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of research, leads to a different model of how s€te knowledge and information is being shaped.
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1. Introduction scholars and potential scholars, and thus a wiidéurp
is needed since search results are, in turn, affeloy

This essay examines how researchers gain access tesearch behaviour. Hence we will look at changeein
knowledge at a time when scholarly communicatioth an search as well as in the realm of online knowleaigee
materials are increasingly moving online. This tamés broadly.
so far mainly been discussed in terms of journalipa- The essay will thus draw together recent researeh in
tion and readership. Here we take a broader viewlyp number of areas which, we will argue, are intetegla
because the focus on journals overlooks a number of ¢ how science communication is moving online
trends favouring e-Research, where knowledge produc  « trends toward increased digitisation and electronic

tion and dissemination is broader than journal isabl availability of research materials

tions: e-Research also consists of efforts to agvels- « the growth of online tools and data

tributed online tools, data and other resourceseéond « the broader context of how online information is
reason to take a broader view extends the horigthn s used

further, since scientific communication and collebo « how the use of search engines is shaping access
tion are not just undergoing change within the aecfe It is the interrelatedness of these changes theitds-
community. Rather, these changes are also taka@epl  jng the research landscape, and the final pamefes-

for example, in the light of how search engineetff g5y will show in detail how these areas are inteted.
what can be found online generally. New searchweha  1q anticipate, with the growing importance of thebwe
iours are particularly evident among a new genemadf presence - and thus the online visibility of resbhar
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there is nevertheless only a small portion of te&earch
which will be relevant within any one area of schmel
ship(Meyer & Schroeder, 2009). Thus despite thd¢ vas
expansion of the online realm, there is still cotitjo®

to dominate the attention space, which is shaped to
considerable extent by the gatekeeping function of
search engines. There are implications not jussébr
ence communication, but also for the evaluatiomesf
search, which will increasingly rely on online maeas

of impact, a trend that is already influencing thays
that researchers disseminate their output. Herere ik

a mutually reinforcing pattern to the ways in whieh
search is shifting online and how its visibilitybecom-

ing ever important, in e-Research as well as ifatger
domain of research generally.

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 itsimgsrk
will have ever greater repercussions throughout the
realm of research practices. The evidence upon which
we have drawn to make these conclusions includes re
search done under the aegis of the Oxford e-S&cial
ence project (www.oii.ox.ac.uk/micro-sites/oess/),
which began in 2005. The numerous case studies of e
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This study of e-Research also potentially illumisate
other domains in which activity is increasingly ioe|,
particularly those domains involving professionahe
munication such as law, health and business.
Research is a particularly pure version of protessi
communication online, however, because the veri def
nition of e-Research discussed below is about aigit
tools and data used collaboratively over distridute
online networks. This is why we focus on e-Research
for understanding these trends that have cleardlplara
in other knowledge-work.

E-

2. e-Research in the scholarly communication
ecosystem

It is worthwhile to start the discussion with a ech
matic of the overall scholarly communication ecosys
that will be the focus of this paper. A more detditlia-
gram (Figure 2, below) will be presented below whic
adds complexity, but this simplified schematic sanve
to introduce the outlines of our argument. Figuiiuk-
trates several feedback loops that operate withan t
scholarly communication ecosystem. At the bottom of
the diagram, we see a simplified model of the trawial

Research done by OeSS researchers, including thosepath of knowledge creation and discovery in the pre

done by the authors, have focused on understarling
various social issues involved in implementing e-
Research projects.

In this essay, we discuss how these case studits re
to scholarly communication and the wider issueadn
cessing and disseminating digitised knowledge. ®o d
this, we will first sketch our overall view of thielations
between the offline and online scholarly commurndcat
system, and this picture will be filled in with mlumore
detail in the final section of the paper. In betneee
will go back to how the shift towards an online teys
has taken place, including the various forms obrimfal
communication. The key to understanding digitized ma
terials, we argue, is to recognize that they arepaiing
for visibility, and that this competition takes péawith-
in a whole system of online resources. There may be
differences in how far this system applies to andde
disciplines, but we go on to argue that despitedtuf-
ferences, mechanisms like search engines shapesacce
to the system as a whole. So that when we retuthein
discussion to an elaborated diagram of our viewhef
scholarly communication system, and the place of e-
Research within it, we conclude that there self-
reinforcing mechanisms which mean that certain gype
of research will become much more visible than igthe
Again, this requires a systemic view of online
knowledge, which we shall now begin by sketching in
simplified form.

Internet offline era. Here, quite simply, individua-
searchers and teams of researchers draw uponriba ca
of literature that is transmitted via scholarly commica-
tion channels. The transmission lines are cleantgxli
journals and books are distributed either diretilaca-
demics or via research libraries. They then usedha-
on to inspire new research which they undertake, an
finally feed the results of that new research hiatk the
relevant scholarly communication channels. Thishes t
primary feedback loop, traditionally. Some portiof
this scholarly knowledge is translated for publan¢
sumption (shown in the bottom right hand portiorhef
diagram) by popular scientific publications and eatu
tional media, but the communication to the puldicds
to be a one-way process, disseminating informafton
public consumption.

e-Research is only one part of the more recent-inte
net-enabled scholarly communication system, but an
important part. By e-Research we mean the usegdf di
tal tools and data (collectivelsesearch materia)sfor
the distributed and collaborative production of
knowledge. This definition sets e-Research apafr
other uses of the internet for research, such rascfml-
arly communication or for the uses of digital matisr
by individual scholars. It also separates e-Rebefaoen
the broader area of distributed work (Hinds & Kessl
2002) which encompasses a range of online collabora
tive activities which have been extensively studisd
specialists in knowledge management for work organi
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zation settings. The two are nevertheless closédyec
in so far as research can be seen as a highlyadipedi
type of work that is carried out using digital nrétks.

We can begin our sketch, at the top of the diagram,
with the e-Research portion of the online ecosysiem
we can see (and will see in greater detail lat&hTijfts
towards online scholarship result in a more complex
series of interacting feedback loops. On the tdip \ee
see the activities that encompass the researcioparft
the ecosystem, where shared and distributed data an
tools are accessed online. These data may be foiue o
cloud (a term derived from cloud computing), oelien
the Grid (Berman, Fox, & Hey, 2003), or be parfexf-
erated datasets, and also include the tools usedato
nipulate and analyse data (as with visualisatidmeas-
sive computations). Rather than being used by iddiv
al researchers or disconnected teams, in e-Reseakch

Figure 1. Schematic of the scholarly communicaéoasystem.
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laborative efforts performed by geographically rilistt-

ed teams are the order of the day. In addition tiptel
researchers and teams can access the same tools and
data to generate new research. As with traditioeal
search, e-Research also feeds back into the shkholar
communication layer, but we will see later that the
number of ways that this can happen has increased d
matically.

In addition to the loop in the top left hand corner
there is a second, complementary feedback loopatper
ing, as shown in the upper right-hand portion ef da-
gram. Here we see academics accessing the scholarly
communication layer, but we also see that the patbs
much more varied. No longer reliant simply on jalrn
subscriptions and library access, academics cagsacc
more and more scholarly literature and types obkch
ly literature. The way that they find these resesris
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increasingly being mediated by search engines, and Borgman’s (2007) work which covers a broad range of

Google in particular. This reliance on a public shar

related topics, but her perspective is grounddibiary

engine uncovers two related unintended developments and information science. In this essay there wél b

related to the Web. First, Google was not desigred
marily to allow academics to find research material
(although the later Google Scholar service wasgtesi
for this). Nevertheless, it has become a centrall ito
the researcher’'s toolbox for discovering knowledge.

greater emphasis on the sociology of science astd te
nology, though we shall come back later to theialifty
of addressing this topic from within any singleaildi-
nary viewpoint. There is enough scholarship accataul
ing in this area, however, thati# possible to piece to-

Second, academic results placed on the web were notgether a number of perspectives on the topic, arabk

primarily designed to be accessible to the publiever-
theless, the fact that there is a single Inteffilletd with
everything from humorous cat photographs to peer-
reviewed scientific papers on string theory, allave
public access to scientific results in a much lessliat-

ed fashion than traditional offline knowledge. Thiss
implications for the relationship between sciencd the
public.

It should be noted that the difference betweertréne
ditional research at the bottom of the diagram thede-
Research at the top is not strictly binary; there a
shades of involvement with e-Research along tha-ver
cal axis. However, we will argue that there aredfamn
mental differences at the two poles of the verteas,
and furthermore, that evidence supports our coiatent
that scholars in general are migrating upwardshia t
ecosystem, away from offline modes towards online
modes throughout the scholarly process. As wesai,
this has implications for how the knowledge witline
ecosystem is managed, including major shifts inlaloe
of organizational control. At this point, howevérwill
be useful to retrace the steps by which this ondice-
system emerged, and provide a fuller account of its
components and mechanisms.

2.1.Background

Decades of hyperbole about the elusive promise of
the paperless officaotwithstanding (Sellen & Harper,
2001), the production, transmission, distributisearch-
ing and consumption of academic knowledge is irerea
ingly occurring paperlessly, and this trend hasbea-
bled by Internet-based scholarly materials. WHilere
remain disciplinary differences in the extent toiahh
scholars rely on electronic resources instead giepa
(Fry & Talja, 2004; Kling & McKim, 2000; Tenopir,
King, Boyce, Grayson, & Paulson, 2005; Tenopir,d<in
& Bush, 2004), the overall impact of electronic re-
sources on the activities of scholars is undeniable

Although there is still a limited amount of resdaon
this topic and the world of scholarship is in atestaf
flux, there have recently been a number of studtgish
have examined different facets of how researchas-m
ing online. Caution is necessary: so far thereoieom-
prehensive overview of how online scholarship is
changing. The main notable exception to this is

whether they add up to being able to identify aargér
overall patterns.

2.2.The Shift to the Use of Online Sources

There has been a marked shift to scholars accessing
material online. Hallmark (2004), for example, rapo
on a study done at two time points (1998 and 2@10&)
examined how geologists and chemists were findint a
retrieving research articles. The method in thigtu
involved asking scientists how they found and es&d
a specific article that they had personally cite@ ipub-
lication. In 1998, while 83% of their chemistry gaim
used Internet-based indices to find the article tited,
only 5% actually retrieved the article electronigal
Most still relied on paper copies of articles miad
from libraries, personal journal collections, or égn-
tacting authors for re-prints. By 2002, howevere th
landscape had shifted entirely toward online searah
retrieval. While 85% of chemists still used Intdrne
sources to search for the article in question, 96%d
the Internet to retrieve the article to either réaelec-
tronically or print it out for reading. The geolsts in
the study followed a similar pattern. It is remdrieathat,
for this sample at least, nearly all articles wbging
retrieved from electronic sources as early as 2002.

There appear also to be generational differencds tha
are at play when trying to understand the shifetoev-
ing articles electronically. Sathe et al. (2002haacted
a study comparing the use of print and electrooig-j
nals. Using a small sample of journals in one hptaat
were available both as print and as electronicicedit
they surveyed users of each and found that younger
scholars (Fellows, Residents, and Students) werehmu
more likely to have retrieved the journal electoatly
(57-70% across these categories) compared to clini-
cal/research faculty (25%), who most often used the
print sources at that time.

There are potential pitfalls, however, for younger
scholars who rely on electronic resources. The lhigh
publicized “Google Generation” project and report
(Centre for Information Behaviour and the Evaluatién
Research, 2008) puts it this way:

“Most visitors to scholarly sites view only a few

pages, many of which do not even contain real
content, and in any case do not stop long enough
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to do any real reading. This is either a symptom
of a really worrying malaise - failure at the li-
brary terminal - or maybe a sign that a whole
new form of online reading behaviour is begin-
ning to emerge, one based on skimming titles,
contents pages and abstracts: we call this “power
browsing’. We urgently need to understand the
root causes of this phenomenon.” (p. 31)

The report also says that “the ubiquitous use diilizig
branded search engines” entails, among other things
that “many young people do not find library-sporsbr
resources intuitive and therefore prefer to usegBoor
Yahoo instead” (p. 12). “Tools like Google Scholar”
they say, “will be increasingly a real and prestanéat
to the library as an institution” (p. 13). “Studgntsually
prefer the global searching of Google to more ssiphi
cated but more time-consuming searching provided by
the library” (p. 31). This report in many ways pli¢sto
the meme that young so-called digital natives are s
phisticated users and producers of informationmsea
lessly moving between online roles and connectai v
ous electronic devices and resources through mashup
and social networking. Instead, the CIBER repog-su
gests that while young proto-academics may be quite
comfortable with technology and tend to prefer etac
ic resources, the authors expressed serious cancern
with the ability of children and college studertsaide-
quately search for and evaluate information, arel th
reject the notion that the Google Generation axpée
searchers” (p. 20).

Another recent study (by the same research group)
notes that “undergraduate students tend to sedeh t
internet first, then go to library-based servicesless
they have been provided with and instructed on tow
use a specific resource” (Nicholas, Huntington, alam
& Watkinson, 2006, p. 1348). If this is the pathway
finding resources, however, then it is likely tldiffer-
ent resources will be found and used than thoger¢ha
sult from going to a library first, whether onlime of-
fline. Like the “Google Generation” report's concern
with the ability of younger generations to searcid a
find relevant information, Nicholas et al. repohat
when trying to use digital libraries “web users ot
dwell, they examine just a few items/pages befbey t
leave” (2006, p. 1363).

Much of what is known about access to online
knowledge remains anecdotal: to what extent do stu-
dents and scholars rely on electronic versionsapieps
rather than paper versions? As Borgman notes, \&here
scholars may be able to make “fine distinctions.asn
sessing the quality of a document...students, pi@ctit
ers, scholars with minimal access to the publisheih-
ture, and the general public usually are happyetdr
and cite any free version of a document they cad fi
online” (2007: 84). However, even if college stuideto
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more than simply use Google searches for sourcgs an
make use of other online sources such as Wikipaslia
well as offline sources, the very fact that theg ancer-
tain about which sources to use (Head, 2007) stgges
that visibility and access are important determisanf
what they will find.

2.3.Informal Scientific Communication Online

These concerns about the skills and judgementyabilit
of younger generations of scholars are certainggtan-
tial challenge for those responsible for educathmem.
These concerns may not apply to academics who have
successfully negotiated the doctoral educationegyst
and who will experience no particular difficulty in
searching for information, even if they also faceréas-
ingly varied set of online sources. However, thefgr
ence for digital resources, especially among younge
generations of scholars, is being manifested ireroth
ways as well. Channels of communication honed
through use during student years are also appearing
modified forms in the academic arena. These communi
cations, many of which fall under the now incregsin
common title Web 2.0, include various novel fornis o
electronic informal scientific communication suck a
blogs, personal webpages, Podcasts, YouTube videos,
and Wikis. These are now being added to existing in-
formal modes of academic communication, which in-
clude e-mail, e-mail lists, conferences, and pitesl
newsletters. While older electronic communications
often represent technological replacements fortiegis
modes of communication (such as e-mail replacirag sn
mail), the same is not true of many of the lateabva-
tions. Blogging does not have a clear analoguehén t
paper-based world; journal writers may have kegtkr
of their thoughts on a variety of topics, but thikgt not
post them publicly unless they were published asmme
oirs at a much later date, often after their reteat or
death.

The shift of research materials online thus involaes
variety of informal means of scientific communicet]
and while it will not be possible to review thesrdy a
few examples can suffice: Thelwall & Kousha (2008),
for example, have examined PowerPoint presentations
available on the Web looking for evidence of whethe
they could be used as non-traditional indicatorgesf
search impact. Using a combination of automated
searching for PowerPoint files containing referentme
ISI journals and manual classification of an addil
sample of presentations to look for other typesits-
tions, they found that, in general, not enough gmes
tions contained sufficient journal references tkenthe
construction of an impact measure worthwhile. Thiely d
note, however, that online presentations often roibee
popular resources such as Scientific American ar Ha
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vard Business Review, and thus may be an indi¢chsdr
could be useful for tracking the popularization ref
search. Likewise, Wilkinson et al. (2003) also fodimait
informal types of scholarly materials dominate -
sphere. Wilkinson et al. extracted web-link infotima
from 107 university websites, and found that almost
90% of the links were created for scholarly reasbns
that only a tiny minority were links to journal iates
that could be considered the equivalent of a omatrhe
other links led to a variety of materials, incluglimfor-
mation for students (18%), but also material relate
research resources (17%) and to libraries and regdsi
(15%).

In general, if scientists are classic maximizengyt
should only engage in alternative methods of infdrm
communication if they are better in some measurable
way to existing modes of informal communication.
Matzat's (2004) study of scientific Usenet groups a
channels for informal scientific communication con-
cluded that while there was little support for thgoth-
esis that such groups had a democratizing effeccen
entific communication, he did find evidence thattioé
pants in the groups reaped benefits in terms @fares
information and in maintaining weak ties with memsbe
of their extended networks.

Understanding that scientists communicate scientifi
information informally is not a new observationt s
worth noting that the channels with which they dase
proliferating. Garvey & Griffith (1967) pointed otiat
“scientists themselves create elements to fulid th-
formation needs that are not being satisfied bgtig
media” (p. 1012), and argued that these new elesment
would evolve over time and result in an shift irme
within a scientific field. Their example of certafast-
moving disciplines adopting increasingly speedyhmet
ods of exchanging pre-prints shows that tools sagh
arXiv.org are far from being completely new, tecloge
ically mediated innovations, but instead are theexu
incarnation of a trend noted in the literature 4@ng ago
(Garvey & Griffith, 1967, 1972). Specific scholathe-
haviours may have changed, but the overall “sodoec
logical system” (Sandstrom, 2001) of scholarly camm
nication has continued to evolve along long-esshkel
lines (Hakken, 2003; Heimeriks & Vasileiadou, 2Q08)

2.4.0nline Visibility

For formal and informal academic materials to have
any impact, they must be visible to their potendiadii-
ences. This is one area where the Internet offershmu
greater potential than the library-based paperighiblg
system ever did. Once academic material is on e w
particularly if located in open-access sourcesxadeby

Google and other search engines, other scholars and

members of the general public at least have a ehahc
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finding the material. The apocryphal story of thuetdr-

al dissertation on the library shelf still contaigithe
$20 bill placed there decades earlier by its autieer
flects the understanding that few would botherdceas
something difficult to find and of such limited @mest.
Putting the same dissertation online doesn’'t make i
more interesting to a wide audience, but it doekenia
much more likely that if someorig interested that they
might take a look at it on the Web. The same ie trila
variety of other academic outputs.

With regard to access by the general public, foctmu
scholarly work there will always be a quite limitpdb-
lic audience. Nevertheless, the Internet is notpamn
mentalized and divided into separate physical sptue
same way that public libraries and academic lilbgari
have been traditionally. By mixing one’s academarkyv
in with the other material in the cloud of inforreet
that everyone uses on the Internet, it becomes likere
ly that others may stumble on it than if it is leckaway
in dusty, little-visited academic libraries. Borgmputs
it succinctly: “content that is online gets mores ukan
that which is not” (2007, p. 159). And, as Heimerénd
Vasileiadou (2008) point out, “a scientist’s vidiiyi
does not rely exclusively on the number of pubiarat
and their citations but can increasingly resultnfra
well-designed and well-linked homepage providing sc
entific content” (p. 18).

Placing academic content online and allowing ibéo
freely used by others is referred to as open aquelss
lishing. Borgman (2007, p. 101) argues that enhdnce
visibility is one of the main motivations for opancess.
However, how the visibility of individual researechéas
related to their impact as scholars is still uncl&arjak,

Li & Thelwall’s (2007) study of inlinks to scientists
personal webpages found conflicting results. Wity
found that full-text articles were the most linkashtent

on the personal pages, they found confusing results
when examining the collaboration networks of thersc
tists. Contrary to expectations, having a large lpemof
collaborators had a negative impact on the numiber o
inlinks, and productivity was similarly not reflect by
the number of inlinks. The authors conclude that the
main lesson of these confusing results is thatuoaler-
standing of the role of visibility on the web isllsin-
complete (see also Houghton & Sheehan, 2006).

If one accepts the premise that online visibilgyai
growing trend, it becomes possible to speak of the
online “presence” or “visibility” of research. Hower,
presence and visibility have not yet been welltied; a
conception of the web as a whole, of the intermst a
web as asystem|s currently missing from the debate,
and thus there are insufficient models for underitey
competition for attention within this space. Theiowot
of the “web sphere” (Schneider & Foot, 2005) hasrbe
used, for example, for analyzing political phenomen
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but it is unclear if this notion can be appliedésearch
outputs, which are more varied. The reason foldhk

of an understanding of the competition for vistilis
that much of the focus has been on the producer sid
outputs or on those who put information and knogéed
online. Equally important, however, is the consumer
side; how are the use-patterns in information ammi-c
munication practices of researchers changing it lif

the other changes we have discussed in the saholarl
communication system? Moreover, in relation to both
production and consumption of online knowledgerehe
has been a focus on the question of whether tlieaghi
materials online results in a winner-take-all sysighe
“Matthew effect”, see below) or in a more demoarati
system of scholarly attention. As we shall sees, thies-
tion may be too limited. Yet in either case, thenpeti-
tion to dominate the attention space has moved theto
new terrain of the websphere, and, as a result,ptayv

ers have entered the equation and have alteretbldne
that different mechanisms such as search engiagspl
determining scholarly visibility.

3. Digitisation of Research Materials

There is a larger ongoing of digitization of reskarc
materials which has been discussed in terms aftite-
rials being digitized (Borgman, 2007; Nentwich, 2R0
Borgman points out that most journals in scieneeh+
nology and medicine have been online for some time
(2007, p. 181) and notes that “scientific datafastest-
growing portion of the content layer” of scholadgm-
munication infrastructures (2007, p. 182). Borgmsan’
definition of data is “a reinterpretable represéataof
information in a formalized manner suitable for ecom
munication” (pp. 119-120) and that “the terdegta and
factsare treated interchangeably” (p. 120), although th
still leaves a distinction between primary resosrce
which consist of data - and secondary resourceshwhi
are the means of accessing primary resources ). 12

Current efforts to put data and other research nnate
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“buried in papers” (1998, p. 92), a phenomenon that
today extends to electronic papers (although cgytai
figuratively rather than literally).

Heimeriks & Vasileiadou (2008) discuss this in term
of the science communication system, arguing Gasl
contribute to “the emergence of heterogeneity inhme
ods of analysis, types of data, types of scientfitput,
modes of communication and coordination, modes of
socialization and identity construction, types efeer
paths” (2008, p. 23). This increased heterogeredys
to changing dynamics in the various layers of ttiers
tific communication process, and also, they ardgeds
to increased reflexivity about modes of communarati
as typified by the very public discussions of opegess
publishing and copyright (see, for instance Badhyat
al., 1998; Ginsparg, 1996, 2006; Harnad, 2001).

3.1.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 cyberinfrastructisme(
cially in the US) and e-Infrastructure (in the ETQhe
various research programmes associated with this ha
been described in Schroeder & Fry (2007) and can be
found on various agency websites detailing national
agendas for scientific funding. Many of the progecan
be also be found in the various reports on cybexinf
structure that have been release in the last feavsye
(e.g., Arms & Larson (2007), Atkins et al. (2003grB
man & Brady (2005), and a variety of other repoia)t
apart from these funding programmes, as we have ar-
gued earlier, it is important to delimit e-Reseaaclalyt-
ically and to separate the distributed and collatvoe
production of knowledge using digital research mate
als from other uses of the internet in research.

This is not the place to describe the social aspauts
implications of e-Research in detail. In this paper
can simply note, first, that e-Research materialsst-
tute a subset of the overall digitization of resbar
namely, the subset that develops and uses thesgi-mat

als online and make them searchable and more easilyals for online distributed collaborative reseatgkcond,
manageable can be seen as attempts to cope with theéhese materials have the further characteristit tthey

“data deluge” (Hey & Trefethen, 2003), especially in
some of the natural sciences. Equally, however, mo
long-term trend is simply the deluge of papers ssd
search materials that researchers in all fieldd rtee
cope with. Collins summarized the trend before ramli

are intrinsically connected to the e-Scholarly camin
cation layer (that we describe in more detail bglow
since e-Research materials inputs such as dataft& so
ware and outputs such as data for analysis & reause
online. Third, e-Research is also developing anainfr

material had become available: “what we see around structure that is part of the communication laymut
ourselves in recent decades has been an enormeus exalso outside of it in terms of access to resousnss

pansion in cultural production. There are over llioni
publications in the natural sciences, over 100,80be
social sciences, and comparable number in the htman
ties” (Collins (1998, p. 521) citing de Solla Prid®86,

p. 266)). Collins notes that scholars are increggin

tools on a longer-term basis.

As this material becomes increasingly prominent in
the research landscape, it will be important taldith
to what extent this becomes part of formal andrimtd
scholarly communication? How, if these materiale ar
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part of an emerging infrastructure of researchi thidy

be accessed and used by researchers? How willahis
across disciplines? More generally, how will e-Resk
shape and be shaped by the changing processearschol
ly communication that we have sketched here?

3.2.An Online ‘System’ — and e-Research as part of it

e-Research contributes to the move of knowledge
online, and by definition produces materials fotiron
access. However, the visibility and dominance dinen
resources must also be seen in a context thatgerla
than search, fields, and formal & informal schglarl
communication. Kling, McKim and King have suggest-
ed that it is possible to see new electronic fowhs
scholarly communication such as “electronic ediof
paper journals, pure electronic journals, workimgcke
repositories, post-publication archives, pre-psiatvers,
collaboratories, cross-linked Webs of resourcesiege
databases” and the like as part and parcel of afset
Scholarly Communication Forums (Kling, McKim, &
King, 2003, p. 47). The authors go on to point iait
this does not mean that these forums are therpfoedy
electronic since researchers also exchange infaymat
face-to-face.

These e-Scholarly Communication Forums could be
regarded as overlapping with the emerging e-
infrastructures or cyberinfrastructures, but thtetaalso
constitute something larger. e-Infrastructures sys-
tems of networked digital resources that will sefietls
but also scholars across fields at a national prasia-
tional level in the manner of a long-term suppoetcin

anism to support research (Borgman, 2007; Schrpeder

2007). Thus, the shift to online resources canndetie

on the level of scholarly communication practicest
must be raised to the level of transformation i very
systems of scholarly communication. Fry (2006) uses
the term “scholarly networked digital resources'téfer

to the overall system beyond individual projecigitell
libraries or discrete webpages. A broader conceptio
such as this allows us to include both the infracttire
and its networked parts which make up the scholarly
online ecosystem.
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semination can be difficult to distinguish from ass”
(Borgman, 2007, p. 87). In other words, what isnfibu
online can be regarded as published for disseroimati
and what is disseminated can be seen as beingped)i
even if this interchangeability was not intended.

3.3.Disciplinary Differences

Kling & McKim (2000) are sceptical of overly opti-
mistic views of the power of ICTs to transform sehbl
activity. The central argument they make is thatlevhi
there are many examples of increasing digital sohol
ship, important field differences remain and shépe
extent to which disciplinary actors are likely tctigely
engage in e-Research. (Field is used here whenmilolesc
ing an emergent scholarly domain, such as a sjmuial
or multi-disciplinary effort, which does not fit thin the
boundaries of existing disciplines.) For instanae,
computer science and physics, articles are puldishe
online; computer scientists have been particulady
gressive in terms of placing their papers on thenson-
al websites (Borgman, 2007, p. 102). Does this mean
that these two disciplines will become more visibile
a-vis other less aggressive fields? This wouldofelif
we combine this trend with what Harnad (2001) reatic
about how much more open access material was <ited
but only if knowledge transcends disciplinary boand
ries; if it does not, then the visibility should beon-
tained” within the two disciplines.

Disciplinary differences can be overemphasized.
Cummings & Kiesler (2005) found, for example, that
cross-disciplinary collaboration is not so much af
problem for collaborative research as is researciciw
spans across different institutions or that whiciddes
distances (in other words, with distributed tearSshni-
larly, Walsh & Maloney found that the “structure of
work”, including size, distance, interdependenceal an
scientific competition, are more problematic follaioo-
ration in scientific teams than the mix of backgrdsi
which is oftenseenas problematic (Walsh & Maloney,
2007, pp. 1,11).

Nevertheless, disciplinary differences are evident
when it comes to the speed at which the processes d

The online ecosystem thus consists of more than just scribed here are occurring. Fry, drawing on Whitley

scholarly communication. Within scholarly communica
tion, a distinction is made between formal commanic
tion which is long-lasting and addressed to a waleti-
ence and informal communication which is more

(2000), has argued that, in terms of “the diffeible
of informal and formal communication across fields”
Whitley’s characteristics of fields have “an infhee on
the production and use of scholarly networked digit

ephemeral and between a more restricted audiemce, o resources” (Fry, 2006, p. 312), such that high-gner

between public and private communication. However,
as Borgman points out (2007, pp. 48-49), theses lare
especially hard to draw with digital scholarship.e$a
boundaries are blurring in various ways in e-Regear
and the digitization of scholarly materials. Hence
Borgman also notes that, “in digital environmeniis-

physics, with a high degree of mutual dependenck an
low degree of task uncertainty, are much more Yikel
produce and use these resources than fields like so
cial/cultural geography, with low degree of mutda-
pendence and high degree of task uncertainty. Tdrete
however, patterns which override differences likese;
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for example, researchers in all four fields thay,Fr
Virkar, & Schroeder (2008) examined (terrorism,
HIV/Aids, climate change, and internet researchg us
scholarly networked digital resources in such a way
for example searching with Google — that they axene
more reliant upon these resources. If, for examybe,
search for an individual scientist's personal wejga
visibility will be even more important in a fieldhich
makes low use of these resources.Other scholams hav
also looked at discipline-specific use of scholarbt-
worked digital resources; see, for example Tenopir e
al.’s (2005) paper on astronomers and Tenopir, K&ng,
Bush (2004) examining medical faculty. It is clézare-
fore that field differences in terms of the extentvhich
electronic scientific communication is adopted voidir-
sist (Kling & McKim, 2000; see also Walsh, Kucker,
Maloney, & Gabbay, 2000). Yet even if humanitiesl an
social sciences “lag”, this must nevertheless beipu
the context that all disciplines are moving in theec-
tion of digitizing online resources. The key pothat

all disciplines are doing this in different ways, anil w
thus be subject to the competition for visibilityat we
outlined earlier, even if this competition will &ksari-
ous forms.

4. Measuring and Scoping Online Resear ch

There has been a shift among some who measure im-
pact away from traditional bibliometrics for medagr
scientific output towards computing-based methods
called webometrics. Thelwall describes webometaiss
being closely related to bibliometrics except that
webometrics focus on “the quantitative analysisveb
phenomena...typically addressing problems related to
bibliometrics” (Thelwall, 2008, p. 7). Thelwall gives
account of how webometric methods are increasingly
used to rank universities, the web visibility obearch
outputs, mapping research fields and the relatimas
tween research groups, and other metrics of knaeled
production. He concludes that one of the drawbadtks
webometric methods compared with more traditional
bibliometric measures based on citation analysihas
the former are likely to reflect the social struetof the
web, which “is a very partial reflection of the iaites
of research” (Thelwall, 2008, p. 14). For examplelyo
some papers are freely available online and relseesc
vary greatly in whether they maintain good, poomor
websites. What he fails to note is the self-reicifuy
nature of this “partial reflection”: if researchetse
search engines, and search engines reinforce hidgh w
visibility, then this partiality will increasinglyeinforce
itself in that searches will result in online méits be-
ing found and online materials being found by dearc
because they are online. This sort of self-reféabnir-
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cle is arguably not a particularly good measureabiol-
arly impact. However, this is why a key questiorihas
“systemic” level concerns “open access” as agaamst
increasingly “closed” regime whereby access isri@st
ed because of cost and/or the national or othendeu
ries of infrastructures (Schroeder, 2007). As nuerd
earlier, this openness at the various levels wiluence
visibility.

Some sceptics remain unconvinced that the trends
such as those outlined in this paper representhangyt
approaching a qualitatively new set of scientifehav-
iours. Glaser (2003), for instance, argues that hcial
order of collective production in scientific comnitigs
is not affected by the internet” (p. 47). To redbfs
conclusion, Glaser focuses on the production of
knowledge (as opposed to the consumption of
knowledge) and argues that while there have bem®e so
changes in the speed of communications and specific
methods of communicating knowledge, none of the be-
haviours enabled by the Internet are truly new. &xe
ception he notes is that of the sharing of raw tfadagh
online databases which has the potential, in hisiap,
to open up an entirely new type of scientific atfiv
One reason for this, he argues, is that the putdicaf
raw data is an activity quite unlike the publicatiof
journal articles: “The main difference between pcapli
tions and submissions to databases is that publizat
contain knowledge claims, while databases contamw r
data” (Glaser, 2003, p. 44).

Heimeriks & Vasileiadou (2008) argue, however, that
Glaser’s interest is too narrow, and is mainly iogkat
the scientizing level of e-Research (Heimeriks &sNé&a
iadou (2008) citing Rip (1990)). By taking a mosess
temic view, they argue, one sees more evidencenof a
impact: “The main contribution of ICTs is the emer-
gence of heterogeneity in methods of analysis,sygfe
data, types of scientific output, modes of commaiion
and coordination, modes of socialization and idgnti
construction, types of career paths...The additicag
of communication that the ICTs provide in the scesnc
changes the dynamics of established layers of caramu
cation (such as the journal-based system), firgt, b
providing a variety of new elements that can bemec
bined with more established elements” (Heimeriks &
Vasileiadou, 2008, p. 23).

4.1.The World Wide Web of Science and the Matthew
Effect

At this point, it may be useful to provide a broefn-
crete example of changing practices in the “consump
tion” of research and its visibility. Here we camaa on
previous work which has analysed this question both
from a quantitative (webometric) and qualitativetéi-
view based) perspective. In this project, we andool+
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leagues have examined the shift towards online
knowledge in the context of a project (“The Worldde/
Web of Science”) which specifically asked whethwas t
shift concentrated or decentralized knowledge, some
times referred to as the “winner takes all” or “Nhav
effect”. The Matthew effect describes how scholgits
high visibility are much more likely than othershiave
their new work noticed, read and cited, while [pgsm-
inent scholars are less likely to have their wookiaced
(Merton, 1968). This is true even when prominent
scholars co-author papers with their less promiceit
leagues; when this happens, the prominent schslar i
presumed to be responsible for the most important ¢
tributions to the work regardless of their placemien
the list of authors as first, second, or even &aghor
(although author order varies considerably by jield
Merton argues that this phenomenon has both dysfunc
tional personal aspects (preventing ideas fromriegte
the discourse because of an author’s lack of prente

or minimizing the role played by a less promineat ¢
author) and functional systemic aspects (such anwh
prominent scientists are able to draw attentiorthi®
new discoveries of a less-prominent colleague tinou
co-authoring).

One hypothesis about the impact of the wide availa-
bility of electronic resources is that search antifica-
tion systems enabled by electronic scholarship lessr
en the Matthew effect. Merton argued that parthaf t
social reason for the Matthew effect to exist htwals
because of the problem of the “Forty-First Chairtie
Forty-First chair refers to the French Academy, alihi
allowed only 40 chairs at any time and excludecdadigu
highly qualified scholars due to the lack of vadasc
(Merton, 1968, p. 56). This implies that recogmitiof
scholarship is a limited and constrained resourc¢he
age of digital scholarship, is this still true? Wheur-
nals are no longer delivered in paper form to omd’s
fice but are instead accessed electronically, etpen-
ly on the web or through one’s institutional librdinks,
are the limits to attention the same? Can schektrsip
search criteria that alert them to potentially iegting
articles in a wider range of journals, and more im-
portantly, do they?

In order to test whether electronic resources laélp
leviate the dysfunctional aspects of this systemitlie
individual scholar, in previous work one of thelars
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(Fry, et al., 2008). In a series of interviews wdibmain
experts, Fry et al. found universal support for rlo&ion
that the Internet was a vital tool of scholarshmgerms
of accessing both published material and also dops
ing new topics, accessing grey literature, andkirac
the scholarly activity of colleagues. One key diffece
among different fields of study, however, is thgme
of scatter in the field’s topics and resources:law-
scatter fields, centralized resources and aggregjato
serve as prominent gatekeepers in a way thatsstiles
in fields where information is highly scattered.these
high-scatter fields:
Concepts are often contested, which leads to
more open-ended undirected searches and in-
creased uncertainty with regard to the appropri-
ate keywords to search. Rather than search being
for a particular specialized concept it is often fo
individual researchers, institutions or general
concepts. In these domains access to online re-
sources is more likely to depend on the indexing
algorithms of Internet search engines and the
online presence of particular institutions, organi-
zations, people and resources. (Fry, et al., 2008)
One related trend to note is the increasing deparede
on teams to do science and to co-author papershiyuc
Jones & Uzzi (2007) studied data on publicationd an
patents over five decades. With over 20 milliomisein
their sample, they found that teams are more fretlue
cited than solo authors and produce the most high-
impact research. This trend is true in varying degr
across a variety of domains including science argi-e
neering, the social sciences, the arts and huraanaind
patents. Even the domain with the least team-bpabéd
lication, the arts and humanities, neverthelesavedo
89% of fields in the domain experiencing increaises
team size (2007, p. 1036). Comparable data cotldnge
the authors of this paper suggest that for fietesral to
e-Research (computer science and engineeringnfor i
stance) team size is even larger than in the Wusthdy.
data when one looks are publications related tddhie
of e-Research (Meyer & Schroeder, 2009). This is an
indication that the Matthew effect may operate hie t
current landscape at the team level more thareaeth
el of the individual: if a team of prominent sclrsla
brings new members into their team, they are likely
increase the new members’ impact as well. Whettisr t

and his colleagues examined how researchers in fouris more widely true would require additional resbar

fields gain access to knowledge. This was donevin t
ways; one using webometrics methods (see Caldals et
(2008)) and the other using interviews (Fry, et2008).
The results were mixed. While the project did nadfi
evidence for a widespread Matthew effect, it diddfi
evidence that search engines such as Google can fun
tion in some domains as a facilitator in accessing
knowledge and in others as an influential gatekeepe
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5. Shaping Access with Sear ch Engines

5.1.Search Engines as Gatekeepers

Eric T. Meyer and Ralph Schroeder

This wide coverage Meho & Yang report in Google
Scholar is in marked contrast to an earlier studiciv
found that Google Scholar suffered from “massive-co
tent omissions” (Jasco, 2005, p. 208).

Kousha & Thelwall (2007) have also compared ISI

The very idea that commercial search engines, and citations to Google and Google Scholar using aeckfft

one dominant one in particular, should be usedtess
scholarly knowledge, would have been unthinkabte te
years ago. As noted in Fry et al. (2008) above,dBoo
and Google Scholar are increasingly playing a gagpk
ing function in e-Research. Google has actively edov
into an area formerly dominated by players such as
Thomson/ISI. It would be hard to argue that the farm
gatekeepers were terribly democratic in their pedic
toward access to knowledge: most of these propyieta
databases were carefully locked behind subscription
based walls guarded by university libraries. Google
Scholar, however, is not a database but an index an
search engine. The articles that it finds are sfilen
locked away behind subscription-based interfacésssn
one is accessing them from a prominent researclerni
sity.

While the ISl Journal Impact Factor (JIF) is well
documented as a strong influence on the behavibur o
scholars (particularly in terms of tenure and prtom),
the impact of Google is only starting to be disedss
more widely (see, for instance, a recent editdaialent-
ing one new journal’s lack of impact in Google Salno
(Spoelstra, O'Shea, & Kaulingfreks, 2007)). Hemnaing
et al., for instance, report that while “researshstill
primarily use library and bibliographic databasarshk-

methodology. They also found variability in the effe
tiveness of Google Scholar, noting that fields veithias
toward valuing conference articles and placing them
online such as computer science and some soc&dcei
disciplines were better represented in Google Schol
Overall, however, they found a strong correlatias b
tween Google Scholar citations and ISI citations.

Meho & Yang point out some structural problems
with Google Scholar that limits its use as a biflétric
tool, but also have implications for scholars whly on
it as a tool for research. Google Scholar lackistili-
ographic information and metadata on the sources it
finds. More importantly, Google Scholar “ranks the
items in a rather inconsistent way...[and] does fioha
resorting of the retrieved sets in any way (suctbys
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 Andersas h
called the “long-tail” (Anderson, 2006)), Googleh®&
ar is a better source than Scopus or Web of Science
There are many reasons why a scholar might be sttere
ed in moving outside the mainstream journal articte
examine an under-researched topic, to find refeete
a newly emerging topic that has not yet had timage
pear in mainstream publications, or to find int¢ioaal

es...the use of Web search engines such as Googleperspectives on a topic of interest beyond the ajlob

Scholar is almost as common” (Hemminger, Lu,
Vaughan, & Adams, 2007, p. 2215).

But how well does Google Scholar fare at findinlg re
evant, high-quality scholarship? Meho & Yang (2007)
conducted a study of the ability of Google Schdatar
find citations to an author’'s work by comparing @l®o
Scholar to Scopus and the Web of Science for thd wo

of a single highly-cited library and informationiescce

north.

6. Discussion: Social Science Approachesto
Understanding Online Research Acrossthe
Disciplines

It is interesting to consider how the social scenc

department. They determined that Google Scholar was are currently somewhat ill-equipped to understama t

superior to the other sources at finding citatitmsan
author's work in conference proceedings (four times
more), non-English sources (over six times morell a
in works self-archived on a personal or institudbn
website (which are not covered by the other souates
all). This gives authors who choose to self-archive
“dramatic advantage” in terms of their visibility i
Google Scholar (p. 2118). In terms of accessing-pee
reviewed journal literature, however, Scopus ancoWe
of Science are better at filtering out low-impagties

of citations; most of the additional citations Gtmg
Scholar was able to find were from low-impact jalsn
and conference proceedings, and their inclusiomdid
change the relative ranking of scholars’ produttivi

migration of research online, not only in the sbei@-
ences but also in the sciences, arts and humariitiés

is due in part to disciplinary specialization, la$o in
part to the diffuseness of the object under comatam.

As for the disciplines involved in advancing ourden
standing of how e-Research affects scholarshipsethe
are foremost the sociology of science and techiyolog
and library and information sciences, though thdse
not deal, for example, with the broader changebneat
earlier in how young people access news about asgien
(which might lie in the domain of educational ordize
studies), or how an attention economy is shapirg th
publishing world (which tends to fall under the geaf
the economics of innovation). Orlikowski & Barley
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(2001) have argued that organizational studiesiand
formation science need to better learn from eablerot
by incorporating more institutional analysis in dnf
mation science and a better understanding of therma
al properties of technology in organizational stsdiWe
agree with this argument, but suggest also thgaio a
fuller understanding one must also look at the teoa
sociology of the online realm. What would be neeted
a wider understanding of how search is transforrttireg
world of information-seeking generally beyond the
boundaries of seeking scholarly information. Thisuiglo
require a broad sociology of knowledge and communi-
cation and of the online realm. It would also ne¢ed
draw together very specialized areas, such asuhkcp
understanding of science, with much broader atéas,
the shift from traditional to new media.

One way to get around the problem of various disci-
plinary approaches that have not integrated thsights
is focus instead on the object under consideratimy-
ever, there is as yet no established conceptuarapys
for dealing with this object (web sphere, scholarly
communication, and e-Infrastructure, as we have,see
all have their limitations). For e-Research, ardyab
there are three key elements: the material thashiis
ed into and become aggregated within this onliaéne
the gatekeepers and paths to this realm; and yiriad
users who seek and digest this material as patiedf
overall information and communication diet — orithe

Figure 2. e-Research in the scholarly communicatmmsystem.
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information and communication ecology, if you prefe
The concepts of attention space, online visibilihd a
gatekeepers cut across these and might allow getto

us a sense of how the leading edge of researcking b
shaped. One way to understand the relationships be-
tween these, then, might be as follows (see Figure

The diagram in Figure 2 is a much more detailed ver-
sion of the simple schematic presented in Figuré/é.
can see here a number of additional elements of e-
scholarly communication that constitute the onlkue-
system that has been elaborated here. In thisrdkicn,
again the bottom portion represents purely offfimete-
rials; moving upward passes through a range of dnixe
online and offline materials, to the purely onlimateri-
als in the top portion of the illustration.

The cycle of traditional research, necessarily simpl
fied for purposes of illustration, is as it wasHigure 1:
academics discover existing knowledge through their
subscriptions to paper journals, memberships ifiegro
sional societies, book purchases, and the localpaod
fessional networks. Building on this knowledge ytiole
new research which generates research results. These
are written up into new articles and books, which a
submitted directly to publishers, and if all goesllw
with the peer-review process, the results are enadint
published, allowing the cycle to continue. There ar
obviously variations that would need to be includied
one were to build up a precise view of the olditgal
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but this simplified model is sufficient to serve @ il-
lustration of the main elements of off-line reséarto
the extent that the general public is allowed te isgo
this process, it is filtered through official chafs such
as popular science publications and educationaisfil
and television programmes. The system is relatitidiy
has quite clear lines demarcating various actorthén
system and direct relationships between them, dis in
cated by the straight lines and arrows in thetilaisn.

At the top are the elements generally includedisa d
cussions of e-Science: the shared and distribudels t
and data that are being digitised and networked-in
Science/cyberinfrastructure projects. This includes
tasets, analysis tools, Grid-based and cloud-based
sources, and a range of resources designed toeeeabl

Research. These resources are drawn from the e-

Scholarly Communication Layer (e-SCL) in that they
are themselves a form of scholarly communication.
They do however, present new issues in researcm Fro
an organizational point of view, e-Research togld a
data can be either more or less organizationalyptex
than traditional research.

Traditional research generally requires organization
support, in the form of universities and other agskh
organizations, but the activities of individual@aschers
and their teams operate mainly independently oheac
other. e-Research, particularly that which reliadarge
infrastructure, often requires massive cross-umstinal
and even international cooperation. Interviews dle
thors have conducted with senior scientists in ndifyy
ferent fields ranging from medicine to computeescie
and across the social science and humanities s8gges
that scientists involved in these distributed aanliabo-
rative efforts spend a lot of time on meetings atiter
organizational activities simply to support colladion.
For instance, one leading psychiatric scientisssan
my career, I've seen a lot more emphasis on caiéabo
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research (Meyer & Dutton, 2008). The difference be-
tween top-down approaches reliant on well-developed
organizational structures and bottom-up approaches
reliant on lightweight distributed tools and date aot
mutually exclusive, however, and the availabilitf o
both allows researchers to choose the right tootte

job at hand. Supporting these tools and data, hemvéy
more complex because of the multiple fluid pathand
through online resources.

The outputs of these distributed researchers anastea
sharing tools and data, shown in the upper cemirgop
of the diagram, are research results, as with tiosadil
research. However, the variety of forms that these
search results can take has grown enormously. Rathe
than having a small range of options for submittiag
sults for publication, the online e-SCL enables ipldt
fluid paths for different outputs and even for aspof
the same output. Researchers can and do still ghubli
their results via the traditional routes (articlaspeer-
reviewed journals and books), but they can now also
take those same results and post about them on thei
blogs, send them to large groups of researcherg-via
mail lists, and post pre-prints on their webpages ia
institutional or public repositories. From the pouwf
view of the researcher, these options complemesnt th
“official” publication of the results in a journaf record,
and increase the visibility of the results, as uised
above. Publishers, on the other hand, are strugglith
maintaining their position as the freely availabties
of the material for which they charge access peniife.

In the middle of the diagram, at the e-Scholarly
Communication Layer (e-SCL), we see a variety of
these formal and informal modes of scholarly comimun
cation. The examples towards the left in the e-SGk b
are generally newer arrivals on the SCL scene wherea
those on the right represent more traditional foohs
scholarly communication. Objects and actors in this

tion and consortia and that has changed the way welayer are represented in white if they are primyaril

think about doing our work...and | think that procéss
going to continue, where we recognize that workes
ing done by a big group and not by people in imtét
(Interview, 30 October 2008).

At the same time, there is a competing paradigm
within e-Research that focuses on flexible, botigm-
approaches (De Roure & Goble, 2009). Sometimes
called Research 2.0, referring to the flexibilith \web
2.0 in social networking software applications, sthe
efforts often bypass organizational infrastructuaesre-
ly. Increasing numbers of resources that let rebeas
directly access data and tools without regard tirth
institutional affiliations and local infrastructunmean
that in this case, researchers can lessen theindepce
on organizations. This bottom-up approach taps into
existing practices among many scientists and sacial
entists who already build their own tools to pemfor

online, black if they are primaryly offline, andayr if
they are mixed. (This includes paper journals, Whic
even though they fall outside the “e-" portion béte-
SCL, still have an influential role in e-SCL as a \&)o
The Internet has played a major role in enablingrsci
tists to engage in more widely disseminated forrhs o
informal communication; some of these forms are en-
hancements of pre-Internet behaviours, others aveln
forms of informal communication. Furthermore, the
online elements have less direct lines connectiegnt
Instead of direct relationships between, for instan
publishers and libraries negotiating subscriptienmis,
the online elements are tied together in a webeta-r
tionships that connects them to each other. Thdae re
tionships can obviously be as simple as hyperlibks,
can also be as complex as the institutional demahds
organizations like the American National Institutafs
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Health (NIH) to make funded research results abhila
via freely accessible channels.

On the right hand portion of the diagram is the-pro
cess of discovery of research results. This is mgdef
the search engines (discussed above) which argypee
of filter, along with elements like science websisnd
blogs geared to the general public, which filtecess to
scholarly material. Researchers may access material
directly, as indicated by the arrow directly frohete-
SCL to academics, but are generally likely to asces
materials through one or more filtering mechanis@is.

Eric T. Meyer and Ralph Schroeder

tered access is a new phenomenon; other than tae oc
sional enthusiast willing to go to an academicdilgr
and make photocopies of research articles, thergkene
public in the pre-Internet age had very little &scéo
scientific material outside of popular scientifialjfica-
tions such as science magazines and television pro-
grammes. This has also introduced a tension, pkaticu
ly in some sensitive fields such as medical re$earc
where untrained readers may misinterpret scienitific
formation and place their health at risk. Doctoavéh
complained in anecdotal reports of increasing nusbe

course, the academics may also be those producingof patients coming in to consultations armed with

scholarship, as indicated by the arrow back todise
tributed researchers, but they could equally beleta
ics accessing knowledge that is outside the domain
where they are the producers of knowledge. Thedyarri
between fields and disciplines, while still strangrac-
tice, are lowered for those who wish to engage with
knowledge and data from outside their field. Thisai
serious challenge for those interested in knowledge
management within organizations: the fluid paths to
knowledge are difficult to manage, particularly the
Web itself is constantly evolving and shifting, s
sources appear but also move and disappear ower tim
Note that in the diagram, the organizational effexft
being located to a greater extent in the onlinesfto-
wards the top of the diagram) are not simple. As di
cussed earlier, the e-Research efforts in thedfipshn
either be much more organizationally structurech ttie
traditional research at the bottom (as in the cédarge
e-Infrastructures) or they can be much less stradtun
the case of Web 2.0 approaches to research. Siriitar
the right hand portion of the diagram, where thanex
ples of traditional paths of discovery and commanic
tion with the public at the bottom are highly stured
and dependent on organizations, whereas the paths t
accessing information and knowledge at the topiqrort
of the diagram are much more fluid, available tigtou
multiple paths, and generally more openly available
However, to ignore the fact that Google itself iRe
organization, and has corporate policies that arfle
the information available to searchers, would birena
Indeed, while Google and other search enginesnmeso
ways make online information more transparentlhilava
able, the actual workings of how it does this agvh
results are ordered are not at all transparerfieaaver-

printouts of information from the Internet that tblai-
cian considers to be of dubious quality or inacwurin
this respect the role of scholars as the sole gafm to
the interpretation of scientific information hasehe
weakened.

At this point we can put our model in a broader-con
text: The processes described here have some waffinit
with the Socio-Technical Interaction Network (STIN)
approach proposed by Kling et al. (2003) (see klsy-
er (2006)), whereby there are pushes towards canput
ization by organizationally mobilized groups (inisth
case researchers). A key element here is that ashol
and researchers will be increasingly aware of Hosirt
outputs will be affected by their visibility, whickill in
turn lead them to make these outputs more accessibl
The online presence of these outputs, however, tis no
just shaped by their accessibility, but also bydea&n-
gines and how these are used. Combining thesedtvo p
terns produces a feedback loop, as well as higitigta
further element, which is where - in the e-Scheglarl
Communication Layer - these materials are located: a
part of e-journal publication, or a repository @Gmral,
institutional, or public), or some other forum drannel.
The feedback loop thus operates via a new and expand
ed system with multiple parts - which makes thesgat
keeping function of search engines and competiition
the attention space more important, not less. Ribggs
of whether a winner-take-all versus democratisiag (
concentration versus diversifying) effect takescela
there will therefore also be a novel type compamtitior
online visibility which attaches to this new systesnd
shapes the kinds of knowledge that will gain promi-
nence for researchers who are dependent on arttlisse
system.

age academic or citizen. The search engine has been As we have argued in this essay, Google and other

black-boxed, and the results that pop out of the dre
taken as a given.

The wider public obtains their understanding of sci-
ence both through researchers who engage in exgandi
the public understanding of science, but also &wsirey-
ly through direct access to scientific informatibnough
filters (such as Google) which are widely availatie
those without university access to resources. Tihis

search engines will have an indirect effect on naosas
of knowledge: firstly, a gatekeeper effect, wherdthg
results found by the search engines like Googlé wil
achieve more prominence than others; secondlyijllit w
play a role in the overall competition for visibjli as
research increasingly needs to increase its \itgibil
within a limited attention space; and thirdly, itllvwin-
fluence the extent to which manipulable digital enetls
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are used in scholarship. All three trends are niiytua that the online (or e-) scholarly communicationeay

reinforcing and therefore powerful, but the effadt be will continue to be highly stratified because tlearch
indirect since they largely shift existing offlipeocess- for materials within a limited attention spaceikely to

es into the online world, with the result that Glgog be dominated by a few resources which will, in furn
doesn't ‘organize everything we know’ (to borroverm gain even more prominence because of the ways in
the title of a journalist's book about Google), miter- which they have achieved this visibility.

tainly a factor that shapes how knowledge is ommhi As mentioned in the beginning of this article, e-
To paraphrase Marx, researchers still make scientifi Research is a particularly pure version of protessi
knowledge, but they do not do so as they pleastedd, communication as the definition is rooted in thdiren

in online world, they must instead increasingly [zy use of distributed and collaborative use of digitals
tention to how knowledge is found. and data. Other domains which rely on professional

Different disciplinary perspectives provide a liedt communication, such as law, health and business, ar
handle on these processes (Meyer & Schroeder, 2009) also moving their communications increasingly oslin
The sociology of science and technology can tell us either as part of a concerted effort or as paaroévolu-
about the competition at the leading edge of rebear tion of practices over time. While we have focused
(Schroeder, 2008), and information science aboukwo  e-Research in this paper, many of the general sssue
ings of scholarly communication (Borgman, 2007)t Ye regarding attention and prominence also apply @s¢h

we also need a larger context whereby the incrgase other domains. We encourage others to take upasiis

of search engines and the use of online matenatsg and contribute to an even broader understanding of
information seekers influences how the knowledge pr  online knowledge.

duced in society is becoming transformed both ims$e In the realm of e-Research, we can conclude theat ac
of form and content. And although this is still ewn demic research materials are moving online and thus
system of online scholarly communication in-the- partly now derive their visibility and prominena®iin a
making, and it is therefore too early to talk abwoin- non-academic audience and non-academic tools such a

ners and losers or to quantify or assess the implact commercial search engines. But this flow works both
these ongoing changes,istpossible to say that all dis- ways: how, for example, should we understand thee us

ciplines, albeit in different ways, and the veryncep- of references to Wikipedia in academic works, a th
tion of what is regarded as knowledge, will undeego  fact that many researchers have their own Wikipedia
shift. pages which highlight their publications and ide@s

Anderson (2008) has gone so far as to claim that possible reply here is that it has surely alwaynitéus,
Google changes the very nature of science, sudhttha that academics have gained prominence throughsée u
will be necessary to trawl through vast amountslaih of non-academic channels such as newspapers &nd tel
with search engines and other techniques. This would vision? This overlooks a critical difference, whistthat,
call for a new theoretical approach to science and as we have shown, the electronic realm is to sottene
knowledge. What we have shown here instead is that, a hermetic and feedback system: that is, onlinenpro
conceptualized properly, several mechanism apam fr  nence reinforces itself, sometimes without refeeettc
Google operate, and while these do not make fa@va n  the offline world. This is just one example of how
world of science without theory, as Anderson claims search and visibility can reinforce academic statua
they do mean that we need to rethink science and self-referential loop, and the same goes for allnen

knowledge in a frame that is broader than the $ogyo materials. What we have done in this essay is ot po
of science and technology and information sciencé, a shifting ecology of online scholarly communicatia
includes the whole way in which knowledge produttio much expanded web of research in which, nevertheles
is organized, and how this is changing in society. certain mechanisms operate to sift and determinat wh

Of course, examining the whole of this new inteypla  we know.
goes beyond the scope of this paper. Here we lave f
cused on the part played by e-Research in an ekgand
e-Scholarly communication layer within the ecosyste 7. Acknowledgement
of scholarly communities. Even in relation to e-
Research, however, it is difficult to disentandie shift The work for this article has been supported by the
toward distributed online tools and resources ftarger Economic and Social Research Council (ESRC) grant
ongoing shifts in the realm of search, accessifigrin ~ RES-149-25-1022 and is part of the Oxford e-Social
mation on the Web, and the processes (competiton f  Science project  (http://www.oii.ox.ac.uk/micro-
attention, online visibility, and gatekeeping) tigatvern sites/oess/). The authors are grateful to the exitbthis

it. So that despite the proliferation of digitahstarly issue, Will Venters & Elaine Ferneley, and the anony
materials, in e-Research and beyond, we have argued
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cle.
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