· make sure it offers something new and above that of existing citation services.

Successful Aspects

10 respondents highlighted aspects of the proposal they felt were successful:

· The provision of bibliometric measures.

· Capturing citation information.

· Standardised bibliographic metadata.

· An alternative to ISI.

· The foundation from which to build useful layers and services.

· Robust model.

· Addressing the standards issue.

· Offering other uses than just basic citation analysis.

Unsuccessful Aspects

14 respondents commented on aspects they felt would be unsuccessful, with some respondents discussing more than one. Some of these aspects included:

· Requiring users to give additional information about their references. 

· Motivating authors to enter references in a specific format.

· Judging the quality of material.

· Work required by authors.

· Proposal was not descriptive enough.

· Only targeting OA material.

· Does not offer anything new.

· Ensure it meets needs of those who contribute.

· Verifying citations at time of deposit by IR.

Just over half (13 of 24) of the comments were in relation to the role of the author and the additional work that the proposal might require of depositing authors. 

Recommended Changes

16 suggestions from 8 respondents. Other respondents made no comment or could not think of any changes. Some changes proposed were:

· Do not have one body/organisation to produce/maintain the citations. Make references and citations available for harvesting by anyone who is interested. 

· Develop the system to automatically convert text citations into OpenURLs. 

· Provide more automation and not require authors/researchers to do more.

· Address noisiness of metadata.

· Develop a software alternative in place of author input.

· Broaden the proposal in scope of material covered: open and closed access.

· Offer more scope for the service to work with existing services.

· Make more mention of identifiers. 

· Provide significant free bibliometric value added services to users as an incentive to deposit papers in archives.

· Simplify all steps that require an author to make an effort to contribute.

· Consider covering other material, e.g.,, books, monographs.

· Give a clearer explanation of the benefits.

· Develop software to undertake comparison of URLs.

· Expand the document in more detail.

· Address more directly the measurement of usage and impact.

· Make the terminology clearer.

· Discuss ongoing production and maintenance issues.

· Educate about reasons for doing citation analysis (in terms of driving forward research).

· Include some recommendations for assigning identifiers to articles.

Ten of the 31 comments discussed the development and use of an automated system or software alternative to convert citations, taking the workload from the authors depositing the material.

Alternatives Suggested 

Nine respondents suggested alternative models (five respondents had no alternative), including:

· the need for a middle step to include all publications, not just OA

· more automation and automated tools

Viability of model in next 5 or 10 years

Twelve respondents replied: five stating that the proposal was viable; two that it was not; five were unsure.

All respondents agreed to provide further feedback following adaptations and expansion of the model. 

Summary

Two major findings emerged from the interviews:

· Clarity of proposal:

A major concern was that the document did not provide enough detail or explanation. Respondents requested that the revised document address exact services that would be offered, the end result, the differences between existing services and this proposal, the benefits for the user community, the needs it serves and the incentives for authors to deposit.

· Concern about author work required:

A large number of comments focussed on the amount of work that might be required by authors and the lack of motivation authors have to complete extra tasks when depositing articles in IRs. Many wanted a quick and simple approach to author input, and suggested the development and use of an automated system, or software alternative, to convert citations, taking the workload from depositing authors.

Other views that were raised frequently included: 
· the need for another citation-based service, 
· there was too strong a focus on OA material. 

In terms of this OA focus, it was argued that a better option - politically, in relation to business models, and in its the effect on the results of citation analysis - would be to include both open and closed access material.

Overall, respondents believed there is a need for another citation-based service, but that the proposal must identify who this service is aimed at and who would benefit from it.

5.
Recommended Proposal and Way Forward

The proposal recommended follows feedback from interviewees, reported in the previous section, on the initial version of the proposal (see Appendix B) and a review of existing citation services. Where the original proposal was intentionally brief to facilitate expert evaluation, this section provides a more in-depth discussion, and responds to the points raised by the reviewers. The remainder of this section reproduces the recommended proposal exactly as it was sent to the reviewers.
Recommended Proposal

With the increase of scholarly material available on the Web, particularly through self-archiving in Institutional Repositories (IRs), there is an opportunity to ‘join up’ an autonomous, research-provider-driven system to perform citation analysis on OA content. Yet, citation-based services are expensive to implement, difficult to scale, and subject to systematic errors. For IRs, these difficulties need to be overcome cost-effectively by means of automation where possible, together with distribution of roles, responsibilities and services. Based on these requirements, we propose parsing and linking references within OA papers during the deposit process in IRs. As part of this process, we propose standardising bibliographic metadata within full-text articles in OA IRs based on OpenURL. Implementing this in IR software will – in effect - create a distributed citation index that can be harvested and aggregated by citation index service providers and presented to users. Providing structured bibliographic data at the point of deposit will allow services to link citations and analyse the research impact of OA articles.

Specific Recommendations

· Integrate reference parsing tools into IR software to allow the immediate autonomous extraction of reference data from papers uploaded by authors. The aim is to automatically parse most reference formats deposited as free text, and present a properly parsed version back to the author interactively. Authors can then be invited to check the reformatted references and attempt to repair unlinked references. 

· Establish a standard means for IR software to interact with reference databases, e.g., through a published Web services interface, allowing IR administrators to choose between reference database providers (e.g., CrossRef, PubMed, Connotea, CiteULike, etc.).

· Create or adapt reference database services to support remote reference linking, i.e., using the partial data obtained from autonomous reference parsing to query, expand and link those references to the canonical reference.

· Develop a standards-based approach to the storage and communication of reference data, e.g., using OpenURL ContextObjects in OAI-PMH.

Focus of the Recommended Proposal

The recommended proposal focuses on how structured and verified citation data from open access papers in IRs can be made available to harvesting citation indexing services. It does not propose how those services should be developed. The focus is on the contents of IRs. It is assumed that structured citation data from other sources of OA papers – e.g.,, centralised subject repositories and OA journals - are already made available as another source of citation data for citation indices, whether commercial or free. This necessitates a cross-disciplinary, distributed and flexible approach. Large, unstructured collections of OA papers in IRs would be expensive to integrate into citation indexes. The goal of this model is not to depend on a “magic bullet” solution – a tool that can parse and link any citation style, across all disciplines, with near perfect accuracy. Instead it focuses on how a combination of distributed and automated tools with some additional effort by authors can be used to provide more accurate, more comprehensive (and potentially free) citation indices than currently exist. 

Role of Authors and Institutions

It is clear from current services that useful citation indices are achievable through heuristic-based parsing of full-texts coupled with the verification of that parsing. If we were to apply analysis techniques to the Web proper there would be little choice in our approach – only algorithmic approaches would be feasible. Unlike the Web however, scholarly communication operates within a well-structured, if complex, community. The vast majority of research material is produced and used by researchers working within an institutional context. For those institutions – individually or as consortia – it could be worthwhile investing in the quality of information presented in an IR to support more useful end-user services than is currently possible on the Web. This would improve the visibility and impact of the institution, and ensure that materials are better received by users.

Modifying the author deposit process in an IR to capture and verify citation data provides authors with the ability to assist and determine correct linking of their references, rather than depending on others to do so. Authors in particular will benefit from the increased exposure of their works through the ability of more citation services to index their work effectively.

IRs are still in their infancy, and there is the opportunity now to decide how best they can support citation- (and usage-) based services. Would additional time spent on the deposit process be justified to support more accurate and comprehensive citation services?

Parsing and Extracting Reference Data

Embedding Structured References within the Full-text

Most document formats already allow arbitrary data to be hidden within the document, e.g.,, as an attribute to an HTML tag. Latent OpenURL, since renamed as OpenURL COinS – ContextObject in Span, 
(http://www.openly.com/openurlref/latent.html) proposes that OpenURLs be embedded in documents so that when a document is viewed in an OpenURL enabled Web browser the otherwise invisible OpenURLs appear as a link to a local resolver service. Reference manager software could be extended to support this by embedding an invisible OpenURL next to each reference. (Reference manager software, such as EndNote or RefWorks, typically plugs into Microsoft Word, allowing the author to paste references in the desired citation style.) When the article is deposited in the author’s IR the hidden OpenURLs could then be extracted, avoiding the need to parse arbitrary citation styles.

Importing from Reference Manager Software

If an author has used reference manager software to construct a reference list, the references can be exported in an appropriate format to be uploaded during the deposit process. Once imported into an IR the references can be converted to OpenURLs, ready to be reference-linked.

Reference Parsing During the Deposit Process

While there are many citation-based services that parse references, current IR software does not support the automatic extraction and linking of references at the point of deposit. Such features could be added to IR software to automatically parse either the uploaded full-texts or cut-and-paste reference sections (e.g., where the full-text is embargoed).

Unlike extracting embedded references or importing from reference manager software, however, parsing unprocessed references is more likely to result in noisy data that is more difficult to link correctly without additional effort by authors or supporting services.

Verifying and Normalising Reference Data

At the point of deposit, there is an opportunity to ask (and possibly require) authors or their agents to verify the references and links that will be harvested by citation indices.

When a user uploads a document or reference section, those references are parsed and then used to query a reference database service. Each resolved reference is associated with the canonical record for the cited item (where a cited item is found to have more than one match, a list would be presented for the user to select from). Using an OpenURL resolver (or other look-up service) the user would be able to check that the cited item is indeed what they intended to cite. The author-verified metadata for the full reference list is then stored in the IR, to be exported along with the other bibliographic metadata for the record (authors, title, abstract etc.).

Benefits and Motivations for Stakeholders 

Benefits for Authors

· Greater visibility and possibly greater impact, although the latter is more dependent on first providing open access to the full text than on the reference list.

· More accurate, more comprehensive and, possibly, cheaper citation indices.

· Enables non-open access material, e.g., books, to be citation indexed (by exposing only the structured references, and not the full-text at the IR).

· Conversion of structured data at the IR to journal-specific formats.

· E.g., a journal could accept a submission direct from an IR, converting from OpenURL to the journal’s citation style.

Benefits for Institutions

· Providing well-formatted and linked references to users improves an institution’s presentation and trust in its contents.

· Improves the visibility of its collection in third-party citation search services.

· Could help measure usage of institutionally-provided resources by its authors (e.g., which journals have been cited).

Benefits For Citation Services

Citation linking can be expensive and error-prone. While citations tend to suffer less from the “broken link” issue of the Web, parsing arbitrary styles to arbitrary types of citable items makes it difficult to provide a reliable citation index over a wide range of resources. Devolving most of the responsibility for reference linking to the point at which the citations are created will allow the system as a whole to scale over all disciplines. Reducing the cost of producing the index will enable services to focus on value added services, such as exploiting the network of links created by references.

Citation Indexing Services 

Structured reference data from IRs could be used by existing or new citation indexing services, regardless of the business model employed by the service provider. What a citation index should look like, and how it is presented, is best served by a competitive market. That citations should be linked – while a complex problem – is clearly a problem for all citation indexes, and hence is the focus for this proposal.

Building an OA citation service based on IRs (and other OA citation sources) providing high-quality, freely accessible data will require considerably less effort than is currently needed to produce citation indices and could lead to a wider range of services. 
There are some obvious uses for citation data that are covered to a greater or lesser degree by current services:

· Discover all citations to a given digital item.

· Selectively choose the types of content to include as cited and citing items, e.g.,, from all citations on the Web, down to only those citations from a given journal.

· Provide collection-based metrics and queries:

· Citations to a given author;

· Citations to a given journal;

· Citations to a given Department or IR / Institution;

· Enable weighted search results (on the basis of higher citation count = higher rank).

· Track and follow research developments, i.e.,, to follow a concept through the literature by following citations.

· Find related digital items through co-citation, or bibliographic coupling techniques.

· Embeddable lists of documents including citation counts (e.g.,, so an author can include a publication list on a personal Web site with usage data).

A database of cited items can be augmented by harvesting the references for those items from IRs. Citation services would still need to disambiguate multiple versions of the same item, although this could be helped considerably if a full bibliographic record is available for every item.
Business Model

Although a business model for such citation indexing services was outside the scope of this study, this proposal has identified three key areas that may justify additional investment.

Augmenting Institutional Repository Software

A number of commercial and open source services have developed reference-parsing tools, typically for specific domains (e.g.,, Citeseer). These tools need to be integrated into existing IR software to simplify the reference linking process for authors. It is envisaged this would be part of ongoing efforts to improve IR software.

Development of Reference Resolving Services

The proposal has a comparable forerunner adopted for journal reference linking. CrossRef provides persistent (underpinned by DOI) reference linking to journal publishers and supports all kinds of scholarly material. If there was demand from IRs – and IR software was adapted to query reference services – CrossRef and other tools could be adapted to provide a reference normalising and linking service for IRs. Commercial services would likely charge IRs for resolving references. There are also free tools, e.g.,, CiteULike and Connotea, that could provide a similar role, but currently with less coverage as these are recently-introduced services.

Open Access Citation Index Service

By reducing the entry barriers to citation services - by making citation links as easy to use as Web links – it would be simple enough for individuals to harvest and analyse citation data, and to provide free services. An OA citation service could export its data for harvest by other citation services. The main role of such a service would be to verify and advise IRs on the quality of their citation data, e.g., by checking how many citation links exported by the IR resolve to a citable item. This could be the provision of tools to allow IR administrators to check their own implementations, or by editors notifying administrators of problems.

Principal Changes from the Original Proposal

The recommended proposal focuses on:

· OA contents in IRs rather than on wider OA sources.

· Capture and validation of well-structured reference metadata at the point of deposit in the IR.

· Presentation of this data to harvesting services for citation indexes.

It does NOT describe:

· How citation indexes might operate or how they should present data to users.

· Bibliographic measurements for research assessment.

The original proposal was amended in light of reviewer comments. The main comments (together with our comments in italics) were as follows: 

· Do not have one body/organisation to produce/maintain the citations. Make references and citations available for harvesting and use by anyone who is interested. 

· More scope for the service to work with existing services.

· Concentrate on capturing the references.
These are core features of the recommended proposal.

· Develop the system to automatically convert text citations into OpenURLs.

· Provide more automation and not require authors/researchers to do more.

· Address noisiness of metadata.

· Simplify all steps that require an author to make an effort to contribute.

· Provide significant free bibliometric value added services to users as an incentive to deposit papers in archives.

These remain areas of concern, but practical experience in working with reference data in self-archived collections shows that some author input is required to improve the quality of reference lists, at least initially. The focus of development work should be to find the optimum balance between requirements of the author and of an automated service to produce data that is accurate and usable by indexing services. It is likely that over time, as with growing acceptance of the need to deposit full-texts in IRs, authors understand the benefits and become familiar with the requirements of reference deposit, and then the demands on authors will reduce. Even now, authors who provide good quality reference data will be required to do little or no extra work to complete deposit.

· A better option would be to include both open and closed access material.

The proposal addresses a need to improve the visibility of open access papers in citation indexes, in both existing and new services. That was the remit of the study that this proposal informs. Toll-access materials, principally established journals, are already well covered in existing services, to different degrees. In fact, review of the proposal through this process has led to a focus on the contents of IRs rather than in other OA sources such as subject-based repositories and OA journals, for which we can see improving coverage in existing services.

· What role persistent identifiers can play.

· Include some recommendations for assigning identifiers to articles.

Good suggestions, which could be investigated further as part of any work based on these recommendations. There is a parallel here with the development of CrossRef and its use of DOIs.

· Consider covering other material, e.g.,, books, monographs.

There are good reasons for authors to create records for their books in IRs and to deposit their references, without the text of the book needing to be OA. The proposed services could act on these deposits as though they were OA, and would make these book records available to citation indexing services.

· Address more directly the measurement of usage and impact.

· Educate about reasons for doing citation analysis (in terms of driving forward research).

There is much that could usefully be done and will be done in this area, but it may be premature to propose developing Web bibliometrics for assessment and no recommendations are made here. Comments from reviewers for research funders and research assessment agencies expressed little demand for such services at this stage. Further developments in this sensitive area probably require evidence of more complete and more reliable data services. However, by reducing the costs associated with building citation indices the implementation of this recommendation will enable experimentation with usage and impact metrics for assessment.

The costs of implementing such a service include service development and long-term maintenance costs. However, these costs are largely unknown. There may be a nominal charge to Institutional Repositories for the provision of quality data. Such a service could operate based on the Crossref model where there is no charge to the end user, but an annual charge is made to the publisher/provider of content for the use of the service. 

6.        Conclusions

This study investigated a framework for universal citation services for open access (OA) materials and proposed a series of recommendations focussing on:

· OA contents in IRs rather than on wider OA sources.

· Capture and validation of well-structured reference metadata at the point of deposit in the IR.

· Presentation of this data to harvesting services for citation indexes.

These specific recommendations are to:

· Integrate reference parsing tools into IR software to allow the immediate autonomous extraction of reference data from papers uploaded by authors. 

· Automatically parse most reference formats deposited as free text, and present a properly parsed version back to the author interactively. Authors can then be invited to check the reformatted references and attempt to repair unlinked references. 

· Establish a standard means for IR software to interact with reference databases, e.g., through a published Web services interface, allowing IR administrators to choose between reference database providers (e.g., CrossRef, PubMed, CiteULike, etc.).

· Create or adapt reference database services to support remote reference linking, i.e., using the partial data obtained from autonomous reference parsing to query, expand and link those references to the canonical reference. 

· Develop a standards-based approach to the storage and communication of reference data, e.g., using OpenURL ContextObjects in OAI-PMH.

This report has argued that implementation of these recommendations would benefit authors of IR papers, their institutions and the providers of citation services, and recognised concerns that any additional workload on authors at the point of deposit in IRs must be minimised. At this early stage in the development of open access content in IRs nothing must be done to create barriers to the provision by authors of more content.. 

Further investigation is needed to build and test appropriate services based on the recommendations and to evaluate an appropriate balance between author effort and automated assistance to satisfy the integrity of citation services and the requirements of users. The proposal needs to be tested in terms of technical implementation and usability as well as acceptability by authors before it is included in a production version of any IR software.
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Appendix B: Initial Proposal for an Open Access Citation Index Service

Note. This initial proposal was deliberately broad to examine as many issues as possible in the construction of citation indexing services for open access papers. Following feedback it was substantially revised, and is reproduced here simply so readers can see the development path to the final proposal.
Aim

To consider an ideal structure for the nature of citation information on open access content and the means of its collection and distribution. A primary objective of this research is to identify a framework for universal open access (OA) citation services, the main requirements of such services, and to suggest appropriate metrics of the impact of OA papers for important applications. We are concerned with how we can use open access (OA) to full-text research publications to measure research usage and impact.

Proposal

With the increase of scholarly material available on the Web, particularly through Institutional Repositories (IRs), there is an opportunity to build a ‘joined up’ autonomous, user-driven structure for undertaking citation analysis for open access (OA) material. We propose the standardisation of bibliographic metadata* within full-text articles in OA Institutional Repositories (e.g., using OpenURL). Structured bibliographic data at the point of deposit will allow impact-based services to easily link citations, and hence analyse the research impact of articles made available through OA.

Suggested Requirements/Features

Authors/authorship:
· References* to be authored in a structured form, and later stored at the IR

· Citations* to be complete at the point of deposit (where the item has been published)

· Develop and implement simple rules for deposit to get the necessary information for citation linking (e.g., reference box needs to be completed at point of deposit)

· Embedding of structured references within a document when authoring articles, allowing a citation index to read those references when the article is published

Citation service:

· Harvest and extract structured bibliographic citations for and references from records in IRs

· Author-supplied structured citations verified at the time of deposit (IR to call a verification interface at the citation service)

· Bundle together multiple manifestations (inc. versions) as a single citable item

· Well structured citation metadata using OpenURL for linking of citations 

· Autonomous indexing using OAI-PMH

· Provides open access to the indexed data to enable 3rd-party analyses

Scholarly services:

· An “add citation” link that allows citations to be imported into an author’s reference manager as a structured reference

Wider Bibliometric Web Measurements and Research Evaluation:
· Based upon open methodologies and data sets

· Richer and more diverse, with the possibility for more powerful, accurate and equitable assessment and prediction of research performance and impact

· Potential measures: cites to paper, author(s), and collections: journals, 
repositories, institutions, funding agencies, countries; download counts 
for article, author and journal; co-citation counts; co-download counts; 
early-days download/citation correlation predictors; time-series analyses; 
hub/authority-type graph analyses (e.g., Google’s PageRank recursively weighting citations by the weight of the citing work);  co-text "semantic" analysis (what -- and whose -- text patterns resemble the cited work?); and many more

Implications of the model we're proposing:

· Given authoring tools and extensions to IR functionality authors will be able to provide structured bibliographies (in some common metadata format, e.g., OpenURL).

· A body/organisation will produce and maintain a citation index based on that structured data.

· Evaluation bodies & users will make use of aggregated reports from that citation index.

Within a structured citation environment the cost of building citation services will be considerably decreased, as IRs will make citation data available through an OAI-PMH interface. Reducing the heuristic parsing activities that are currently in practise will help to increase accuracy and comprehensiveness compared to current citation indices.

* Note: In this document we use “references” to refer to the bibliography within a document (out-links), and a citation as being the bibliographic metadata describing the published location of a document. Citation linking is therefore linking a reference to a citation. Bibliographic metadata is e.g., authors, title, publisher, series title (journal title), publication date, issue number, pages and, for electronic documents, unique identifiers. 
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