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Abstract. This essay presents a framework for understanding formal and informal scholarly communications that are increasingly online. The essay focuses on e-Research, but argues that e-Research cannot be divorced from a larger context which includes search engines for accessing knowledge, and the digitization and use of databases and journals. The essay reviews research related to the shift towards online scholarship, and develops a systematic framework for understanding access to the online realm. While it is true that there are disciplinary differences in the shift to online materials and in the way that e-Research is being promoted in different fields, there are also certain features that disciplines share, such as infrastructures which provide access to e-Research tools and resources. Within this framework, it is possible to identify the various actors that are shaping the digitization of research materials and how they are used. While it is too early to assess long-term impacts on scholarly practices, since many of the changes are still ongoing, it is nevertheless important to identify key emergent factors (competition for attention, online visibility, and gatekeeping) that will play a key role throughout this evolving system.
Introduction
This essay examines how researchers gain access to knowledge at a time when scholarly communication and materials are increasingly moving online. Here we take a broader view than journal publication and readership, partly because this overlooks e-Research: e-Research also consists of efforts to develop distributed online tools, data and other resources. A second reason to take a broader view is that scientific communication and collaboration are not just undergoing change within the research community. Rather, these changes are also taking place, for example, in the light of how search engines affect what can be found online generally. When this is combined with changing patterns of information seeking among a new generation of scholars and potential scholars, a wider picture is needed since search results are, in turn, affected by search behaviour. Hence we will look at changes in research as well as in the realm of online knowledge more broadly.

The essay will thus draw together recent research in a number of areas which, we will argue, are interrelated:

· how science communication is moving online
· trends toward increased digitisation of research materials
· the development of tools and resources within e-Research
· the broader context of how online information is used
· how the use of search engines is shaping access
The final part of the essay will show how these areas are interrelated. To anticipate, with the growing importance of the web presence - and thus the online visibility of research - there is nevertheless only a small portion of this research which will be relevant within any one area of scholarship. Thus despite the vast expansion of the online realm, there is still competition to dominate the attention space, which is shaped to a considerable extent by the gatekeeping function of search engines. There are implications not just for science communication, but also for the evaluation of research, which will increasingly rely on online measures of impact, and which, in turn, is already feeding into the ways that researchers are disseminating their output. Hence there is a mutually reinforcing pattern to the ways in which research is shifting online and how its visibility is becoming ever important, in e-Research as well as in the larger domain of research. 

The essay will argue that although any conclusions about the general impact of electronic resources on scholarly habits must be preliminary, digitised knowledge deserves close attention because its workings will have ever greater repercussions throughout the realm of research practices. 

Background

Decades of hyperbole about the elusive promise of the paperless office
 notwithstanding, the production, transmission, distribution, searching and consumption of academic knowledge is increasingly occurring paperlessly, and this trend has been enabled by Internet-based scholarly materials. While there remain disciplinary differences in the extent to which scholars rely on electronic resources instead of paper (Fry & Talja, 2004; Kling & McKim, 2000; Tenopir, King, Boyce, Grayson, & Paulson, 2005; Tenopir, King, & Bush, 2004), the overall impact of electronic resources on the activities of scholars is undeniable. There have recently been a number of studies which have examined different facets of how research is moving online. While there is little in the way of a comprehensive overview of how online scholarship is changing, a notable exception to this is Borgman’s (2007) work which covers a broad range of related topics from an information science perspective. In this essay there will be greater emphasis on the sociology of science and technology, though we shall come back later to the difficulty of addressing this topic from within a single disciplinary viewpoint. There is enough scholarship accumulating in this area, however, that it is possible to piece together a number of perspectives on the topic, and to ask whether they add up to being able to identify any larger overall patterns. 

The Shift to the Use of Online Sources

There has been a marked shift to scholars accessing material online. Hallmark (2004) that geologists and chemists were finding and retrieving research articles electronically. In 1998, while 83% of their chemistry sample used Internet-based indices to find the article they cited, only 5% actually retrieved the article electronically, relying instead on paper copies of articles. By 2002, 85% of chemists still used Internet sources to search for the article in question, but 96% used the Internet to retrieve an article to either read it electronically or print it out for reading.
There appear also to be generational differences that are at play when trying to understand the shift to retrieving articles electronically. For instance, Sathe, Grady, & Giuse (2002) found that younger medical scholars (Fellows, Residents, and Students) were much more likely to have retrieved the journal electronically (57-70% across these categories) compared to clinical/research faculty (25%), who most often used print sources. 

There are potential pitfalls, however, for younger scholars who rely on electronic resources. The highly publicized “Google Generation” project and report (Centre for Information Behaviour and the Evaluation of Research, 2008) argues that visitors to scholarly sites mainly skim titles and abstracts, what they call ‘power browsing’ (p. 31).  The report also argues that “students usually prefer the global searching of Google to more sophisticated but more time-consuming searching provided by the library” (p. 31). This report in many ways puts lie to the meme that young digital natives are sophisticated users and producers of information, seamlessly moving between online roles and connecting various electronic devices and resources through mashups and social networking and rejects the notion that the Google Generation are “expert searchers” (p. 20).
Another recent study notes that “undergraduate students tend to search the internet first, then go to library-based services, unless they have been provided with and instructed on how to use a specific resource” (Nicholas, Huntington, Jamali, & Watkinson, 2006, p. 1348). If this the pathway for finding resources, however, then it is likely that different resources will be found and used than those that result from going to a library first, whether online or offline. Like the “Google Generation” report’s concern with the ability of younger generations to search and find relevant information, Nicholas et al. report that when trying to use digital libraries “web users do not dwell, they examine just a few items/pages before they leave” (2006, p. 1363).
Much of what is known about access to online knowledge remains anecdotal: to what extent do students and scholars rely on electronic versions of papers rather than paper versions? As Borgman notes, whereas scholars may be able to make “fine distinctions…in assessing the quality of a document…students, practitioners, scholars with minimal access to the published literature, and the general public usually are happy to read and cite any free version of a document they can find online” (2007: 84). However, even if college students do more than simply use Google searches for sources, the very fact that they are uncertain about which sources to use (Head, 2007) suggests that visibility and access are important determinants of what they will find.

Informal Scientific Communication Online

The preference for digital resources, especially among younger generations of scholars, is being manifested in other ways as well. Channels of communication honed through use during student years are also appearing in modified forms in the academic arena. These communications include various novel forms of electronic informal scientific communication such as blogs, personal webpages, Podcasts, YouTube videos, and Wikis. These are now being added to existing informal modes of academic communication, which include e-mail, e-mail lists, conferences, and professional newsletters. While older electronic communications often represent technological replacements for existing modes of communication (such as e-mail replacing snail mail), the same is not true of many of the latest innovations. Blogging does not have a clear analogue in the paper-based world; journal writers may have kept track of their thoughts on a variety of topics, but they did not post them publicly unless they published them as memoirs at a much later date. 

The shift of research materials online thus involves a variety of informal means of scientific communication, and while it will not be possible to review these here, a few examples can suffice: Thelwall & Kousha (2008), for example, have examined PowerPoint presentations available on the Web looking for evidence of whether they could be used as non-traditional indicators of research impact. They note that online presentations often cite more popular resources such as Scientific American or Harvard Business Review than they do typical scholarly sources, and thus may be an indicator that could be useful for tracking the popularization of research. Likewise, Wilkinson et al. (2003) also found that informal types of scholarly materials dominate the web-sphere. Wilkinson et al. found that almost 90% of links from 107 university websites were created for scholarly reasons, but that only a tiny minority were links to journal articles that could be considered the equivalent of a citation. The other links led to a variety of materials, including information for students (18%), material related to research resources (17%) and to libraries and e-journals (15%).

Understanding that scientists communicate scientific information informally is not a new observation, but it is worth noting that the channels with which they do so are proliferating. Garvey & Griffith (1967) pointed out that “scientists themselves create elements to fulfil the information needs that are not being satisfied by existing media” (p. 1012), and argued that these new elements would evolve over time and result in an shift in norms within a scientific field. Their example of certain fast-moving disciplines adopting increasingly speedy methods of exchanging pre-prints shows that tools such as arXiv.org are far from being completely new, technologically mediated innovations, but instead are the current incarnation of a trend noted in the literature 40 years ago (Garvey & Griffith, 1967, 1972). Specific scholarly behaviours may have changed, but the overall “socioecological system” (Sandstrom, 2001) of scholarly communication has continued to evolve along long-established lines (Hakken, 2003; Heimeriks & Vasileiadou, 2008).

Online Visibility
For formal and informal academic materials to have any impact, they must be visible to their potential audiences. This is one area where the Internet offers much greater potential than the library-based paper publishing system ever did. Once academic material is on the web, particularly if located in open-access sources indexed by Google and other search engines, other scholars and members of the general public at least have a chance of finding the material (even if the public audience for most scholarly material is quite limited). By mixing one’s academic work in with the other material in the cloud of information that everyone uses on the Internet, it becomes more likely that others may stumble on it than if it is locked away in dusty, little-visited academic libraries. Borgman puts it succinctly: “content that is online gets more use than that which is not” (2007, p. 159). And, as Heimeriks and Vasileiadou (2008) point out, “a scientist’s visibility does not rely exclusively on the number of publications and their citations but can increasingly result from a well-designed and well-linked homepage providing scientific content” (p. 18). Placing academic content online and allowing it to be freely used by others is referred to as open access publishing. Borgman (2007, p. 101) argues that enhanced visibility is one of the main motivations for open access. However, how the visibility of individual researchers is related to their impact as scholars is still unclear (see for instance Barjak, Li & Thelwall (2007)).
Digitisation of Research Materials

There is a larger ongoing of digitization of research materials which has been discussed in terms of the materials being digitized (Borgman, 2007; Nentwich, 2003). Borgman points out that most journals in science, technology and medicine have been online for some time (2007, p. 181) and notes that “scientific data are fastest-growing portion of the content layer” of scholarly communication infrastructures (2007, p. 182). Current efforts to put data and other research materials online and make them searchable and more easily manageable can be seen as attempts to cope with the “data deluge” (Hey & Trefethen, 2003), especially in some of the natural sciences. Equally, however, a more long-term trend is simply the deluge of papers and research materials that researchers in all fields need to cope with. Collins summarized the trend before online material had become available: “what we see around ourselves in recent decades has been an enormous expansion in cultural production. There are over 1 million publications in the natural sciences, over 100,000 in the social sciences, and comparable number in the humanities” (Collins (1998, p. 521) citing de Solla Price (1986, p. 266)). Collins notes “we are almost literally buried in papers” (1998, p. 92), a phenomenon that today extends to electronic papers. 

Heimeriks & Vasileiadou (2008) discuss this in terms of the science communication system, arguing that ICTS contribute to “the emergence of heterogeneity in methods of analysis, types of data, types of scientific output, modes of communication and coordination, modes of socialization and identity construction, types of career paths” (2008, p. 23). This increased heterogeneity leads to changing dynamics in the various layers of the scientific communication process, and also, they argue, leads to increased reflexivity about modes of communication as typified by the very public discussions of open-access publishing and copyright (see, for instance, Bachrach et al. (1998), Ginsparg (1996; , 2006), Harnad (2001)).

e-Research in the Changing Research Landscape
e-Research has become an umbrella term for e-Science, e-Social Science and e-Humanities. Other terms that have been used are cyberinfrastructure (especially in the US) and e-Infrastructure (in the EU). The various research programmes associated with this have been described in Schroeder & Fry (2007) and can be found on various agency websites detailing national agendas for scientific funding. Many of the projects can be also be found in the various reports on cyberinfrastructure that have been release in the last few years (e.g., Arms & Larson (2007), Atkins et al. (2003), Berman & Brady (2005), and a variety of other reports). It is important, however, to be clear about what e-Research is and to delimit it vis-à-vis other, related areas. By e-Research we refer to the digital tools and resources (collectively research materials) for distributed and collaborative online research.

e-Research materials constitute a subset of the overall digitization of research, namely, the subset that develops and uses these materials for online distributed collaborative research. Also, these materials have the further characteristic that they are intrinsically part of the e-Scholarly communication layer (that we describe in more detail below) since e-Research materials inputs such as data & software and outputs such as data for analysis & re-use are online. Third, e-Research is also developing an infrastructure that is part of the communication layer, but also outside of it in terms of access to resources and tools on a longer-term basis. 

As this material becomes increasingly prominent in the research landscape, it will be important to establish to what extent this becomes part of formal and informal scholarly communication? How, if these materials are part of an emerging infrastructure of research, will they be accessed and used by researchers? How will this vary across disciplines? More generally, how will e-Research shape and be shaped by the changing processes scholarly communication that we have sketched here?
An Online ‘System’ – and e-Research as part of it 

e-Research contributes to the move of knowledge online, and by definition produces materials for online access
. However, the visibility and dominance of online resources must also be seen in a context that is larger than search, fields, and formal & informal scholarly communication. Kling, McKim and King have suggested that it is possible to see new electronic forms of scholarly communication such as “electronic editions of paper journals, pure electronic journals, working article repositories, post-publication archives, pre-print servers, collaboratories, cross-linked Webs of resources, gene databases” and the like as part and parcel of a set of e-Scholarly Communication Forums (Kling, McKim, & King, 2003, p. 47). The authors go on to point out that this does not mean that these forums are therefore purely electronic since researchers also exchange information face-to-face. 

These e-Scholarly Communication Forums could be regarded as overlapping with the emerging e-infrastructures or cyberinfrastructures, but it is important to recognize that the latter also constitute something larger. e-Infrastructures are systems of networked digital resources that will serve fields but also scholars across fields at a national or supranational level in the manner of a long-term support mechanism to support research (Borgman, 2007; Schroeder, 2007). Thus, the shift to online resources cannot be left on the level of scholarly communication practices, but must be raised to the level of transformation in the very systems of scholarly communication.  Fry (2006) uses the term “scholarly networked digital resources” to refer to the overall system beyond individual projects, digital libraries or discrete webpages. A broader conception such as this allows us to include both the infrastructure and its networked parts which make up the scholarly online ecosystem.

The online ecosystem thus consists of more than just scholarly communication. Within scholarly communication, a distinction is made between formal communication which is long-lasting and addressed to a wider audience and informal communication which is more ephemeral and between a more restricted audience, or between public and private communication.  However, as Borgman points out (2007, pp. 48-49), these lines are especially hard to draw with digital scholarship. These boundaries are blurring in various ways in e-Research and the digitization of scholarly materials. Hence Borgman also notes that, “in digital environments, dissemination can be difficult to distinguish from access” (Borgman, 2007, p. 87). In other words, what is found online can be regarded as published for dissemination and what is disseminated can be seen as being published, even if this interchangeability was not intended.

Disciplinary Differences
Kling & McKim (2000) take a somewhat sceptical view of overly optimistic views of the power of ICTs to transform scholarly activity. The central argument they make is that while there are many examples of increasing digital scholarship, important field
 differences remain and shape the extent to which disciplinary actors are likely to actively engage in e-Research.  For instance, in computer science and physics, papers are published online; computer scientists have been particularly aggressive in terms of placing their papers on their personal websites (Borgman, 2007, p. 102). Does this mean that these two disciplines will become more visible vis-à-vis other less aggressive fields? This would follow if we combine this trend with what Harnad (2001) noticed about how much more open access material was cited – but only if knowledge transcends disciplinary boundaries; if it does not, then the visibility should be “contained” within the two disciplines.  Fry has argued that, in terms of “the differential role of informal and formal communication across fields” fields with a high degree of mutual dependence and low degree of task uncertainty such as high-energy physics are more likely to produce and use digital resources that fields with high task uncertainly and low mutual dependence, such as social/cultural geography (Fry, 2006, p. 312). Other scholars have also looked at discipline-specific use of scholarly networked digital resources; see, for example Tenopir et al.’s (2005) paper on astronomers and Tenopir, King, & Bush (2004) examining medical faculty.

It is true that field differences in terms of the extent to which electronic scientific communication is adopted will persist (Kling & McKim, 2000; see also Walsh, Kucker, Maloney, & Gabbay, 2000), but even if humanities and social sciences “lag”, this must nevertheless be put in the context that all disciplines are moving in the direction of digitizing online resources. The key point is that all disciplines are doing this in different ways, and will thus be subject to the competition for visibility that we outlined earlier, even if this competition will take various forms.

Shaping Access with Search Engines

Search Engines as Gatekeepers

The very idea that commercial search engines, and one dominant one in particular, should be used to access scholarly knowledge, would have been unthinkable ten years ago.  As noted in Fry et al. (2008, Forthcoming) above, Google and Google Scholar are increasingly playing a gatekeeping function in e-Research.  Google has actively moved into an area formerly dominated by players such as Thomson/ISI.  It would be hard to argue that the former gatekeepers were terribly democratic in their policies toward access to knowledge: most of these proprietary databases were carefully locked behind subscription-based walls guarded by university libraries.  Google Scholar, however, is not a database but an index and search engine.  The articles that it finds are still often well locked away behind subscription-based interfaces unless one is accessing them from a prominent research university.  

While the ISI Journal Impact Factor (JIF) is well documented as a strong influence on the behaviour of scholars (particularly in terms of tenure and promotion), the impact of Google is only starting to be discussed more widely (see, for instance, a recent editorial lamenting one new journal’s lack of impact in Google Scholar (Spoelstra, O’Shea, & Kaulingfreks, 2007)). Hemminger et al., for instance, report that while “researchers still primarily use library and bibliographic database searches…the use of Web search engines such as Google Scholar is almost as common” (Hemminger, Lu, Vaughan, & Adams, 2007, p. 2215).
But how well does Google Scholar fare at finding relevant, high-quality scholarship? Meho & Yang (2007) compared Google Scholar to Scopus and the Web of Science and determined that Google Scholar was superior to the other sources at finding citations to an author’s work in conference proceedings (four times more), non-English sources (over six times more), and in works self-archived on a personal or institutional website (which are not covered by the other sources at all). This gives authors who choose to self-archive a “dramatic advantage” in terms of their visibility in Google Scholar (p. 2118). In terms of accessing peer-reviewed journal literature, however, Scopus and Web of Science are better at filtering out low-impact sources of citations; most of the additional citations Google Scholar was able to find were from low-impact journals and conference proceedings, and their inclusion did not change the relative ranking of scholars’ productivity. This wide coverage Meho & Yang report in Google Scholar is in marked contrast to an earlier study which found that Google Scholar suffered from “massive content omissions” (Jasco, 2005, p. 208).

Kousha & Thelwall (2007) have also compared ISI citations to Google Scholar and Google Web using a different methodology. They also found variability in the effectiveness of Google Scholar, noting that fields with a bias toward valuing conference articles and placing them online such as computer science and some social science disciplines were better represented in Google Scholar.  Overall, however, they found a strong correlation between Google Scholar citations and ISI citations.

Meho & Yang point out some structural problems with Google Scholar that limits its use as a bibliometric tool, but also have implications for scholars who rely on it as a tool for research. Google Scholar lacks full bibliographic information and metadata on the sources it finds. More importantly, Google Scholar “ranks the items in a rather inconsistent way…[and] does not allow resorting of the retrieved sets in any way (such as by date, author name, or data source” (2007, pp. 2110-2111). However, if one wants to find more marginal literature (such as that located in what Anderson has called the “long-tail” (Anderson, 2006)), Google Scholar is a better source than Scopus or Web of Science. There are many reasons why a scholar might be interested in moving outside the mainstream journal articles: to examine an under-researched topic, to find references to a newly emerging topic that has not yet had time to appear in mainstream publications, or to find international perspectives on a topic of interest beyond the global north.

Discussion: Social Science & Online Research
It is interesting to consider how social science is currently somewhat ill-equipped to address the migration of research online. This is due in part to disciplinary specialization, but also in part to the diffuseness of the object under consideration. As for the disciplines involved, these are foremost the sociology of science and technology and library and information sciences, though these do not deal, for example, with the broader changes outlined earlier in how young people access news about science (which might lie in the domain of educational or media studies), or how an attention economy is shaping the publishing world (which tends to fall under the scope of the economics of innovation).
For e-Research there are arguably three key elements we need to focus on: the material that has shifted into and become aggregated within this online realm; the gatekeepers and paths to this realm; and finally the users who seek and digest this material as part of their overall information and communication diet – or their information and communication ecology. The concepts of attention space, online visibility and gatekeepers cut across these and might allow us to get us a sense of how the leading edge of research is being shaped. One way to understand the relationships between these, then, might be as follows (see Figure 1).

The diagram in Figure 1 illustrates the various elements of e-scholarly communication as part of the e-Research ecosystem that have been discussed in this paper.  At the top are the elements generally included in discussions of e-Science: the shared and distributed tools and resources that are being digitised and networked in e-Science/cyberinfrastructure projects.  This includes datasets, analysis tools, Grid-based resources, and the rest of a whole range of resources designed to enable e-Research.  In the middle, at the e-Scholarly Communication Layer (e-SCL), we see a variety of formal and informal modes of scholarly communication.  The examples towards the left in this tag cloud are generally more informal, and those on the right hand side represent more formal and traditional forms of scholarly communication (including paper journals, which fall outside the e-SCL, but still play an influential role of course in a general SCL).  The Internet has played a major role in enabling scientists to engage in more widely disseminated forms of informal communication; some of these forms are enhancements of pre-Internet behaviours, others are novel forms of informal communication.
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Figure 1: The e-Scholarly Communication Layer in the e-Research Ecosystem

The next layer is made up of the search engines discussed above, which are one type of filter, along with subscriptions and things like science websites, which filter access to scholarly material.  Researchers may access materials directly, as indicated by the arrow directly from the e-SCL, but are generally likely to access materials through one or more of these filtering mechanisms.  Of course, the researchers are also producing scholarship, as indicated by the arrow back to the top e-Research production layer.  Finally, the wider public obtains their understanding of science both through researchers who engage in expanding the public understanding of science, but also increasingly through direct access to scientific information through the filters (such as Google) which are widely available to those without university access to resources.  This filtered access is a new phenomenon; other than the occasional enthusiast willing to go to an academic library and make photocopies of research articles, the general public in the pre-Internet age had very little access to scientific material outside of popular scientific publications such as science magazines and television programmes.  This has also introduced a tension, particularly in some sensitive fields such as medical research where untrained readers may misinterpret scientific information and place their health at risk.  Doctors have complained in anecdotal reports of increasing numbers of patients coming in to consultations armed with printouts of information from the Internet that the clinician considers to be of dubious quality or inaccurate.  The role of scholars as the sole gatekeeper to the interpretation of scientific information has been weakened.

This model has some affinity with the Socio-Technical Interaction Network (STIN) approach proposed by Kling et al. (2003) (see also Meyer (2006)), but also goes beyond it because it focuses not just on the production of digital materials, but also on the consumption side of how these materials are used. Scholars and researchers will be increasingly aware of how their outputs will be affected by their visibility, which will lead them to make these outputs more accessible. The online presence of these outputs, however, is not just shaped by their accessibility, but also by search engines and how these are used. Combining these two patterns produces a feedback loop, as well as highlighting a further element, which is where - in the e-Scholarly Communication Layer - these materials are located: as part of e-journal publication, or a repository (personal, institutional, or public), or some other forum or channel. The feedback loop thus operates via a new and expanded system with multiple parts - which makes the gatekeeping function of search engines the competition in the attention space more important, not less. There will therefore also be a novel type competition for online visibility which attaches to this new system, and shapes the kinds of knowledge that will gain prominence for researchers who are dependent on and use this system. 

If the sociology of science and technology can tell us about the competition at the leading edge of research (Schroeder, 2008), and information science about workings of scholarly communication (Borgman 2007), then the larger context of the increasing use of search engines and the use of online materials among information seekers can complete the picture to provide an understanding of how the knowledge that is produced in society is becoming transformed both in terms of form and content. And although this is a new system of online scholarly communication in the making, and it is therefore too early to talk about winners and losers, or to quantify these changes, or to assess the impact of these changes as they are still ongoing, it is possible to say that all disciplines, albeit in different ways, and the very conception of what is regarded as knowledge, will undergo a shift. 

Of course, examining the whole of this new interplay would goes beyond the scope of this paper. Here we have focused on how e-Research is part of an expanding e-Scholarly communication layer in the ecosystem of scholarly communities. Even in relation to e-Research, however, it is difficult to disentangle the shift toward distributed online tools and resources from larger ongoing shifts in the realm of search, accessing information on the Web, and the processes (competition for attention, online visibility, and gatekeeping) that govern it.
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