How is Science Cited on the Web? A Classification of Google Unique Web Citations
 

Kayvan Kousha

 Department of Library and Information Science, University of Tehran, Iran, E-mail: kkoosha@ut.ac.ir

Visiting PhD Student, School of Computing and Information Technology, University of Wolverhampton

Mike Thelwall

School of Computing and Information Technology, University of Wolverhampton, Wulfruna Street

Wolverhampton WV1 1ST, UK. E-mail: m.thelwall@wlv.ac.uk

Abstract: 

Although the analysis of citations in the scholarly literature is now an established and relatively well understood part of information science, not enough is known about citations that can be found on the web. In particular, are there new web types, and if so, are these trivial or potentially useful for studying or evaluating research communication? We sought evidence based upon a sample of 1,577 web citations of the URLs or titles of research articles in 64 open access journals from biology, physics, chemistry, and computing. Only 25% represented intellectual impact, from references of web documents (23%) and other informal scholarly sources (2%). Many of the Web/URL citations were created for general or subject-specific navigation (45%) or for self-publicity (22%). Additional analyses revealed significant disciplinary differences in the types of Google unique Web/URL citations as well as some characteristics of scientific open access publishing on the web. We conclude that the web provides access to a new and different type of citation information, one that may therefore enable us to measure different aspects of research, and the research process in particular, but in order to obtain good information the different types should be separated.

Introduction

Citation counting is now widely used for research evaluation (Cole, 2000; Moed, 2005) and to map formal scholarly communication (Borgman, 2000; Borgman & Furner, 2002). The main sources of scientific citation data are the citation indexes that are predominantly created from documents in serial publications (e.g., journals) and maintained by the Institute for Scientific Information (ISI) (Wouters, 1999). Nevertheless, measuring research communication and scholarly quality through citation analysis is a complex issue (Moed, 2005) and alternative methods are often used. For example, peer review and research funding indicators are sometimes used for research evaluation (Geisler, 2000; Moed, 2005) and article title word co-occurences can be used for relational analyses (Leydesdorff, 1989, 1997).

Recently, as more science-related sources have become available on the web, identifying their scholarly characteristics and new potential uses has become important (e.g. Jepsen et al., 2004; Vaughan & Shaw, 2005). Moreover, the study of how scholars use and disseminate information on the web through formal and informal channels has created new opportunities to assess online science communication paradigm changes (e.g., Barjak, 2006; Kling & McKim, 1999; Kling & McKim, 2000; Kling, McKim, & King, 2003).

What is new is that electronic scholarly communication is reaching critical mass, and we are witnessing qualitative and quantitative changes in the ways that scholars communicate with each other for informal conversations, for collaborating locally and over distances, for publishing and disseminating their work, and for constructing links between their work and that of others. (Borgman & Furner, 2002)

One interesting characteristic of the web is its potential use for studying a wide range of citations that were previously impossible to track through conventional citation analysis techniques (e.g., presentations, teaching, and scholarly discussions).  If “communication is the essence of science” (Garvey, 1979) and these informal scholarly resources and connections on the web have noticeably influenced scholarly work (Barjak, 2006; Palmer, 2005) then we need to understand their impact across the different fields of science. While it is possible to use conventional research methods such as participant observation, interviews and questionnaires to explore informal scholarly communication (e.g., Crane, 1972; Fry, 2006; Lievrouw, 1990; Matzat, 2004), the development of the Webometrics research area has also created the possibility for quantitative-driven studies of interconnectivity patterns among broad types of digital resources (Thelwall, Vaughan & Björneborn, 2005). In other words, there might be new sources of information on the web that are interesting for scholarly communication research and hence these need to be identified and assessed (e.g., Zuccala, 2006). 

Previous authors have used different terms to designate the informal connections that scientists use to communicate with each other. These include informal scholarly communication (e.g., Borgman, 2000; Fry, 2006; Moed, 2005; Søndergaard, Andersen & Hjørland, 2003) and working scholarly communication (Palmer, 2005), with a collection of informally communicating academics being known as an invisible college (e.g. Crane, 1972; Lievrouw, 1990). But this concept seems to be more complex and subjective than formal scholarly communication (i.e. citations), since it involves a wide range of scientifically related sources and activities such as personal correspondence, manuscripts and preprints, bibliographical references, professional conference participation, meetings, and lectures (Søndergaard, Andersen & Hjørland, 2003) and we have little direct evidence about their influence on research outputs.
It is already known that web-extracted citation counts from Google correlate with ISI citation counts in several areas of science (Vaughan & Shaw, 2005) as well as library and information science (Vaughan & Shaw, 2003). Moreover, it is known that this correlation occurs despite only about 30% of the web citations originating in online papers (Vaughan & Shaw, 2005). Our previous research has introduced a new method (described below) to obtain web-extracted citations, “Google unique Web/URL citations”, which is designed to give more comprehensive citation data and to reduce the risk of counting duplicate citation sources (Kousha & Thelwall, to appear). This paper reports a follow up of our previous study which found significant correlations between ISI citations and Google Web/URL citations to scholarly Open Access (OA) journals across multiple disciplines at the article and journal level (Kousha & Thelwall, to appear). Since a direct interpretation of statistical correlations is important for a causal connection to be claimed (Oppenheim, 2000), in the current study we classify reasons for creating Google Web/URL citations to open access journal articles in four science disciplines based upon a content analysis of the citing sources. We also examine characteristics of the sources of the Web/URL citations and disciplinary differences in terms of the proportion of formal, informal and non-scholarly reasons for targeting open access journal articles in biology, chemistry, physics and computing. Our aim is to shed light on how citations that are only found online may be used to help measure research communication and research impact.  

Related studies

Although many quantitative studies have examined the relationship between reasonably well understood offline scholarly variables (e.g., ISI citations, university rankings) and Web variables (e.g., Web citations, links to university web sites), fewer have assessed motivations for creating links or web-based citations (see Thelwall, Vaughan & Björneborn, 2005; Thelwall, 2004). As with citation analysis, direct approaches, such as a content analysis of sources, are needed for the effective interpretation of results. In other words, a significant correlation does not imply that there is a cause-and-effect relationship between variables and follow up investigations are needed to validate the quantitative results of Webometrics research (Thelwall, 2006). A practical method is to classify randomly chosen links or web citations and use this to assess their purpose and likely reasons why they were created.
Researchers have used different terms for objects that are similar to academic references, including research references (Wilkinson et al., 2003); research oriented (Bar-Ilan XE "Bar-Ilan, J." , 2004 and 2005); research impact (Vaughan & Shaw, 2005), and formal scholarly communication (Kousha & Thelwall, 2006a). Although there is overall agreement on identification and classification of formal citations, considerable ambiguity is present in the interpretation of informal scholarly value/use/impact of web sources. For example, should this concept encompass professional and educational uses? 

Classifications of Web Links 

The goal underlying much Webometrics research has been to validate links as a new data source for measuring scholarly communication on the web. Harter and Ford (2000) used content analysis and a pre-defined classification scheme to examine link creation motivations associated with 39 e-journals. They classified 294 links to the journal web sites into 13 categories, finding that more than half of the links were from "pointer pages" (pages with links to Internet resources generally on same subject) and 7.8% were from e-journal articles and conference papers or presentations, judging these equivalent to citation. This research showed that links to journal web sites did not necessarily indicate intellectual impact. Nevertheless, since the sampled links were not related to a specific discipline and the data are many years old now, it is problematic to generalize the results. 
Other web link classification experiments have covered university web sites. One pilot study investigated the subjects that had the most impact on the Web (Thelwall et al., 2003). The subject classification of academic web sites was found to be problematic and additional studies were suggested to ensure the validity and reliability of the conclusions. Another study took a random sample of 100 inter-site links to UK university home pages to identify reasons for linking to this type of commonly targeted content-free academic page, using an inductive content analysis by one person (Thelwall, 2003). Four common link types were identified: navigational links; ownership links; social links; and gratuitous links. All of these types do not seem to be commonly found in traditional citation studies, although social factors are acknowledged as an influence in citation creation (Borgman & Furner, 2002).

A method not used in the above study was cross-checking of the web link classifications. Wilkinson et al. (2003) used this in their categorization of 414 general inter-university links from the ac.uk domain. The results showed that the majority of links (over 90%) were created for broadly scholarly reasons (including education) and less than 1% were equivalent to journal citations. They concluded that academic web link metrics will be dominated by a range of informal types of scholarly communication. They used 10 categories related to reasons for link creation. The classifiers disagreed on 29%, suggesting that achieving high inter-classifier agreement for link categorization can be challenging.
Bar-Ilan XE "Bar-Ilan, J."  (2004) also used a pre-defined classification scheme including: research oriented, educational, professional (work-related), administrative, general/informative, personal, social, technical, navigational, superficial, other and unknown/unspecified for classifying 1,332 Israeli inter-university links, finding that 31% of the links were created for professional reasons and 20% were research oriented. Both of these categories would have mainly counted as broadly scholarly reasons in the Wilkinson et al. (2003) study.

Kousha and Horri (2004) classified motivations for creating 440 links from web sites within the .edu domain to Iranian university web sites into three broad categories including student/staff support, gratuitous/navigational links, and non-academic. Most notably, they found no citation reasons for targeting Iranian universities and 36% of the links were from Iranian students or lecturers’ homepages in American universities pointing to their previous university in Iran. They concluded that sociological factors such as the migration of educated people influenced the types of web links created.

Bar-Ilan (2005) examined reasons for linking between Israeli academic sites based upon a classification of link types from source and the target pages. She classified the links into 12 categories including: administrative, professional, research oriented, educational, personal, technical, social/leisure, navigational, other, general informative, superficial, and unspecified/unknown. 

Classifications of Web/URL Citations  

Several experiments have classified Web-based citations to journal articles. Vaughan and Shaw (2003) compared citations to journal articles from the ISI index with Web citations (mentions of exact article titles in the text of Web pages) in 46 library and information science journals. They classified a sample of 854 Web citations, finding that 30% were from other papers posted on the Web and 12% were from class readings lists. They recorded these two sub-classes as representative of "intellectual impact". The classification scheme that they used for types of citing sources consisted of seven categories, including: journal, author (e.g., CVs), services (e.g., bibliographic and current awareness services), class (e.g., course reading lists), paper (e.g., conference proceedings or on-line versions of articles published in journals), conference (e.g., conference announcements and reports) and others (e.g., careers Web sites).

Vaughan and Shaw (2005), in a follow-up study with a broader scope, examined types of Web citations to journal articles in four areas of science. They classified a sample of Web citations using their previous scheme (described above), but merged their previous sub-classes into broader categories including: research impact (e.g., journal/conference citations), other intellectual impact (e.g., class readings), and perfunctory (non-intellectual). The percentage of Web citations indicating intellectual impact (merging citations from papers and from class reading lists) was about 30% for each studied discipline.  

Kousha and Thelwall (2006a) classified sources of 3,045 URL citations (mentions of exact article URLs in the text of web pages) targeting 282 research articles published in 15 peer-reviewed library and information science (LIS) open access journals, finding that 43% of URL citations were created for formal scholarly reasons (citations) and 18% for informal scholarly reasons. They used 15 sub-classes and merged them into the four broader categories including: formal scholarly reasons (citations), informal scholarly reasons, navigational/gratuitous reasons and others (not clear and not found).   

Other Web Classification Exercises 
One of the early experiments in classifying scholarly artefacts on the web was conducted by Cronin, Snyder, Rosenbaum, Martinson, and Callahan (1998). In contrast to the above investigations they studied the context in which the names of highly cited academics were mentioned in web pages. They classified web pages into eleven categories, finding that the academics' names were invoked online in a wide variety of informal contexts, such as conference pages, course reading lists, current awareness bulletins, resource guides, personal or institutional homepages, listservs and tables of contents (Cronin et al., 1998). 

In order to identify the key characteristics of scientific Web publications, Jepson et al. (2004) classified the content of 600 URLs retrieved by searching three domain specific topics related to plant biology in commercial search engines. They used a six-category broad classification scheme, again showing the broad range of online science-related publishing. The categories were: scientific (e.g., preprints, conference reports, abstracts, and scientific articles), scientifically related (e.g., materials of potential relevance for a scientific query, such as directories, CVs, institutional reports), teaching (e.g., textbooks, fact pages, tutorials, student papers, and course descriptions, low-grade (content that fails to meet the criteria of the three previous groups), and ‘noise’.

Research questions 

The objective of this paper is to assess the types of citation to open access journal articles in science that are obtained by the Google unique Web/URL citation method. This method uses Google to count citations to OA journal articles by searching for their title or URL and counting a maximum of one citation per web site to reduce duplication (Kousha & Thelwall, to appear). A previous article has had the same objective except for a different Web citation method (just article titles and counting all matches within a site), using a different set of sciences (except that biology is common to both), a different and more detailed classification scheme and not being restricted to OA articles (Vaughan & Shaw, 2005). Hence we are interested to see whether our method gives significantly more useful results based upon the new web citation classification scheme. In particular, can we shed new light on potential uses of web citation counting for types that are only available online?
Two questions were devised to help identify common scholarly and non-scholarly reasons for targeting open access journal articles across four science disciplines (biology, physics, chemistry, and computing). Since we have previously found a significant correlation between ISI citations and Google unique Web/URL citations to OA journal articles in these four science areas, the purpose of this study is to validate our previous findings by identifying possible causes for the relationship. 

1. What are the common types of Google unique Web/URL citations targeting open access science journals and can they be used to evaluate or map research impact, informal scholarly communication and self-publicity?  

          2. What are the characteristics of the scientific sources of the Web/URL citations (e.g., language, publication year, file format, hyperlinking and Internet domains) and what do these imply for web citation data collection methods? 

Methods

Journal and Article Selection

For the purpose of this study, we define informal scholarly sources of Web/URL citations as those that are a by-product of any kind of explicit scholarly communication. For instance, we think that including Web/URL citations in a class reading list, presentation file, or a discussion board or forum message (where people mention papers for recommendations or discussion support) normally indicates informal scholarly use of the targeted articles. This may be valued because the articles are 'explicitly used' for scholarly-related reasons although, as with conventional citations, these Web/URL citations may convey different degrees of use or impact. Consequently, we differentiate between the above informal citing sources and those that 'potentially can help' scholars to locate or navigate information as part of the scholarly production and communication cycle. For instance, a Web/URL citation from a personal CV, online database, or a bibliography does not tend to imply that other scholars have used the article for scholarly communication, only that it is more easily found. In contrast, having many Web/URL citations from class reading lists, presentations (i.e., seminars, workshops), and discussions board messages is likely to indicate that an individual work has been useful enough to be recommended or mentioned by other researchers.

Since the current study is a follow up of our previous research which examined the correlation between ISI citations and Google unique Web/URL citations (Kousha & Thelwall, to appear) the data is only briefly described in this paragraph. We use the same dataset to classify sources of the Web/URL citations targeting OA journals and to examine if the previous significant correlations between ISI and Google Web/URL citations in the four science disciplines were related to scholarly characteristics of the citing sources on the Web. Hence, we again chose as our open access journals only English freely accessible journals on the Web with some kind of peer or editorial review process for publishing papers. We selected journals published in 2001 in order to allow a significant time for articles to attract Web/URL citations. Our final sample included 64 open access journals from biology, physics, chemistry, and computing, 49 (77%) of which were indexed in the ISI Web of Science at the time of this study. We used proportional selection of research articles in each discipline to allow journals with more published articles to have more papers in our sample. As a result, our random sample comprised 1,158 research articles. We used the Google Web/URL citation method as applied in our previous study, retrieving both Web citations and URL citations: i.e., with the title or URL of the article either in the link anchor or in the text of a Web page (Kousha & Thelwall, to appear). 

Google Unique Web/URL Citations

In the previous study we found that the default Google results often contained redundant hits (e.g., the abstract, the PDF file and the HTML file of a single article) with slightly different URLs. Thus, we restricted our Google unique Web/URL citation counts to a maximum of one Web/URL citation per site, finding higher correlations between ISI citations and Google unique Web/URL citations than Google total Web/URL citations to scholarly OA journals in multiple disciplines. Since Google often displays two hits per site, this number was manually adjusted to one result per site. However, sometimes the same site reappears in on several Google search results pages, which we did not manually check for. In summary, number of unique Web/URL citations was calculated for convenience by omitting the indented Google results, to reduce repeated results from the same site. This is very similar to the alternative document model concept used in link analysis (Thelwall, 2004). 
In the current study we used only Google unique Web/URL citations because they were the best scholarly measure in our previous investigation (Kousha & Thelwall, to appear). We again employed proportional sampling to select the Google unique Web/URL citations for each OA journal. Thus, journals with more Google unique Web/URL citations targeting their OA articles had also more Web/URL citations in our sample. As a result, we had a random selection of 1577 unique Web/URL citations from Google in the four science disciplines for the classification exercise.  
Classification of Web/URL Citing Types

We used an initial classification scheme based upon our previous experience with library and information science OA journals (Kousha & Thelwall, 2006a) and methods mentioned in the related studies section of this paper. However, in some cases we modified pre-defined categories to cover new characteristics identified during the classification process. We also used the translation facilities of Google and other Web-based services to understand some non-English web pages.
In order to reach general agreement on the classification of Web/URL citations, the first author initially classified 340 sources of Web/URL citations in chemistry and then we discussed how to deal with each type of Web citation source prior to beginning the full-scale categorization exercise. We found relatively little disagreement about which citing sources reflected formal and informal impact. For instance, Web citations in the reference sections of online articles, conference presentation files, course reading lists and scholarly correspondence were normally simple enough for both of us to identify and classify. Nevertheless, our classification scheme was quite detailed and we believe that it would be difficult to get high inter-classifier reliability as a result of this (see also Wilkinson et al., 2003). The first author conducted all the classifications discussed in this paper. The second author classified 100 of the same citations to assess the consistency of the classifications, and the agreement rate was 81%. The disagreements were typically due to different interpretations of contextual information. For example a list of publications by various authors on similar topics could be part of an institutional CV, a class reading list, a subject-specific bibliography or the reference section of an online publication. In some cases the purpose of such documents was not clear and the owning web site had to be browsed for contextual information. Similarly, a PDF file of a journal article could be the original article or a mirror copy: only contextual information could reveal the difference. After comparing the results of the two classifiers, the only systematic bias was in the second author classifying more pages as institutional CVs (12% rather than 9%). Hence, the results section reported below may underestimate the institutional CV category by a few percentage points but otherwise the results seem likely to be reasonably consistent, at least from the perspectives of the two authors.
The most challenging classification issue was merging sub-classes into meaningful broader categories (described below). For instance, in the category of papers apparently duplicated in conferences or reports, it was not clear what broader category was appropriate. There are similar subjective issues in traditional indexing practices, indicating that reaching high indexing consistency between different indexers, especially for creative works, is difficult (Lancaster, 1991, p. 184-185). 
We classified the sources of Web/URL citations into six broad categories and 21 sub-classes, as shown below. Note that for our broad interpretation of the results, we merged the sub-classes somewhat to reflect the key issue of (a) evidence for online impact (1a and 1b below) (b) information that would help academic work to be found but did not provide evidence that the work had been used (2 and 3 below). 
1a) Formal scholarly impact: i.e. evidence that the cited article has been used within the formal scholarly communication system (e.g., journals and conference proceedings) or patents
1b) Informal impact: i.e. evidence that the cited article has proved useful in some context (e.g., citations in conference presentations, reading lists, discussion/forum messages)
2) Self-publicity: information put on the web by the producers of the research to help others find their academic work (e.g., CVs)
3a) General navigational: (e.g., General web directories and search engines, tables of contents)
3b) Subject-specific navigational: (e.g., subject-domain databases and bibliographies)

4) Other

Formal Evidence of Research Impact
Web/URL citations were classified as indicating formal scholarly impact if they were citations from the reference sections of online academic documents, either from full text documents or cross reference and Web-based citation indexes. This classification presents formal scholarly reasons for targeting OA journals articles as applied by Borgman and Furner (2002) and equivalent to research oriented (Bar-Ilan XE "Bar-Ilan, J." , 2004 and 2005), and research impact (Vaughan & Shaw, 2005). There is an issue of duplication here, however, because citations could be counted multiple times: not just from the original paper in its official publication source (e.g., the journal web site) but also from mirror copies of the paper and from cross-reference and citation index services.
In some cases we could neither directly recognise citing source types from the full text web documents (e.g., journal and conference papers) nor through checking the main (root) URL address of the documents. For instance, we found many institutional- or self-archived full text papers without publication information and classified them as e-prints. As a limitation of this study, we don't know of any practical way to check what proportion of these e-prints are journal or conference pre-prints or post-prints.  

Our initial classification exercise showed that there were some formal Web/URL citations in non-full text records. For instance, publishers’ cross reference services and Web-based citation indexes were significant sources of formal Web/URL citations. Note that sometimes we found hidden Web/URL citations from publishers’ cross reference services in our Google search results which were only visible for subscribers (in our case, the University of Wolverhampton). We checked citations through appropriate links to cited references for different publishers (e.g., InterScience, Blackwell) to avoid Google false matches. Below are the sub-classes used for formal scholarly impact.
· Journal articles 

· Conference or workshop papers
· Dissertations 

· E-prints (post or preprints)

· Research or technical reports 

· Patents 
· Books or book chapters
· Cross reference or citation index entries
Informal Evidence of Research Impact
Although the exact meaning of informal scholarly communication is complex and perhaps controversial to operationalise, we define it to include any web sources that are a by-product of any kind of scholarly use of OA papers, i.e., indicating that the research has been found useful. The sub-classes used for categorization of informal impact in this study are given below.
· Presentations 

· Course reading lists
· Discussion board or forum messages
In contrast to formal scholarly communication, in which scholars explicitly mention (cite) information sources used in the creation of their publications, in the informal scholarly communication cycle during the production of research and related activities people may also use a range of academic sources. Outside of the research cycle, articles may also have a use value or impact if they are used for education or for practical purposes by government or industry. We think that finding Web/URL citations to OA journal papers in the above web sources suggest that they were useful enough to be explicitly mentioned for scholarly-related purposes and this can be valuable for intellectual impact assessment. However, as with journal citations, they may reflect a spectrum of intellectual impact types. For instance, citations in conference or seminar presentation files (e.g., PowerPoint) perhaps indicate a more direct intellectual impact (e.g., background information about the research and methods of the study) than other informal sources in our classification. Nevertheless, the value of the different categories probably varies between subjects, depending upon such factors as their applied or pure orientation. 
Although web citations from course reading lists may also be valued as evidence of intellectual impact (see Vaughan & Shaw, 2005), sometimes it was difficult to distinguish between reading lists with some subject-specific online resources and lists of selected papers, for example in library web sites, which might also be used for teaching. Thus, we only classified reading lists as indicating informal impact if they were mentioned in a course outline or syllabus or there was other evidence that they were created for teaching purposes. 
We think that web citations in discussion board or forum messages where posters explicitly mention articles to support a discussion, to give background information or as a recommendation to other people is also (informal) evidence of research impact. However, in some cases people may mention papers just for (comprehensive) current awareness or other reasons that might not be considered as indicating intellectual impact. For this reason, we checked the context in which the web citations appeared in order to classify them as having informal impact or not. Although we didn't find much evidence of informal impact from the discussion messages in the four science disciplines (see results) they might be more significant in the social sciences and humanities. 
Self-Publicity 
This class includes self-publicity sources which were specifically created by authors or research institutions for awareness of the research results and increasing the visibility of academic work (see below). For instance, our initial classification exercise identified many Web/URL citations from CVs which were either be created by individuals (personal CVs) or institutions (institutional or group CVs). We think that self-publicity type of Web/URL citation suggests that scholars or institutions are willing to publicise their research results, which is an important part of informal scholarly communication (Fry, Virkar, & Schroeder, 2006). 
Moreover, during the classification process we found some journal articles in our sample that had also appeared in conferences or workshops with the same titles and authors. In fact, many authors present initial research results in a conference prior to publication in a journal. These papers sometimes appeared in our Google search results as apparent citations merely because their titles matched the title part of the web/URL citation searches. In order to prevent false matches in such cases we manually checked the exact titles, authors’ names and affiliations to make sure that the retrieved documents were prior versions of the searched journal papers. Although presenting papers to conferences and workshops is useful to publicize research results prior to journal publication, the extent of revisions and changes in the articles’ contents, including those made after the peer-review process, was not obvious. Moreover, some authors may use different titles for a conference and subsequent journal paper even if they were about the same research project and this would be very difficult to identify.  
We think that these sources can be also classified as self-publicity for the purpose of this study in the sense that they publicize the final paper. It would not be reasonable to claim that a prior presentation of a journal article at a conference was evidence of its impact, however.

· Personal CV or institutional list of publications (e.g., a list of publications by members of a research group) 
· Paper title (and authors) duplicated in a conference or report

Subject-Specific Navigational  

There are many specialised scholarly-related web sources and services which assist scholars to access scientific information and are very important tools for research communication. During the initial classification exercise we found many Web/URL citations from subject-specific databases (e.g., PubMed), annotated bibliographies which may be used by scholars to find relevant research. 
The classification of the Web/URL citations as subject-specific navigational is useful since it shows their distribution across different scientifically-related sources and their 'potential use' for research communication. Although there is no explicit evidence of their scholarly use or online impact, sometimes these sources (especially selected papers) might be also formed based upon human assessments and selection of scholarly works and this would be similar to course reading lists in conveying some kind of intellectual impact. 
· Scientific databases (e.g., PubMed)

· Subject-specific bibliographies or lists of selected papers

General Navigational
In contrast to scholarly-related navigational sources (mentioned above), we also found Web/URL citations from other general navigational sources which are mainly created for information navigation not related to a specific subject area. We think that the following sources can be classified as (general) navigational since they make it easier to find a wide variety of information. 
· Web directories/search tools (e.g., Open Directory, syndicated Google results) 

· Library web sites 

· Tables of contents

· Mirror copies of papers
Other 
Some of the Web/URL citations from the Google search results could not be found (even through the Google cache option) or the reason for creating them was not clear to us. We classified the former as 'missing pages' and the latter as 'not clear'. 

Source Characteristics of Formal Web Citations 

Five characteristics of each full text scientific source of the formal Web/URL citations were manually extracted and recorded. The main purpose of this was to identify common characteristics of the scientific citing web documents (i.e., journal and conference papers, research reports, dissertations) and hence to shed light on characteristics of scientific publication on the web which might be useful for the development and improvement of scientific web mining tools and methods (e.g., Web-based citation indexes) in the studied disciplines.   

· Domains (edu, ac, org, com, other)

· Hyperlinking (text or hyperlinked citation)

· File format (PDF, HTML, DOC, PostScript)

· Publication year (2001-2005) 

· Language (English or other languages)

Findings 

Scholarly Use of the Web    


Table 1 gives an overview of reasons for targeting OA journal articles based upon the classification of 1,577 sources of Web/URL citations in the four science disciplines. It shows that about a quarter of the Google unique Web/URL citations apparently reflect formal (23.1%) and informal intellectual impact (2.2%) and hence could be used for online impact assessment. It also shows that almost half of the Web/URL citations were from navigational sources (general and subject specific) and just over a fifth were classified as self-publicity.
Table 1. Overview of types of Web/URL citations to OA articles.
	Citation source category 
	Number 
	%

	Formal Impact
	365
	23.1

	Informal Impact
	35 
	2.2 

	Self-Publicity
	350
	22.2

	Subject-Specific Navigational 
	394
	25.0

	General Navigational 
	319
	20.2

	Other
	114 
	7.2

	Total
	1577
	100


Figure 1 compares the types of the unique Web/URL citations to OA articles between the four studied disciplines. It shows large disciplinary differences in formal citations. For instance, in biology 31% and in chemistry 12% of the Web/URL citations were from the references of scholarly-related web documents. Moreover, in three hard science disciplines (excluding computing) we found very few sources representing informal impact (about 1%).  

Figure 1 also shows that self-publicity reasons for web citations were more common in chemistry (36%) and physics (25%) than biology (15%) and computing (16%). Although there were only small differences between the navigational sources of Web citations in three studied disciplines, in physics this was higher (26%) for general navigational sources and lower (21%) for subject-specific sources. In the next section we identify reasons for these disciplinary differences based upon a deeper classification of the sources of Web/URL citations.  
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Figure 1. Types of Google unique Web/URL citation 

Formal Citing Sources 
Table 2 gives a breakdown of the sub-classes used to classify the formal citing sources. It shows that in biology there were relatively many formal citations from journal papers (18.3%). This was mainly due to citations from PubMed Central (www.pubmedcentral.org) which is a digital archive of life sciences full text journals at the U.S. National Institutes of Health (NIH) in the National Library of Medicine (NLM). This service gives free access to an extensive collection of print journals deposited by publishers at no cost. Out of 77 journal article citations targeting OA biology journals, 26 (34%) were from this digital archive. Although there are other significant journal publishers in the life sciences, such as Elsevier, we found many citations from PubMed Central perhaps because of limited access by Google to full the text content of other journal publishers. We did not identify any dominant sources of journal citations in the other three disciplines. 

As shown in Table 2, in chemistry we found relatively more journal citations than in physics and computing (excluding biology). One reason for the relatively higher percentage of journal citations (5.3%) in chemistry might be the classic dependency of chemists on journal publications rather than conference papers (0.3%) and preprints (0.9%). This supports previous findings in the same subject areas that the majority (88%) of the unique (non-ISI) Google Scholar citations to OA chemistry articles are from journal papers (Kousha & Thelwall, 2006b) and that the reception of e-prints in chemistry by authors is very poor (Brown, 2003).  

 In contrast, we found more citations in computer science from e-prints (6.3%) and conference papers (6%) than journal articles (4%). Although in computer science conference papers are commonly used to disseminate research results (Goodrum, et al., 2001), surprisingly we found similar percentages of both e-prints and conference/workshop papers. One explanation might be the e-prints category classification. In fact, we classified some citing sources from full text web documents with an unknown publication type as e-prints. We don't know the proportion of these e-prints that are pre-prints or post prints of conference or journal papers, since we could not identify their publication type. However, we found relatively more Web/URL citations from presentation files (2.8%) in computer science than other disciplines (shown in Table 3) which may also reflect the importance of conferences in computer science. Most notably, in computer science 58% of the scientific citations were to the Journal of Machine Learning Research. This was the highest percentage to an individual OA journal title in our study. We traced the scientific impact of the above journal title through the ISI Journal Citation Reports (JCR), finding that it had the highest Impact Factor (4.027) in the computer science, artificial intelligence category at the time of this study. It is also interesting that in computer science exclusively we found (two) citations in full text patent documents from the U.S. Patents and Trademark Office database (wwww.uspto.gov) both targeting articles in the IBM Journal of Research and Development. 

Surprisingly, in physics we did not find any citations from full text papers deposited in the ArXiv e-prints archive (http://arXiv.org), although this is often the first choice for authors in physics to publish their research results (Harnad & Car, 2000) and nearly half of the non-ISI citations from Google Scholar (not overlapping with ISI citations) to OA journals were from arXiv.org (Kousha & Thelwall, 2006b). Probably Google couldn't directly access the full text papers in ArXiv in order to index citing references to OA journals in the way that Google Scholar could. In other words, Google could only index table of contents from this archive and this may explain why we found many mirror tables of contents from ArXiv in physics (shown in Table 6). This suggests that Google Scholar does not make all of its contents available to Google, despite their common ownership and at least partial sharing of data.

As shown in Table 2, there is not much difference between sources of Google unique Web/URL citations from books, research/technical reports and dissertations amongst the four disciplines. However, in computing we found a higher percentage of citations from online dissertations. Perhaps there is more use of the Web for self-archiving dissertations by computer scientists. Another interesting source of scientific Web/URL citations which was not explicitly mentioned in previous classification exercises is references from non-full text records such as Web-based citation indexes and publishers’ cross referencing services. For instance, in biology 6.4% of the formal citations were from these types of services, most notably from the Blackwell Synergy "CrossRef" service, which includes references in its bibliographic information for the articles covered. Although Elsevier is one of the major publishers of life science journals (Jacso, 2005), we did not find any citations from it. It seems that Google's capability to index references from Blackwell (41% of cross reference Web/URL citations in biology) did not extend to Elsevier at the time of the study, perhaps because it has a competing citation service, Scopus (http://www.info.scopus.com). The results mirror previous claims that the availability of scientific information is not merely determined by the accessibility of web documents but also by the hyperlinking strategy of publishers (Wouters & de Vries, 2004).

In physics 21% of the cross reference citations were from Citebase (citebase.eprints.org), a free semi-autonomous citation index that contains pre-prints and post-prints from physics, math and information science. It seems that this relatively high proportion of the formal citations from an individual Web-based citation index springs from its coverage of the ArXiv e-prints archive (Citebase, 2006) which Google could not directly access. In computer science, many cross-reference citations were from the digital libraries of the two leading publishers in the field, the ACM portal (http://portal.acm.org) and the IEEE Computer Society Digital Library (http://doi.ieeecomputersociety.org). In chemistry, we didn't find many cross reference citations, perhaps because there is low coverage of chemistry in Web-based citation indexes and cross-referencing services or because Google has limited access to the contents of such services. For instance, previous results showed that in chemistry there were relatively more ISI-only citations (i.e. not found in Google Scholar) than in biology, physics and computing from Elsevier and chemical association publishers (Kousha & Thelwall, 2006b).
Table 2. Classification of formal citing sources targeting OA articles in four disciplines

	Broad 

Reason
	Sources of Formal Scholarly Impact 

	    Source

Discipline
	Journal
	Conference/

Workshop
	Dissertation
	E-print

Pre/post-print
	Research/

Technical
report
	Patent 
	Book
	CrossRef /

Web-citation index
	 Total 



	Chemistry
	18 (5.3%)
	1 (0.3%)
	3 (0.9%)
	6 (1.8%)
	2 (0.6%)
	0 (0%)
	2 (0.6%)
	9 (2.6%)
	41 (12.1%)

	Biology
	77 (18.3%)
	2 (0.5%)
	5 (1.2%)
	15 (3.6%)
	3 (0.7%)
	0 (0%)
	0 (0%)
	27 (6.4%)
	129 (30.6%)

	Physics
	12 (3.1%)
	10 (2.6%)
	5 (1.3%)
	29 (7.4%)
	3 (0.8%)
	0 (0%)
	2 (0.5%)
	22 (5.6%)
	83 (21.3%)

	Computing 
	17 (4%)
	25 (5.9%)
	11 (2.6%)
	27 (6.3%)
	4 (0.9%)
	2 (0.5%)
	4 (0.9%)
	22 (5.2%)
	112 (26.3%)

	Total
	124 (7.9%)
	38 (2.4%)
	24 (1.5%)
	77 (4.9%)
	12 (0.8%)
	2 (0.1%)
	8 (0.5%)
	80 (5.1%)
	365 (23.1%)


Informal Impact Sources
As shown in Table 3, there were few Web/URL citations with some kind of informal impact in targeting OA journals in the four science areas (2.2%), although this was higher in computing (5.6%). In computing we found relatively more reading lists and tutorial sources for students (1.6%) as well as presentation files (2.8%) (generally in PowerPoint format). Our findings suggest that in hard sciences (excluding computing) research is rarely directly tied to teaching or cited in presentations. We also identified more Web/URL citations in computing from discussion boards (where people can post and reply to messages), perhaps because computer scientists use such services more than the other three studied areas, although we have no direct evidence for this assumption. We don't know whether finding little evidence of informal impact or use in the four science areas is related to their disciplinary norms in using informal channels in research communication or whether the web contains few traces because they tend not to be published online. This is discussed again in the conclusions.
Table 3. Informal sources of intellectual impact 

	Broad 

Reason
	Sources of Informal Scholarly Impact 


	      Source

Discipline
	Teaching
	Presentation file
	Forum/ Discussion board message
	Total



	Chemistry
	2 (0.6%)
	1 (0.3%)
	1 (0.3%)
	4 (1.2%)

	Biology
	0 (0%)
	2 (0.5%)
	1 (0.2%)
	3 (0.7%)

	Physics
	0 (0%)
	2 (0.5%)
	 2 (0.5%)
	4 (1%)

	Computing 
	7 (1.6%)
	12 (2.8%)
	5 (1.2%)
	24 (5.6%)

	Total
	9 (0.6%)
	17 (1.1%)
	9 (0.6%)
	35 (2.2 %)


Self-Publicity Sources

In this section we discuss the self-publicity source types (22%). Table 4 shows that the majority of these Web/URL citations (13%) were from personal CVs in the four studied disciplines. There are remarkable disciplinary differences between some disciplines. For instance, we found more Web/URL citations from both personal and institutional CVs in chemistry (34%) and less in biology (14%) (see also Harries, Wilkinson, Price, Fairclough, & Thelwall, 2004). Most notably, in biology we found more Web/URL citations from institutional CVs, generally from biosciences and biotechnology labs’ web sites. The overall results suggest that in chemistry authors or research institutions are more willing to publicise their scholarly activities through Web CVs. Disciplinary differences in the number of authors per paper (Moed, 2006) might influence this pattern, however.
We found only 2.2% of Web/URL citations from duplicated paper titles in conference or workshop pages. In fact, there were 34 OA journal articles that also appeared in conferences or workshops with the same title and author(s). Most importantly, the results suggest that physicists are most willing to publish the same conference or workshop paper in a journal (4%). 

Table 4. Self-publicity sources of the Web/URL citations

	Broad 

Reason
	Sources of Self- Publicity  


	     Source

Discipline
	Personal CV
	Institutional CV.
	Paper title duplicated in a conference or report
	Total



	Chemistry
	75 (22.1%)
	40 (11.8%)
	9 (2.6%)
	124 (36.5%)

	Biology
	28 (6.7%)
	31 (7.4%)
	3 (0.7%)
	62 (14.7%)

	Physics
	48 (12.3%)
	33 (8.5%)
	16 (4.1%)
	97 (24.9%)

	Computing 
	50 (11.7%)
	11 (2.6%)
	 6 (1.4%)
	67 (15.7%)

	Total
	201 (12.7%)
	115 (7.3%)
	34 (2.2%)
	350 (22.2%)


Subject-Specific Navigational Sources 

Table 5 shows the classification of the Web/URL citations from subject-specific navigational sources including scientific databases (19%) and subject-specific bibliographies or lists of selected papers (6%). In biology we found 23% of citing sources from online databases, most of them from PubMed (www.pubmed.gov), a scientific database of the U.S. National Library of Medicine with over 16 million biomedical and life sciences records. In chemistry 33% of the Web/URL citations from online databases were from PubMed, perhaps because of biochemical papers indexed in MEDLINE. In physics many Web/URL citations were from the NASA Astrophysics Data System (http://adswww.harvard.edu) with more than 4 million records in astronomy and astrophysics and physics. In computing the ACM digital library and bibliographic database (http://portal.acm.org), CiteSeer (http://citeseer.ist.psu.edu) and the DBLP (Digital Bibliography & Library Project) server (http://www.informatik.uni-trier.de/~ley/db) were major sources of Web/URL citations from online databases.
Table 5. Subject-specific navigational sources of the Web/URL citations
	Broad 

Reason
	Subject-Specific Navigational Sources


	     Source

Discipline
	Scientific database
	Subject-specific bibliography/ selected papers
	Total



	Chemistry
	52 (15.3%)
	37 (10.9%)
	89 (26.2%)

	Biology
	97 (23%)
	19 (4.5%)
	116  (27.6)

	Physics
	60 (15.4%)
	21 (5.4%)
	81 (20.8%)

	Computing 
	88 (20.7%)
	20 (4.7%)
	108 (25.4%0

	Total
	297 (18.8%)
	97 (6.2%)
	394 (25%)


General Navigational Sources
As shown in Table 6, we also identified 20% of the Web/URL citations from sources that were designed for general navigation such as web directories, search engine results, library links and table of contents services. The most frequent source was the Consortium of Academic Libraries of Catalonia (www.cbuc.es/angles/6sumaris/6mcsumaris.htm) which had a database of tables of contents for over 11,000 journals. There was a higher proportion of mirror tables of contents in physics (13.8%) because we found additional sources of tables of contents from arXiv (covering physics, mathematics, computer science and quantitative biology) in this discipline. General Web directories and subject indexes (6.5%) were another main navigational source of Web/URL citations, mostly from the Open Directory Project (www.dmoz.org) and automatically created spam pages with syndicated Google advertising. We also found a similar proportion of mirror copies of papers (3.6%) mainly from mirrored journal web sites (i.e., not the official journal web sites) and author/institutional self-archiving practices (preprints/post-prints).
Table 6. General navigational sources of Web/URL citations 

	Broad 

reason
	General Navigational Sources


	       Source

Discipline
	Mirror table 

of contents
	Web directory/ search tool
	Mirror copy of  article
	Library links
	Total

Navigational

	Chemistry
	23 (6.8%)
	16 (4.7%)
	10 (2.9%)
	8 (2.4%)
	57 (16.8%)

	Biology
	35 (8.3%)
	30 (7.1%)
	13 (3.1%)
	2 (0.5%)
	80 (19%)

	Physics
	54 (13.8%)
	27 (6.9%)
	15 (3.8%)
	4 (1%)
	100 (25.6%)

	Computing 
	32 (7.5%)
	30 (7%)
	18 (4.2%)
	2 (0.5%)
	82 (19.2%)

	Total
	144 (9.1%)
	103 (6.5%)
	56 (3.6%)
	16 (1%)
	319 (20.2%)


Other Sources 

We classified about 7.2% of sources of Web/URL citations as ‘other’, either from missing pages (4.3%) or unclear sources (2.9%). For instance, we found some XML (eXtensible Markup Language) documents mentioning the title or URL of an OA article. Since XML is intended to be read by machines and not humans, the information in XML documents is typically lacking in context and hard to interpret. For example, an XML file could be a database table. Although this kind of information might be the input to a program reporting on scholarly sources (e.g., a scientific database), we classified them as not clear because it was difficult to precisely interpret their meaning. 

Characteristics of the Formal Sources of Web/URL Citations

The characteristics of the 285 citing sources of the Web/URL citations classified as equivalent to formal citation are summarized in Table 7. We excluded citations from cross reference services and Web-based citation indexes (80 of 365) in this part of the study. In summary, 81% of the citing sources were in English, 55% in PDF format and 64% were non-hyperlinked (text-only citations). Most notably, formal scholarly communication on the Web (as measured by formal Web/URL citation) was dominated by non-hyperlinked citations from PDF documents, suggesting that using link command searches would not be comprehensive for studying research communication on the Web. We found that 26% of scientific sources of Web/URL citations were from academic web spaces with domain names ending in edu or ac (e.g., ac.uk, ac.jp, ac.in). Although there are many universities and academic institutions that do not use the above domains (i.e., Canadian and most European universities), it highlights the role of universities and academic web spaces in the formal scholarly communication research.
As shown in Table 7, about 28% of the scientific sources of Web/URL citations were published during 2001-2002 in the four studied disciplines, although this is higher in physics (46%) and lower in biology (17%). This perhaps reflects the rapid research communication culture in physics based upon preprint sharing (Brody, Carr & Harnad, 2002).
Table 7. Characteristics of Citing Sources of the Web/URL citations to OA articles 

	Web/URL  citation characteristic 
	Classification 
	Chemistry
	Biology
	Physics
	Computing
	Total 

	Language
	English 
	28 (87.5%)
	82 (80.4%)
	50 (82%)
	70 (77.8%)
	230 (80.7%)

	
	Other 
	4 (12.5%)
	20 (19.6%)
	11 (18%)
	20 (22.2%)
	55 (19.3%)

	Main domains
	edu
	9 (28.1%)
	12 (11.8%)
	6 (9.8%)
	17 (18.9%)
	44 (15.4%)

	
	ac
	3 (9.4%)
	6 (5.9%)
	10 (16.4%)
	11 (12.2%)
	30 (10.5%)

	
	org
	7 (21.9%)
	42 (41.2)
	9 (14.8%)
	19 (21.1%)
	77 (27%)

	
	com
	3 (9.4%)
	20 (19.6%)
	17 (27.9%)
	22 (24.4%)
	62 (21.8%)

	
	other
	10 (31.3)
	22 (21.6%)
	19 (31.1%)
	21 (23.3%)
	72 (25.3%)

	Hyperlinking 
	Linked
	7 (21.9%)
	57 (55.9%)
	20 (32.8%)
	19 (21.1%)
	103 (36.1%)

	
	Not linked
	25 (78.1%)
	45 (44.1%)
	41 (67.2%)
	71 (78.9%)
	182 (63.9%)

	Publication year


	2001
	6 (18.8%)
	3 (2.9%)
	16 (26.2%)
	8 (8.9%)
	33 (11.6%)

	
	2002
	5 (15.6%)
	14 (13.7%)
	12 (19.7%)
	16 (17.8%)
	47 (16.5%)

	
	2003
	8 (25%)
	25 (24.5%)
	9 (14.8%)
	19 (21.1%)
	61 (21.4%)

	
	2004
	8 (25%)
	33 (32.4%)
	8 (13.1%)
	20 (22.2%)
	69 (24.2%)

	
	2005
	1 (3.1%)
	18 (17.6%)
	7 (11.5%)
	10 (11.1%)
	36 (12.6%)

	
	Unknown
	4 (12.5%)
	9 (8.8%)
	9 (14.8%)
	17 (18.9%)
	39 (13.7%)

	File format 
	PDF
	16 (50%)
	41 (40.2%)
	40 (65.6%)
	61 (67.8%)
	158 (55.4%)

	
	HTML
	14 (43.8%)
	59 (57.8%)
	18 (29.5%)
	18 (20%)
	109 (38.2%)

	
	DOC
	1 (3.1%)
	2 (2%)
	2 (3.3%)
	7 (7.8%)
	12 (4.2%)

	
	PS
	1 (3.1%)
	0 (0%)
	1 (1.6%)
	4 (4.4%)
	6 (2.1%)


Discussion and Conclusions
In answer to first question, we classified about 25% of the Google unique Web/URL citations as indicating online impact in the four science disciplines. The results suggest that the web contains a wide range of non-journal formal citation data (i.e., conference papers, dissertations, e-prints, and research reports) which were previously impossible to trace through conventional serial-based citation databases. Moreover we identified new sources of informal intellectual impact (presentations, discussion messages) that were not mentioned in our previous study, although much less than the formal citations (2.2%). In computer science and biology about 31% of the web-extracted citations to OA journal articles were related to intellectual impact, which is similar to Vaughan and Shaw's (2005) web citation study (about 30%) in four subject areas (biology, genetics, medicine, and multidisciplinary sciences) for ISI indexed journal articles (most of them not Open Access). Hence our Google unique Web/URL citation method does not seem to be an improvement over Vaughan and Shaw’s (2005) web citation method in terms of giving a higher proportion of scholarly impact results. 
Since only about 1% of Web/URL citations apparently reflect informal intellectual impact in three of the hard science areas (excluding computing with 5.6%), this suggests that these areas rarely use or cite current research in teaching, presentation and discussions. Probably this would not be true for most social science disciplines, since at least in library and information science we have evidence that 12% of web citation to journal articles were from class readings lists (Vaughan & Shaw, 2003). However, another reason might be that the web includes few artefacts of informal scholarly communication in science because there is no culture of online publication, other than for journal articles and preprints. The study supports previous findings that there are differences in the extent to which disciplines publish on the web and write journal articles (e.g., Kling & McKim, 1999; Fry & Talja, 2004), although there were no real differences between sources of the Google unique Web/URL citations from books, research/technical reports and dissertations in the four studied disciplines. In fact, the epistemic cultures in scholarly communication (Cronin, 2003), field differences in the shaping of electronic media (Kling & McKim, 2000) or other factors such as the transformation of scholarly communication from print to digital environment (Hurd, 2000) might influence our results. Thus, the study of how scientists in different fields of science use and disseminate information on the web through formal and informal channels is a next important step towards understanding of web scholarly communication.
The majority of Web/URL citations targeting open access research papers in the four science disciplines were created for general/subject-specific navigational purposes (45%) and self-publicity (22%). Clearly, neither of these directly reflects research impact. Hence, if online citation counting is to be used to evaluate research, we recommend filtering to remove the majority of non-impact citations. In addition, this filtering should check for duplicate citation sources, for example the same paper in a web site and citation index. Nevertheless, no automatic method can get round the fact that citation information available on the web is inconsistent because it is dependant on the access policies of the major digital libraries. Hence, areas of science which are primarily served by repositories that do not reveal citation information would be unfairly disadvantaged. This is an issue that does not seem to affect ISI data, although other issues such as commercial considerations, linguistic and national coverage may (Moed, 2005).
Given our previously identified statistical correlations between ISI citations and Google Unique Web/URL citations (Kousha & Thelwall, to appear), the main cause may be that scholars with more highly cited, higher impact research are more likely to publicise it through their CVs or through being in and institution that promotes their activities through institutional CVs. Additionally, this kind of work may be more likely to be in subject-specific databases, if they have an element of selection in their indexing policies. 

Our finding that the majority of formal Web/URL citations (64%) targeting OA articles were not hyperlinked and that most of the citing sources were in PDF format (55%) suggests that text citation extraction might be more useful for research communication assessment than hyperlinking. However, further investigation is needed to compare the proportions of formal citations through using link, web citation and URL citation search.
Our research has several limitations that affect the ability to generalise the findings. Perhaps most importantly, open access publication is a minority within science, at least in terms of ISI-indexed journals. Hence our findings address something that is currently somewhat at the periphery of scientific activity. In addition, all sciences are different and it may be the case that some disciplines that we have not covered display radically different patterns. The results are also influenced by the way in which Google searches the web, and its coverage is an unknown factor. Similarly, and probably more importantly, web usage patterns change over time and may change rapidly, so our findings will not necessarily be relevant in the future. In addition the speed at which an article attracts citations (e.g., as measured by the citation half-life) may vary by source type. It seems likely that citations in class reading lists will tend to be older on average than those in academic articles, for example, and so the time period over which citations are counted will change the proportions of different types of citations found. Hence the proportions in Figure 1 may have been different if we had chosen a shorter or longer citation window.

A major practical problem was the subjective issue of producing a meaningful perspective (i.e., broad categories) for Web citation motivations, especially those created for non-scientific reasons. In fact, citer motivations on the web are wide-ranging and more complicated than traditional formal citations. Our online impact assessment included many citations in academic papers of various kinds, which are relatively well-understood phenomena. However, much less is known about the role and potential value of other sources of web citations (i.e., Web CVs, scientific databases) in the scholarly communication cycle. 
Finally, it seems that in order to gain the most useful results from Google’s Web/URL citation statistics, it would be necessary to develop algorithms and/or deploy human labour in order to remove duplicate citing sources and then to separate out the different kinds of citation. If this could be achieved then we would still have a source of citation data that would probably not be as good as that of the ISI because of the variable nature of coverage of different subjects due to the policies of a few large subject-specific archives and digital libraries. In addition, however, self-publicity activities could be evaluated to ensure that scientists are publishing their research online but it seems unlikely that informal scholarly communication can be tracked through Web/URL citations in science because there is, as yet, too little data.
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