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Abstract

Determining the value of scientific and technical knowledge poses a great many problems. One of the most acute and widely
recognized is that the value of knowledge shifts dramatically over time as new uses for the knowledge emerge. A related
problem is that market-based valuation of knowledge is an inadequate index of certain types of scientific knowledge. We present
an alternative framework for the value of scientific and technical knowledge, one based not on market pricing of information,
but instead, on the intensity and range of uses of scientific knowledge. Our “churn” model of scientific knowledge value
emphasizes the distinctive properties of scientific and technical knowledge and focuses on the social context of its production.
In particular, we consider the value of scientific and technical knowledge in enhancing “knowledge value collectives”, our
term for the set of individuals who interact in the demand, production, technical evaluation, and application of scientific and
technical knowledge. To illustrate the use of the churn model as an interpretive framework, we examine the recent history
of the Internet and the churning knowledge use and transformation accompanying its emergence. The development of the
knowledge brought together in the Internet shows us how little traditional disciplines and institutions help in explaining today’s
epoch-changing knowledge and technology innovations. We urge a focus on the social configurations producing knowledge
value. Rather than counting discrete output, we argue that research evaluation is most helpful when its subject is the capacity of
social configurations to produce new scientific and technical knowledge uses. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the social sciences, developments in the world of
public affairs often require us to unpack theories and
suppositions long stored. As a case in point, consider
market-based theories of scientific knowledge and its
value. As public policy-makers become more serious
about evaluating the scientific work developed and
supported by government funding, limitations of eco-
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nomic models of knowledge value are brought sharply
into relief. So long as market-based concepts of sci-
entific knowledge value were taken in the abstract, or
used chiefly in theory building, limitations were not
so apparent. But once employed as a framework for
understanding and assessing actual cases of scientific
knowledge creation and its use, the traditional eco-
nomic models leave much to be desired. With their
focus in discrete goods and transactions, monetized
commodities and price-as-value, such theories fail to
capture much of the reality of scientific work or the
social uses of science’s knowledge products.

Among US policy-makers, the Government Per-
formance and Results Act (1993) (GPRA) in part

0048-7333/02/$ – see front matter © 2002 Elsevier Science B.V. All rights reserved.
PII: S0048-7333(01)00146-9



770 B. Bozeman, J.D. Rogers / Research Policy 31 (2002) 769–794

motivates the casting about for fresh ideas.1 But
GPRA is only the latest among several social and
political trends (e.g. Byerly and Pielke, 1995; Guston
and Keniston, 1994; Kleinmann, 1995) undercut-
ting the tradition of self-governed science (Polanyi,
1962) and the conjoining of the free market and the
“free market of ideas”. Science evaluation and, gen-
erally, understanding of the socio-political context,
has long labored under the limitations of neoclassical
economic theories and market metaphors. Viewing
science as a market for discrete science commodi-
ties distorts the value of knowledge and ensures an
unrealistic conception of scientific work. We argue
that market-based notions of scientific value often
overlook aspects of value not easily reflected in pric-
ing and pricing structures. The difficulties economic
theorists have experienced making sense of the value
of fundamental knowledge is not simply a reflec-
tion of the troublesome nature of public goods and
externalities but, rather, a reflection a much deeper
problem—an errant (or at least incomplete) theory of
knowledge value. Economists are often among the
first to admit that pricing efficiency sometimes says
very little useful about the value of information.

Our objective is to develop a theory of knowledge
value that comes closer to reflecting the multiplicity
of uses of scientific knowledge, a theory that be-
gins with the hard truth that knowledge value is not
transitive among users. In our theory, the value of
scientific knowledge is socially embedded in a collec-
tive of producers and users (many of whom play both
roles). Scientific knowledge is developed through the

1 The US Government Performance and Results Act (GPRA)
requires most government agencies, including those providing for
the nation’s basic research, to give serious attention to evaluating
impacts. One requirement is the submission to the Office of Man-
agement and Budget and the Congress of strategic plans and, ul-
timately, impact measures that will be used in performance-based
budgeting reviews. The plans, the drafts of which were submitted
to poor congressional reviews in October 1997, include a mission
statement, goals tied to outcomes, and a description of the agency’s
plans for evaluating performance in connection with measurable
goals. Beginning in fiscal year 1999, these processes become rou-
tine as agencies must submit an annual performance plan, one that
is quantifiable, gives measurable goals, and includes quantitative
performance indicators. Moreover, these plans and measures will
be used in performance-based budgeting reviews and are expected
to play a major role in the Office of Management and Budget’s
recommendations for new budget allocations to agencies.

transformation of extant knowledge into diverse new
uses, uses that may have little or nothing in com-
mon with previous applications of knowledge. These
new uses, in turn, enhance the reservoir of knowl-
edge available for further transformation (into further
uses which, in their turn, provide for new potential
transformations). We use the term “churn model” for
this use and transformation process because the no-
tion of “churn” implies no particular direction (e.g.
linear) and no imputation of scientific progress. The
standard definition of churn, “a violent stirring; to
shake or agitate with continued motion” (Webster’s
Unabridged Dictionary, 1979, p. 324) captures our
notion of scientific knowledge quite well. A churn
model of knowledge value is coincident with the radi-
cal changes in knowledge use (and thereby value) one
witnesses in society. To extend the metaphor, scien-
tific knowledge resembles the churning of cream into
butter—the constituent elements are stirred until a
qualitative change results. The qualitative change pro-
vides new uses of knowledge, not intrinsically better
ones (as butter is not inherently superior to cream).

The churn model includes implications not only
for knowledge value theory, but for evaluation theory.
According to our model, the most suitable object of
evaluation is not discrete knowledge units (if such
things can be said to exist), or their market value, but
the social configurations that enable the production
of scientific knowledge. These social configurations,
which we call “knowledge value communities”, can
be assessed in terms of their ability to provide sci-
entific and technical capacity (as embodied in indi-
vidual scientists taken together or separately) and,
most important, their ability to provide new uses or
applications of scientific knowledge.

In this paper, we elaborate the churn model and its
antecedent concepts and assumptions. We illustrate
a churn perspective by analyzing two very different
cases: the history of the Internet’s development and
NSF/NASA Plant Research Network. This historical
analysis of the knowledge creation and use character-
istics of the Internet’s development is based in part
on two separate interview-based studies with con-
verging conclusions (Rogers, 1996; Bozeman, 1997
in Roessner, 1997). The Plant Research Network case
is based on a site visit case study by the authors.
Finally, we examine implications of a churn model
for research and knowledge evaluation.



B. Bozeman, J.D. Rogers / Research Policy 31 (2002) 769–794 771

1.1. Economic valuation of knowledge

In academic realms, ferment about the “new
economics of science” (see Stephan, 1996 for an
overview) challenges conventional assumptions about
valuing scientific and technical activity. For many
years, public deliberations about the value of science
have been strongly influenced by economic reasoning.
So long as traditional economic valuation of scien-
tific and technical knowledge went unchallenged by
practical application, it seemed adequate for provid-
ing a broad framework of understanding. When that
broad framework began to be pressed into active duty,
inadequacies quickly became apparent. The most
important of these is that the rents one captures for
scientific and technical knowledge often seem quite
unrelated to anyone’s conception of the actual social
and intellectual value of the knowledge. For years, this
lack of correspondence between economic valuation
any other metrics for assessing value (e.g. consensus,
common sense, use patterns) was dismissed as owing
to externalities, market failure or distortions. Now
the valuing of scientific and technical knowledge
pertains not only to pricing and ex ante allocation of
resources by governments and other collective actors,
but increasingly to the ex post evaluation of those
investments. In many such cases, market value and
prices levied for knowledge are obviously inadequate
indices of value. For policy-makers, generally inter-
ested more in social value than in rents, the limitations
of economic theories of knowledge value are be-
coming more obvious (e.g. US GAO, 1997; National
Academy of Sciences, 1999).

Familiar theories of the political economy of sci-
ence and technology remain quite useful in many of
their traditional domains, but typically offer little guid-
ance for explicit valuing of science. Thus, production
function theories, intended originally for assessing the
contribution of nations’ science and technology to eco-
nomic growth (e.g. Solow, 1957; Griliches, 1979), fare
poorly as models for more narrow-gauged evaluation.
Similarly, elaborate public expenditure models, still
useful as guides for allocating technical activity be-
tween public and private sectors (e.g. Johnson, 1972;
Arrow, 1962; Alchian and Demsetz, 1972), help little
in assessing allocation results.

The “new economics of science” suggests that old
economics-based theories of knowledge value have

limited application and propose new approaches. But
the need is not so much for a new economics as a
non-economics, an approach to valuing science that
relies on something other than our ability to mone-
tize. Following work by Callon (1992, 1994a,b, 1997)
and co-workers (e.g. Liyanage, 1995; Rappa and
Debackere, 1992; Elzen et al., 1996, and, especially,
Crane, 1972), we argue the need for a more expan-
sive concept of scientific and technical work and its
impacts.

Practical research evaluation almost inevitably leads
one to ponder the difficulties of measuring knowledge
value. In too many cases, however, the search for false
precision leads to monetary indices and away from
the content of knowledge and its particular and highly
differentiated uses. Many research evaluations have
focused on the wrong thing (first-order output) and
have looked in the wrong place (the scientific project).
Often a project focus is misleading. The terms “R&D
project” and “R&D program” fail to capture the in-
herent dynamism of the interchange between work in
R&D laboratories and external influences and impacts
of that work (Joly and Mangematin, 1996; Laredo and
Mustar, 2000). In our case studies (Bozeman et al.,
1998; Bozeman and Roessner, 1995; Rogers and Boze-
man, 2001), we have found that many scientists do not
conceptualize their work in terms of the funding source
or the project account and, instead, view projects as
chiefly a bureaucratic artifice. The building of artifi-
cial boundaries between the micro-world of scientists
and engineers and the macro-world of commerce, ed-
ucation and sundry institutions using the work of sci-
entists and engineers produces piecemeal theory when
the need is for integrative theory (Vaughan, 1999). For
those of us interested in actually evaluating impacts,
these blinders lead to misplaced measures and dubious
claims. As Latour (1983, p. 143) observes correctly,
“ . . . the very difference between the ‘inside’ and the
‘outside’, and the difference of scale between ‘micro’
and ‘macro’ levels,is precisely what laboratories are
built to destabilize or undo” [emphasis ours].

1.2. Embedded value

The churn model of knowledge value assumes that
economic currency is at best a surrogate for the in-
herent value of scientific knowledge. Once put to use,
knowledge has demonstrable value. But that value
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typically has no transitive value and may not be
amenable to economic indexing. The history of fun-
damental research shows that creating and deploying
knowledge relates only obliquely to the creation
of commodities. Yes, fundamental research can be
priced, but price may be a less exact measure than
repeated, broad-domain use. Economists cast this as
market failure. In our judgment, the problem is much
more fundamental. Valuing basic research fails not be-
cause of the economic properties of information, but
because of its pre-economic properties. Knowledge
is put to use, use confers value, economics hurries to
catch up with that more fundamental evaluation-as-use
and often fails to do so. There is little essential differ-
ence between a user community’s valuation of knowl-
edge about thermodynamics and the peasant village
community’s valuation of barter transactions in a
village’s embedded “economy”: in both cases, tradi-
tional market measures give a dim picture of value.2

1.3. An alternative to prices: valuation-by-use

The purpose of our paper is to provide an alter-
native to traditional economic valuation of scientific
knowledge. Our churn model of knowledge value is
based on therange and repetition of uses of scientific
and technical knowledge. Use is an explicit act of val-
uation on the part of the user. If scientific and tech-
nical knowledge is purchased at great expense, use
indicates value; if scientific and technical knowledge
costs nothing (in monetary terms) use is nonetheless,
a direct imputation of value.

2 James Scott’s analysis in 1976 of social transactions in modem
peasant villages analyzes “embedded economies”, ones in which
there is no separation of economic from social life and, indeed,
no concept of economy apart from need. Exchange is based on
collective interests where the transcendent interest is the need to
maintain subsistence. Indeed, Sahlins (1972, p. 76) maintains that
“to speak of ‘the economy’ of a primitive society is an exercise in
unreality. Structurally, ‘the economy’ does not exist”. Pre-market
peasant village “economies” exist on reciprocity norms in (Booth,
1994). The emergence of a disembedded, semi-autonomous econ-
omy, premised on valuation of privately-held goods, replaces reci-
procity with norms, beliefs, and (ultimately) laws centering on
alternative means of producing and allocating transitively-valued
commodities. It seems to us that exchange of knowledge in sci-
ence has as much to do with the pre-market embedded economy
(e.g. reciprocity, recognition of collective interest) as with the dis-
embedded legal economy (e.g. intellectual property rights, value
based on price).

Ours is not a new economics approach. In a sense, it
is “pre-economic” or embedded (Scott, 1976). We are
concerned with the hedonic value that economists and
others seek to monetize, not with the economic reflec-
tions of value. That value is inherent in use. Monetary
units represent exchange value and serve well for un-
complicated exchange. Scientific and technical knowl-
edge often entails the most complex of exchanges.

Valuing scientific and technical knowledge in terms
of the uses to which it is put relies heavily on an un-
derstanding of the social behaviors of users. Indeed,
an alternative notion of value almost necessarily re-
quires an alternative view of the behaviors motivating
the social organization of science. Our churn model
of knowledge value departs significantly from the no-
tion that the market and market transactions are the
most appropriate way to understand knowledge de-
velopment and use. Put most simply, our valuation
approach is based on use (not rents or rent-seeking)
and our understanding of scientific and technical work
is based on the social configurations promoting use
(among which market pricing is only one of several
influences).

2. The “churn” model: a framework
for assessing value of scientific knowledge

Economic assessments of scientific knowledge
begin with one fundamental, generally unexamined
assumption: the standard for knowledge valuation is
price in an open market. To be sure, economists labor
mightily to cope with widely recognized problems
related to the economic valuing of knowledge, includ-
ing, most conspicuously, the spill-over and free-rider
problems occurring as a result of the joint consump-
tion properties of knowledge. But the analytical dif-
ficulties the nature of the “commodity” (scientific
knowledge) sets for economic measure and valuation
theory are acknowledged by all. An imputed advan-
tage of our churn model is that it provides a framework
for analysis of capacity, specifically, the capacity pos-
sessed by particular scientists and technologists (their
“scientific and technical human capital” (Bozeman
et al., 2001), as embedded in the social networks and
research collectives producing scientific and technical
knowledge (their “research value collectives” (Rogers
and Bozeman, 2001; Bozeman and Rogers, 2001).
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Rather than focusing specifically on discrete projects
(the usual realm of cost-benefit analysis) or national
economic productivity accounting, our alternative
focuses on capacity within fluid, dynamic research
collectives.

2.1. The churn model’s core assumption:
“use-transformation-value”

The churn model assumes that use and valuation of
knowledge are identical. Information without use is
information without value. Once put into use, infor-
mation becomes knowledge and, perforce, has value.
The value is not transitive among users. The appropri-
ate “metric” for value is as diverse as the aspirations
of users, including not only pricing and profits, but
status, curiosity, aesthetics and mastery of the physi-
cal world.

Knowledge (information-transformed-in-use) gives
rise to new information encoded in inscriptions
(e.g. presentations, papers, procedures, techniques,
blueprints, skills, and so on). This new information
has no value until (unless) it is, in its turn, put into
use. Information may lie fallow and valueless. Or it
may be used, either by its initial creators or by other
individuals. As the information is used (producing
new knowledge), it takes its place in a cycle of un-
predictable periodicity, a cycle which may or may not
lead to new uses and, thus, further information and
perhaps, in another cycle of use, new knowledge. In
each instance, as information is used and, thus, by its
application transformed into knowledge, discernible
value is created.3

3 The terms “information” and “knowledge” have been used in
a wide variety of ways, serving many purposes. Therefore, we
provide our own distinctive (though not altogether novel) def-
initions. Information: Descriptors (e.g. coded observations) and
statements (e.g. language-based synthetic propositions) concern-
ing empirically-derived observations about conditions and states
of affairs in the physical world and the real of human behavior.
Knowledge: Information put to use in furtherance of scientific un-
derstanding (i.e. empirically-based, generalizable explanation of
states of affairs and behavior) or in the creation, construction,
or reshaping of technological devices and processes. Scientific or
technical information rates to knowledge through interpretation.
In itself, information has no meaning, and hence no actual value;
it suffices that any actor in an R&D context believes a piece of
information has scientific or technical meaning. Meaning is at-
tributed to information when it isused. In our approach, use is
the criterion by which knowledge is gauged.

2.2. Non-transitive value: the “equality of use
principle”

A major assumption of the churn model is theequal-
ity of use principle. This principle, an enabling as-
sumption, stipulates that all uses are expressions of
non-transitive value to the user and, thus, the observer
must remain neutral about the value of uses. One can
observe aspects of thecharacterof use (as we explain
below) such as repetition, intensity and range of uses.
An evaluator can assess the relative merit of social
configurations with regard to their ability to produce
new uses. But use itself is non-transitive.4

The equality of use principle is a direct consequence
of the observation that scientific and technical knowl-
edge does not contain its consequences and potential
within itself. In other words, the quality of the output
of research or even its truth cannot really be a cause
of its success because it cannot be assessed before it
is used. Rather, quality of research output is a result
of its success among the relevant clients (e.g. research
affecting researchers; hired students; adopted innova-
tions). Clients’ usedefinessuccess. Therefore, the ar-
ray of uses that reflect attribution of value of research
output must be established empirically rather than be-
ing imposed a priori.

Though an important enabling assumption for our
model, the equality of use principle may not be in-
tuitively appealing. The skeptic might reason: “this
approach puts crackpot designs of perpetual energy
machines in the same category as articles published
in the Physical Review”. Actually, it may sometimes
put the crackpot design “ahead” of the scientific ar-
ticle. If nobody uses the scientific design and many
use the crackpot design, the latter is knowledge and
the former is not. In defense of this definition of
knowledge let us consider: (1) phrenology was once
received wisdom; (2) ideas for airplanes were reso-
lutely crackpot. Presumably, there was at one point
a strong market demand for “phrenology services”
and, at early junctures, almost nomarketdemand for
ideas about flight. Thus, market evaluation provides,

4 The use value of scientific knowledge resembles the use value
of art. Thus, a large Calder sculpture may, at the same time, serve
as a source of aesthetic appreciation and as a child’s jungle gym.
Similarly, a single scientific report may serve as a spur to additional
research and knowledge, a basis for public policy-making and the
knowledge embodied in physical technology.
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at best, a lagging indicator of enduring value of
knowledge.

While our purposes relate more to explanatory
than normative theory, the churn model’s tenets of
value neutrality (or, at least, intransitivity of value)
give rise to a troubling moral question. If the value
of knowledge resides in its use does this imply that
a rich set of uses for morally corrupt purposes is
somehow “good”? Many extreme examples come to
mind, such as World War II medical experiments on
live patients, use of physics knowledge for nuclear
terrorism, or even the origins of linear programming
as a means to optimize the efficiency of bombing
routes. One could make the case (though the moral
reasoning is not straightforward) that in each of these
illustrations scientific and technical knowledge was
either developed through immoral means or used for
immoral means. Our theory of value isnot a theory of
the good. It is possible to consider the scientific and
technical knowledge contributing to the development
of automobiles without reference to the tremendous
array of outcomes that seem to have resulted from the
automobile’s worldwide adoption and diffusion. The
automobile facilitates the movement of people and
goods, but it is also complicit in the death of hundreds
of thousands of crash victims. The automobile has
changed residential patterns, consumer aspirations,
air quality and even birth rates. But understanding the
value of the automobile does not require making a
moral judgment about each of its myriad and causally
complex outcomes. Similarly, the intellectual descen-
dants of the operations research knowledge that began
with linear programming of bombing patterns is now
used for ambulance and traffic light optimization and
Internet packet switching algorithms. The examples
underscore the need for a neutral assessment of sci-
entific and technical knowledge. One can, at the same
time, deplore (or applaud) uses of knowledge and
assess knowledge uses disinterestedly as being more
or less rich, widespread, powerful, or efficacious.

3. Value implications: the churn model as an
index of capacity

One likely objection to a churn model is that it yields
no precise index for quantitative evaluation of scien-
tific and technical knowledge. The model is, indeed,

open to this charge. However, we feel the model has
important implications for qualitative evaluation and
for the conceptual framing of quantitative evaluation.
A strong point of the churn model is that it encour-
ages analysis of the value ofcapacity, not just output.
We feel that one remedy to shortsighted or prema-
ture evaluation of scientific and technical knowledge
is to consider it in terms of its contribution to capacity,
the ability to produce new knowledge and to sustain
knowledge churn.

Two key concepts represent dimensions for anal-
ysis of the churn model—“scientific and technical
human capital” (Bozeman et al., 2001; Dietz et al.,
2000) and “knowledge value collectives” (Rogers
and Bozeman, 2001). In the churn model, scientific
and technical knowledge value occurs in both use
and user. Participation in the churning process of
knowledge-use-new knowledge-new use enhances
the individual’s capabilities by affording new skills,
training, embodied knowledge, tacit knowledge and
social capital in the form of network ties. Thus, the
churn of science knowledge creates and enhances
scientific and technical human capital, the sum of the
user’s knowledge and social ties pertaining to the use
of knowledge. Since science, technology, and its ap-
plication are inherently social processes, the scientific
and technical human capital of the individual con-
tributes capacity to networks of knowledge creators
and users (Shrum, 1985). Our term for this network
of creators and users is aknowledge value collective
(Rogers and Bozeman, 2001).

3.1. Scientific and technical human capital and the
churn model: capacity as embedded value

Economic pricing answers the question “what is the
current monetary exchange value of the knowledge?”
We are interested in the “embedded value”, value at
the hedonic level. In our search for embedded value,
we began with a fundamental question: “what mo-
tivates human beings to acquire scientific and tech-
nical knowledge and what do these motives imply
about valuation?” While a deep answer to this question
would require much more space than we take here, a
surface answer suffices for our purpose. Among other
possible reasons, individuals seek scientific knowl-
edge to make an economic profit (i.e. to enhance their
material wealth), to satisfy their curiosity, to develop
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technology (broadly defined), to enhance their skills,
insights and mastery of their environment, to create
knowledge for its own sake, and for any of a number
of social and psychological reasons not specific to sci-
ence (e.g. self-aggrandizement, fame, social pressure
and role conformance).

Most motives for use of science knowledge are
equally good answers to the question “why do people
search for information, any information”. While not
completely distinctive, two closely related motives for
pursuing scientific and technical knowledge often dif-
fer markedly from motives for pursing other types of
information. One seeks scientific and technical knowl-
edge to create technology or to create new scientific
and technical knowledge. Related, one seeks scien-
tific and technical knowledge to enhance one’s per-
sonal scientific and technical human capital, thereby
improving one’s potential for developing technology
and creating new scientific and technical knowledge.

The key issue for us is how to develop means of
assessing value corresponding with the actual motives
for seeking scientific and technical knowledge. Our an-
swer: focus oncapacity. If one has measured obtained
capacity, one has measured something more important
than market value. If one can understand the ability of
individuals and, particularly, networks of individuals,
to contribute further to scientific and technical knowl-
edge, then one knows something of greater value than
the price of knowledge.

Fig. 1. Use and transformation model of knowledge value creation.

By “scientific and technical human capital” (S&T
human capital) we mean the sum total of personal
skills and resources the researcher brings to his or
her work (Bozeman et al., 2001). S&T human capital
includes not only the individual human capital en-
dowments included traditionally in labor models (e.g.
Becker, 1962; Shultz, 1963), but also the individual
scientist’s tacit knowledge (Polanyi, 1962; Senker,
1993), craft knowledge and know-how (Bidault and
Fisher, 1994). S&T human capital further includes the
social capital(Bourdieu, 1986; Coleman, 1988; Dietz,
2000) that scientists draw upon in framing research
and technological questions, creating knowledge, and
developing social and economic certifications for
knowledge.

Fig. 1 provides a model of S&T human capital.
Fig. 1 depicts not only the internal resource dimen-
sions of the scientist (e.g. cognitive abilities), but also
external resources directly relevant to the production
of knowledge and technology-social capital and em-
bedded network ties. The different shapes of nodes
implies the convenience of recognizing qualitatively
different types of linkages. Those differences may
be based on the institutional setting of the network
partner (e.g. industrial, academic) or the role (e.g. en-
trepreneur, funding agent, scientific colleague). Our
point is a simple one: scientists employ a wide va-
riety of network-mediated resources to enable their
work and these resources—this scientific, technical
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and commercial social capital—is uniquely configured
for any particular scientist. While this depiction fo-
cuses on the individual scientists, a similar map can be
drawn for a research program, a single research study,
a laboratory or virtually any social organization or set
of social interactions (for elaboration, see Bozeman
et al., 2001).

We argue that understanding thevalueof scientific
and technical knowledge, including its value the indi-
vidual scientist, requires a view of the social context
of scientific work (for a complementary argument
see Audretsch and Stephan, 1999). Much of S&T
human capital is embedded in social and professional
networks, technological communities (Dasgupta and
David, 1994; Liyanage, 1995), or “knowledge value
collectives” (Bozeman and Rogers, 2001). These net-
works integrate and shape scientific work, providing
knowledge of scientists’ and engineers’ work activity,
helping with job opportunities and job mobility, and
providing indications about possible applications for
scientific and technical work products. The value of
knowledge and technology produced in formal and
informal networks of scientists depends upon the con-
joining of equipment, material resources (including
funding), organizational and institutional arrange-
ments for work and the unique S&T human capital
embodied in individuals. At any level, from the in-
dividual scientist to the discipline, field or network,
value is capacity—capacity to create new knowledge
and technology. Thus, the key value question is “what
factors enhance capacity, diminish it or simply change
the reservoir of capabilities inherent in individuals
and groups?”5

The drive to create technology and knowledge and
the desire to enhance one’s S&T human capital cor-
responds roughly at best with the desire to accumu-
late wealth and with the contemporary market value

5 Let us emphasize that none of this discounts the more tradi-
tional aspects of individual scientists’ talents, such as the ability
to conduct computer simulations of geological fracture patterns or
the ability to draw from knowledge of surface chemistry to predict
chemical reactions in new ceramic materials. Our concept simply
recognizes that in modem science being scientifically brilliant is
only necessary, not sufficient. In most fields, a brilliant scientist
who cannot recruit, work with, or communicate with colleagues
or who cannot attract resources or manage them once obtained, is
not a heroic figure but a tenure casualty or one or another variety
of underachiever.

of knowledge. The history of invention shows count-
less cases where individuals act in a manner poorly
explained by economic models. Invention and much
of science has very little to do with the world of
prices and material wealth. Even in the business world,
the sharing of knowledge among competitors is only
partly attributable to economic interest. Often it per-
tains to shared norms of curiosity and the desire to
pool skill development.

Fig. 2 depicts the churn model and the individual
researcher’s place within it. The figure shows the
individual’s S&T human capital accumulation and
shows external linkages, including to the “knowledge
value collective” (discussed below in detail), the set of
creators and users of a particular science knowledge
set. The model assumes, without elaborating, a reser-
voir of “internal” human capital of the S&T human
capital model (presented in Fig. 1. For elaboration see
Bozeman et al., 2001). The model hypothesizes that
individual scientists begin with “x” dimensions and
valences of the major elements of internal capacity
and those dimensions and valences change over time,
chiefly as a result of interactions within networks and
particular scientific projects. Generally, the range of
knowledge and network ties is expected to expand
over time (doubtless with empirically identifiable
threshold effects), enhancing the individual’s S&T
human capital and value to the network (see Mange-
matin, 2000 for discussion of recent Ph.D. graduates).

This model relates closely to the churn model inas-
much as the driver for accumulation of S&T human
capital is direct participation in the acquisition, use,
and transformation of knowledge. In using knowl-
edge, the individual creates new information (avail-
able to other users and transforming into knowledge
once used) and, atthe same time, enhances his or
her individual S&T human capital. Since scientists
inexorably work in social networks (inexorably be-
cause their knowledge is validated by other users),
the increments of individual S&T human capital are,
in turn, increments to the network (or, in our terms,
“knowledge value collective”).

3.2. Knowledge value collectives: social
configurations and the churn model

The term “collective” has been used in many differ-
ent ways in the social sciences, but less often in social
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Fig. 2. Churn model of knowledge use and transformation.

studies of science. Our use of “collective” in much the
same as the lexical sense, in the first definition of the
Webster’s Unabridged Dictionary(1983, p. 367), as
“common possession or enjoyment; as in acollective
of goods”. Our interest is in the common possession
and enjoyment of information.

There are several reasons why we prefer to speak
of collectives. We do not use the termnetwork, for
instance, chiefly to avoid the many layers of meaning
one must peel away fromnetwork. The term “network”
is used in many different ways in, and generally to
good effect, in social studies of science (e.g. Callon,
1997; Bidault and Fisher, 1994; Valente, 1995; Laredo,
1998). Since we draw to some degree from each of

these quite disparate sources it seems easiest way to
avoid confusion among the many meanings of network
by just avoiding the term altogether.

We define aknowledge value collective(KVC) as a
set of individuals connected by their uses of a body of
scientific and technical knowledge (for detailed treat-
ment of the knowledge value collective and related
concepts see Bozeman et al., 1998; Bozeman and
Rogers, 2001; Rogers and Bozeman, 2001). As users
of information, the KVC confers value to the informa-
tion. It is a loosely coupled collective of knowledge
producers and users (e.g. scientists, manufacturers, lab
technicians, students) pursuing a unifying knowledge
goal (e.g. understanding the physical properties of
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Table 1
Comparing economic and churn theories of knowledge value

Churn theory of value Economic value

Valued object Capacity to produce new uses:
S&T human capital

Discrete products: papers; patents; jobs created

Standard or index of value Range and repetition of uses Price in the market of products traceable to scientific knowledge
Transitive value of knowledge No Yes
Valuing process Embedded value Exchange value
Knowledge value generator Collective Individual/project

super-conducting materials), but to diverse ends (e.g.
curiosity, application, product development, skills
development).

The persons within a KVC reshape information into
new packages of knowledge (including technology,
which we view as a physical embodiment of knowl-
edge).6 The size of a KVC varies enormously from
(in-theory) a minimum of two (the original creator and
a user other than the creator of information) to thou-
sands or more. Typically, the size of the KVC will
depend on such factors as general awareness of the
body of knowledge, the breadth of its uses, the skills
required to obtain and apply information. There is no
requirement that members of a KVC interact, know
one another or even be aware of one another; the only
requirement is joint use of a body of information (and,
in their use, creation of knowledge value).

We developed the KVC concept, rather than em-
ploying related concepts such as socio-technical net-
work or scientific community, because we felt that our
model deals with content not easily conveyed by ex-
isting concepts. Most important, we wished to empha-
size the linkages among persons who are employing
related knowledge to develop separate uses. In some
instances these separate uses are pursued by scientists
using related knowledge for different research objec-
tives. But some uses are much more disparate, such
as simultaneous uses for, respectively, fundamental re-
search, technology development, technical assistance,
and building research equipment. There are many in-
stances where the same reservoir of knowledge feeds

6 Knowledge consumers who do not reshape the knowledge but
simply consume it without transforming it (e.g. read a newspaper
report of a new technology, read a scientific paper, use a commer-
cial software, drive a car) play an important role in innovation and
knowledge creation by providing feedback. But “pure consumers”
are not considered part of the KVC.

a great many diverse uses. Two contemporary exam-
ples are the diverse uses of knowledge about lasers
(Dietz and Bozeman, 2000) and magnetic resonance
imaging (Bozeman and Donez, 1996). Often the per-
sons engaged in the disparate uses were not aware
of one another’s needs, uses, or knowledge contribu-
tions but, nonetheless, could be viewed as tied by a
set of common knowledge needs. Among our more
than thirty case studies of government-funded R&D
projects and programs (Bozeman et al., 1998; Rogers
and Bozeman, 2001) we found a great many instances
in which a common knowledge base contributed to a
remarkable array of uses (and, perforce, new knowl-
edge). Our KVC concept was designed to promote
research on persons who have shared needs for sci-
entific knowledge, but highly diverse uses and val-
ues for it (for a discussion of directly interacting sets
of diverse knowledge users see our case studies of
“knowledge value alliances” (Rogers and Bozeman,
2001)).

We can contrast the KVC with a “scientific
discipline”, a concept long important in the social
study of science, albeit one strained by recent devel-
opments in the nature of scientific work (see Turpin
et al., 1996). Table 2 presents a comparison of both
notions along a series of dimensions pointing out
the main characteristics of each concept for each
dimension. We present the information in Table 1
as an archetype, assuming that we have captured
modal characteristics of disciplines and knowledge
value collectives, but with the understanding that
there is substantial variance around those modal ten-
dencies.

Perhaps the chief difference between the KVC
and the discipline, as Table 2 shows, is the range
and diversity of the inhabitants. During most of
the history of social studies of science, the focus
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Table 2
Comparing knowledge value collectives and scientific disciplines

Knowledge value collective Scientific discipline

Inhabitants Scientists, technicians, entrepreneurs,
inventors, manufacturers, science students

Scientists

Knowledge goals Heterogeneous and sometimes incompatible Homogeneous and usually compatible
Norm consensus Low High
Barriers to entry Low High
Social control Low Usually high
Boundaries (With other KVCs): poorly demarcated,

highly permeable
(With other disciplines): somewhat
demarcated, somewhat permeable

Communication patterns Fragmented and dispersed, but concentrated
according to knowledge use

Formal: comprehensive and dispersed;
informal: segmented and concentrated

Evaluative mechanisms Highly diverse and use-specific Often institutionalized (e.g. peer review)

has, understandably, been on scientists, especially
academic scientists within disciplinary frameworks
(Shapin, 1992). The discipline is an easier target.
Compared to the scientific discipline, the KVC is
much more heterogeneous with respect to norms and
goals, member ties are much weaker and more fluid,
and social control mechanisms are, in some instances,
virtually nonexistent. Disciplines leave easy to fol-
low communication “tracks”, whereas the KVC has
more diverse, less patterned and less intense commu-
nication. The advantage of a focus on the KVC is
that it better reflects the social environment in which
knowledge is developed, used, and transformed.

The pursuit of knowledge is constitutive of both the
KVC and scientific disciplines to the point that in both
cases the content of the knowledge has a bearing on
the identity and boundaries of both. Knowledge about
magnetism and chemical bonds puts those studying
each in different disciplines in a similar way as the
applications of nuclear magnetic resonance and the
development of super-conducting materials puts those
working on them or using them in different KVCs.
However, the binding effect of knowledge pursuits
works differently in each case. Fundamental knowl-
edge of the phenomena in the field is always the touch-
stone of a scientific discipline even when, in practice,
its members carry out a variety of activities that do
not directly contribute to that objective. The center of
the field will be occupied by those who are contribut-
ing new knowledge of a fundamental sort. This is not
the case in a KVC where the “hot” topic can vary
greatly in the sort of knowledge that is at issue. At

one point it can be the characteristics of a new ma-
terial, then the new manipulating possibilities offered
by a new experimental technique, then the emergence
of new applications for a well known phenomenon,
and so on. This also makes the profiles of its cen-
tral actors different at different times, from academic
scientists, to program managers, to industrialists and
marketers.

As a result, KVCs are much less stable over time
as their focus and composition shift. Scientific disci-
plines, on the other hand, do not tend to disappear once
established as long as they can justify their social or-
ganization as the correlate of a “piece of the world”.
As a result, as members of disciplines, scientists tend
to be more conscious of the boundaries between them
even though much of their work may challenge them.
KVCs, on the other hand, tend to overlap most of the
time because of the multiplicity of uses that are rel-
evant to their members. Thus, the KVC’s density of
uses around the main scientific and technical knowl-
edge focus is what makes them visible rather than the
limits at the periphery.

The KVC conceptualization represented in Ta-
ble 2 is, of course, an archetype. In a later section
of this paper, we apply the churn model and its
knowledge value collectivity concept to two cases,
one an important case in the history of science and
technology—the development of the Internet, and
the other an unusual interaction of managerial and
knowledge goals in the formation of a plant biology
research network. The objective is to determine if the
churn model and the KVC conceptualization holds
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up against the complexity of this instances of the use
and transformation of scientific knowledge.

3.3. The knowledge value collective
and the churn model

Put simply, the churn model is the process
(information-use-knowledge transformation-system
transformation) enacted within the KVC. Similarly,
individual actors ply their S&T human capital in the
churn process and as contributing (and exploiting)
members of the KVC. The KVC validates the knowl-
edge produced by individual members (though not
through conventional social controls) and relies on
the constituent members’ S&T human capital for its
functioning and growth (Fig. 2). Provides a model
integrating the KVC and S&T human capital flows
within the churn model.

As Fig. 2 indicates, one creative entry point (multi-
ple entry points are possible) begins with the individ-
ual scientist plying her internal capacity, augmented by
social capital gained from association with the KVC,
on a knowledge application (use) set by the prevailing
state of knowledge and resources within the KVC as
well as her own imagination and skill. In working with
extant knowledge, the individual creates new informa-
tion by developing a new use (extension, technological
application, etc.) for extant knowledge. The new infor-
mation is presented in some manner (research article
submission, technological device, new research pro-
cess) to the user collective, the KVC. The KVC may,
essentially, ignore or invalidate the new information
bringing the churn process to a (perhaps temporary)
dead end. Or the KVC can validate the new informa-
tion and, when used, transform the information into
knowledge value, thereby perpetuating churn. In the
latter case, use by the KVC, the KVC itself is trans-
formed as a result of an advance in its available knowl-
edge (technology, know-how). Likewise, the process
is transformative for the individual who, by her knowl-
edge creation efforts, necessarily increments not only
the KVC’s reservoir of S&T human capital, but her
own as well.

In Section 4, we try to illustrate the workings of the
churn model within a KVC by now quite familiar—the
collective of researchers, technology developers and
promoters who gave rise to the set of knowledge uses
we now refer to as the Internet.

4. The churn model and the development
of the Internet: an illustrative case

We feel that the history of the development of the In-
ternet provides an instructive illustration of the churn
model and the workings of a KVC. While we draw a bit
from our previous work on the Internet (e.g. Bozeman,
1997; Roessner, 1997; Rogers, 1998), our chief pur-
pose is illustrative rather than to extend knowledge
about the Internet’s increasingly controversial history
(e.g. Rogers and Kingsley, 1999).

The development of the Internet was a direct result
of the dynamics of science that we are proposing
to model with the notion of KVC. It cannot be ex-
plained simply by isolating a technological device or
method and interpreting everything that followed as
the inevitable unfolding of its potential. This has been
attempted though, and a conventional assessment of
the Internet as a device that has been “invented” is
based on the development and features of the TCP/IP
protocols (Abbate, 1999). On the one hand, the appli-
cations are what users are most interested in and not
the protocols themselves, though the genius of the
protocols lies in the applications they are capable of
supporting. This is a very clear case in which the value
of the protocols “remains to be seen” until applica-
tions are developed and the protocol’s use is valued
through the applications. The Internet as a system has
many components that represent semi-autonomous
domains of knowledge in which we observe the dy-
namics of churn model’s use and transformation of
scientific knowledge.

The Internet’s multiple domains of knowledge
feature has been there from the beginning, in part
because of the convergence of knowledge uses feed-
ing the Internet. Our interviews with Len Kleinrock,
the UCLA professor who was in charge of the early
host-to-host protocol projects for Bolt, Beranek and
Newman, Inc. (BBN), described the knowledge use
ferment of the 1970s:

Networking didn’t really catch fire until about
1967. Then in 1975, BBN became a center for
testing and was working on satellite packets and
ground radio. This led in one stream to cellular and
wireless. Now we had Arpanet, satellite and packet
ratio. With these very different networks this led
to a need for an Internet so they could interact.
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Vint Cerf put together two protocols for this. The
wireless stuff also led to Ethernet, applied by Bob
Metcalf (Bozeman, 1996a).

This set of parallel developments is, of course, no
more remarkable in its patterns of divergent use of
knowledge than is Paul Baran’s original network al-
gorithms. As is by now well known, Baran’s packet
switching research was developed in connection with
plans for sustained transportation routing during a the
event of a nuclear attack. His earliest work was, in
turn, affected by work from another field:

I got very interested in neural networks and what we
know about the brain and I had many conversations
with McCullough at MIT and with people at the
Brain Institute at UCLA. At the time we didn’t know
a lot about the brain. But even then we knew it
was the closest parallel to what we were interested
in-criss-crossing connections (Bozeman, 1996b).

Two of today’s main applications of Internet tech-
nology further illustrate the churn model’s dynamics
within a KVC. Electronic mail is one of the most fa-
miliar and popular Internet applications. The original
application for exchange of messages was developed
almost as an aside without anticipating that it would be
responsible for driving the growth of the network for
a significant period. From this experience, the entire
development pattern of the Internet has been termed
“user-driven” and in this strict sense it is quite true.
The caveat, of course, is that these initial users of
what became the Internet did not much resemble typ-
ical users of broad communications systems such as
the telephone. These early users were almost exclu-
sively members of the same scientific community that
was developing the network and, as such, their uses
of the system had considerable input in shaping its
path. Indeed, their uses led to the “discovery” of elec-
tronic mail and its development into a full blown ap-
plication with new features adapted to the needs of a
more diverse public (Rogers, 2000). The development
of e-mail illustrates knowledge processes of the churn
model: one set of scientific information uses trans-
forming into the knowledge required for a subsequent
set of largely unanticipated uses.

A second case of this nature was the development
of the World Wide Web that is the main window to
the Internet for almost all users. This is true to the

point that oftentimes World Wide Web and Internet
are used as synonyms. This application was originally
developed in scientific circles for facilitating scien-
tific collaborations from remote locations. Each team
member or location would have a site where their con-
tributions were posted, along with links to files and
other information resources. The early prototypes for
what became the Web were actually tested as early as
the late 1970s, as reported by David Mills (described
by Vinton Cerf as “the grease monkey of the Internet”
(Bozeman, 1996c)):

Jan Postel designed early protocols, they all have
his stamp, either as a manager or engineer. He
thought up the “Internet bake-off ” where several of
us would get together and design protocol sessions,
putting together people with different protocols to
see if they could talk to one another. We would also
try to break each others’ software (you would get
“points” if you could break someone’s software,
so we would all design Kamikaze packets to break
software). This all happened in rooms in West LA
in the late 1970’s to 1982 (Bozeman, 1996d).

The extension of these early protocols exploded as
an infinite number of variations were developed for
myriad applications outside of the world of science.
Yet another example of the churn model’s use and
transformation in which it would be very hard to be-
lieve the claim that the first developers had today’s
reality in mind when they started. The value of the
World Wide Web grows several orders of magnitude
daily with the uses and knowledge transformations
by millions of people around the world. In the case
of knowledge churn for more conventional scientific
problems, a similar dynamic occurs, except that the
number of participants is obviously much smaller and
the number of uses and transformations developed less
rapidly than we find in the Internet case.

In sum, the actual path of the Internet’s develop-
ment, from the technical ability to network computers
into a broad, economy-wide infrastructure, reflects
the heterogeneity and multiplicity uses of knowl-
edge within an especially broad KVC. The Internet
came about through the normal (if normally “messy”)
knowledge churning processes of the academic sci-
ence and technology community. The Internet did not
develop as an application of knowledge created to ful-
fill the central goals of scientific disciplines (for related
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findings in other scientific fields see Chompalov and
Shrum, 1999). Rather, it was an outcome that re-
sultedindirectly and somewhat haphazardly from the
simultaneous pursuit of diverse goals within a diverse
knowledge user/producer community (Rogers, 1998).

It is clear that the value of the Internet could not
be assessed properly solely by estimating the market
prices of its components. What is the market value of
queuing theory? Or is the price of e-mail software and
transactions a good indicator of the value of electronic
mail? Absent knowledge of the singular dynamics of
the Internet’s knowledge churn processes it is diffi-
cult to understand the Internet’s development or its
value. he creation of value associated with the Internet
would be grossly misunderstood. For example, if the
development priorities had been set by feeding back
the market signals available at the time, the effort of
developing either electronic mail applications or the
World Wide Web would not have been undertaken.
These innovations were both pursued in an effort to
create capacity for scientific work and were charged
off as research subsidies. Further, in the process of
developing these two key Internet applications, thou-
sands of people enhanced their S&T human capital
as they learned about the nature of these computer
applications, the interactions of applications with
the behaviors and expectations of groups of users,
about the portability to available computer plat-
forms, and the challenges to computer infrastructure
management.

4.1. Composition and activities of the
Internet KVC

An unusually complex KVC formed around the In-
ternet during the period in which the academic sci-
ence and technology community began catalyzing the
conversion of a specialized computer communications
technique into a broad information infrastructure. The
set of people connected by their uses of knowledge
about the Internet included several subsets. Each of
these had its own distinctive goals. The Internet, how-
ever, tied them together into the larger set that we have
identified as the Internet KVC. We will mention here
the four main subsets or components of the KVC that
played the most significant role in bringing the Internet
out of its esoteric context of research labs to society at
large. Each of these diverse sets knowledge users and

producers made crucial contributions to what became
the Internet, not through a rationalized, sequential in-
novation process, but though a chaotic, but obviously
fruitful, churning of disparate bits and pieces of sci-
entific and technical knowledge.

4.1.1. The scientific community of computer science
The implementation of the ARPANET was driven

by the research community that had contracts from
ARPA in order to share computer resources. It later
became a key means of communication and infor-
mation sharing that gave prominence to the groups
that were on the network over the broader computer
science community. The rest of the computer sci-
ence discipline felt this difference very acutely and
argued that broad access to computer networking was
critical for the survival of the discipline as a whole.
There were several practical and bureaucratic reasons
why the ARPANET was not directly extended, but
with involvement of the National Science Founda-
tion, a logical network, CSNET, with a combination
of networking technologies was implemented. This
network became a significant means for the discipline
of computer science to acquire full status as a legiti-
mate field of basic science. It extended internationally
providing the initial critical mass for an international
Internet and it proved the viability of networking as
some of the questions about management and support
of such networks were put to the test for the first
time.

This subset of the Internet KVC was composed of
most of the members of the computer science aca-
demic discipline. It included those researchers and
graduate students who were on ARPA contracts and
had access to the ARPANET. It also included the fac-
ulty and students of computer science academic de-
partments of the top 50 or so US universities that did
not enjoy ARPANET access and realized the need to
extend such networking capabilities to the rest of the
discipline for these academic departments to remain
viable. The interesting point to be made here is that the
normal functioning of the discipline solving the prob-
lems it recognizes for itself was not what made this
group into a KVC even though it is essentially com-
posed of people within a discipline. Larry Landweber
was the chair of the Computer Science department at
the time and one of the leaders of the implementation
of CSNET. He recalls:
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We got together and we wrote an initial proposal
for this thing we called CSNET and it got submit-
ted by the University of Wisconsin and I think we
submitted it in the fall of 79. Well, it was reviewed
with really devastating results. I mean, the reviews
were uniformly bad. They ranged from “these guys
are theoreticians and, you know, chairmen and they
don’t have a clue how to build a network or what
networking is about”. And they were right. At the
point we submitted the proposal I don’t think any
of the people who were Pi’s on it had ever worked
on a network (Rogers, 1995b).

An interesting illustration of the churn model’s use
and transformation principle is the fact that the finan-
cial and bureaucratic constraints of the constituency of
the CSNET led to the implementation of the intercon-
nection of the ARPANET and public data networks us-
ing the X.25 protocols. This part of the development of
CSNET was led by David Comer at Purdue beginning
in 1981. They used information about the operation
of both types of networks, which were conceived for
very different purposes and devised a way to present
users with the functionality of the ARPANET while
accessing the network via an X.25 connection. The re-
sult was not only that this technical goal was achieved
but that, in turn, a new understanding of the possible
solutions to new networking problems emerged and
led to the proposals for Internet working standards at
the international level (Abbate, 1999, p. 45). In this
example, there are two steps in the use and transfor-
mation process. First, the state of the art in ARPANET
technology and X.25 is input as information for the
task Comer and colleagues encountered. They trans-
formed that information into knowledge both about
the problem at hand and the background technologies.
Then the use of information about this experience was
transformed into knowledge of standard setting in in-
ternational Internet working.

In a sense, the computer science community’s role
in developing the Internet is a useful illustration of
discipline based churn processes. The diversity of uses
may be somewhat less diverse, but the role of social
and political factors exogenous to the field is as clear
here as in cases of broader KVCs.

4.1.2. Computational chemists and physicists
More or less at the same time, the late 1970s to

early 1980s, physicists and chemists that oriented their

research to the use of supercomputer simulations re-
ported a crisis in their midst due to the lack of access
to supercomputers in the United States. The difficul-
ties arose because the mainstream of the disciplines
of chemistry and physics did not deem simulations a
fully legitimate way of attacking basic science prob-
lems. As a result, American universities did not see
the need for installing such machines on campus and
for more than a decade after they had shown their po-
tential in circles associated with the Department of
Energy; no university in the country acquired one. By
the early 1980s, a few of the younger generation of
these scientists had risen to international prominence,
including Nobel prize winner Kenneth Wilson. This
new generation used their enhanced reputation to con-
vince the scientific establishment and the government
support structure of science to address their needs.
As a result, a new program was put in place in the
National Science Foundation to establish several su-
percomputer centers that would be made available to
the entire academic community of science via a na-
tional network. Once again, the direct expansion of
ARPANET collided with bureaucratic obstacles and
NSF took on the networking task as well.

One significant example of the churn model’s use
and transformation process has to do with the use
of various computer network protocols with super-
computers. This application of networks had not
been attempted and the need for remote access to
supercomputers by academic computational scientists
generated a variety of uses of computer networking
information. Initially there was some disagreement
on this because of the different needs that had to be
satisfied simultaneously. One of the directors of su-
percomputer centers referred to the protocol choice
and implementation TCP/IP for NSFNET as follows:

. . . at the time they didn’t work. It only worked in
the ARPANET in a limited sense. And there was
no software available for supercomputers, and so
everything they were proposing was an experiment
and I had a production facility and so I wasn’t about
to make a commitment for my production facil-
ity based on somebody else’s theory of how things
might turn out (Rogers, 1995a).

The computer protocol information had to be
transformed into new knowledge as the protocols
were implemented for direct logon to supercomputers
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via the network. This work was done at NSF spon-
sored supercomputer centers at San Diego and
Urbana-Champaign between 1986 and 1988. This
technical goal had important social or political im-
plications in that it demonstrated the possibility of
having supercomputers on a general purpose net-
work. The needs of the specialists could be satisfied
while aiming at a broader constituency for computer
networking at the same time. This proved to be very
significant for the actual growth if this system into
the Internet global infrastructure.

4.1.3. Program managers and government
agency officials

The magnitude of the supercomputer initiative and
its network required new funding and the leaders of
this group of scientists lobbied Congress and enrolled
other science supporting agencies in order to achieve
their goals. Two main arguments were put forth to
gain political support for the program. First, they em-
phasized the criticality of the supercomputers to the
advancement of American science, which is the clas-
sical argument within the postwar “social contract for
science” (Guston and Keniston, 1994). Second, they
pointed out that the network would also solve the
problem of coordinating science by interconnecting
research leaders and program managers all over the
country. At the same time, they would do so by im-
plementing a general purpose network rather than one
that only served their special needs. This tied in nicely
with interests of several members of Congress, such
as Al Gore, who was looking for a vision of the in-
frastructure of the future in the wake of the changes
in the telecommunications order.

The program managers and other public servants in
the government agencies that form the science support
system were intimately involved in this process, first,
through their membership on panels and advisory
boards and, second, by leading networking efforts in
their own context that were tied in to the science led
initiative. An executive branch committee in the con-
text of the Office of Science and Technology Policy,
Federal Coordinating Committee on Science, Engi-
neering and Technology (FCCSET) played a signifi-
cant role in bringing together interested parties in the
academic community and government to keep up the
momentum of this initiative. The overall result was
that the National Science Foundation led the national

networking effort as a program for serving the needs
of the natural sciences. Through the effective leader-
ship of the first appointed managers, Dennis Jennings
and Steve Wolff, the additional goal of serving broader
commercial needs was added to the more traditional
goal of serving the infrastructure needs of the science
community. Wolff’s and Jenning’s mediation over-
came the obstacles that the expansion of ARPANET
had encountered by making their contribution a tech-
nological one, at the level of protocol design and
implementation rather than expansion through insti-
tutional policies. As this effort gained support they
were able to open the initiative to the participation of
interested private businesses that were able to provide
key components, such as Cisco’s routers, and network
management expertise (MCI/IBM, Merit).

A noteworthy instance of the churn model’s use and
transformation that related the two subsets of the In-
ternet KVC, computational scientists and government
program managers, occurred with the adoption of the
model of the network the former were proposing. The
knowledge relevant to the adoption decision was at a
high level of abstraction and did not involve familiar-
ity with technical minutiae.7 During the discussions
of the implementation of NSFNET in 1984 there were
strong advocates for a dedicated system focusing ex-
clusively on the esoteric needs of scientists. Others,
especially the government program managers, thought
of it as a general purpose system that would eventu-
ally grow beyond the needs of scientific research. The
latter was presented as a new infrastructure for infor-
mation alongside the ones inherited from the industrial
revolution, i.e. highways, water distributions systems
and the like. We must underscore the fact that this
model is not purely metaphorical because it did serve
to guide specific technical decisions about nodes, pro-
tocols, lines, service, and other general features of the
system. As one of the leaders of this process said:

This is what I call an “elite driven democratic
result”, because although it was driven by an elite,
in the end, by far the most important part of the
network is its ubiquitous democratic access. But
most people, whey they see a wonderful result like

7 We do not offer these definitions as “advances” or as possible
substitutes for existing definitions, but only as the definitions that
best advance our specific objectives of developing a theory of
scientific and technical knowledge relevant for evaluation.
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the Internet, with the World Wide Web and Mosaic
for instance, say “Oh, that must be why they built
it”. Not at all. That’s totally fallacious”. . .

There were many people saying it should be built
as a democratic thing but they were blocked by the
phone companies. And think about the National Sci-
ence Foundation, the National Science Foundation
is supposed to fund e-mail? (Rogers, 1995c).

This approach was adopted in turn by political fig-
ures interested in gathering support for this system
as the beginning of a new infrastructure. Prominent
among them, Al Gore, who began to use this termi-
nology in 1986 after a documented exchange with the
scientists at a congressional hearing (US Congress,
1986). Both technical and political consequences fol-
lowed in the next few years. The approach was imple-
mented in actual networking projects by NSF, other
government agencies and private businesses. These
projects were structured as contracts for the govern-
ment and academic sectors. One especially important
contract was for Cisco Systems to develop routers.
Such government programs as the National Research
and Education Network (NREN) and the High Per-
formance Computing and Communications program
(HPCC) continued to encourage network and high per-
formance computing development.

The overall result was a decentralized, but loosely
integrated process that illustrates our notion of a
knowledge value collective: diverse users and produc-
ers, many unknown to one another, pursing multiple
goals, but nonetheless, influencing one another’s
knowledge uses by enhancing the available reservoir
of scientific and technical information. As is generally
the case with a large, complex KVC, the Internet’s
researchers, technology developers and other actors
(including commercial users and government program
managers) produced outcomes that different sets of
users valued in different ways. The knowledge churn
produced outcomes that were more than “the sum of
its parts” and that no single user group, even a large
well-organized one, could have anticipated.

4.2. Churning S&T human capital in the
Internet KVC

Given the size of the Internet KVC, it is impossi-
ble to give a full account of the movement of people

and the instances of use-and-transformation of infor-
mation and knowledge that it produced. It is possible,
however, to offer a few of the most significant cases of
the creation of scientific and technical human capital
that was created and how it enabled the development
of the business sector of Internet activities.

One of the most prominent examples is Vinton Cerf,
who was a graduate student at UCLA when the first
ARPANET development efforts started. After gradua-
tion, he worked with Robert Kahn, who had been with
Bolt, Beranek and Newman (BBN) working on an
ARPA contract to develop key components of the early
ARPANET. Cerf and Kahn designed the second gen-
eration of protocols for the ARPANET, TCP/IP, that
became the main Internet protocols a few years later.
As soon as ARPANET was ready to make TCP/IP op-
erational on its network, Cerf began working for MCI
in 1982 to develop commercial applications of elec-
tronic mail services and later became VP for computer
networking at MCI. Cerf is probably one of the most
influential individuals in bridging the Internet devel-
opments from the public and academic sectors to the
private sector.

Another example of such S&T human capital im-
pacts is illustrated by the role of Steve Wolff. He
worked on computer networks for the Army at the
Ballistic Research Lab and played a significant role in
the implementation of TCP/IP on the ARPANET in
1982. This experience prepared him to be a key actor
in NSFNET and, in 1986, to become NSF’s director
of networking. He led the actual implementation of
NSFNET and its transition from an experiment to a
growing service infrastructure. He then joined Cisco
Systems, the dominant Internet router company as one
of its vice-presidents. His route from NSF to Cisco
Systems was not a straight line, nor was the route from
the scientists’ Internet to the commercial Internet.

ARPANET was strangling to death from conges-
tion at the time the NSFNET project started. The
first NSFNET was simply 40 new nodes on ARPA,
selected by NSF. There was not at the beginning
any plan for NSF to move into the breach. The idea
was to build a network for the NSF community,
augmenting ARPANET, but just as a stopgap,. . . .
There were times when it appeared that the NSF
plan would not win the day. Some wanted a lim-
ited network serving a defined constituency such as
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federal labs or grants recipients. Ultimately, NSF
got into NSFNFT not as computing research but as
computational physics (Bozeman, 1996e).

The decision to spin-off NSFNET and “go commer-
cial” was even more dicey than NSF’s decisions to
take the communication infrastructure. Nor did the de-
cision, one fateful for the Internet KVC and its expan-
sion, relate much to any standard model of technology
or knowledge diffusion. According to Wolff:

The research community could not have sustained
its research communications needs with government
funding. This was one reason why the network had
to get out of the hands of government. The net-
work had to be a commodity, not drawing down or
research money. Look at what happened (with the
cost of) particle accelerators and the supercollider,
now just a hole in the ground. It was clear that the
appetite for networking was going to be like that.
Networking had to be a part of cost of doing busi-
ness in academic institutions and the only way for
that to happen was to privatize it. The idea is not
to fund “science” (in one costly central infrastruc-
ture) but to fund science as a collection of worthy
projects. The notion was not at all popular. We sent
out a draft solicitation for public comment and got
back 238 pages of response. Many thought it was a
terrible idea. Lobbyists from the universities raised
hell (Bozeman, 1996e).

The development of the Internet KVC is in many re-
spects instructive. It suggests, among other things, the
enormous importance of the learning experience pro-
vided by diverse knowledge users in the academic and
public sector, solving technical and, broadly speaking,
political problems. The Internet KVC also shows the
churn of knowledge users and producers. Many grad-
uate students in the research teams that participated
in developing bits and pieces of the Internet went on
to create their own businesses help lead others. For
example, Steve Crocker, who was a graduate student
in UCLA in the second generation of ARPANET
developers in the mid-1970s, continued in academic
positions until the 1990s when he became VP of the
Internet security firm, Trusted Information Systems
Inc. Others, such as David Mills, have gone from pri-
vate sector positions to university faculty. The flow of
their scientific and technical human capital underpins

the Internet KVC and sustains (and is sustained by)
its knowledge churn. The case of the Internet’s de-
velopment shows why the KVC includes not only
scientific users/producers, but also program managers,
entrepreneurs, and others who put their stamp on the
many uses of scientific and technical knowledge and
influence the value and outcomes of scientific work.

4.3. Summary: “churning” the information
infrastructure

The multiplicity of uses of scientific knowledge is
a significant feature in the development of the Inter-
net. In telling the story of the Internet’s development,
many observers emphasize the scientific and technical
knowledge leading to the development of computer
networking protocols and their application. But it is
important to understand that the Internet’s develop-
ment was not simply a case of applying technical
knowledge to the solution of a technical problem.
The Internet’s development cannot fully be under-
stood without recognizing the importance of alterna-
tive goals of diverse and sometimes even competing
sets of users within the broad KVC. Persons outside
the traditional scientific communities and disciplines
played critical roles. These “outsiders” (whom we
think of as “insiders” within the KVC) government
program managers, legislators, agency officials, uni-
versity administrators, suppliers, and other constituen-
cies critical for the viability of the Internet as a broad
infrastructure. The knowledge shaping the Internet
included not only queuing theory, digital coding,
computer architectures, but also knowledge of the
interactive behaviors of different user communities,
network management techniques, and various institu-
tional and financial arrangements for network support.
The development process and close interaction of
people in all these groups reveals the relevance and
interconnection of these types of knowledge and its
use to each other rather than its differentiation along
disciplinary lines. The two top features of our KVC
characterization are, therefore, clearly illustrated.

Table 3 provides a summary of the characteristics of
the Internet KVC in comparison to the archetype ex-
pectations for a KVC and in comparison to the work-
ings of a scientific discipline.

Table 3 shows that the knowledge transformation
cycles of Internet research and application match well
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Table 3
Comparing Internet KVC with scientific disciplines

Internet collective Scientific discipline

Inhabitants Computer scientists, computational scientists, program
managers, agency officials, legislators, university
administrators

Scientists

Knowledge goals Ranging from technical through managerial to behavioral Homogeneous and usually compatible
Norm consensus Repeatedly re-negotiated High
Barriers to entry Deliberately low High
Social control Low and only significant if it threatened the viability of

the system
Usually high

Boundaries Blurred (With other disciplines): somewhat
demarcated, somewhat permeable

Communication patterns Multiple communication patters as a feature of the system Formal: comprehensive and highly dispersed;
informal: segmented and concentrated

Evaluative mechanisms Highly diverse and use and constituency-specific Often institutionalized (e.g. peer review)

against the archetypal characteristics of a KVC, this
despite the fact that the Internet KVC has undergone
extremely rapid growth and its degree of churn is
perhaps unparalleled. At every stage of the devel-
opment of Internet knowledge, the KVC conceptu-
alization seems to add value to traditional notions
of discipline or field. While any of several notions
of “network” have some potential to map much the
same theoretical space, the churn model and KVC’s
theory of value-use-and-transformation seems partic-
ularly adept for understanding the Internet.

Do the results reported in the Internet case fit the
archetype provided in Table 2? In almost every in-
stance, it is important to note, however, that as the
Internet has matured there is at least some move-
ment away from the elements of the churn model’s
archetype KVC. There is a bit more social control
with the emergence of various coordinating mecha-
nisms and the communications patterns have become
a bit more routinized with the development of research
and governance institutions for the Internet. But the
essential features remain and still conform closely to
the churn models archetype KVC.

5. Comparison case: network for research
on plant sensory systems

The generality of the processes of use-and-transfor-
mation of knowledge can be appreciated by compar-
ing the Internet case with another from a completely

different realm. Research on plant sensory systems
is, by and large, a clear case of basic research
in plant biology. If the typical assumptions about
discipline-based science obtain anywhere, this should
be a prominent example. If anything, it is a case that
shows how pervasive the dynamics highlighted by the
churn model have become even where they would not
be expected.

5.1. Brief history of the network

Program managers from NASA and NSF working
on issues related to the impact of budget restrictions
on research funding decided to fund multi-institutional
projects in the field of plant biology. This field has
found support from NASA because of the agency’s
interest in the effects of gravity, or its absence, on
plant growth. In the midst of a proposal evaluation
cycle, the program managers from both agencies de-
cided to select 10 independent proposals that, in their
judgment, because of the content of the projects and
the capabilities of the labs they came from, seemed to
offer most promise for synergistic effects if pursued
together.

The program managers made sure the PIs of the
10 projects were willing to participate in the collab-
oration and made the 10 awards together with a 5
million dollar grant over 5 years to finance the co-
ordination effort. The researchers had never worked
together and most, even though they were aware of
each other, had not even met. Michael Evans, the PI
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at Ohio State University who became the coordinator
of the network, said

The panel selected about 10 proposals, I would
have been very interested to see how they worked
in that panel because it is different from any other
multi-institutional approach in the sense that no-
body submitted proposals that were in any way
related to or coordinated with anybody else. In
other words, when you see a multi-institutional or
a multi-investigator proposal, people get together
and say, “We should do this, here is how we will
interact”. Then they write the proposal. These are
10 individual proposals, this is what I want to do in
my lab. It may be unique. Because of that, I think
the review panel must have been quite unusual
(Bozeman, 2000).

Almost a year into the grant, the group decided
they should reformulate the knowledge goals of their
efforts in order for the collaboration to be fruitful.
In other words, given the financial and organizational
constraints that came with the origin of the collabora-
tive effort, the cognitive content of the research pro-
gram of the collective had to be adjusted in order make
progress toward the expected outcomes. Instead often
projects on various aspects of plant responses to vari-
ous environmental stimuli, they decided to formulate
a single project framework within which the efforts of
the each lab would work. They decided to focus on
the distal elongation zone (DEZ) of the root of Ara-
bidopsis. Different experimental techniques and types
of stimuli were employed according to the expertise
and equipment available in each lab. But the single
focus allowed for the creation of a true intellectual
collaboration atmosphere. In the coordinator’s words

We were a year into the five-year funding before
we formed a separate project and were never told
to form a separate project. We were told, here is the
funding for your ten projects, go ahead and interact.
We all came to the realization that if we were to in-
teract in the most effective way, we could not have
really ten separate projects. That is one thing the
funding agencies said they did not want. As soon as
we formed the central project, all sorts of collabo-
rations started opening up because we had a focus
and we had ten laboratories with quite sophisticated
expertise (Bozeman, 2000).

The top down mandated collaboration and the ad-
justment of knowledge goals is a very significant da-
tum. Ordinarily, scientists are very skeptical of this
sort of intervention in their work and tend to resist it if
they perceive it as micro-management. However, this
sort of relationship with “outsiders” is much more the
norm rather than the exception. The actual direction of
research clearly responded to conditions that did not
belong specifically to the field of research, but to judg-
ments of specialized users, in this case the program
managers that expected enhanced results from bring-
ing disparate efforts into contact with each other. The
churn model is designed to capture and explain the ef-
fects of such “anomalies” in the direction of research.
The mutual adaptation of organizational features and
knowledge goal is a key characteristic of these sys-
tems as we detail in a companion paper (Rogers and
Bozeman, 2001).

5.2. S&T human capital and capacity outcomes

The collaboration produced several important
scientific results that were published in prominent
journals. However, participants considered other out-
comes to have much more value than the publications
themselves. One of these was a standardized set of ex-
perimental procedures. Much previous research into
plant sensory systems was not easy to compare and
tended not to contribute to a truly cumulative body
of knowledge because experimental conditions were
very different between labs. The network was forced
to establish standards in order to collaborate and
make the experimental arrangements relevant to each
other’s work. This allowed for truly complementary
projects that, e.g. combined results in the dynamics of
root response to gravity with the molecular genetics
of the cells in question. Given that Arabidopsis is a
biological model for much research in plant biology,
the work of the network with standardized experimen-
tal procedures, has led to the possibility of creating
a database of phenotypes that mutants develop. This
would be an analog of the Gene Bank used in molec-
ular biology. In other words, the impact of this work
seems much greater in the capacity it provides not
only its own members, but also the entire interdisci-
plinary collective related to the biology of plants.

The careers of postdocs and graduate students
were accelerated by the opportunities offered by the
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network. This is a direct result from the social capital
created in this arrangement. The younger researchers
were able to work directly with several prominent
researchers giving them experience and exposure that
would have taken many more years to acquire had
they worked in independent teams. The more fre-
quent participation in fruitful exchanges of ideas with
leading members of their field and opportunities to
get direct feedback from them for their work allowed
them to achieve higher standards of quality much
faster. As Evans said:

Speaking of career trajectories, the students have
had the chance to meet some of the preeminent
people in the field and they are now on first name
basis with those people. They have managed to
publish papers with guys who they considered
gods and here they are co-authors with these gods
(Bozeman, 2000).

This case is very different from the development of
the Internet, but shows many of the same features that
are highlighted by the churn model. The multiplicity
of knowledge goals and uses is a more common fea-
ture of any R&D activity than a disciplinary approach
would allow. Knowledge is essentially “centrifugal” in
its nature. The porosity of boundaries between knowl-
edge activities and “external” factors is crucial to un-
derstand how priorities are set and value accrues. This
case would be expected to have clear disciplinary fea-
tures, but is better accounted for with a churn model.

5.3. Is the churn model generalizable beyond
these cases?

Is the development of the Internet unique? Of
course. In an important sense all instances of knowl-
edge use-and-transformation are unique, but the
Internet’s development is difficult to even categorize
with other cases of technology development. Does
this imply that the churn model fits only the Internet’s
development? We think not. In the first place, the
churn model was developed as means of understand-
ing more than 30 distinctive research and technology
development cases (Bozeman et al., 1998). In the
second place, to be useful and archetype need not
completely capture every aspect of every case. The
churn model can be applied to any case of scientific
and technical knowledge use/production, but in some

instances the key features of the churn model will not
be as prominent as in other cases. The churn model
should prove particularly useful in cases with the
following characteristics:

• the KVC’s membership is characterized by diversity
of knowledge objectives;

• parties external to the scientific community play a
particularly important role;

• knowledge development is a corporate, inter-organi-
zational, inter-institutional enterprise;

• work is not easily contained within the confines of
a single field or discipline.

In our view, these are key attributes of modern sci-
ence and technology. To be sure, there are important
cases of “small science” breakthroughs by single in-
vestigators. But even in these instances one usually
finds many of the four attributes listed above.

6. Conclusions

6.1. The churn model as explanation

The development of the Internet KVC cannot easily
be understood in terms of the economic value of the
knowledge pursued. Indeed, a traditional market-based
account would be misleading. In the first place, we wit-
ness many instances of government officials proffer-
ing the market, sometimes unsuccessfully, ultimately
successfully. Decades ago, ATT decided to forego the
opportunity to development an early version of the In-
ternet. As Len Kleinrock noted:

In 1978, ATT was supposed to come out with Bell
data network, but it never happened. They made a
similar announcement in 1979, it never happened.
In 1983, they finally came out with NFT1000
which was a major package switching network
which closed down in 1986 with a billion dollar
loss. ATT came in late with the wrong products.
(Bozeman, 1996a).

While it now seems hard to believe, even as late
as 1996, the commercial success of the Internet was
by no means a foregone conclusion. As Steve Wolff
noted (Bozeman, 1996e), “even right now there is
some doubt. Right now the retail prices for access are
dropping to the basement with the result that there is
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no capital formation to build network facilities. There
is lots of stains. when we (NSF) went into this, priva-
tization, the private sector had unrealistic prices and
no real business plan”.

Shortly after that period, revenues for advertising
began to increase and public stock trading provided
needed capitalization for a wide array of investments.
Current accounts, ironically, feature the development
of Internet as an enormous success for the unfettered
free market (Rogers and Kingsley, 1999). Despite
prodigious market contributions to the development
of the Internet, it is only recently that the Internet
can be validly interpreted by any conventional notion
of market theory. For decades, knowledge use and
transformation provided insight into the value of the
research and technology that has become the Internet.
That initial value was chiefly the result of flows of
scientific and technical human capital into diverse and
ultimately compatible directions. The motives for the
flow of S&T human capital varied, but included the
need to provide scientific infrastructure, to respond to
political demands, to build individual skills, to solve
technical problems and, if our interviews are not en-
tirely off the mark, to “play” within elite groups of
socially gregarious individuals.

If the history of the Internet provides interesting in-
sights into the interplay of government and business
and their respective roles in affecting knowledge use
and its value, it is perhaps most instructive with re-
spect to the social configurations of knowledge cre-
ation and use. The development of the knowledge
brought together in the Internet shows us how little
traditional disciplines and institutions help in explain-
ing today’s epoch-changing knowledge and technol-
ogy innovations. While there are certainly bands of
discipline-based researchers playing important roles
(e.g. the UCLA group of the 1970s), even these groups
tend to be highly multi- and inter-disciplinary and they
tend to include individuals with highly diverse career
trajectories.

The churn model of scientific value, with its at-
tendant focus on the knowledge value collective,
provides a fundamentally different basis for under-
standing knowledge creation, one requiring a great
deal of attention to the social forces affecting knowl-
edge creation and downplaying economic incentives
and, perforce, market-based valuation of knowledge.
However, the model recognizes market factors as one

of many potentially significant factors mixed into and
affecting “the churn”. In many instances, markets and
prices will affect individuals motivations and KVC
ties, as well as individuals patterns of mobility within
a KVC and entering and exiting a KVC. But in other
instances these behaviors will have little or nothing
to do with markets and prices and much more to do
with such factors as need for recognition, curiosity,
response to hierarchy, and institutional constraints.

6.2. The churn model and evaluation

If one follows our reasoning and concurs that a
churn model of knowledge value provides a view
empirically more realistic (or at least more complete)
than market valuation, one is nonetheless, left with
this question: “even if the churn model provide a
reasonable theory of value, what does one make of it
as anindexof value?” We have three response to this
point. The first response is to reiterate that economic
models and our churn model can easily co-exist, hav-
ing as they do quite different assumptions and foci.

A second response is that what one might well
consider an apparent shortcoming of the churn model
of knowledge value, its inability to provide precise
quantitative indices for valuing discrete knowledge
outputs, is in some ways its saving grace. By our
concept, there no transitivity in knowledge value,
no knowledge or technology that has manifest value
apart from the idiosyncratic judgments of individuals.
As an illustration, let us take a seemingly “obvious”
blessing of technology. While there is currently much
debate about the ultimate value of some medical tech-
nologies and even the previously sacrosanct goal of
extending life, surely there is no quibble about the
value of public health measures that increase the like-
lihood that persons in economically disadvantaged
societies can have a biologically normal life span.
But consider the case of one of the world’s greatest
inventions: indoor plumbing.

As reported in a recent newspaper article (New
York Times, 1999)8 , a United Nations initiative to

8 Countless instances in the history of science underscore this
point. One interesting recent case isSciencemagazine’s rejection
(without sending out for peer review) of breakthrough research on
the cloning of laboratory mice. The editors deemed the research
as of little interest to a general readership (as reported inNew
York Times, 21 July 1998).
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provide indoor plumbing to impoverished villages in
Bangladesh met with little success.Even with full
knowledge of the public health benefits, the villagers
had no wish to diminish the community bonding pro-
cesses that occurred with the daily defecation and wa-
ter gathering regime at a nearby river. The “obvious”
advantages technology providing water not infested
with deadly microbes was simply insufficient to trade
for a lower quality of communal life. While this is
perhaps an eccentric example, it nonetheless, makes
the point that there is no knowledge or technology
benefit that is ofobviousvalue. The churn model does
not even seek transitive values for knowledge and,
indeed, implies that such a search is a false quest. In
this respect, the measurement shortcomings of churn
provide an advantage (in addition to clear disadvan-
tage). The value of knowledge inheres in its repeated
uses, the breadth of its uses and, particularly, its abil-
ity to create new uses: the “proof is in the putting”.
Knowledge not put to use has no value. We do not dis-
tinguish among uses simply because doing so requires
equating intransitive values, such as “making money
from a product” and “increasing understanding of the
universe”. Information that “fails” in one respect or
another will not be used. Information will be untried,
tried and discarded, or tried and transformed (thus
creating value). The actual users of information and
knowledge are the ones who, in practice, ascribe value.
These values can sometimes be detected either in the
compilation of uses indirectly observed (e.g. cita-
tions), direct testimony (e.g. interview data), or, as we
suggest below, examining the fecundity of the KVC.

A third response to the issue of evaluating
knowledge value has greater practical import for
policy-makers. The churn model and its focus on
KVC’s requires one to attend to the social configu-
rations of knowledge creation as the focus of evalu-
ation. The question, then, is not “what is the value
of knowledge products?”, but “what is the value of
social configurations for producing knowledge uses?”
In many respects, the latter is a much more difficult
question. But not one that is completely intractable.

6.3. Measuring knowledge value communities

Before evaluating a KVC, a first order task is oper-
ationally to define it. This is a daunting task in most
cases, but so is it daunting to define research projects

and programs, disciplines and fields (see Bozeman
and Klein, 1999). The first task in the measurement
of a KVC is to gather information about all the rel-
evant connections among people through the use of
scientific and technical information. Connections can
be captured (and, ergo, collectives identified) in quite
diverse, but complementary ways including highly
detailed interview protocols, analysis of scientists’
laboratory records, proposals, reports, diaries, and
letters. It is here that well-developed social network
approaches to mapping social capitals and social ties
(e.g. Burt, 1997; Zucker et al., 1998) prove useful.
Similarly, research value mapping (Kingsley et al.,
1996; Bozeman and Kingsley, 1997; Dietz et al.,
2000) an approach combining qualitative and quanti-
tative identification of networks, can be employed in
connection with the KVC.

Elsewhere, we have discussed in more concrete
terms dimensions for an evaluation of the ability of
KVC’s to contribute to scientific and technical hu-
man capital (Bozeman et al., 2001) and to generate
“translations”, uses and applications for scientific
and technical knowledge. While evaluation is not our
chief concern here (for an evaluation study focusing
on S&T human capital see Bozeman and Rogers,
2001), possible evaluation dimensions for assessing
the KVC arc provided in an Appendix to this paper.

6.4. Policy implications of the churn model

Even before Crane’s (1972) pioneering work on
invisible colleges, most students of the social aspects
of science and technology understood that knowl-
edge rarely flows according to the organizational and
institutional charts set forth by policy-makers and bu-
reaucrats. A “federal laboratory” is an extremely rich
admixture of resources and people (some “inside”
the organization, some “outside”) brought together to
address scientific and technical problems (Crow and
Bozeman, 1998; Niosi, 2000). The list of persons on
the lab roster tells us little about the work and the
connections among the workers. Likewise, a single
NSF or NIH small science awardee provides a poor
evaluation focus. The money provided to the grant
recipient provides the opportunity for her to create
new information, but it also funds graduate students
(with effects quite significant and possibly distantly
realized), provides equipment that others will share.



792 B. Bozeman, J.D. Rogers / Research Policy 31 (2002) 769–794

One of those students who participates in a “failed
project” may learn a technical craft that will enable her
twenty years later to produce new, fecund information
that will give rise to multiple and widespread use.

Naturally, evaluation clients’ patience wears thin
waiting the twenty years for the agency-funded grad-
uate student to produce the next great thing. But it is
the very “event” focus of R&D evaluation that poses
problems. It is not the “event” or the “article” or the
“technology” or even the “market” that is the fore-
most concern, it is the capacity to produce these things
and that capacity is embodied in knowledge value
communities. It is here our evaluation tools must be
plied. Institutions are important, but they are impor-
tant because they affect communities. Institutions, pro-
grams and projects exist in the mind of bureaucrats
and policy-makers and can be shuffled easily enough.
Knowledge communities exist as human interactions
with information. They are not shuffled so easily. It is
easier to say “decommission the federal laboratories”
or to wave a wand and say “this university is now in the
research park business” than it is to conceptualize and
support the KVC focusing on techniques for extracting
and using genetic material from the drysophyla. But
the most important policy lesson to remember when
undertaking the daunting task of organizational and
institutional designs is to not let them get in the way.

Because it is essentially qualitative, the churn
model cannot compete with economic approaches in
suggesting measures for value of the discrete output
of scientific and technical knowledge. But that very
qualitative nature also means there is no necessity
for promotional bias in accounting for the impacts
of knowledge and technology. Congressman George
Brown’s (1993, p. 415) decades of front-line experi-
ence with science and technology policy led him to a
conclusion that accords with the underlying political
tenor of the churn model: “technologies themselves
have a profound impact on our daily lives, but it
is fruitless to speculate on whether that impact is
predominantly positive, negative or neutral”.
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