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This paper addresses the invisible college concepith the intent of developing a consensus
regarding its definition. Emphasis is placed on ta term as it was defined and used in
Derek de Solla Price’s (1963; 1986) work and reviexd on the basis of its thematic progress
in past research over the years. Special attentida given to Lievrouw’s (1990) article
concerning thestructure versussocial procesgroblem to show that both conditions are
essential to the invisible college and both may reconciled. A new definition of the
invisible college is also introduced, including amposed research model. With this model,
researchers are encouraged to study the invisiblelege by focusing on three critical
components — thesubject specialtythe scientists asocial actors and thelnformation Use
Environment (IUE).

Introduction

Research models are important to the field of Lypemd Information Science because
they provide a set of themes to observe when doilgdata for analysis and interpretation.
Such models require testing with different popwlasi, in different types of environments. With
frequent testing the model should provide evidena time that it has reached the status of a
theory, or scientifically acceptable general pgheior body of principles offered to explain a
phenomenon.

One of the most noticeable gaps in the InformaBoience literature is that there has not
been any development or use of a research mod#idderm invisible collegeThis finding is
curious, particularly because it has appearedespuéntly in various studies. A search for the
phrase “invisible (W) college? /AB” (Abstract) ihd Dialog™Information Science and
Technology Abstractdatabase and the databaggibrary Literature and Information Science
yields, for instance, a list of 55 items. At le&Stscholars have used the term since 1964. A
closer look at each individual study reveals, hosvethat the research is somewhat non-
cohesive. Scholars are fascinated with the inkasibllege and its relationship to
communication, knowledge growth, and collaboratioecience, but they do not seem to agree
precisely on what an invisible college is.

What is an invisible college?

The term invisible college was first used in seeenth century Europe when the Royal
Society of London was founded. Members of thisyeRoyal Society of Scientists (many of
whom were mathematicians) did not belong to a fbinsitution; but referred to themselves as
an invisible college due to their geographic clessnand regular meetings based on shared
scientific interests (Bartle, 1995; Lievrouw, 199(hgwood, 1969; Price 1963).
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Later, Price’s (1963; 1986) bibliometric researeti to the modern identification of
invisible colleges as groups of elite, mutuallyenaicting and productive scientists from
geographically distant affiliates who exchange iinfation to monitor progress in their field.
While his research focused on measuforgnal channels of communication, specifically the
growth of scientific literatures and collaborativerk as evidenced by multi-authored papers, he
used the term invisible college to emphasiermal patterns of interpersonal contact among
scientists.

In order to examine "the tangible results of sefenivork more deeply,” Price (1963;
1986) emphasized the importance of learning “mbruathe social institutions of science and
the psychology of the scientist” (1986, p. 56)heBcientist’'s character, he said, is rooted ie “th
basic difference that exists between creative efifothe sciences and in the arts. The artist’s
creation is intensely personal, whereas that oftientist needs recognition by his peers” (1986,
p. 62).

Price’s (1986) view of the invisible college wastthit emerged from new groups of
scientists; “groups composed of [a maximum)] of t6Deagues.” These groups, he explained:

devise mechanisms for day-to-day communicationer&is an elaborate
apparatus for sending out not merely reprints dilipations but preprints
and pre-preprints of work in progress and resuitsiaito be achieved.

In addition to the mailing of preprints, ways andans are being found for
physical juxtaposition of the members... For eaclugrihere exists a sort of
commuting circuit of institutions, research centarsd summer schools giving
them an opportunity to meet piecemeal, so that amenterval of a few years
everybody who is anybody has worked with everybeldg in the same
category (pp. 74-76 ).

Past invisible college research

Previous research concerning the invisible colleg®suggested that it is a fairly
organized system for scientists and that a cedagnee of predictable behavior (i.e. information
sharing and collaboration) can be found within 8yistem (e.g., Crane, 1969; 1972; Griffith &
Mullins, 1980).

Bibliometric or scientometric studies show thaestists involved in invisible college
networks typically carry out research within a sabjspecialty. Most specialties are then made
up of sub-topic areas with authors clustered tagg(ite., cocited) centrally and peripherally
according to shared research interests (e.g., 8amgsl998; Zuccala, 2004). Information
seeking within the invisible college is stronglywasiated with an individual author’s cognitive
identity and takes place mainly through sociallydrated activities, such as graduate training or
colleague recommendation (Sandstrom, 1998). Saomastdifferent, yet complementary subject
areas form invisible college networks, and thisussavhen there is a need for scholars to share
human, financial or clinical resources (e.g., Leawv et. al, 1987).

Invisible college specialists communicate oftertwgpecialists from their main network,
but they also develop “weak ties” to researchetside this network (Granovetter, 1973; 1983).
Ties with other scientists prevent researchers toecoming psychologically over-invested in
one subject and allow them to focus on originahitproblem solving (Crane, 1969; 1972; 1980;
Cronin, 1982; Crawford, 1971). Matzat (2004) irades that Internet discussion groups are
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valuable now for providing access to social cagtal allowing weak ties to develop, but that
there is “no convincing evidence that they genemnate collaborations in substantial numbers”
(p- 246). E-mail use among scientific researchassalso become more prominent, but research
shows that face-to-face communication is still yosteferred among invisible college
participants. E-malil is limited to scientists wkiiow one another quite well: “it is used most by
scholars who are collaborators or friends” (KokazhBr & Wellman, 2001, p. 1752).
Collaboration networks among invisible college ggrants are also noticeably “thin” and have
been found to exist within university departmerg®pposed to between them (Tuire & Erno,
2001).

Invisible colleges become more “visible” when stigis are grouped together within a
defined boundary, regularly procure financial suppengage in a formal selection process and
shared research vision, and participate in mangat@up meetings (e.g., White, Wellman &
Nazer, 2004, p. 112). Scientists often make aortetid attending meetings because they
appreciate the “the value of face-to-face [contdotjnally presenting ideas...exchanging views
with old and new colleagues, taking field tripsgdraving fun” (Brunn & O’Lear, 1999, p. 299).
Most of these meetings are now advertised on thedMgide Web, and take place in well-
developed countries (Brunn & O’Lear, 1999; Zuccalz04).

The growth of formal or published information in iarisible college is said to follow an
“exponential distribution” on the logistic curver{€e, 1963; 1986). In cases where a linear
distribution is observed, it is important to corgithe impact of various external or sociological
factors. Sometimes an invisible college cannavéhibecause the subject area that informs
interpersonal activity ceases to possess integestinviable problems. Also, if the research
environment is not supportive enough (both finalhcend psychologically) it may hinder
scientists from training graduate students ancetiag to other research centers to share ideas
[e.g. Fisher's (1967) study of the Invariant Thets]. Conversely, if the published information
does follow an exponential distribution of growithinay be the case that government funding is
a significant factor. Government funding sets aesie agendas, which can foster research
leading to the development of invisible colleg&ametimes the resulting invisible college
network is formed from hybrid problem areas (ir@vplving scientists from different
backgrounds) as shown in Perry and Rice’s (19989)L&esearch concerning developmental
dyslexia.

In the midst of all previous invisible college igkts, one of the main problems
associated with the concept is that it is usedesrdbe different phenomena and has already
been assigned too many definitions. Clusterstefacting scientists with mutual research
interests have been characterized as “the hieraioblite resulting from an expectable
inequality, and number about the square root ofdted population of people in that area of
research front” (Price, 1971, p. 75). Some resdeas claim that invisible colleges are just
simply “innovation cliques” (Van Rossum, 1973) aptial circles” made up of smaller,
fragmented “schools” (Crane, 1972; 1980; Kadush@§6). Others believe that an invisible
college is a tightly meshed community - “it selatisown society, then shuts the door” (Paisley,
1968, p. 6). Another view, expressed by CronB8g) is that the invisible college is
disadvantaged as an informal communication systeoe & is at risk of being unstable, short-
lived, expensive to maintain and resistant to ingtinalization. In a similar vein, Mulkay,
Gilbert and Woolgar (1975) assert that invisibldemges are “concentrations of research ties
without clear boundaries ... amorphous social groggin. in a state of constant flux, partly due
to overlapping personnel and to migration” (p. 190)
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Further to all definitions of what an invisible e “is,” Paisley’s (1969) theoretical
review helps to confirm what an invisible collegenot, or more importantly, where it fits within
a larger system of scientific communication. RgiglLl969) acknowledges Price’s (1963)
contribution, and inserts the invisible collegehinta system that includes the scientisterk
team, professional membership group, referencegraudformal organization For instance,
theformal organizationreal university or college) emphasizes “rolesesi of responsibility and
products rather than people themselves” (p. 6)e ddientistsprofessional membership group
(“I am a mathematician”) controls “the ‘officialhformation channels of the scientist’s field”
(e.g., primary journals and monograph series), adethe invisible college does not (Paisley,
1969, p. 5). Aninvisible college is similar toeference group“which includes other scientists
with similar specialization, similar training, exiemce of work, or other characteristics,” butsit i
better described in terms of a subsystem, compasadsmaller number of international
researchers and designed for “direct access” (pABo, even though the scientist may save
papers and reprints from researchers belongingsthér reference group, (s)he “is more likely
to arrange meetings, plan joint projects and ctx@uvorks with participants of the same
invisible college network” (p. 5).

Despite the list of varied definitions, there isr@oreassurance that the invisible college
“is likely to remain a pivotal feature of the sdific communication system for the foreseeable
future” (Cronin, 1982. p. 232). According to Crorfadvances in communications technology,
coupled with the likely growth in interdisciplinargsearch suggest that the management and
promotion of invisible colleges throughout sciecoald prove to be an area warranting careful
thought and investigation” (p. 232).

The invisible college problem

Price originally coined the term “invisible collége reference to amformal
communication network of scholars; however, Liewdd990) argues that this idea of
informality has not been reflected well enoughhe tesearch literature. There is a lack of real
information about invisible colleges because redeas tend to focus more on products of
scholarship (i.e., documents and citation datajantetwork structures rather than on the actual
communication processes of people who do scholeshk. For instance, Crane (1972)
examined the growth of two specialty literaturase cn mathematics and one in sociology, and
approached the issue of informal communicationddiecting survey data on co-authorship
patterns and the exchange of preprints. Her sugjuegtions focused on gathering information
about formal communication activities — activitibat facilitate the production of documents,
and Lievrouw (1990) believes that the data shoolchave been construed as examples of
informal behaviour (p. 63, original emphasis).

Lievrouw's (1990) assessment of Crane's (1972ysind other similar studies is that the
term invisible college is frequently misused oregiwdifferent meanings for different purposes.
In light of this, she raises an important questeme: invisible collegestructuresof scholarship
(discernable and measurable from outside elemeings, published documents) or are they
social processesooted in informal human behaviours, perceivalolly to those who carry them
out? (p. 66). To reconcile the structure versaegss problem, Lievrouw (1990) recommends
the following:
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If the invisible college is to be an informal sdgaenomenon then a
revised definition can be proposéh invisible college is a set of informal
communication relations among scholars or researského share a
specific common interest or ga@l. 66; original emphasis).

With this definition, there is no assumption thatiavisible college is rooted in a prerequisite
formal institutional structure (p. 66).

Lievrouw’s (1990) second recommendation is thatreiresearch concerned with the
invisible college should be based on a new setsafds. For example: How do individuals
perceive their interactions with others within, s outside of, the invisible college? How do
individual scholars use invisible colleges as resesito help fulfill their information needs? (p.
67).

Her third recommendation is that ethnographic mashaf research, in addition to
bibliometrics should be used in studies of schgpladmmunication. Lievrouw (1990) concedes
that bibliometric analysis is an effective techmdar producing “maps” of documents and that
such maps offer a “systematic glimpse of the comaoation acts that produced the documents
in the first place” (p. 68). On the other haridhe goal is to understand underlying “informal”
aspects of communication (i.e., mentoring, colliyicor collaboration) she insists that
qualitative techniques of research, primarily pdpant observation and interviewing, have the
potential to give the researcher more “interpretiad heuristic” power over a study (p. 68).

For the most part, Lievrouw’s (1990) research okst@yns and recommendations are
valuable. She identifies a major problem conceynie invisible college — th&ructureversus
social procesproblem — and advises future researchers to argar@w studies that will help
lead us towards a solution. Nevertheless, hergz@g definition requires further consideration.
This definition sets the invisible college apadnfrcommunication systems rooted in formal
structures, thus my argument is that it may beneroow.

Derek de Solla Price (1963; 1986) referred to tivésible college as an informal
communication network of scholars — elite schotesm different research affiliates who belong
to an “in-group” of approximately 100 people. Aoting to Price, the “people in such a group
claim to be reasonably in touch with everyone ets&l have the power to confer power and
prestige on one another. With respect to how thaggmembers stay in touch, he specified that
they “meet in select conferences (usually heldather pleasant places), they commute between
one center and another, they circulate preprindsraprints to each other, and they collaborate in
research” (1986, p. 119). Moreover, he statedttietnembers contributerfaterially’ to
research in a subject area and that they not angod'on a national scale,” but also on an
international scale, including “all other countriesnvhich that specialty is strong” (1986, p. 119,
emphasis added).

Price’s (1963; 1986) recognition of theaterial contributions of invisible college members
is significant because it implies that publishedutoents are relevant to the invisible college
phenomenon, even if the production of these doctsrniemot the sole purpose for its existence.
When the participants of an invisible college netnado generate work for publication, and
when an attempt is made to trace the links betwieein publications, there is an opportunity to
gain insight into their shared research interestderests that comprise their subject specialty.
As a result, the subject specialty, rooted in doented evidence, may be viewed as the
structural component of the invisible college, vdar the invisible college itself is the
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underlying social component. Hagstrom's (1970)eustdnding of the relationship between the
two terms, invisible college and subject specigitpyvides further clarification:

the set of scientists in a discipline who engagesgearch along similar lines

can be called the scientific specialty. It is mrable to believe that scientists
will communicate most often and intensively witlhets in their specialties,
exchanging preprints with them [and] citing theork... There is some evidence
that “specialties” are not “invisible colleges” +taghtly knit networks of
communication .. [yet] most specialties in scieace quite small enough so

that they could be tightly knit communication netkeven if they are not

so in fact (p. 91-92)

Given both Price’s (1963; 1986) and Hagstrom’s (d3kplanations, it is clear then that
an invisible college can exist withinsabject specialtyhut a subject specialty is not necessarily
an invisible collegé. In effect, thestructureversussocial procesroblem also becomes more
obvious. There may be a lack of real informatibow invisible colleges, as Lievrouw (1990)
suggests, because it is easier for researchensdy the specialty or structural component rather
than the interpersonal or social component. Mostuthents associated with a subject specialty
are readily available to researchers through kgindiphic indexes and can easily be submitted to
bibliometric analyses. But, even though it easgdoess documents and create bibliometric
maps of the intellectual structure of scholarshipan be problematic to assume that they reveal
much about underlying informal communication.

Conversely, if Lievrouw’s (1990) proposed definitiof the invisible college is adopted,
with its emphasis on the “set of informal commutimarelations among scholars or researchers,
who share a specific common interest or goal,” la@oset of problems may arise. For instance,
it can be difficult to determine who is participagiin an invisible college network, if the shared
goal that has cultivated interpersonal relationskvjthin that network is not identified. In other
words, it is not efficient to examine how individsaholars make use of personal contacts to
satisfy information needs if there is no prior urs@nding of the intellectual basis for their
needs in the first place - thaubject specialty

To understand the true nature of the invisibleegml it is important first to recognize then
that it is not a one-dimensional construct, btheat multi-faceted phenomenon. Second, we
need to establish a clear definition that remapenao all of its multi-faceted components. My
definition is the following:

An invisible college is a set of interacting schislar scientists who share similar
research interests concerning a subject specvality,often produce publications
relevant to this subject and who communicate botinélly and informally with
one another to work towards important goals insihigiect, even though they may
belong to geographically distant research affisate

! How the specialty itself has emerged can varyndy have branched from a broader discipline oray be the
result of an intersection of two or more discipinforming a specialty area now functioning asrasisible college
network [see Perry & Rice’s (1999), developmentallexia study]. An example of a specialty thatsloet form
an invisible college network might be cryptograpbgearch groups in different world regions whoiaterested in
the same problems but secretive about their warkdourity reasons.
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With this new definition, researchers have an oty to focus on the different types of
contributions that bibliometric, sociometric antreigraphic (or qualitative) modes of analysis
can make to the study of invisible colleges. Ribietric analyses typically focus on cognitive
forms of interaction (e.g., scholars citing eadfmeo}, while sociometric analyses can help to
clarify social forms of interaction (e.g., scholamseting with each other at worldwide
conferences). Qualitative forms of analyses aanagnique in their focus on detailed ways of
behaving and communicating (e.g., competitive behaycollaborative behaviour). Overall,
the above definition opens up an opportunity tggreally superimpose sociometric on
bibliometric data as a means for creating “repregems of a specialty based on citation and its
variants, co-authorship, colleagueship, trustedssssship, mentorship” - factors that “would
corroborate the [invisible college’s] spatial aethporal dimensions” (Chubin, 1976, p. 455).
Other invisible college researchers, for examplan€ (1972), Lievrouw et al. (1987),
Sandstrom (1998) and Perry and Rice (1998) havéicmu or integrated sociometric,
bibliometric and qualitative data to obtain insigmbwever, in light of Chubin’s (1976)
suggestion there are different ways of working wid#tta, including the methods presented in this
paper.

5. Modeling the invisible college

Consider now the value of modeling the invisibldexge — i.e., creating a research
framework — to correspond with the above definitaom method. The model should be a visual
representation of its primary components, so taah&omponent interacts with the other, and
can be considered sufficiently within the conteixa agtudy.

The invisible college model that | wish to highligh one that is derived from the
previous work of Rosenbaum (1993, 1996). Rosenbaastthe first to develop a
structurationally informed value-added model far gtudy of organizations. Originally his
“structurational” approach was used to examinermftion behaviour in a management
organization; however, its significance is thatah be generalized to various types of
organizations, including scientific organizationelinvisible colleges.

Rosenbaum’s model, illustrated in Figure 1, stemsifa merging of Taylor’'s (1991)
value-added perspective of Information Use Envirents (IUESs) with Gidden’s (1984) theory
of structuration. When combined, the two theoedtperspectives are said to create "duality of
structure.” Duality of structure is a more effeetway of understanding “how the information
behaviours [of social actors] and social environteenutually and simultaneously constitute
each other” (Rosenbaum, 1993, p. 235). Specifichis means that individuals who interact
with one another in social situations can be infleel by the structure of their IUE. At the same
time, the IUE can also “be a product or consequen@ieow individuals engage in] social action
and interaction” over time (p. 79).
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Figure 1 Rosenbaum's original model of a structuratignaliormed value-added
approach to organizations (Adapted from Rosenbd996, p. 101).

For a new study concerning a scientific organizgtar invisible college, there is no need
to alter the structurational and temporal aspeicBosenbaum's (1996) model, or disregard the
dual nature of social interaction and thi=. These elements are important and shall be
retained; however it is necessary to introducenarf@difications. First a new label is added,
termed thesocial actors. Second, the rules attributed to tRie are shifted to another
component termed theubject specialty The resulting new model, shown in Figure 2, now
presents a series of interconnected ovals designaghlight the interrelationship between 1)
thesubject specialty 2) thesocial actors and d) théUE.

The space that intersects thiE , thesubject specialtyand thesocial actorsproduces
an organizational structure termed (hgvisible college An (in)visible collegemay or may not
be visible, depending on its association with dipalar type olUE. SomeUE's are grounded
by a physical space, while others or not; thudtie is basically “the set of elements that affect
the flow and use of information messages into, wjtand out of any definable entity” (Taylor,
1986, p. 3). If theUE is established as a physical space, it has ttenpak to fortify an
(in)visible collegewith the provision of human, physical and/or teabgical resources.

Thesubject specialtyis important because it informs ttig)visible collegeof its
disciplinary rules and research problems. Thesrateproblems may be transferred from
background discipline(s) or newly developed angtedrupon by the scientists who believe that
they are more suitable to the specialty area’sarebefocus.
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The scientific researchers who understand and agree the rules and interact one
another to solve research problems arestiwgal actors Social actorsmake use of the
(in)visible collegeto support their information seeking and shariatigyns, but they may also
reinforce or “instantiate in action” t{@)visible collegethrough the contribution of
bibliographic artifacts, or evidence of scientidichievement for preservation (Rosenbaum, 1996,
p. 112).

‘2‘&‘[‘&%@5 . INFORMATION USE

\  ENVIRONMENT (IUE)

(Physical, human and/or
technological resources)

SUBJECT SPECIALTY

(Disciplinary rules and
research problems)

(Organizational
structure)

Formal communication Informal communication
(bibliometric artifacts) (conversations, discussions etc.)
SOCIAL ACTORS

(Information producing
and sharing)

»  TIME >

Figure 2 Structurationally informed value-added modeltfar study of scientific organizations.
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Research Implications

The subject specialty

The first component of the research model termedubject specialtyprovides a starting
place for an invisible college study. Again, thudject specialty is significant because it informs
the invisible college of its disciplinary rules aresearch problems. It also supports the
intellectual motivation for social activity, wheseholars are expected to interact with one
another for information sharing or collaborativeearch. Clearly, a subject specialty is not
necessarily an invisible college, or close-knit caumication network, but there are some
specialty areas of research in the sciences anal seences that will provide “hints” as to why
they may function as such. The following questisihguld help the researcher as he/she looks
for these "hints™:

1) How young is the subject specialfyfPcannot be too old in the sense that many ef th
foundational scholars are either deceased or raighing in the area anymore).

2) Does the subject specialty fit within an identifeamdexing or classification system?
(e.g., the American Mathematical Society ClassiftcaCode).

3) Is there a World Wide Web page associated withsihexialty where participants have
access to current research information (e.g., pir&gy, including information regarding
national/international conference activities?

4) How many scholars are identified with this spegialted? (If there are too many
scholars, the subject specialty is likely too laiggemembers to know one another and
interact with each other informally).

5) Are the scientists/scholars distributed worldvdd@here is no rule that suggests invisible
college members must be international; howevehgy are and there is evidence that
they meet at selected conferences, there is ardatimess to the kind of interpersonal
communication that takes place).

Once a subject specialty is identified, it can therstructured for visual examination
using the Author Cocitation Analysis (ACA) techngguleveloped by White and Griffith (1982).
Traditionally, this technique makes use of thevittiial author’'s oeuvre (single or co-authored
document(s) of which (s)he is the first author) asdumes that two authors are intellectually
related to one another if they are co-cited fretjye¢ngether in many documents (White, 1990).
A complete ACA involves the selection of author eairthe retrieval of (first) author cocitation
frequencies, the compilation of a raw data matniet eonversion to a correlation matrix, and the
multivariate analysis of the correlation matrix foterpretation and validation (see McCain,
1990). The end result is a bibliometric map ouglis'picture” of the specialty, comprised of
clustered author nodes.

ACA has been used to investigate a variety of gitgcareas in the sciences and social
sciences (e.g., Bayer, Smart & McLaughlin, 199d)iIChowdhury & Foo, 1999; Karki, 1996;
Perry & Rice, 1998; White & McCain, 1998). It istra new research technique and has been
the topic of important methodological discussianpast years (e.g., Ahlgren, Jarneving &
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Rousseau, 2003; Persson, 2001; Rousseau & Zu@6dl4, White, 2003). Within the context of
invisible college research ACA is particularly valle because it produces a bibliometric “map”
and a map can be a valuable navigation tool.

The initial benefit of producing a bibliometric mapa subject specialty is that it
provides a historical “snapshot” of how the reskanea has evolved up to a particular point in
time. Within the specified time frame, for instaris0 or so years (1950-2000) the piling up of
cocitations may be significant enough to deternaintior relationships. Traditionally, the
interpretive approach in ACA focuses on discovenumgt the author clusters and map
dimensions “represent in terms of scholarly contrdns, institutional or geographic ties,
intellectual associations, and the like” (McCaifi9Q, p. 441). White (1990) suggests however
that the ACA map might have another purpose beyoadraditional approach. Certainly co-
cited author relationships can be observed in tefm#tellectual influence, but “many
relationships other than intellectual influence r@féected by citations, and some influences are
not captured by citations at all” (p. 94).

With a bibliometric map in hand, the scholar whadgts an invisible college has a
specific advantage in that he/she can focus orstigaging underlying facts concerning past and
present relationships among scholars within thgestib The map can act as a travelling aid in
that scholarly territory, where “fieldwork techniggi[i.e., interviews; participant observation]
typical of ethnographic studies of communicatiordynie used to gain more “interpretive
power” (Lievrouw, 1990, p. 68). A semi-structuiieterview, for example, may be designed so
that the ACA map is taken out into the researda fd used as a discussion piece during the
interview process. Authors selected for an ACA lbarnnvited to participate in the interview
either face-to-face (e.g., at a conference) or-lmad. As authors are shown a copy of the ACA
map, they have the opportunity to see which authelsng to their intellectual cluster and
comment on personal relationships. Related stoeaghen be used to explain underlying
elements contributing to the map’s structure thatil normally be left to assumption. A
bibliometrician cannot assume that if author A anthor B are co-cited that they are socially
connected. However, if author A shares informa#ibout his/her personal relationship with
author B (and vice-versa) then the social dimensidhe cocitation may become more evident:
the two authors may be friends, faculty colleagared/or have had a significant mentoring
connection as research advisor and student.

Figure 3 provides an example of a cocitation neftvepeated for a group of authors
(n=75) involved in a specialty area of mathemakimswn as Singularity Theory.Singularity
Theory has experienced a significant period of tigraent in the past 60 years. Trotman
(1999) details the history of this specialtylLe Dictionnaire d’'Histoire et Philosophie des
Sciencesnoting that mathematicians first began to stugyes with singularities at the School
of Alexandria in ancient Greece. Singularity Theas it is known today, however, is largely
based on the major contributions of Milnor, Arndtironaka, Thom and Lojasiewicz during the
1960s and 1970s. The classification of Singuksitvas only just completed as recently as 1979
(Isaac Newton Institute Annual Report, 2001, p. 24ls0, Singularities research has emerged
recently as a distinct class code within the 1981 2000 American Mathematical Society
Classification system. For example: Singulari{&aSxx; 1991- now) and the Theory of

2 A singularity is defined as “the strange but rekahie point among anonymous non-singular pointsdifhian,
1999, p. 866).
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singularities and catastrophe theory (58Kxx, 200@n Due to its presence within the AMS
Classification system we know that it is a matyrecgalty, but it is obviously young in
comparison to the main cognitive underpinnings afmmatics (e.g., 14-XX — 1940-now —
Algebraic Geometry).

With respect to the invisible college phenomenong@arity Theory serves as an
appropriate subject for analysis because the br@adas in mathematics include too many
mathematicians and possess ancient roots that tin@keimpossible to examine from a
sociocogntive perspective. As a relatively snialt, mature subject then, Singularity Theory
possesses certain characteristics that suggest kizet been functioning as an invisible college.
For instance, a European Singularities networkisiteew posted on the Web and at this site the
names of mathematicians worldwide (approximately) @orking in this specialty area are
listed. Links to preprints are posted and avaddbt downloading, and there is also a list of past
and future Singularity Theory conferences or wodksh which are important events for the
mathematicians to meet personally and share nexanmgs information (European Singularities
Network, 2000).

In Figure 3, the ACA of Singularity Theory has pucdd a cohesive “puzzle-like”
structure, with an overall connectivity ratio of%63 Note that three sub-topic clusters have
been identified and labeled as a result of a CLUST&utine carried out in SPSS, with
boundaries drawn as dashed lines. All authorsnigihg to the individual clusters are
considered to be intellectually similar to one &eof however the dashed lines indicate that
there is a degree of boundary permeability: sombetuthors have worked within more than
one Singularity Theory topic. The following quesis indicate the type of open-ended interview
strategy a researcher might use to gain insightsotne of the underlying social (invisible
college) dimensions associated with the authordahproximity. Does the structure of this map
make sense to you? Can you explain why? Do ymgreze any of the author names next to
your name on this ACA map? Tell me about someegbérsonal connections, intellectual or
otherwise, that you currently have or have had wime of the mapped authors

Depending on the extent to which the researchey tingeinterview process, (s)he could
obtain information to form yet another view of tR€A authors, emphasizing a pattern of
mentoring relationships or alternatively, the nadilb'schools’ in which the scientists have
worked together. Figure 4 captures a view of #gonal ‘schools’ associated with Singularity
Theory.

® Details associated with the data collection andAapping procedure for the Singularity Theory magy be
found in Zuccala (2004).
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In Figure 4, the “Arnold School” of Russia is unéy labeled because the Singularity Theorists
recognize this school in connection with its infitial leader — Professor VIadimir Arnold.
Zuccala (2004) spent time interviewing the studentsrnold to learn more about the nature of
this ‘school’ and explains (using interview datajha national ‘school’ might also be identified
in cultural terms, for example, the French “stydé’doing mathematics (p. 109).

Scientists as social actors

While an ACA structure of a subject specialty pres a fairly accurate picture of the
intellectual connections between authors, it doks not satisfy the idea that an invisible college
is a multi-faceted phenomenon. To ascertain whylgect specialty has become an invisible
college, or close-knit communication network, acsetresearch strategy is needed to determine
which of the authors identified within the ACA halveen involved with one anothersxcial
actors. Social interaction among scientists can occuough a variety of activities; however,
with the new invisible college definition the m@&rtinent is the authors’ collaborative habits
and collegial interactions as conference partidpan

Collaborative work is a form of social behavior,igfhdraws upon the personal knowledge
of the individual, but provides the individual wighunique learning experience situated in a co-
operative context. A collaborative exchange betwes or more researchers influences the
perception of an information need by minimizing grevate intellect in favor of focusing on the
social aspect of the need. It can be as informal @asual research discussion intended to
enhance the work of one researcher, or as formal@sr more authors working together
towards the completion of a joint publication.

Because collaborative work is variable in natuesearch on the subject has been
extensive, ranging from studies of co-authorshigualitative investigations into scientists’
everyday work activities (e.g., Beaver & Rosen,&9R79a,b; Kraut, Galegher & Egido, 1988;
Laudel, 2001). In many collaborative situationggtschmer (1997) explains that “birds of a
feather flock together: [scientists] are guided enor less by a deliberate search for persons and
this search is mainly controlled by the similaxfycharacteristics” (p. 581). With this in mind,
several authors involved in an invisible collegénaek are likely to have collaborated with each
other frequently both formally and informally. Tih&similarity characteristic” is based on the
idea that they have all shared a commitment taléwelopment of their specialty and/or or
solution to the subject area’s problems.

Collegiality or collegial interaction constitutesaher form of social behavior, but unlike
the notion of collaboration, it has not been exadias frequently. Different types of
behaviours constitute collegiality, but in a narreense, it can refer to a relationship or social
“tie” that exists, with some measure of strengtihdaes not exist between two scientists,
depending on their act of participating in the sameferencé. Scientists as social actors are
collegially involved with one another for the puseoof keeping in touch and remaining up to
date with what others are working on within thecspiey area. No assumptions can be made

“ In addition to conference-based collegiality, téen collegiality possesses another importantieiahip to
scholarly acknowledgements. Cronin’s (1995) boatitled The Scholar’'s Courtedpcuses on the practice of
acknowledging colleagues whose comments or actiaie it possible for others to conduct quality aesk.
Colleagues often inspire one another and it isuihanformal inspiration that researchers ofterogeize a sense of
intellectual debt.
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about specific actions at a conference, for exantpé author A actually met and had a research
discussion with author B, although it is certaipbssible. Again, Price (1986) first recognized
the role of collegiality when he explained: “peopgthin invisible colleges] claim to be
reasonably in touch with everyone else.” They “mieeelect conferences (usually held in

rather pleasant places) and commute between oner @amd another” (p. 119).

To measure both collaborative and collegial agtiwiithin a subject specialty, data based
the scientists’ co-authorship patterns as welhas tonference attendance patterns can be
collected and analyzed in a joint ACA-Social Netlwénalysis. At this stage of an invisible
college study, the original ACA map of the spegialays an important role, because it acts as
the original structure upon which to superimposedistinct co-authorship and collegiality
networks.

Co-authorship data for a joint ACA-Coauthorship nesap be retrieved from any science
or social science database that specifies the a(Ald as an indexed field. For example, using
the Dialog™MathScidatabase one must type the following search striAty=Author A AND
AU= Author B” to retrieve all publications listingoth Authors A and B as co-authors. The final
count associated with each individual publicat®then added to an adjacency matrix where
Author A and Author B are joined together by onk. céf Author A and Author B have never
published a paper together, no co-authorship asyassible; thus a 0 is added to their common
cell.

To collect data for an ACA-collegiality map, a m@&xhaustive search is required. Itis not
possible to rely on an indexed conference partitidatabase; therefore collegiality data must
be traced through proceedings posted on the Wab.Web site of a particular conference
generally includes a link to a final participarst lirom which the researcher can manually collect
data. Author A and Author B, for instance, can g 1 collegialty count, plus any incremental
counts of 2, 3, 4 etc if they have attended marth@same conferences. A value of 0 is added
to the cell adjoining the two authors if a discgvier made that the pair has in fact never attended
the same conference. In cases where a conferangegant list cannot be found on the Web,
and data from retrospective years is needed (80 or earlier), published monograph
proceedings can be a reliable source for informatidoreover, if all other resources are not
applicable or attainable, the researcher can somastacquire collegial data by communicating
directly with a conference organizer who has maiet accurate conference participation
records.

Once the co-authorship and collegiality matricegehaeen developed, social network
analysis tools, like UCINET (Borgatti, Everett afceeman, 1999) and Krackplot (Krackhardt,
Blyth & McGrath, 1995) can be used to construct snapsociograms similar to the Singularity
Theory maps shown in Figures 5 and 6. Specificaligh matrix is transformed into a unique
.kp file by UCINET and used as input to the Krackpietwork visualization software.

Krackplot will retain the original proximity of theuthor nodes generated by the ACA, and
support the superimposition of the social netw@k to illustrate which authors in the ACA
structure are connected. In Figure 5 we see hleat@-authorship activity among the Singularity
Theorists is somewhat thin, although a select nurobauthors actually have very strong ties to
one another. Collegial interaction, shown in FegGr is by comparison more pronounced. A lot
may be said about the two different types of sdot@raction, particularly in the field of
mathematics. In this paper, full interpretations @ot provided; however it is clear that the data
are useful for analyzing what the different patsemmean. Interpretations can be made at a visual
level, just by looking at the maps, but they caodle carried out at a statistical level based on a
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QAP correlation analysis of the three matrix-basetvorks using UCINET [Borgatti, Everett
and Freeman, (1999); see Zuccala, (200What is the co-authorship structure of [subject
specialty] and how does this structure relate t® $ipecialty’s intellectual (ACA) structure?
What is the structure of collegiality in [subjegteialty] and how does this structure relate to
the subjects intellectual [ACA] structure and cataarship structure?

If the researcher needs to look at the invisibléeege’s underlying social program (s)he
may take the maps one step further into a qualgaiage of analysis. The maps can be used
during a period of fieldwork, where inquires canrbade about the social conditions that
supported the co-authorship and collegial pairingse first place.What led you to collaborate
so frequently with author X ? How did your colladive efforts result in a co-authored paper?
What are some of the factors that inspire you arehiaspired you to collaborate formally with
other authors? What has motivated you to partit@pa [subject area] conferences in past
years? Why did you participate in some confereaoeisnot others? What are some of the
things that you value most when participating ifs@abject area] conference?

One of the benefits of doing fieldwork in conjuinct with bibliometric and sociometric
research techniques is that insights may arisenttlatot necessarily emerge through the use of
one research technique alone. A strict use of A&Anstance might suggest that the authors
appearing on the ACA map are thiely individuals who participate in the invisible cajle
activities. Fieldwork allows the researcher ton@gs more current patterns or behaviours. For
instance, Zuccala (2004) interviewed authors whewet included on the Singularity Theory
ACA-social network maps, but who were becoming lagd with the invisible college as
graduate students, research “newcomers” or distanatvitees to the specialty area’s
conferences for the purpose of fostering crossygisary fertilization. She also interviewed
one author who has been cognitively active withimg8larity Theory research for many years
(i.e., noted on the ACA map), but claims to havetlee specialty, even though he likes to
participate in the conferences from time to timg. (p79-189).

The scientists’ information use environment

In order to do research, scientists, as sociaraci@ dependent on space. A research
“space” can be a laboratory or an office, or it baran internet-based environment designed to
facilitate observations and experiments, the fléwdeas and facts, and the need for discussion.
Whenever or wherever a certain amount of spacédé@s constructed for science, information
and its artifacts (e.g., data; publications) aelli to be found within. In which case, a sciaatif
workspace can also be referred to as an informatwironment or more precisely, an
Information Use Environment (IUE).

Certain IUEs are critical to research concerningnarsible college not only because they
supports invisible college activity, but becausgytmay also make this activity more visible. If
an IUE is grounded by a physical space (e.qg., eiajpeed building or institute), socially
mediated behaviours, which occur within the invisitollege, can be more easily observed. The
IUE essentially becomes an important space forégkearcher who is inspired to engage in
qualitative fieldwork.
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In past years, very few studies concerning Inforomatyse Environments have been
carried out in the field of information scienceg(eKinsella). More often than not, research
concerning scientists’ IUEs has occurred in soggloAmong sociologists of science, physics
and biology laboratories have been the main chdaresthnographic fieldwork and the social
constructivist view science, a predominant resetireme (e.g., Knorr-Cetina, 1981; 1983;
Latour & Woolgar, 1979; Merz, 1998; Traweek, 1988)pcial constructivists believe that
science is mainly a contextualized activity, or enprecisely that “the products of science are
contextually specific constructions [and] bear ek of the situational contingency and interest
structure of the process by which they are gengtéknorr-Cetina, 1981, p. 5). Social
constructivism was, in part, a reaction againstttes (1957; 1967) normative/functionalist
model of science and the Mertonian tenet that eatesocial factors influence scientists and how
they interact, but are irrelevant to knowledge piceti by science.

In the field of information science however, thBes been ample discussion as to what
actually constitutes an Information Use EnvironmdRbsenbaum (1993; 1996) and Taylor
(1986; 1991) are two of the most important leadethis discussion. Taylor’s (1986) value-
added theory asserts that the Information Use Bnment (IUE) is a space where information
related behaviours occur and that such behaviamstitute “the sum of activities through which
information becomes useful” (p. 221). The IUE nbaydefined as “the set of those elements
that a) affect the flow and use of information naggs into, within, and out of any definable
entity; and b) determine the criteria by which #iaéue of information messages will be judged”
(Taylor, 1986, pp. 3-4). To fully understand thiel or any IUE, Taylor (1991) proposes that it
is important to collect data concerning the follogielements: sets of people, the structure of
their problems, typical settings and the resolutbproblems.

Rosenbaum’s (1996) critique of Taylor’s IUE is tias “fundamentally ambiguous” and
that much of what is emphasized in his theory eattension between “perspectives based on
structural assumptions and those based on actiented assumptions” (1996, p. 71).
Consequently, Rosenbaum argues for a structurd@émpaoach to the IUE, which combines
both Taylor’s value-added theory with Gidden’s (4p&heory of structuration. With this new
structurational approach, the duality of structisrgiven precedence so that the two main
constructs of Taylor’s original dichotomy — the IldRd information-related behaviours — form
an interrelationship. The IUE is “instantiatedaiction” and “routinely produced and reproduced
through the social practices or information behawiaf users” (Rosenbaum, 1996, p. 112).
Similarly, information behaviours can “certainly benstrained, shaped, and enabled by the
IUE” (p. 112). Essentially “the presence of eatiireo makes the other possible; neither has
meaning without the other” (1996, p. 112).

In this paper, Rosenbaum’s (1996) structuratioeaspective of the IUE is embraced: it
combines the best of Giddens and Taylor, and &ty well with the proposed invisible college
model. With respect to his view, let us considgaia the case of Singularity Theory research as
an invisible college. In mathematics, the inteioredl mathematics research institute constitutes
what we may call a critical IUE. Mathematicianssasial actors have created a need for
specialized research institutes: their collegisivéaes over the years have “instantiated in
action” the existence of this type of environmehikewise, the international mathematics
research institute, as an equal participant inrdireictional or dual relationship, has the power to
shape and influence the mathematicians’ socialrexpee of sharing and doing research.

The international mathematics research institugersatively new IUE for fostering
invisible college activity. Many of the instituteperating today, including the Isaac Newton
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Institute in Cambridge, England, the Fields Inséitin Toronto, Canada, and the Mathematical
Sciences Research Institute in Berkeley, Califohaiae only just been established in the 1980s
and early 1990s. Since their development, mathei@as from around the world have had more
significant opportunities for collegial interactio he institutes have in effect transformed the
loner “gentlemen’s tradition” of doing mathematio® a highly “professionalized” discipline.

Mathematicians are invited by the institute sciemtiteering committees to propose and
organize programs around a specific subject, usaathature subject, so that work may be done
to re-vitalize the area. Every program proposal&@rs how a series of seminars, workshops
affiliated with the program might further the sutig goals, for instance, by inspiring colleagues
to focus on new applications and/or develop intévas with other complementary subjects.
Usually the activities corresponding to the goatssomewhat formal (e.g., organized
workshops), but they are designed overall to gentlathematicians talking, thinking, discussing
and collaborating. Since the mathematicians castagtat any one institute forever the hope is
that after they visit, they will take new ideas gwath them and work on intellectual
construction beyond the programmed situation.

Consider now the ACA-Social network mapSingularity Theory and Its Applications to
Quantum Field Theorpresented in Figure 7. Here we see how the INaadon Institute as a
critical IUE has been used to enhance the resegmals of Singularity Theory by encouraging
interaction with another complementary research Bn®wn as Quantum Field Theory. Over
time a new invisible college network may emergthalgh at this point it is difficult to say.

In mathematics however, invisible college netwakes inclined to grow over time through the
process of intellectual “bridge-building.” Sim&mngh (1997), author dfermat’s Enigma: The
Epic Quest to Solve the World’s Greatest Matherabicoblemobserves the enormous “value
of mathematical bridges...They enable communitiemathematicians who have been living on
separate islands...to explore each other’s creatigps191).

A specialized research institute, like the Isaawfda Institute, is just one example of an
IUE; hence the IUE as a general construct is opefufther consideration. Scientists as social
actors work together in different types of IUEsr#fore, the IUE is above all else “the set of
elements that affect the flow and use of infornratitessages into, within, and out of any
definable entity” (Taylor, 1986, p. 3). Any deflrla entity within the invisible college model
could be an e-mail-based IUE or perhaps a spdeietrenic “collaboratory” or Virtual Institute
Network (VIN) designed for use on the Web. Liewsoand Carley (1990) focus on the increase
in the amount of interpersonal interaction fadiéthby ‘telescience’ (NASA'’s term for the new
electronic infrastructure for scientific communiocat); hence, it is reasonable to speculate how
electronic research environments might create artiee from what Price (1963) or Crane
(1972) observed with invisible colleges years aghis paper concerning Singularity Theory
does not provide an in-depth focus on electroniarenments; however we know that Virtual
Institute Networks (VINS) are designed to be mudreninteractive than e-mail; they allow
mathematicians (and other scientists) who relyraplgs, or figures to convey abstract ideas to
communicate with one another as though they weetingeface to face.

® Braham’s (1995) version of the VIN interface tal&sa Virtual Internet Server (a modified IRC serwéth new
protocols) and is set up to appear as a sophistiddtickboard. A VIN user may load images andydbaty tuned
into the network will see the image. Scientists maiye on the image, type text on the blackboardse the
blackboard, change the colors of lines and textsjatbetween channels, create new channels, findloaielse is
on the channel, browse the World Wide Web and ugeafunction to engage in discussion.
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Figure 7 ACA-Social Network map of the Isaac Newton InggtWorkshop (2000) on
Singularity Theory and Its Applications to Quantkield Theory
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If the VIN becomes commonplace, then further regdeaiill be needed to understand its social
and scientific impact. Will scientists make use&/tifls like they use current international
research institutes? What effect will the VIN haveresearch output, peer review or the
collective egos of scientists? Will scientistsrgpéess time traveling and more time writing for
publication? Will they become more interestedharsg ideas, more competitive or less
competitive, or, more trusting or less trustingpaoé another? What effect will the VIN have on
scientists coming from less technologically advasecieties? Brunn and O’Lear (1999)
suggest that certain social consequences are lielgepen “between ... members of the
‘electronic invisible college’ versus those who ieahand choose not to participate. Exclusion
may be based on the inability or unwillingnesstom part of the individual or the state to invest
in those technologies...” (p. 299).

Finally, if the researcher wishes to understand aoMUE supports invisible college
activity, fieldwork is once again essential. Adlrfs of the fieldwork must be considered
carefully, including the process of gaining entrjthie chosen setting, earning the trust of
individuals who will be observed or intervieweddaadhering to ethical standards for
conducting qualitative research. Of interest ®risearcher during the fieldwork situation
should be answers to the following questiolghat types of resources are available to the
scientists who visit or participate in the IUE? Holwes the IUE shape social interaction? How
does the IUE constrain social interaction? Howthe scientists’ as social actors make use of
the IUE for information sharing and/or research antat are their personal expectations and
experiences?

Conclusion

Invisible colleges have been examined frequentlyast years and despite a lack of
consensus regarding an invisible college definjttbrs phenomenon definitely exists and will
continue to exist in our increasingly global sogielf we are to continue studying invisible
colleges, we should consider adopting a sharegeetise, or agree at least upon a systematic
approach for data analysis, giving full attentioritteir primary components. To assist in this
systematic approach, researchers are invited ttheseew research model, shown in Figure 2
termed the “structurationally informed value-addealdel for the study of scientific
organizations, (i.e., invisible colleges)” (seeW®2). This new model demonstrates clearly that
an invisible college is multifaceted and that guks from an interrelationship stibject
specialty social actorsandinformation Use Environment (IUE)Each component presents a
challenge to the researcher in terms of a needdiolg a “toolkit” of complementary research
techniques to highlight the interrelationship. Migiologists need microscopes as tools to
observe and understand the properties of (otheivwisgible) bacteria; therefore, we need our
own tools to help make the invisible college mosgble for in-depth analysis and
understanding. In the future, researchers who rakeof the proposed model can look for new
opportunities to compare invisible colleges. ANisible colleges are basically alike, but will
possess a unique lifecycle depending on how thgg tiemselves with different subjects, social
actors and IUEs. The strength or weakness of eatiponent is the factor that may assist
researchers in determining why it is that somesitné colleges emerge, thrive, decline or
altogether disappear more or less rapidly over.tibigl the specialty area lack important
problems? Did the social actors cease to invahemiselves in activities that would allow them
to share new information, including new researakeis] or simply migrate to other areas of
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research? Was the invisible college not situatetiiwia supportive IUE ?All information that
is gathered in relation to these questions cantaaéy help policy-makers focus on the type of
programs needed to assist invisible colleges im km®wledge development purpose.
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