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Abstract

Over the past three decades, U.S. science and technology funding agencies have increasingly supported large-scale, centralized,
block grant-based research projects that often span multiple disciplines and institutions. This trend has developed at such a rate that
research focused on understanding the management of these new collaborative models has largely not kept pace. We use two case
studies of large-scale, multi-disciplinary collaborations to develop an institutional framework that illuminates the relationships among
(a) the epistemic norms of the disciplines represented in the collaboration, (b) the organizational structure of these collaborations,
and (c) the inter-institutional collaboration success.

The results of our case study analysis demonstrate that large-scale, multi-discipline, inter-institutional collaborations need a
relatively high level of development in either (1) the epistemic development of the disciplines involved in the collaboration or (2) the
organizational structure of the collaboration. We argue that the domain (i.e. epistemic or organizational) that provides the highest

level of institutionalization is the one that organizes the “rules” of the collaboration.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

As research in the sciences and engineering becomes
increasingly multidisciplinary, research managers and
policy-makers are relying more on multi-institutional
collaborations to develop strong, intellectually diverse
teams that can answer complex research questions.
Indeed, in the U.S. the past three decades could be
credibly termed the “era of inter-institutional research
collaboration”, as U.S. science and technology policy!
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E-mail address: elizabeth.corley @asu.edu (E.A. Corley).
! In the U.S. in the 1980s, a series of technology transfer policies
(Bayh-Dole Act, Stevenson—Wydler Act, and Cooperative Research
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has moved from the decentralized support of small,
investigator-initiated research projects to large scale and
oftentimes centralized, block grant-based, multidisci-
pline research (Bozeman and Boardman, 2003).2

Act) increased R&D interaction among researchers throughout uni-
versities, federal laboratories, and other research organizations. In
particular, technology programs such as the Advanced Technology
Program (ATP) require inter-institutional collaboration for funding
and research. Further, some National Science Foundation programs
(Engineering Research Centers, Science and Technology Centers,
Nanoscience and Technology Centers, Industry/University Coopera-
tive Research Centers) require inter-institutional collaboration.

2 We are not the first to make this observation. A few of our pre-
decessors include: Hagedoorn et al. (2000) who emphasize that orga-
nizations collaborate on research projects to gain access to resources


mailto:elizabeth.corley@asu.edu
dx.doi.org/10.1016/j.respol.2006.05.003

976 E.A. Corley et al. / Research Policy 35 (2006) 975-993

Recently, innovative designs for multi-organizational
research collaborations have developed at such a rate
that researchers interested in understanding the man-
agement of these new collaborative modes have had a
difficult time keeping pace. Thus, a primary concern
of our analysis, while fundamental, is little researched.
We are interested in exploring how the level of devel-
opment of the organizational structure of a collabora-
tion interacts with the epistemic domain of the disci-
plines involved to determine the ultimate success of the
collaboration.

One of the difficulties in examining diverse insti-
tutions for science collaboration is a dearth of theory
regarding new collaborative modes. Metaphors such as
“Triple Helix” (Leydesdorff and Etzkowitz, 1996, 1998)
provide a useful label for new collaborative modes, but
little help in distinguishing among them. Similarly, broad
and sweeping frameworks such as “Mode I or Mode I1”
(Gibbons et al., 1994) science do not adequately describe
expectations about the success of the highly diverse (and
only recently developed) institutional arrangements. In
this paper, we present a theoretical framework that illu-
minates the relationship among (a) the epistemic norms
of the disciplines represented in the collaboration, (b)
the organizational structure of the collaboration, and (c)
the level of collaboration success.

We pursue an institutional analysis because creating
and managing large research collaborations has become,
essentially, an exercise in building institutions and multi-
organizational networks. The results of our analysis
of two cases indicate that large-scale, multi-discipline,
inter-institutional collaborations need a relatively high
level of development in either (1) the epistemic develop-
ment of the disciplines involved in the collaboration or
(2) the organizational structure of the collaboration. We
further argue that the domain (i.e. organizational versus
epistemic) that provides the highest level of development
is the one that organizes the “rules” of the collaboration.

and capabilities that enable them to develop and sustain competitive
advantages; Camagni (1993) emphasizes the sharing of resources to
reduce uncertainty and to realize cost savings as well as economies
of scale and scope. More applicable to publicly funded R&D collab-
orations, Mowery et al. (1998) discuss “sticky and difficult-to-imitate
resources and capabilities” as motivation for collaboration and cooper-
ation for otherwise disparate organizations to attain a common end that
is unattainable via internal R&D. In the area of biotechnology alone,
for example, Hagedoorn (1993) demonstrates that from 1980 to 1988
the biotechnology field generated significantly more inter-institutional
research alliances than did any other field of research; Fisher (1996),
moreover, identifies for the period from 1988 to 1996 the establishment
of more than 20,000 inter-institutional research alliances in the field
of biotech.

The purpose of this paper is to introduce our theoreti-
cal contributions and to explain them more clearly using
the two accompanying cases. To explain both the theory
and the cases in one paper, we had to think carefully
about how much text to spend on both. When choos-
ing between a fuller description of the theory or a fuller
description of the cases, we have erred on the side of more
fully explaining our theory. The role of the cases in this
paper is to further illuminate the theoretical framework
that we proposing—not to fully test the theory (which
will be the topic of another article in the near future). We
recognize that the two cases introduced here do not span
the full range of our proposed theoretical framework.
Even though the cases are different enough to help us
flesh out the theoretical framework that we are present-
ing, we cannot test all ranges of the theory with only
these two cases. Yet these cases do contribute to a better
understanding of the relationship between collaboration
success, the epistemic domain of research and the orga-
nizational structure of collaborations.

2. The epistemic and organizational domains of
research’

Many variables determine the effectiveness of inter-
institutional research collaboration (see Boardman and
Bozeman, 2006, for an overview of these determinants),
but in the present study our predominant focus is on
institutional design variables. Our framework posits that
the success of these research collaborations is in large
measure dependent on two factors: (1) the level of devel-
opment of the epistemic norms within the disciplines
represented in the collaboration and (2) the type and
level of development of the organizational structure of
the collaboration.*

When considering the institutionalization of a
research center or collaboration, past studies have often
focused on the character and structure of the organiza-
tion, rather than the internal dynamics of the science.
We believe it is important to distinguish between two
different, but interacting, dimensions of science before
we assess the level of institutionalization of each of
these contexts. The first, the epistemic domain, per-
tains to the internal workings of research communities,
particularly norms and practices for research, research
agenda-setting, incentives and rewards. The second, the

3 The theoretical framework employed here draws in part from
Youtie et al. (2006) and from Bozeman et al. (2005).

4 For analysis of the institutional development of scientific commu-
nities see, among others, Hagstrom (1965).
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organizational domain, pertains to the workings of orga-
nizations designed to enhance the work of research
communities (in this case, the inter-institutional collab-
orations supported by external funding agencies). Both
are important and we believe that the two interact dynam-
ically.

While there are previous studies that focus on the
organizational and epistemic institutionalization of sci-
entific specialties, they are not as explicit as our presen-
tation here. Mullins and colleagues (Mullins et al., 1977,
Hargens et al., 1980) tested various hypotheses regarding
the networks of research areas and stratification among
collaborating scientists. By combining co-citation anal-
ysis with qualitative data sources (which indicate fre-
quency and density of contact), Mullins and co-workers
concluded that authors of highly co-cited papers form
distinctive social groups. More directly related to tandem
organizational and epistemic advances in areas of sci-
ence is Edge and Mulkay’s (1976) sociological account
of the emergence of radio astronomy in Britain. The
authors not only review the development of the cogni-
tive structure of the field and the emergence of Kuhnian
consensus, as well as subsequent disquiet from anoma-
lies such as quasars, but also consider organizational
developments in the field with the emergence of research
institutes.

Similar (conceptually) is Clarke’s (1998) history of
the emergence of the reproductive sciences in the U.S
and Knorr-Cetina’s (1999) comparison of a prominent
high-energy physics research laboratory to a group
of equally known molecular cell biologists. However,
Knorr-Cetina’s analysis points up differences inherent
across different areas of science no matter their levels of
development. Though two areas may be equally institu-
tionalized, both organizationally and epistemically, they
can differ greatly regarding the way individual scientists
interact, their epistemological assumptions, and so on.

2.1. The epistemic domain of research

The idea that there are a number of methodologi-
cal and epistemic differences across disciplines is not
new (Snow, 1964; Clark, 1983; Becher, 1989; Kekale,
2002; Turner et al., 2002; Van Gigch, 2002a,b). These
differences can present significant obstacles in inter-
disciplinary and inter-institutional collaboration because
methodological or epistemic norms within a discipline
often define the “rules” that the discipline uses to deal
with a variety of work-related issues (for a more detailed
discussion of epistemic norms see Goldman, 1986).
These “rules” can include (but are not limited to): how
phenomena are measured, resource allocation, scientific

standards of evidence, methods of inquiry (e.g. lab ver-
sus field, observational versus theoretical), standards of
scientific proof, norms of accuracy and precision, level
of theory development, and theories of causation.

According to Becher (1981), the “cultural” status
of a discipline is entangled in the shared epistemology
between the members of the discipline. More than one
scholar has shown that disciplinary norms contribute
to scientists’ self-identification within their home fields
and mold their evaluations of the rigor, motivations and
comparative intellectual and social worth of other fields
to which they do not belong (Bauer, 1990; Turner et
al., 2002). In 1990, Bauer based his research on an
earlier study by Snow (1964), which argued that inter-
disciplinary research often struggles because academic
disciplines represent different cultures. Bauer argued
that communication across disciplines is impeded by
epistemological and cultural differences that are largely
implicit.

In this paper, we expand on these past studies to
develop a stage model for the institutionalization of the
epistemic domain of research (see Fig. 1). This model
presents the developmental stages of epistemic norms
within a discipline (i.e. beginning with a burgeoning
research topic and ending with a full-fledged scientific
discipline).

This theoretical framework distinguishes among the
“burgeoning research topic”, the “nascent network”™, the
“knowledge value collective” (Rogers and Bozeman,
2001), the “stable scientific field”, and the “discipline”.
While Fig. 1 implies time durations and movements
among stages, it is important to note that any stage can
lead to an end-point or stopping point. For example, an
institution may culminate in a particular phase or the life
cycle of the organization or institution may arrive at a
terminal point.

Each of these stages can be thought of as a type of
research network, except the first stage in which a fully
functioning network is only beginning to emerge. In one
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Fig. 1. Institutionalization in epistemic domain of science (figure
adapted from Bozeman et al. (2005)).
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of the most frequently cited overviews of network the-
ory, Polodny and Page (1998: 59) define a network as
“any collections of actors. . .that pursue repeated, endur-
ing exchange relations with one another and, at the
same time, lack a legitimate organizational authority to
arbitrate and resolve disputes that may arise during the
exchange”. It is also useful to think about, as a scien-
tific network progresses from left to right on the scale,
the increasing agreement, and ultimately consensus, that
exists in that network over relevant research questions
and appropriate modes of inquiry and analysis.

In a sense, research networks are the building blocks
for the epistemic context of research. If we consider a
research field as an entity spanning individual research
units and individual laboratories, then the network is a
most basic form of social organization. Networks have
multiple functions including not only the diffusion and
adjudication of research results, but also career-relevant
functions such as providing information about jobs, con-
veying informal and uncodified research norms (even
though those norms are less developed than the norms
shared by scientific disciplines), and even helping to
determine what is and is not considered an “important”
research problem (Crane, 1972).

2.1.1. Stage 1: burgeoning research topic

Fig. 1 begins with the earliest stage in the epistemic
domain stage model: the burgeoning research topic or
“pre-network”. During this stage, several researchers
have begun to work on a similar research topic, per-
haps not even aware of the common attributes of their
work. Gradually, the proliferation of the work is such
that it leads to wider recognition among researchers and
to an awareness of the need to collaborate not only on
the research itself, but in the sharing of research related
information, resources, and availability and attributes of
researchers and students interested in the shared research
topics. Eventually, the individuals in the group develop
group awareness and sufficient institutionalization (i.e.
shared social structures and processes) as to evolve into
an informal network (i.e. a nascent research network).

2.1.2. Stage 2: nascent network

At the nascent network stage, there is a greatly
increased level of communication and the beginning
of structures and processes, including, ad hoc research
workshops or specialty panels at larger conferences. The
boundaries of the nascent network are extremely perme-
able, in part because the specialty is not yet fully defined.
It is not entirely clear at this very early stage just who
is and is not working on the specialized research topic
and, indeed, the topic itself is only partially defined. This

first self-conscious stage, the nascent network, usually
has a relatively short life span. Many informal research
networks never develop beyond this stage. The reason
the stage is usually of relatively brief duration is that it
is not a good holding point. If the specialized research
and interest in it grows, the need for support structures
and processes becomes evident and the nascent network
evolves into a more fully articulated network (i.e. the
KVO).

2.1.3. Stage 3: knowledge value collective (KVC)

The knowledge value collective (Bozeman and
Rogers, 2002: 777) is a set of individuals connected
by their uses of a body of scientific and technical
knowledge.> It is a loosely coupled collective of knowl-
edge producers and users (e.g. scientists, manufacturers,
lab technicians, students) pursuing a unifying knowledge
goal (e.g. understanding the physical properties of super-
conducting materials), but to diverse ends (e.g. curiosity,
application, product development, skills development).
The KVC is a special type of network, one that has fully
emerged (unlike the nascent network), but still has only
limited institutionalization, remains quite fluid and, in
short, is not nearly so structured and boundary delimited
as either a fully established scientific field or a scien-
tific discipline (which is the most highly developed and
institutionalized form of research network).

There is no requirement that members of a KVC inter-
act, know one another or even be aware of one another;
the only requirement is joint use of a body of informa-
tion (and, in their use, creation of knowledge value).
While many of the interactions within the KVC con-
tinue as informal, the first elements of formality began
to emerge. For example, these could include designated
panels at research conferences, small university-based
research programs focused on the research specialty, or
the first efforts to actually hire a researcher in this spe-
cialty.

In the KVC, as compared to the less articulated
network, the boundaries begin to be much clearer. It
becomes more apparent who is and is not a member of
the more articulated network, it becomes clearer what
is and is not a research topic within the specialty. Typ-
ically, this level of institutionalization creates demand
for still higher levels of institutionalization—and con-
sensus within the KVC emerges as to the possible uses
for research resources, such as funding and program-
matic structure. Whereas the informal network is usually

5 For a detailed treatment of the knowledge value collective and
related concepts, see Rogers and Bozeman (2001).
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of relatively brief duration, the KVC is of indeterminate
duration. A KVC can quickly move to the next phase, a
stable scientific field, or it can remain for a long period-
of-time, perhaps permanently, as a KVC.

As the KVC matures, the differences between the
KVC and the stable scientific field are ones of degree,
not kind. Thus, for example, a first specialty journal
may emerge during the KVC, but the scientific field
may have many. During the KVC phase, the specialty
may be recognized in one or two-degree programs, but
degree recognition and certification become common in
the stable scientific field phase. External funding is usu-
ally focused on scientific fields with fully articulated and
stable support structures emerging, whereas the KVC
is more likely to have ad hoc funding. Within the sta-
ble scientific field, the boundaries are sharper and less
permeable as it becomes clearer what is expected of
researchers in the specialty and as educational require-
ments and credentialing become routine. Stable scientific
fields have received a good deal of attention among stu-
dents of the social aspects of science (Lemaine et al.,
1976; Lenoir, 1997).

2.1.4. Stages 4 and 5: scientific fields and
disciplines

The scientific field and discipline are the last two
stages of institutionalization of a scientific specialty.
Due to the extensive requirements for disciplines, very
few specialty fields evolve into disciplines. As noted
in the extensive literature on disciplines (Lodahl and
Gordon, 1972; Bechtel, 1986; Lenoir, 1997), the most
common prerequisites include (1) the widespread grant-
ing of degrees from fully accredited academic depart-
ments; (2) agreement about the purview of knowledge
and the conveyance of knowledge in standard textbooks;
(3) agreement about the knowledge and often the actual
course of study required for disciplinary training, often
as determined by professional accrediting bodies; (4) a
proliferation of journals and professional groups; and
(5) the development of multiple specialty fields under
the disciplinary umbrella.

Disciplines generally have the sharpest and least per-
meable boundaries, often sufficiently so that the bound-
aries could be an obstacle to the progress of knowledge.
Disciplines are often cited as the enemy of newly emerg-
ing research fields and a call for interdisciplinary or
multidisciplinary work is often an indictment of the lim-
itations of disciplines. But disciplines are usually quite
adept at maintaining themselves and their boundaries, in
large part because so many individuals develop a stake
in the institutional status and legitimacy of the disci-
pline. When there are thousands of people with degrees

in specified disciplines, many can be presumed to have
self-interests that require the preservation of those disci-
plines. It is perhaps for that reason that disciplines rarely
disappear.

It would be a mistake, however, to consider disciplines
as little more than fossilized agglomerations of scien-
tific specialties. A better way to think of disciplines is as
the ultimate success in institutionalization. Disciplines
have resources, communication structures, socialization
processes, external recognition, and domain consensus
far beyond what is found in an informal network, KVC
or scientific field. Moreover, most disciplines, and cer-
tainly any discipline that is not actively on the decline,
will have within its boundaries persons who are, in addi-
tion to being discipline adherents, members of KVCs,
networks, and nascent networks that are at the bound-
aries or outside the boundaries of the discipline as it is
currently conceived. Often these “rear guard” activities
will reshape this discipline, but in other cases they will
exist apart from the discipline or even define themselves
as “against” the mainstream of the discipline.

2.2. The organizational domain of research

Fig. 2 presents a stage model for the institutional-
ization of the organizational structure of research (i.e.
from a nascent organization to a full-fledged academic
department). In some ways, these stages run in parallel to
the stage model that we just presented for the epistemic
domain of research.

The organizational domain of science begins with
nascent organizations and leads to early stage research
collaborations, fully articulated research centers, and
finally academic departments. Another way of think-
ing about early stage collaborations vis-a-vis research
centers is that they are, respectively, informal and for-
mal organizations designed to promote planned change.
Both are entities designed to bring together researchers
(and, sometimes, students and research users), permit-
ting them to share funding resources, equipment, infras-

Increasing Level of Institutionalization
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Fig. 2. Institutionalization in organizational domain of science (figure
adapted from Bozeman et al. (2005)).
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Table 1
Organizational characteristics of research collaborations

Characteristics of early stage
research collaborations

Characteristics of fully articulated research centers

Varying characteristics

Provision of external resources Hierarchy

Agreements about resource sharing
and about conditions of resource
access

Administrative apparatus

Internal recognition of center’s
institutional status

Shared space (including “virtual

Apparatus for authoritative allocation of common
pool resources (i.e. beyond initial agreement)

External (beyond the research specialists)

Grants and contracts; multiple resources

Center-salaried personnel; formal personnel
policies and guidelines

Inter-organizational ties; multiple professional
and organizational roles

Multiple categories of research outputs

space”) recognition of center’s institutional status

Finite beginning and ending points; formal founding

mechanisms

Authoritative plans and objectives

One or more generally recognized entry portals for

external actors

Students, educational function

Multiple fields and disciplines

Diverse stakeholders; performance standards

Research agenda setting processes

tructure and space. In many instances the shared space
refers to a physical, constructed site, but oftentimes the
space is either virtual or a combination of physical con-
struction and virtual space.

Table 1 provides a simple depiction of the organiza-
tional requirements for collaborations and research cen-
ters, distinguishing the absolute minimal requirements
for an early stage research collaboration, the typical
requirements for a fully articulated research center, and
“varying characteristics”, which are characteristics that
entail considerable variance even among fully articulated
centers.

The importance of the table is that it provides an orga-
nizing framework for considering the level of articulation
of research collaborations. Moreover, the case study and
interview evidence we have gathered is considered in
a later section according to the variables suggested in
Table 1. This analysis will also be explicitly linked to the
development of the research network along the epistemic
domain stage model. Before delving into the details of
our cases and the development of our theoretical frame-
work, we briefly discuss what we mean by “success”
when we talk about interdisciplinary collaborations, as
well as introducing a few related studies on large scale
and multidisciplinary inter-institutional collaborations
in science.

3. Success and failure in interdisciplinary
collaboration

Many studies focus on how inter-institutional col-
laborations should be managed, but few studies explain

how inter-institutional scientific collaborations function
within different levels of epistemic and organizational
institutionalization. If for no other reason than that large
scale inter-institutional scientific collaborations are rel-
atively recent developments,6 what is known about this
mode of scientific inquiry is limited. Existing research on
inter-institutional science focuses primarily on collabo-
rative projects in particle physics and related sciences,
including how those collaborations form (Shrum et al.,
2001), organize (Chompalov et al., 2002), and share
equipment and instrumentation (Chompalov and Shrum,
1999). While these studies have contributed to the iden-
tification of different organizational structures for inter-
institutional scientific collaborations, they tend to focus
only on one component of those structures: technological
practice—i.e. the way a collaborative group collectively
uses technological devices, such as instrumentation.
Additionally, there are more differences than simi-
larities between our cases and the commercial-oriented
collaborations prevalent in the economics of innovation
literature. For example, publicly funded scientific collab-
orations (usually through universities or federal labora-
tories) often have more flexible timelines and horizontal
management structures than do private, inter-firm col-

6 How recently inter-institutional science collaboration has become
“commonplace” in U.S. science is up for debate. For arguments
suggesting that inter-institutional science is a fairly recent develop-
ment see Etzkowitz’s argument for a “second academic revolution”
(Etzkowitz and Leydesdorff, 2000; Etzkowitz et al., 2000; Etzkowitz,
2001) and Bozeman and Boardman’s work on university research
centers (Bozeman and Boardman, 2003). For counterarguments, see
Rosenberg and Nelson (1994) and Mowery (2001).



E.A. Corley et al. / Research Policy 35 (2006) 975-993 981

laborations, especially when the former has a high level
of research partner interdependence based on knowledge
and/or technological practice (Chompalov et al., 2002).
Yet, one of the most significant differences revolves
around the goals of the collaboration.

Collaboration goals are important to the success of
an inter-institutional partnership because they are clearly
linked with how the collaboration will be structured, as
well as how measures of success will be defined. The
goals of scientific collaborations often have a strong
focus on knowledge generation, basic research, sharing
of resources, interactions with the community, and career
development for post-docs and graduate students (viz. de
Solla Price and Beaver, 1966; Katz and Martin, 1997).
Those goals are largely different from, for example, the
goals of two pharmaceutical companies who are collab-
orating to develop a new drug or the goals of two state-
level agencies that might be working together to deliver
a new social service to residents of the state. It is in this
latter area (i.e. collaborations involving private firms or
public agencies), however, that most of the current litera-
ture on inter-institutional collaborations is concentrated.

Another characteristic of past research that differs
from ours is that most previous studies of publicly-
funded research collaborations have focused on
individual level collaborations (for review and synthesis
of this literature see Beaver and Rosen, 1979; Katz
and Martin, 1997; Melin, 2000; Bozeman and Corley,
2004). Yet, our study focuses on institutional-level
collaborations. Hagedoorn et al. (2000) review studies
from the economics and management literatures that
assess similar patterns at the organizational level of
analysis, though unlike our study their focus is on
private sector collaborations.

When considering the notion of collaboration “suc-
cess”, the institutional level studies of research collab-
oration are quite different from individual level studies.
In previous institutional-level studies that measure
outcomes (e.g. Katz, 1986; Sinha and Cusumano,
1991), research collaborations are often assumed to
be positive in their impacts on productivity or, when
empirical tests are provided, the empirical findings
(e.g. Link and Bauer, 1987; Link et al., 1996) report a
positive relationship.” In the individual-level studies,
the findings are mixed (see Katz and Martin, 1997 for
an overview), with some studies showing productivity
benefits from collaboration, others indicating that
transactions costs offset the benefits of collaboration
(Landry and Amara, 1998), and at least one study

7 For an exception, see Becker and Dietz (2004).

(Lee and Bozeman, 2005) showing that the particular
measures used are vital to understanding impacts.

Another crucial difference in the individual-level
studies and the institutional-level studies is that the
former typically employ a stable and easily operational-
ized set of dependent variables related to publication
counts, whereas the latter generally use a diverse set
of economic productivity measures. In employing case
data rather than the productivity measures typical of
institutional-level studies, our findings are not so precise
as the economic productivity studies, but examine a
greater number and variety of dimensions. For example,
in our analysis the environmental science case (TexAQS)
met with unmitigated success, while the reproductive
science case (SODIR/NCIR) encountered numerous
barriers. We attribute these variations in success partially
to the level of institutionalization of two variables: the
organizational structure of the collaborations and the
epistemic norms of the disciplines represented in the
collaborations.

Before moving to our case analyses using the parallel
lenses of epistemic and organizational institution-
alization, we want to further clarify our definition
of the third variable in our theoretical framework:
collaboration “success”. When is an inter-institutional
collaboration successful, or for that matter “effective” or
“productive”? Inter-institutional collaboration success
constitutes more than the generation of scientific outputs
or even the attainment of the key participants’ goals.
Our criteria for collaboration success is similar to the
definition we have employed elsewhere (e.g. Boardman
and Bozeman, 2006), including (A) the satisfaction
of common incentives to collaborate (e.g. resource
sharing, learning, creating synergies), (B) the avoidance
of barriers via effective planning and management, and
(C) ensuring outcomes for the key agents involved in
the collaboration, including social and policy goals in
addition to scientific goals.

We discuss (A) and (B) in detail in our case
development below. Suffice it here to say that our
interview data reveal the Texas Air Quality Study
(TexAQS—pronounced “tex-ax”) collaboration to have
satisfied the key participants’ expectations regarding the
sharing of resources and also regarding knowledge use,
partially because of the effective planning that occurred
prior to the field component of the study in addition to
the appropriate management techniques (i.e. decentral-
ized and informal) applied during the field component. In
contrast, the SODIR/NCIR case demonstrates a failure
to meet expectations regarding resource and knowledge
use, accompanied by inadequate planning and manage-
ment techniques.
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Regarding outcomes and impacts (C), the TexAQS
scientific goal, writ large, was to create accurate mod-
els for predicting the outcome of interaction between
various mixes of meteorological and emissions condi-
tions in and around the Houston area. Per our interviews,
this goal was met with the presentation of more than 40
original papers using the TexAQS data at the 2002 Amer-
ican Geophysical Union Conference and continues to
date with independent and combined papers published
via traditional peer-review methods, mostly in scholarly
journals.

The secondary goal for the TexAQS collaboration
was outlined by state policy makers as well as sci-
entists and regulators at the Texas Commission on
Environmental Quality: to use TexAQS study results
for developing better assessment tools and more effi-
cient and cost-effective strategies with which to man-
age air quality in the region. This goal has been
met with the new “State Implementation Plan” for
enhanced air quality in the Houston area, which is based
on TexAQS findings and may be reviewed online at
http://www.tceq.state.tx.us/nav/eq/sip.html.

On the other hand, the primary goal for the
SODIR/NCIR collaboration was to encourage “bench
to bedside” results in the area of polycystic ovarian
syndrome (PCOS). Since the SODIR center was more
focused on basic research in the area of infertility
studies—and the NCIR center was more heavily focused
on clinical trials in infertility studies—the collaboration
was formed to encourage these two groups to link their
research activities in a “bench to bedside” manner. The
goal of “bench to bedside” research is the translation
of basic science results into clinical trials. While both
centers conducted interesting research on their own, the
translation goal was not realized through this collabora-
tion. Now we will introduce the cases used in this paper
to illustrate our theoretical framework.

4. Case studies

Our first case of inter-institutional collaboration
focuses on the National Cooperative Program for Infer-
tility Research (NCPIR) program funded by the National
Institutes of Health (NIH). The NCPIR program was first
established by the federal government in the early 1990s.
The original hope was that the NCPIR program would
spur basic research in the reproductive sciences, particu-
larly in the area of polycystic ovarian syndrome (PCOS)
and infertility. Additional goals of the program were to
encourage “bench to bedside” translation of research to
more applied settings (such as clinical trials)—and to
raise the number and caliber of researchers in the field.

This case study focuses on a collaborative effort
between two centers that were funded through the
NCPIR program: the Specialized Ovulatory Dysfunc-
tion Infertility Research Center (SODIR) at the Univer-
sity of Michigan and the National Center for Infertility
Research (NCIR) at Massachusetts General Hospital and
Harvard University. The NCIR center was funded from
1991 until 2001 and the SODIR center existed from
1991 to 1996; therefore, for the 5-year period that the
SODIR and NCIR centers were both funded by the NIH,
they were expected to be scientific collaborators. From
an organizational perspective, the SODIR/NCIR collab-
oration was a “top-down” collaboration, instigated by
NIH program managers and co-managed with university
research center directors.

Our second case, the TexAQS collaboration, is an
instance of “bottom-up” research management that syn-
chronized the efforts of over 300 researchers from 40
universities, private industry groups, federal laborato-
ries, and state regulatory entities. The TexAQS case
is the most recent field program in a series of oxi-
dant/aerosol studies being conducted under the umbrella
of the Southern Oxidants Study (SOS) in affiliation
with NARSTO (North American Research Strategy for
Tropospheric Ozone). Sponsors of the TexAQS collab-
oration included the National Oceanic and Atmospheric
Administration (NOAA), the U.S. Department of Energy
(DOE), the U.S. Environmental Protection Agency
(EPA), Texas Natural Resource Conservation Commis-
sion (TNRCC), and the Center for Energy and Environ-
mental Resources (CEER) at the University of Texas at
Austin.

While more detailed differences between the two
cases will be explored later in the paper, the most obvi-
ous differences are: (1) the “bottom-up” nature of the
TexAQS collaboration made for a much more fluid (and
less defined) organizational structure, while the “top-
down” nature of the SODIR/NCIR collaboration made
for a much more formalized organizational structure and
(2) while researchers in the TexAQS case were success-
ful in their inter-institutional collaboration efforts, the
NCPIR group failed to meet its inter-institutional collab-
oration goals. That is not to say that the latter program
was unsuccessful as a research program, but the inter-
institutional collaborations within the program did not
flourish—and the objectives of the program that relied
on that collaboration were not fully realized. In this
paper, we explore how these varying levels of organi-
zational institutionalization relate to the success of the
collaborations, while also taking into account the level
of epistemic development for the disciplines involved in
the collaborations.
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In sum, our extensive study of these two cases has
helped us understand the management of scientific col-
laborations that involve multiple participants with dis-
tinct incentives, institutional cultures, and resources, as
well as differing ideas about data use and knowledge
transfer. Furthermore, these case studies reinforce our
theoretical framework by demonstrating the need for a
relatively high level of development of either the epis-
temic domain or the organizational domain. The TexAQS
case presented in this paper represents a “flat and loose”
organizational structure, while the SODIR/NCIR case
represents a more “hierarchical and forced” organiza-
tional structure.

Based on our results, we speculate that when there
is a high level of development in the epistemic domain,
bottom-up collaboration is more likely to emerge and be
successful (largely because researchers can spend time
collaborating in the same “language” without having to
create a new language). This was the origin of the Tex-
AQS study. Yet, when a high level of development of the
epistemic domain is absent, we believe that a top-down
collaboration is more likely to emerge than a bottom-up
collaboration—as with the SODIR/NCIR study. Now we
will use these two case studies to further illuminate our
theoretical framework.

5. Application of the epistemic and
organizational stage models

We employ two cases to illustrate our institutional
framework for the management of inter-institutional
scientific collaborations. Because of space limitations,
we do not present the cases in full form here, but
rather present some general themes (outlined in Table 2)
that can be derived from the cases. Our choice of the
themes to present in this paper was based on how to
best illuminate the details of our theoretical frame-
work. In particular, the themes presented here are the
most instrumental in our development of an institutional
framework for assessing large-scale science collabora-
tions.

As Table 2 demonstrates, the TexAQS and
SODIR/NCIR collaborations were quite divergent across
almost every key variable. This was the main reason
why we chose these two cases for the present analy-
sis. Another important selection criterion for the cases
was the varying level of success across the two col-
laborations. While the TexAQS collaboration was quite
successful, the SODIR/NCIR collaboration was not. We
use the theoretical framework presented in this paper
to explore why they differ. In the following sections,
we demonstrate that this divergence was at least in part

owing to different levels of organizational and epistemic
development.

5.1. Analyzing the epistemic and organizational
development of the two cases

In considering the SODIR/NCIR and TexAQS cases
from an institutional design perspective, we consider
their level of institutionalization, as well as the type of
institutionalization (epistemic and organizational). Then
we seek to assess the extent to which the level of orga-
nizational institutionalization leads to collaboration suc-
cess based on the development stage of the epistemic
norms within (and across) the disciplines involved in
the research center. Our results demonstrate that inter-
institutional collaborations need a relatively high level
of development in either the epistemic domain or the
organizational domain to be successful. The domain
that provides the highest level of institutionalization is
the one that organizes the “rules” of the collaboration.
Now we will place both of our cases within our insti-
tutional stage models for epistemic and organizational
domains—and relate those to the level of success for the
collaborations.

5.2. Case analysis for the epistemic domain: the
SODIR/NCIR collaboration

The SODIR/NCIR collaboration focused largely on
an area that is relatively new: polycystic ovarian syn-
drome (PCOS). Farquhar (2000: 4) argues that PCOS
“is probably the most common endocrine disorder in
women, accounting for the majority of cases of hir-
sutism, menstrual disturbance, and anovulatory infertil-
ity”; yet, PCOS “is a subject that continues to lead to
an enormous amount of debate amongst the medical and
scientific communities” (Farquhar, 2000: 16).

Currently, scientists studying PCOS largely agree
that women with the syndrome generally experience
one or more of the following symptoms: infertility or
a higher risk of miscarriage, menorrhagia,® amenorrhea
or oligomenorrhea,9 hirsutism, !© anolvulation,!! acne,
male pattern hair loss, weight gain, insulin resistance
and excessive androgen production (Adams et al., 1986;
Farquhar, 2000). Also, most women with PCOS have
large ovaries that are covered with fluid-filled cysts.

8 Defined as excessive menstrual bleeding.

9 Trregular or complete cessation of menstrual cycle.

10 Defined as excessive hair growth.

11 Anovulation occurs when ovulation does not take place during the
menstrual cycle.
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Comparison of the summary variables for TexAQS and SODIR cases

Variable

TexAQS case

SODIR/NCIR case

Planning for collaboration

Participants

Authority and control

Budget and research flexibility

Participation incentives

Management

Location

Communication

Extensive: scientists and funding agencies met on
many occasions (in person) to develop the team
and plan the project before the proposal was
written

Self selecting: all major participants knew each
other before the collaboration—trust was high
going into the collaboration

Informal to none: funding agencies allowed the
scientists to largely function autonomously and
“do what they do best”

Dutch: no centralized budget. Researchers brought
own resources to table (reduced internal
competition). Science Plan was flexible
throughout the project. Scientists (and funding
agencies) realized that objectives could change as
the project evolved

Good science: no incentives for collaboration
other than the science itself. Parties only mildly
interested from a science perspective were not
tempted to participate for financial gain
Democratic and flexible: described as “flat” and
“loose” management by participants. Group of
“core” scientists developed research goals while
group of “secondary” scientists with projects
related to the “core” had voluntary interaction
with the “core”. Midstream nomination of a
“mission scientist” to represent the program
(coordinate meetings and get people together)
Proximity: UT-Austin and TNRCC set up a
ground site for scientists to meet regularly to
discuss data. Close proximity during data
collection was important

Frequent and personal: planned meetings and
“science meetings” during data collection phase.
Informal playbook called “key management tool”
Practice makes perfect: key scientists had worked
together for years before study so communication
was easier

Limited: both teams developed different research
plans and were forced (after receiving funding) to
collaborate. Directors of both locations were
chosen without knowledge of collaboration

Involuntary: most participants did not know each
other personally before the collaboration—i.e.
were introduced by the collaboration

Authoritarian: top-down authority structure.
Funding agency maintained control throughout
project. Funding agency ran and monitored
meetings and required periodic reports from
collaborators

From above: funding came solely from NIH for
both parties—and both collaborators had separate
budgets. This caused a problem of “who pays for
what”. Researchers complained that the research
plan was not flexible at all (i.e. they were not able
to pursue interesting new ideas along the way)

Research funds: the only way each collaborator
(University of Michigan and MGH) would get
funding is if they worked together

Authoritarian: funding agency involved in
day-to-day activities of the collaboration.
Scientists did not have control over changing
research agenda. Conflicts with directors at
University of Michigan and MGH—as well as
internally at University of Michigan

Virtual: large distance separated collaborators (i.e.
Ann Arbor and Boston). Most meetings held at
MGH so Michigan group had to travel most of the
time. Very little “face time” for both groups
together

Infrequent and mandatory: communication
between University of Michigan and MGH only
when required—and almost always facilitated by
NIH. Database sharing was encouraged, but did
not happen (no incentives). Competitive, rather
than cooperative communication. Bi-monthly
meetings largely held at MGH. Students and
post-docs allowed only limited attendance at
meetings

But some researchers argue that the name of PCOS is
misleading as they learn more about the disorder. Andrea
Dunaif says that “as many as 30% of women who don’t
have the disorder do have cysts on their ovaries” and the
name of the disorder encourages people to “focus on the
ovaries when this is a much more systemic disorder that
has metabolic consequences” (Colino April 20, 2004).

As aresult of these disagreements over the definition of
PCOS, the scientific community has recently made a dis-
tinction between “polycystic ovaries” (PCO) and “poly-
cystic ovarian syndrome” (PCOS). They are realizing
that some women can have characteristics of polycystic
ovaries (which is diagnosed using ultrasound methods)
without demonstrating the biochemical changes or clini-
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cal symptoms of full-fledged PCOS (Kovacs and Burger,
2000). Despite its initial discovery in 1935 (Stein and
Leventhal, 1935), scientists have only recently agreed
that PCO can be diagnosed (via ultrasound) without any
of the clinical manifestations of PCOS (Polson et al.,
1988).

Even though there is considerable disagreement about
the details of the diagnostic definition of the disorder,
some progress was made towards a universal diagnos-
tic definition during the 1990 PCOS panel convened
by NIH. At this conference, researchers agreed that
PCOS encompasses a broader spectrum of signs and
symptoms of ovarian dysfunction than the original diag-
nostic definition outlined (The Rotterdam Eshre/ ASRM-
Sponsored PCOS Consensus Workshop Group, 2004).
But this was not the final word on developing a diagnos-
tic definition that physicians and researchers in the U.S.
and Europe would adopt. In 2003, many of the same
researchers met again at the Rotterdam ESHRE/ASRM-
Sponsored PCOS Consensus Workshop to further refine
the diagnostic definition of PCOS. The researchers at
the Rotterdam conference concluded that PCOS is a
syndrome of ovarian dysfunction along with the fun-
damental features of PCO and hyperandrogenism (The
Rotterdam Eshre/ASRM-Sponsored PCOS Consensus
Workshop Group, 2004). Despite the 1990 and 2003 con-
ferences, there are still disagreements among scientists
about how to fully define PCOS.

The above discussion of the evolution of research in
the field of PCOS demonstrates that basic scientists, clin-
ical scientists and physicians have had to work closely to
further the definition and understanding of PCOS. Basic
scientists have largely relied upon clinical trials to help
define the full range of the disease, while clinical sci-
entists have relied upon basic scientists to help them
understand the relationships between (and causes of)
various manifestations of the disorder. Physicians have
played a significant role in the evolution of knowledge
surrounding the case of PCOS by taking information
from both clinical and basic scientists and transforming
that into knowledge that can be used to help individual
patients.

Therefore, the field of PCOS research has developed
as a truly inter-disciplinary collaboration. This notion of
inter-disciplinary collaboration is clearly demonstrated
in NIHs decision to encourage the “bench to bedside”
collaboration between the SODIR center (which was
focused more on basic-science research) and the NCIR
center (which was focused more on clinical research) in
1991. But, as the previous discussion demonstrates, the
level of development of the field of PCOS research was in
arelatively early stage of development: the beginnings of

the KVC. PCOS research has not developed into a stable
scientific field—which is apparent from the high level of
disagreement about the diagnostic definition of the dis-
order. Yet, research on the PCOS disorder has advanced
beyond the nascent research network stage. It is impor-
tant to point out that we are using the descriptive fact that
the high level of disagreement about the diagnostic def-
inition of PCOS only as an indicator that the epistemic
domain is less developed. We are not arguing that this
disagreement is a cause or consequence of the level of
epistemic development in the field of research.

5.3. Case analysis for the epistemic domain: The

Texas Air Quality (TexAQS) Study

The epistemic institutionalization of the TexAQS
collaboration was more advanced than it was for the
SODIR/NCIR case. The TexAQS case was, first and
foremost, a collaboration of environmental scientists
interested in the atmospheric chemistry and physical
properties of the southeastern portion of Texas. The label
“environmental science” rightly sounds broad, consti-
tuting an area of scientific inquiry requiring a working
knowledge of physics, chemistry, and biology. Though
environmental science lies at the intersection of a number
of scientific disciplines long institutionalized epistemi-
cally (as well as organizationally, see below), some of
this institutionalization dissipates once scientists from
numerous disciplines aspire to work closely in acommon
field of inquiry. The overarching goal of understanding
how chemical and physical processes interact with each
other and also with biological forms (e.g. particulate
matter) in the Earth’s atmosphere is enough to bring
chemists, physicists, and biologists together. It is not
enough, however, to align them as closely as they align
within their own disciplines (in terms of agreement over
epistemic norms and “rules” for inquiry).

The TexAQS collaboration had none of the disagree-
ment that characterizes the SODIR/NCIR case. The epis-
temic norms across the disciplines (physics, chemistry,
biology, as well as cross-practicing “environmental sci-
entists””) embodied in the daily activities and tasks of the
field researchers saw general agreement regarding rel-
evant research questions, data collection methods, and
data analysis. Overall, our interviews lead us to the con-
clusion that there was considerable agreement among
the collaboration partners for this study (all of whom had
been working in environmental science previously). This
fits with the notion that the field of environmental sci-
ence, while not a formal discipline in its own right (e.g. in
U.S. universities, most environmental science programs
are majors or specializations within chemistry or biol-
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ogy departments), is nonetheless quite institutionalized
in the epistemic sense (e.g. there are some, though not a
lot of, environmental science journals, like Atmospheric
Chemistry and Physics).

Particularly indicative of this collaboration-level
agreement was an official Science Plan that was drafted
by the researchers participating in the collaboration. The
Plan outlined the specific scientific objectives for the
study, which were to explain and predict atmospheric
dynamics and transport, ozone formation and distribu-
tion, and fine particulate matter formation and distribu-
tion. The Plan also designated the collection of informa-
tion for emission inventories and modeling. In none of
our interviews did we detect that these plans were contro-
versial or debated, even to a minimal degree. Most of the
planning phase of TexAQS was spent procuring space
and electronic- and tele-communications resources for
the field component of the study.

This level of agreement goes, in fact, for the entirety of
the collaboration. In stark contrast to the SODIR/NCIR
collaboration, the TexAQS participants that we inter-
viewed did not cite any instances of conflict or disagree-
ment over the overall direction of the research or the
techniques associated with the field components of their
research. This is probably due in large part to the general
agreement over methods and techniques in the field of
environmental science as a whole. Though we qualify
that the history of collaboration amongst the TexAQS
participants had a hand in this level of agreement, we
submit that the trust and acquaintance and familiarity
required for such persistent, informal, and decentralized
science collaboration requires epistemic institutional-
ization of a higher rather than lower order, and that
such collaboration is not enough to create agreement on
epistemic grounds in the absence of a pre-existing and
significant level of Kuhnian consensus.

However, formal scientific disciplines generally have
“sharper” or “less permeable” epistemic boundaries than
those posed by the field of environmental science. What
distinguishes environmental science from epistemically
more institutionalized disciplines (in this case biology,
chemistry, and physics) is that the research questions
and norms that hold this area of inquiry together are more
contextually than analytically distinct. An understanding
of the inter-relation of chemical and physical processes,
for example, is not a new area of inquiry, but rather the
application of existing modes of inquiry to a particular
context, in the TexAQS case the context of the Earth’s
atmosphere. What is more, the TexAQS collaboration
demonstrated some characteristics of a KVC in that it
constituted a loosely coupled collective of knowledge
producers and users (federal and university scientists,

policy makers, public administrators) pursuing a uni-
fying knowledge goal (understanding the physical and
chemical properties of air plumes in southeastern Texas)
with diverse ends (scientific knowledge, modeling, pol-
icy application, and industrial regulation).

Because we emphasize that the differences between
the KVC, the scientific field, and the formal discipline
are ones of degree, not kind, we designate the epis-
temic development of environmental science, at least
as practiced in the TexAQS collaboration, as a “stable
scientific field”. The institutions participating included
well and long established federal laboratories with clear
and consensual expectations for researchers interested
in air quality. Though organizationally the collaboration
was decentralized and informal (see Section 5.4.2), to
the participants the field component (data collection) and
science (data analysis) of the study were straightforward.
What made the study interesting or “worth doing” was
joint access to an understudied area of the U.S. that has
failed for decades to meet U.S. environmental quality
standards.

5.4. Case analysis for the organizational domain

We now turn to the analysis of the development
of the organizational domain for the two case studies.
Recall from Table 1 there are four criteria for an orga-
nization to be classified as an early stage research col-
laboration: provision of external resources; agreements
about resource sharing and about conditions of resource
access and use; internal recognition of the center’s insti-
tutional status; and shared space. A detailed analysis
of the SODIR/NCIR and TexAQS collaborations based
on these criteria indicates that these collaborations do
indeed meet the minimum characteristics of an early
stage research collaboration.

5.4.1. Minimum characteristics for early stage
research collaborations: the SODIR/NCIR case

To clarify what is meant by the provision of external
resources, it is useful to distinguish between the various
external resources that are required to support a research
collaboration. First and foremost, we can cite an insti-
tutional context in which the research collaboration will
be embedded. This provides space, basic infrastructure,
and a roster of research and administrative staff mem-
bers to the collaboration. The institutional contexts of the
SODIR/NCIR collaboration were universities and teach-
ing/research hospital environments. The members of the
collaboration received external resources from a variety
of financial support mechanisms (grants, contracts, fel-
lowships, and other extramural endowments).
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Another diagnostic characteristic of an early stage
research collaboration is the presence of agreements
about resource sharing and the conditions of resource
access and use. This is particularly relevant in a
research environment that makes use of expensive
analytical laboratory instruments and other special-
ized core equipment (Chompalov et al., 2002). The
SODIR/NCIR collaboration did have agreements about
resource sharing that were outlined by NIH early in the
process.

Third, internal recognition of the institutional sta-
tus of a collaboration refers to the researchers’ aware-
ness of the actual center and their identification with it.
As we have seen in many other instances (Crow and
Bozeman, 1998), researchers often are not familiar with
funding flows and authority lines, but the question here
is awareness of the research collaboration itself. Since
the SODIR/NCIR collaboration was embedded in a pre-
existing organizational structure (i.e. the individual cen-
ters on their own), this becomes an especially important
issue. If there is little or no self-identification of the new
collaboration across institutions, then the collaboration
has no organizational status (though this says nothing
about resources flows, especially if resources can flow
through alternate channels).

All researchers interviewed at the MGH NCIR cen-
ter were aware of the existence of their own center
and, in most instances, the extent to which they were
funded under it. In contrast, the recognition in the Uni-
versity of Michigan SODIR center differed in type and
degree. Most interviewees often referred to the collab-
oration not by name but by its grant type—U54. This
conforms to our analysis that the collaboration as a whole
was not a stable and easily recognizable organizational
unit, but rather was a loose confederation of researchers
working at disparate geographical locations and institu-
tions. By the criteria presented here, the SODIR/NCIR
research arrangement could be classified as an early
stage research collaboration up to the point of its
de-funding.

5.4.2. Minimum characteristics for early stage
research collaborations: the TexAQS case

Even though its provision of resources was more
collective and decentralized than the SODIR/NCIR col-
laboration, the TexAQS study nonetheless possessed the
external resources and shared space characteristic of an
early stage research collaboration. A major outcome of
the planning phase of the study—which was rather pro-
tracted (lasting from 1997 to 2000)—was agreement
about the logistical arrangements of the field compo-
nents of the project. This agreement led to the decision

that CEER and the Texas Commission on Environmen-
tal Quality (TCEQ) would provide all infrastructure and
“non-mission” material support for the collaboration.
This support included centralized office and meeting
space in which all of the core researchers were housed,
computers, phones lines, IT personnel, operating and
storage space for scientific equipment, and hangars for
airplanes used during data collection.

While CEER and TCEQ provided the infrastructure
and “non-mission” resources for the collaboration, the
participant institutions provided the science or “mis-
sion” resources. We consider these resources “external”
because of the way they were utilized and distributed.
These science or “mission” resources were pooled and
designated for open use by all participants (even by
those institutions that did not contribute much in the way
monies or equipment) as long as the intended use had sci-
entific merit and did not impinge on the main research
themes prescribed during the planning phase and codi-
fied in the official Science Plan.

Second, the decentralized nature of the resource
base for the TexAQS study helped to generate agree-
ment about resource sharing and conditions of resource
access, another attribute of early stage research collab-
orations. Planning meetings—which were held twice
daily during the data collection phase of the study
(August-September 2000)—were also key mechanisms
for arriving at resource sharing agreements and condi-
tions.

Third, the TexAQS study met the ‘internal recogni-
tion’ criterion for early stage research collaborations.
Through in-depth interviews, we found that the par-
ticipants were aware of the collaboration’s institutional
status, particularly with respect to the core participants.
Funds from several agencies, including NOAA, DOE,
CEER, and TCEQ, were designated specifically for the
collaboration.

Surprisingly, the decentralized nature of the resource
provision for the TexAQS study was one of the char-
acteristics that ensured its institutionalized status as an
early stage research collaboration. Scientists from the
core participant institutions were the architects of the col-
laboration and spent 3 years planning both the logistical
and scientific components of the collaboration. During
this time the TexAQS study inevitably became a major
endeavor for all involved, with participating scientists
from core and non core institutions alike referring to
the collaboration as “the TexAQS study”. If the fund-
ing had been more centralized, the core researchers may
have been less aware of funding and resource flows
and, accordingly, less formal in their recognition of the
study.
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Table 3
Assessing SODIR/NCIR and TexAQS collaborations against criteria
for fully articulated research centers

SODIR/NCIR
collaboration

Characteristics of fully
articulate research centers

TexAQS
collaboration

Hierarchy X

Administrative apparatus X

Allocation of common pool
resources

External name recognition

Finite beginning and ending X

points

Authoritative plans and X
objectives

Recognized entry portals for X

external actors

5.4.3. Characteristics for fully articulated research
centers: the SODIR/NCIR case

The next stage in the organizational stage model, the
fully articulated research center, involves a number of
attributes that are listed in Table 3.

Based on our case analysis, the SODIR/NCIR collab-
oration did not meet all of the criteria of a fully articulated
research center. Here we will discuss each criterion for
this collaboration—and explain why the SODIR/NCIR
collaboration cannot be classified as a fully articulated
research center. First, the hierarchy variable refers to the
existence of a formal hierarchical structure with vertical
reporting lines. Often when researchers have a long his-
tory of working together in intra- or inter-organizational
contexts, subsequent development of acquaintance and
trust (Gulati, 1995) can lead to less formal management
and hierarchical structures (Krige, 1993; Knorr-Cetina,
1999). Thus, more hierarchy is not always more produc-
tive than less hierarchy. But well developed research cen-
ters at least meet the minimal level of hierarchy needed
for managerial control and coordination.

The SODIR/NCIR collaboration was directed by the
NIH at the highest level so there was clearly a signifi-
cant amount of hierarchy present in the structure of the
collaboration. The two entities that made up the collab-
oration, however, employed a “flatter” hierarchy within
their own research structures. The MGH NCIR center
was directed by an authority in the field on reproduc-
tive medicine, one who was perceived by interviewees
as a strong, visionary leader. The University of Michi-
gan SODIR center was directed by a nursing professor,
a well respected and experienced researcher. However,
she was not mentioned by interviewees when they were
asked about authority and organizational hierarchy at the
SODIR center.

Second, the administrative apparatus of a center refers
to the structure and processes put in place to manage
the center in an effective and efficient fashion—and to
develop the ability to maintain the center. In most centers,
the administrative apparatus is formalized by an admin-
istrative core that provide a framework for managing
and maintaining organizational processes, including, for
example, payroll management, human resources man-
agement, grant management, procurement, document
preparation support, and accounting and budgeting activ-
ities.

The SODIR/NCIR collaboration exhibited a cer-
tain degree of administrative apparatus that was largely
focused at the NIH level (rather than specific to this
collaboration). The NIH-driven administrative appara-
tus was comprised of all the PIs employed by all of the
centers funded under the NCPIR program at NIH. This
committee was responsible for decisions such as how
many inter-center meetings there were, how many peo-
ple would attend those meetings, how to handle funding
mechanisms, and other related issues.

Third, the apparatus for authoritative allocation of
common pool resources refers to the leadership abilities
and processes of center management to devise a resource
allocation mechanism and apply decision rules to scarce
common pool resources in a judicious, cost effective and
fair way. Common pool resources can extend beyond
the boundaries of the research center into collaborating
partners’ resource bases (Link, 1990). An apparatus for
authoritative allocation of common pool resources was
largely non-existent for the SODIR/NCIR collaboration.

Fourth, the external recognition of the collaboration’s
institutional status requires that we consider the aware-
ness of the SODIR/NCIR collaboration among the wider
medical community, a factor often important to the effec-
tiveness of research centers (Whitmeyer, 2000). External
recognition of the SODIR/NCIR institutional status was
perceived as a problem by some interviewees at the two
collaborating centers. Some attributed the lack of exter-
nal recognition to the absence of a dedicated website
for the collaboration, while others argued that certain
high profile researchers associated with the center were
well known, but that the official names of the NCIR and
SODIR centers were not known.

Fifth, an organization that is institutionalized has an
identifiable beginning point and formal founding means,
as well as either a known end-point or a known pro-
cess for termination. We also consider the age of the
research organization since age, size and institution-
alization are often closely related. The SODIR/NCIR
collaboration had a clear founding date—and the termi-
nation of the collaboration was easy enough to identify
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(i.e. withdrawal of the U54 support). The collaboration,
however, did not exist long enough for the level of insti-
tutionalization one expects after some extended period of
occupying an “organizational niche” (Meyer and Rowan,
1977; Freeman and Hannan, 1983) within a recognized
organizational ecology (Aldrich, 1979).

Sixth, ‘authoritative plans and objectives’ refers to
the formulation and implementation of specific research
objectives and detailed research plans. As with any
organization, a research center can be said to be more
fully institutionalized if it has planning routines and
specific, coordinated objectives. In fully articulated
and institutionalized research centers, formal center-
wide or project-specific research plans are normally
drawn up and provide a ‘roadmap’ realizing shared
objectives.

The prospect of research planning was inherently
daunting at the SODIR and NCIR centers, in part because
of the usual reluctance to plan basic research activities
and in part because of the requirement—sometimes not
met in the centers—of integrating diverse basic, applied
and clinical research activities. Very little information
was available on formal research planning processes and
outcomes. This can be partially explained by the fact that
a significant portion of the research in the collaboration
was focused on basic science. However, having said that,
a major component of the research being conducted at
the NCIR and SODIR centers was clinical and transla-
tional in nature—and planning was just as spare for that
research.

Seventh, for an organization to develop linkages it
is important that others have some idea how to “get in
the door”. We consider here the processes and media
by which external actors can get in touch or find out
more information (general or research specific) on the
research center. A portal is a communications device that
enables the formation of potential collaborations, facili-
tates recruitment of patients for clinical trials, promotes
outreach to particular segments of the user community,
and constitutes a gateway for professional user commu-
nity members to interact with the center. Today, the most
common entry portal is a website. However, an effec-
tively communicated presence, supported by adequate
contact information of any sort, can be classified as an
“entry portal”.

The NCIR center at MGH did not have its own ded-
icated website. Some interviewees at the NCIR cen-
ter noted that because of the excellent reputation of
the center’s researchers—and the center’s high quality
research—it was rather easy to keep close contact with
the professional research community through word of
mouth. Indeed, effective reputation and informal com-

munication can be a useful alternative to a clear-cut
organizational entry portal.

Likewise, there was no website was set up for the
SODIR Center at the University of Michigan, nor was
there any other generally recognized means of entry, not
even agreement about a single telephone number. The
lack of a recognized entry point was perhaps one factor
in the limited name recognition for the SODIR center, but
other factors were probably even more important, includ-
ing the confusion and lack of center identification among
participants. Since there was a lack of recognized entry
points for the individual NCIR and SODIR centers, it is
not surprising that there was no recognized entry point
for the SODIR/NCIR collaborative efforts. In sum, based
on the assessment of the SODIR/NCIR collaboration in
terms of the seven above variables, it fails to meet several
of the criteria that would qualify it as a “fully articulated
research center’.

5.4.4. Characteristics for fully articulated research
centers: the TexAQS case

The TexAQS collaboration demonstrated fewer signs
of fully articulated research centers than did the
SODIR/NCIR collaboration. We believe that this is par-
tially due to the origins of the two collaborations. The
TexAQS collaboration originated from the bottom-up
and had a management scheme that is best described
as “flat” and “loose”. In addition, the resource allocation
was meritocratic, not authoritative—and the establish-
ment of the study was based more on previous acquain-
tance and trust among the participants than it was on any
formal mechanism or relations. Though it is clear that,
internally, the study had institutional status, our inter-
view data reveal no evidence of this type of recognition
by actors external to the collaboration.

The TexAQS case did, however, meet two of the
criteria for fully articulated research centers: ‘authorita-
tive plans and objectives’ and ‘a recognized entry portal
for external actors’. The official Science Plan that was
drafted during the planning phase of the TexAQS study
did contain authoritative plans and objectives. This plan
was drafted in an egalitarian and meritocratic manner,
with each of the core participants providing input.

The TexAQS case also had a recognized entry
portal for external actors. First, the study created
(and still maintains) a formal web page (http://www.
utexas.edu/research/ceer/texaqgs/). Interestingly, the web
page does contain separate links for participants and vis-
itors so non-participants are not excluded from access to
data on the web page. The TexAQS case did not meet
any of the additional five criteria for fully articulated
research centers.
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Level of Development for Institutionalization of Epistemic
Domain

Fig. 3. Expectation of inter-institutional collaboration success based
on levels of development for epistemic and organizational domains.

6. Conclusions and implications for theory of
collaboration effectiveness

Before we turn to a discussion of the implications
of our theory for collaboration effectiveness, we would
like to remind the reader that our cases have informed
the development of the theoretical framework that we
have presented, but we cannot use them to fully test our
theory because they represent only two points within
Fig. 3. In particular, the SODIR/NCIR case represents a
low level of development in the epistemic domain and
a moderate level of development in the organizational
domain. On the other hand the TexAQS case represents
a moderately high level of development in the epistemic
domain, but a lower level of organizational development.
To further refine our theoretical model in Fig. 3, we
would need to have additional cases that span a wide
range of epistemic and organizational levels of develop-
ment.

Since we are proposing our theory without that full
range of cases, we have identified that there will be
threshold levels of epistemic and organizational devel-
opment below which it will be extremely difficult for
a successful inter-institutional collaboration to form.
Yet, without additional cases we cannot say empirically
where these thresholds exist—and we suspect that the
location of those thresholds might be partially due to
the contextual characteristics of each individual collab-
oration. Even though we recognize these limitations in
proposing a theoretical framework based on two cases,
we do believe that our analysis of these distinctive
inter-institutional collaborations (one successful and one

unsuccessful) can push forward a theory about the rela-
tionship between collaboration success, the epistemic
domain of research and the organizational structure of
collaborations. Now we will turn to a discussion of the
implications of our theoretical framework for scientific
collaborations.

To reiterate, our theoretical framework assumes
that research collaboration effectiveness is beneficially
viewed in terms of the optimal fit of the degree and
type of institutionalization and the epistemic charac-
ter of the research fields. The above analysis of the
SODIR/NCIR and TexAQS cases indicates that the
respective collaborations occurred at different levels
of epistemic and organizational domain development.
While the SODIR/NCIR collaboration was just entering
the KVC phase of our epistemic stage model, the Tex-
AQS collaboration involved disciplines that had much
stronger and more consistent epistemic norms.

The two research collaborations differed in the level
of institutionalization of their organizational domains
as well. Even though both collaborations crossed the
mark of being “early stage research collaborations”, nei-
ther could be classified as a “fully articulated research
center”’. The organizational domain for the TexAQS col-
laboration, however, was less institutionalized than the
SODIR/NCIR case. Even though we classify both col-
laborations as “early stage research collaborations”, the
difference in their level of organizational development
is still significant. Fig. 3 below presents our theoretical
framework for the relationship between three variables in
inter-institutional collaborations: (1) the level of devel-
opment of the epistemic domain of the science, (2) the
level of development of the organizational domain of the
collaboration, and (3) the expectation of collaboration
success based on the institutionalization of the previous
two variables.

This figure illustrates that when both the epistemic
and organizational domains of collaboration are not
developed, the expectation for collaboration success is
low. On the other hand, when both the epistemic and
organizational domains of an inter-institutional collab-
oration are highly developed, the expectation for the
collaboration success is high. Also, as the epistemic
and organizational domains of the collaboration become
more institutionalized (i.e. as we travel to the top right
hand corner of Fig. 3), the expectation of collaboration
success increases. Our diagram is useful for summariz-
ing the relationship between development in the epis-
temic and organizational domains—and collaboration
success—but we do not mean to imply that a high level
of institutionalization in both domains guarantees that
a collaboration will be successful (because other non-
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institutional variables also play a part in collaboration
effectiveness).

Yet, the level of institutionalization of the collabora-
tion implies that there will be well-defined rules (both
epistemic and organizational) that will guide the collab-
oration and be more likely to keep it on track over the
long haul. The lines outlining the “direction of increas-
ing expected success with collaboration” imply that there
is a threshold for both the epistemic and organizational
domains below which the development will be too low
to support a successful inter-institutional collaboration.
Yet, we have drawn these boundary lines as curvilin-
ear because we believe that the location of that threshold
cannot be defined through the analysis of only two cases.
Our analysis of these cases does indicate that a threshold
exists and that is the main argument that we are trying
to make in Fig. 3; however, we do not mean to imply
that the threshold levels can be well-defined through the
analysis of only the TexAQS and SODIR/NCIR cases.

One of the most important lessons of this study is that
“more institutionalized” does not necessary equate with
“more effective”. Nor is the march toward ever greater
institutionalization inevitable. As we have already seen,
in the TexAQS case researchers flourished in a “flat and
loose” management environment that was not highly
institutionalized from an organizational perspective.
However, the epistemic norms of the fields represented
in the collaboration (i.e. largely environmental engineer-
ing and chemistry) were highly developed—and these
norms were similar across those scientific fields. Most
of the scientists engaged in research in the TexAQS case
were physical scientists or engineers trained in fields
with similar epistemic norms. These highly developed
epistemic norms were useful in organizing the norms
and rule structures for the collaboration. In this environ-
ment, a loose management structure with a low degree
of institutionalization led to a successful collaboration.

On the other hand, our analysis of the two cases
indicates that when researchers in an interdisciplinary
environment come from fields with quite different norms
or fields that are at different stages in the development of
their epistemic norms, they would require a more fully
developed and formalized organizational research struc-
ture for the collaboration. This partially describes the
case of the SODIR/NCIR collaboration. As previously
mentioned, researchers in the SODIR/NCIR collabo-
ration were focused on studying PCOS, which is an
area of study that has a low level of epistemic develop-
ment. Additionally, the researchers in this collaboration
came from a variety of fields with divergent epistemic
norms and diverse analytical tools. The collaboration
involved researchers from nursing, biology, veterinary

medicine, and physiology—and many of the researchers
had research degrees (i.e. Ph.D.s) while others had med-
ical degrees (M.D.s).

During our interviews, we found that the researchers
all approached the question of PCOS from a different
epistemic perspective—and the Ph.D.s and M.D.s had
problems communicating with each other because of
their differences in training. Therefore, it is clear that
the epistemic norms of PCOS—or the fields represented
by the researchers in the collaboration—could not pro-
vide a consistent rule structure for the collaboration. The
organizational structure of the collaboration was also
not sufficiently developed to provide a rule structure
or normative basis for the collaboration. The result was
that individual researchers conducted their own research
(some of which was quite successful on an individual
level), but the collaborative efforts of the group failed.

Given the limitations of our case analyses, our model
leaves many important questions unresolved. Our results
seem to show that both epistemic and institutional forces
can contribute to collaboration effectiveness. But we do
not know, at least from this case evidence, the results
of high levels of epistemic and institutional structuring.
Do they complement one another? Do they act as repel-
lent forces disrupting collaboration processes? Our study
suggests that “top-down” collaboration management is
concomitant to a high level of institutional structur-
ing, but the SODIR/NCIR collaboration provides only
a weak sort of top-down management. Is it the hierarchi-
cal nature of the management scheme that is important
or the forcefulness of the management? Is there some
optimal combination of epistemic and institutional struc-
turing during a particular stage in the development of a
research field?

In short, several issues remain to be resolved. How-
ever, as a first step to understanding the effectiveness
of multi-institutional research collaborations, the sep-
arate influences of epistemic and institutional factors
seems well illustrated in the two cases we have exam-
ined. Our approach suggests the vital importance of
both the epistemic and institutional domains without
having shed much light on the interrelation between
these two forces. Future research should focus on sorting
out the interactive effects between these two determi-
nants of research effectiveness. This will, in all likeli-
hood, require a multi-method approach; taken alone, a
few case studies will not be sufficient to unravel these
complexities. Perhaps the integration of insights from
social studies of science with ideas from the manage-
ment of research organization may ultimately provide
a deeper, richer understanding of large-scale research
collaboration.
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Does our perspective offer any lessons for policy
makers and those responsible for creating and provid-
ing resources for research institutions? Only the broad-
est sort of lesson. However, perhaps it is not yet time
for more than the broadest lessons. The recent history
of interdisciplinary research centers (see Bozeman and
Boardman, 2003) shows that a great deal of thought is
given to the socio-economic rationales for developing
these institutions and relatively little attention is given to
their particular institutional designs. Thus, the observa-
tion that the institutional design, and the level of a field’s
epistemic development, impinge on one another is per-
haps the sort of broad principle that could be digested
and acted upon.
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