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4. The Lineage and Limits of Science as "Community" in STS

In the foregoing chapter | have reviewed the major theses offered by Shapin and Schaffer in
support of their central argument that modern scientific knowledge is the product of social
construction within scientific communities. Where has this review left us? In the beginning we
had a powerfully crafted case study, and we now face a tale full of messy if fascinating
particulars. Now spilling around us is all the evidence that doesn't have a place in the
"constructed" account: the (truly) plain style of modern scientific reportage; the co-emergence of
Italian and French and other European scientific societies, the important role of the Paris
Académie; the Republic of Letters; the emergence of scholarly journals; the emergence of
symbolic algebra, and with it the tide of metrology, precision, number -- and communication in
the absence of community; the elitist (and pre-romantic) individualism of Boyle; Hobbes's strong
communitarian feeling; Hobbes's resolute materialism; Boyle's Christianity and belief in witches;
the Royal Society's legitimate fear of being publicly associated with Hobbes; and more.

But does it matter if the "origins" aspect of the story of Hobbes and Boyle falters under scrutiny?
Shapin and Schaffer's thesis that science is constructed in communities is actually quite
independent of their historical arguments. This suggests that the overall form of Shapin and
Schaffer's argument is something like the logical fallacy of assuming the consequent: that is, if
community isassumedo be the defining feature of modern science, then any other historical
premise (true or false) can lead us to it. This is a somewhat less generous way of restating the

"defense" of Shapin and Schaffer given by Peter Dear:

Leviathan and the Air-Pummvas thus something of a morality play. It mattered little whether the
portraits of Hobbes or, especially, Boyle were historically accurate, and it mattered even less
whether their utterances on the meaning of experimental philosophy were representative of larger
social groupings. .... Even in the case of Boyle, little would have been lost to the book's main
purpose had the Royal Society never existed and Boyle written for a readership of one. The
lessons about the implicit social meanings of experimental science would have held simply on the
basis of the presentation of a Boylean epistemic utopia and the grounds of its critique by Hobbes
(Dear, 1995, 451).

In this chapter | will therefore shift my focus from history to sociology, from the ceraredtive
to the centralhesisof L&AP. That thesis, for which the Hobbes-Boyle dispute was intended to
serve as an origins story, is that the epistemological authority of science is dependent on, and
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derived from the collective judgment and the agreement of what is referred to as "scientific

"8

community.

The vagueness surrounding the meaning of "community&/&P is exacerbated by the fact that
"community" has numerous referents both in sociological and historical literature. Individual
scholars often invoke the word but rarely say exactly wigtmean by it The use of the term
"community"” in the sociology of science can be seen as an instance of what Pickering has called
the "almost principled refusal to interrogate key sociological concepts.” Pickering's target was the
concept "interest" -- but "community” will do as well. In Pickering's words, "Perhaps in SSK it is
the social that has become sacréd.”

How does Shapin and Schaffer's usage of the idea of "community" fit with the idea as it appears
elsewhere in the sociology of science? To begin with, since the 1930's, the idea of scientific
community has become deeply entrenched in the sociology, history, and philosophy of science:

During the 1960s and 70s the view prevailed among metascientists that scientific knowledge is
produced by communities of specialists....on various levels of generality, ranging from all the
scientists active in a country....down to small groups of specialists. In the works of leading
contemporary philosophers of science (Kuhn, Popper, Toulmin, Lakatos, Hacking et al.), as in

"8 See Struan Jacobs and Brian Mooney (1997) for a critique of Kuhn's concept of community that has
broad similarities to the critique of Shapin and Schaffer below. The reader will also note that, particularly
in this chapter, | refer frequently to Jan Golinski's excellent study of constructivism and the history of
scienceMaking Natural Knowledg€1998). | do not know a better book than his on the subject: itis, in

my opinion, a true benchmark against which related scholarship may be measured.

9 Of course there are many sociological terms with equally vague referents: we are all familiar with
"forces," "interests," "sentiments," and "values." Such terms are not explanatory, of course, but, like
"community," they represent sociological black boxes. Keith Stamm (1985), makes the point that, "in
everyday language, ‘community’ is used with reference to a wide variety of things, events, and
relationships--from villages, towns, neighborhoods, and cities to occupational and ethnic categories and the
sharing of attitudes and lifestyles. Similar differences exist among researchers in their usage. One
observer traced 90 definitions of community in the scientific literature, many of which seemed to have little
in common.... The richness of meaning that gives the idea [of community] such compass and flexibility in
everyday use presents obstacles for its scientific usage. In the scientific context richness of meaning can
become surplus of meaning; a concept so broad, so encompassing that everyone seems to use it
differently...." (Stamm, 1985, 10-13).

80 Pickering 1994, fn. 35, 152. Ironically Pickering's footnote includes a quotation from Steven Shapin on
just this point, that is, urging that "one must....welcome any pressure that urges analysts further to refine,
define, justify and reflect upon their explanatory resources...." (this citation is from Shapin's 1988 review
of Latour'sScience in Actignat 549). Struan Jacobs (1987) emphasizes the rhetorical use of the word
"community,” and suggests it is a taxonomic category of the scientist rather than a self-identification of the
participants. | will return to Jacobs and Mooney's (1997) analysis of Kuhn's sense of scientific
community a little further on.
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many historical studies, the existence of scientific communities was assumed without question or
argument (Jacobs, 1987, 266).

The idea of scientific community may have had its genesis in the work of Ludwig®Abetkn

the Anglo-American world it has come to science studies primarily by way of Merton and Kuhn.
Since then it has been amended and reinforced by Hagstrom in the 60's, critiqued and amended by
anthropologists and microsociologists of science in the 70's and 80's (Collins, Latour, Traweek),
and by philosophers of power and politics running from Foucault in the 70's and 80's to Longino
and Rouse in the 80's and 90's.

The common thread running through all these very different accounts of science is that scientific
knowledge "is" social knowledge: knowledge about which people agree, or at least, knowledge
that is "communal" in some sense: scientific knowledge is made by "scientific communities."
This does not mean there is no disagreement on how this works: one divisive issue is whether
scientific communities exist because of a need for communication (Latour, Foucault, Habermas,
Goldgar, Mulkay, Gilbert), or rather because they offer the potential for establishing an epistemic
consensus (Merton, Kuhn). And some have suggested that it is incorrect to leave instruments,
animals, and other features of the environment out of our understanding of science: according to
scholars such as Law and Latour and Woolgar, we should think not in terms of scientific
communities (which assume that human agency is central), but in terms of networks that
embrace material agency more symmetrically.

One of the central problems in referring to scientific community is deciding on the scope of this
elusive entity. In a 1974 methodological esé8hapin and Thackray addressed just this

problem; they proposed a concentric model of community, operationally defined by the
communicative strategies and positions of individuals. Shapin and Thackray's broad definition of
"scientific community” -- at least in England -- embraced not only a dedicated and inventive
association of experts, but also the interested and curious public, and amateurs.

* A point nicely argued by Struan Jacobs, 1987, who traces the influence on Fleck of American pragmatism
as well as work of Viennese philosophers of science. Jacobs points out the strong correlation between
Fleck's ideas of thought collectives thought styles, and Kuhn's on communities and paradigms. See also
Golinski, 1998, at 33, for a discussion of how Fleck handled the problem of the social origins of the
epistemic authority of "facts."

82 Steven Shapin and Arnold Thackrd@74.
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In L&AP, this broad notion of scientific community is replaced by a more formal, and restrictive,
notion of a trusted association of practitioners striving for collective knowledge. Thereafter, in
Social History of TruthShapin emphasized even more strongly the close association between the
pursuit of knowledge and the ability of trusted communities to arrive at agreed-upon knowledge.
A reviewer contrasted this trust-based community with earlier sociological characterizations of
science: Shapin, he said, left unaddressed a "fascinating” idea -- that "communities" of scientists
might operate in quite different ways -- some characterized by the need common to all distributed
social interactions -- namely to maintain the "conversation” and hence engage in social practices
of gentility and trust; but others (less localized? larger?) characterized by the "ungenteel
skepticism of the kind which Merton thought was essential to scientific practice” (Bogen, 1995).

4.1 Merton's Normative Communities

Because of the contrast between Merton's and Shapin and Schaffer's understanding of
community, and also because of Merton's enormous influence in science studies, it is useful to
begin our look at the idea of scientific community with Robert Merton. Merton proposed a
functionalist model of scientific community that emphasized the strong skeptical and normative

function of the community in relation to its members. In this view,

...social integration in science is the result of consensus about strategic norms or standards
(disinterestedness, universalism, organized scepticism, etc.). [Merton and his followers'] research
consequently focused on rewards (citation, eponymy, prizes) to scientists for conforming to those
norms, and on the stratification or unequal distribution of rewards and resources. In retrospect it is
surprising how vague Mertonian sociology has been regarding the social unit(s) of science.
Merton himself spoke of the 'social institution of science', the singular form of which suggests
that science exists as one vast undifferentiated social system (Jacobs, 1987, 267).

Merton's model of scientific community therefore emphasizedadtienal character of scientific
behavior. On the other hand, as Shapin has pointed out, Merton's first (1938) accounts of the
sociology of early modern science were concerned to "display the importance of 'nonrational’ and
'nonlogical’ considerations in social action. Sentiments were the nonrational and unconscious
wellsprings of the social actions involved in sanctioning and pursuing science in seventeenth-
century England” (Shapin, 1988, 598-599, 601). Whatever Merton meant by "sentiments" in his
earlier work}’ the Merton best known to later readers is the scholar whose worlasiiise

classicusof the idea of the scientific community as one that follows norms of universalism,

8 Shapin suggests that Merton was using the concept in Pareto's also ill-defined sense.
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communism, and disinterestedness. Some critics of Merton's work have asked whether these
"norms" are really definitive of, or essential to, scieficghers have criticized the teleological
implications of Merton's account, and Merton's "fencing off" of science as if it were an
autonomous social activity whose product (knowledge) was unaffected in substance by external
influences.

4.2 Kuhn's Consensual Communities

Thomas Kuhn's classic work on the structure of scientific revolutions, originally published in
1962, represented a fundamental parting of the ways with Merton's concept of scientific
community as it was understood in the 1950's. Where for Merton scientists were bound together
in a community defined by shared values and producing knowledge for all time, Kuhn's scientific
communities were forged by systems of traditional authority and pedagogy. Kuhn accounted for
scientific change despite this institutional demand for conformity, by proposing cycles marked by
periods of disruption. According to Kuhn, scientific communities conducted "normal” science in
the context of a set of unquestioned views and assumptions that helped define allowable research
problems, methods, and understandings ("paradigms"); but these fundamentally conservative
social and intellectual formations were broken periodically by "extraordinary” science, during
which fringe members or outsiders managed to effect a revolution or rupture, gradually attracting
followers until a new consensus emerged and an epoch of "normal” science could settle in again.

For Kuhn, therefore, scientific communities were defined by the paradigms they held. True, these
communities operated during periods of normal science somewhat like Merton's: as if they were
autonomous and homogeneous associations that could both preserve and promulgate a current
body of knowledge and technique. But for Kuhn, the scope and variations among scientific
communities were shaped not by universal values and sociological categories but by the
contingencies of history, discipline, and specialty.

Kuhn's theories on the dynamic of ruptures and intellectual revolution in science had a
tremendous influence, extending far beyond the confines of science studies. Within science

8 See for example Leslie Sklair, who writes, "[these norms] have a limited though important connection
with science as such, but have a very great deal more to do with science as it is carried out in advanced
capitalist society...The orthodoxy that | have been criticizing would have us believe that these norms are
indispensable to the survival of science as such..." "The Political Sociology of Science: A Critique of
Current Orthodoxies," 43-59 in: Halmos, Paul, &@lde Sociology of Scienckd72.
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studies, Kuhn's influence was felt primarily in two ways: first, for those who accepted the
Mertonian view, Kuhn's model of scientific communities seemed a recipe for epistemic
relativism. At the very least, it was a strong brand of what has come to be called social
constructivism. Kuhn proposed that communities with differing paradigms might be unable even
to comprehend each other's research questions, methods, or findings: this was the problem of
"incommensurability." But if scientific communities were not guided by reason and method, and
if scientific knowledge was not constantly being improved from one generation to the next, how
could science establish progressive, cumulative knowledge? The issue of scientific "progress
and its problems" (to use Laudan's phrase) obsessed Kuhn's contemporaries, who struggled to
resolve the phenomena Kuhn himself had never fully explained -- that is, how exactly paradigm
shifts take place, and the dynamics of conflicts and controversies in science.

Kuhn's work therefore had the effect of inspiring the important genre of controversy studies in
science. Among the scholars associated with this genre were Harry CollinsGh88§ing

order); Martin Rudwick (1985The Great Devonian Controve)synd James A. Secord (1986,
Controversy in Victorian Geologyas well as Pickeringdonstructing QuarKs” These scholars
looked at scientific controversies across many different scales, from the very large to the very
short-term. Quite obviously, the turn to controversy studies that was inspired at least in part by
Kuhn, was also a major influence for Shapin and Schakférs>.

Since the boundaries around scientific communities were historical and contingent rather than
universal, Kuhn was forced, eventually, to clarify whether a paradigm (and its corresponding
community) was a large- or small-scale thihdt seemed to many of Kuhn's readers that what he
was describing (scientific communities and paradigms) were very large scale: large communities,
broad disciplinary areas, long timeframes. But for many historians and other scholars, the
dynamic Kuhn identified seemed a fairly inaccurate description of events on that scale. Entering
the debate himself, Kuhn addressed this question in the 1970 second editioBtaichee of

Scientific Revolutionshere he stated emphatically that paradigms and their communitiesatere

8| do not include Dorothy NelkinQontroversy: Politics of Technical Decision€78, 1984, 1991) in this

listing, since her focus is not on controversy as an aspect of paradigm change in science, but on controversy
as the focus for decision-making (risk analysis, social values) in cases that involve scientific research or
technology.

8 See for instance Bloor 1978, who developed a typology of paradigm communities in his essay,
"Polyhedra and the Abominations of Leviticus,'British Journal for the History of Science 11, 243-
272.
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large-scale phenomena, but relatively small-scale entities, which might involve no more than a
few dozen specialists or a few small working groups, and which could be expected to undergo
frequent changes.

Thus, despite the influential macrohistorical ambitions of Kuhn's work, paradoxically another
important influence of Kuhn's was to encourage the development toward microhistories of

science;

Since Kuhn, "microhistories" of science have become the norm, in which a single controversy,
institution, discipline, or research program, is scrutinized over a limited period. Although partly
reflective of trends in other fields of history, .... this narrowing of focus is also the result of
concentration on the themes of constructivism found significant in Kuhn. It was, however,
prefigured by Kuhn's own failure to follow through his gestures toward a macronarrative of the
history of science....such expectations were frustrated: Kuhn never provided such a narrative
(Golinski, 1998, 26).

Once again it is possible to see that Shapin and SchaifeXB strongly reflects Kuhn's

influence. Their focus on understanding a critical paradigm shift, negotiated in and around a
local community struggling to define its own boundaries, is almost pure Kuhn, and in Golinski's
judgmentL&AP was "a brilliant realization" of some of Kuhn's themes. But, Golinski continues,
their approach "lacks a diachronic perspective ... There is little sense of development or
resolution, and certainly no account of how the experimental "form of life" was sustained
chronologically. The task of synthesizing the results of this kind of local study into new large-
scale historical narratives remains uncomplétg@olinski, 1998, 27). Shapin and Schaffer may
have hoped to fill that gap: by weaving Merton's origins story with Kuhn's paradigm shift, they
attempted the ultimate macrohistory: an ambitious and complex reconciliation of Mertonian
sociology with Kuhnian constructivism. But Shapin and Schaffer's work also reflected a third
approach to scientific community that has had a growing influence in science studies.

4.3 Community as Ethnos: The Anthropological Turn

Among the most significant new trends in science studies since Kuhn, has been what could be
termed the "anthropological turn”. The application of anthropological methods and concepts to
the study of science in the last several decades has resulted in the unsettling confluence of
mainstream social science with critical and postmodern theory.

Warren Hagstrom's 1965 field research still falls within a mainstream sociological tradition, but it
signals a turn toward anthropological methods and concepts. Hagstrom's functionalist perspective
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owed more to Merton than to Kuhn; but his argument that, like other normative communities the
scientific community is maintained by gift-based exchange, suggested an anthropological version
of the Merton macronarrative of science, while opening up the study of science to decidedly non-
Mertonian analyses.

An important consequence of applying anthropological methods and concepts to scientific
community was the localization of scientific knowledge: the limitation of this tendency however
is that it has made introducing a macronarrative dimension almost impossible: the "snapshot"
quality of field work often presumes an ongoing stability in the adjustment of the culture to its
environment, and implies that the patterns that can be found in that adjustment are common
across cultures and across tithét is difficult to make this assumption work in the context of
significant changes in the content of scientific knowledge and its organization.

In 1983, the noted anthropologist Clifford Geertz suggested that "most effective academic
communities are not that much larger than most peasant villages and just about as ffigrown".
This observation was reflected in a new interest, throughout the late 70's and 80's, in producing
"ethnographies" of laboratories and research sites. Among these were Latour and Woolgar's
pioneering 1979 study of the Scripps Institute laboratories, and Sharon Traweek's widely-read
1988 ethnography of high energy physicists at the Stanford Linear Accelerator Center (SLAC).
These works, which treat laboratories as the focus of "tribal* scientific communities, have also
introduced other important themes. They have drawn conscientious attention to the interactions
between the human actors and tine@tterial environment and instrumentation; they have also
emphasized the various processes by which the system under study achieves both internal and
external differentiation, along with a degree of coherence and stability. The underlying message
of these and similar studies, is that the anthropological method is nqiazdiplebut actually
dictatedby the material: "the local character of [Traweek's] study is not simply a reflection of the
limitations of fieldwork method but represents the inherently restricted range -- in time and space
-- of human activities" (Golinski, 1998, 167).

Along with this emphasis on science as a local phenomenon, the anthropological genre in science
studies has encouraged analysis of interactions within scientific communities in terms of

8 The emphasis on place (locale) and the abandonment of a temporal dimension by ethnographic
approaches appeals to postmodern sensibilities, and perhaps mistakenly causes us to associate (for
example) the work of ethnographer Sharon Traweek with the postmodern scholarship of Donna Haraway.

* Clifford Geertz, 1983, 157.
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networks; it has also focused attention on material elements of the scientific "culture”. This has
resulted in many new studies on scientific instrumentation, as well as theorizing about the
"agency" that can be attributed to material elements in the scientific network. The former idea is
a signature of Latour's social studies of science, but it has also been developed by Harry Collins,
who has emphasized informal connections among researchers who are situated in "networks of
trust" (Collins 1985) and by Mulkay, Woolgar, and Gilbert (1975, 1984). Their theory of
"research networks" identified communities with no inherent or natural boundaries, with transient
memberships, and frequent migration in and out. Participants were bound, not by common
training but by "concentrations of ties of interest arising from participants' perceptions of the
relevance for their work of the research of others" (Jacobs, 1997, 476).

Like Latour and Woolgar, John Law has emphasized the symmetry of material and human agency
in technological and scientific networks. Other recent work focused on instrumentation has
included the 1995 volume edited by Norton Wise on the "values of precision,” with much of that
precision provided by instruments; and Adele Clark and Joan Fujimura's 1992 mor@deph

Right Tools for the Jgb

In a related development, starting in the late 1970's, Karin Knorr-Cetina began to propose
arguments against functionalist definitions of "community” in favor of what she called
"transcientific [or transepistemic] fields" or networks. The agents within such open fields, she
argued, belonged to no particular logical class:

Knorr-Cetina was denying autonomy, insulation, natural bounding, perimeters, and internal
sources of integration....[She] saw these fields as a 'locus of struggle to establish and maintain
‘resource-relationships,’ which she explained as 'relations to which one resorts or on which one
depends for supplies or support. Transepistemic arenas of symbolic action display themselves as
the locus in which the establishment, definition, renewal, or expansion of resource-relationships is
effectively negotiated" (Jacobs and Mooney, 1997, 477).

Schaffer's work, more than Shapin's, has reflected the material and technological dimension of
science, and of scientific instruments in particular. Shapin, on the other hand, has (both in earlier
and later work) emphasized the role of social networks. This theme is expanded greatly in
Shapin's 1994 work, where he situates:

....networks of trust in relation to scientific knowledge in the seventeenth century....Like Collins,

he claims that the perpetuation and extension of scientific knowledge is dependent upon
practitioners' trust in one another's factual statements. .... [I]n the period when the scientific
community was in the process of formation, however, these relationships cannot be supposed to
have existed ready-made and isolated from society at large. Shapin therefore argues that relations
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of trust and credit had to be built up among natural philosophers in the seventeenth century, and
that this was done by exploiting common assumptions about gentlemanly decorum and
credibility..." (Golinski, 1998, 30)

One way of interpreting&AP is as a confluence of these two approaches, one focused on the
epistemological authority of the experimental t8@ind the other on the social strategies that
helped forge the social network of the scientific community. But as we will see below, once
social strategies for creating and sustaining a network come into play, it becomes difficult to
avoid addressing specific strategies, including rhetoric and politics, for how those networks are
managed. Whether or not what we refer to as "communities" are more accurately thought of as
"networks," the study of rhetorical and communicative strategies in science represents an
important focus in the analysis of the activities performed by sciefitiSisnilarly, the location

of authority within the network -- where power is located, by what methods it is exercised -- is a
central issue in contemporary science studies whether working from the model of science as
"community"” or as "network".L&AP thus reflects several related, widespread tendencies in
science studies, both in suggesting that the "problem of knowledge" is (always) political; and in
arguing that communicative and rhetorical strategies were central to the formation and
maintenance of Boyle's fledgling scientific community.

4.4 Political Community: Knowledge as Power

In the earlier part of the twentieth century, many scholars saw the relationship between politics
and scientific knowledge as one of mutual support and influence. This understanding is reflected
to this day in both naive and sophisticated writing about how science allows human beings to
"control" their environment and each otfiett is common to read about the positive or negative
impacts that new scientific research might have on society or the environment, and one finds
many expressions of the idea that scientists are socially and morally responsible for the political

8 The historical emergence of attributing scientific authority to instrumentation, Golinski claims,
represented a "second scientific revolution" (Golinski, 1998, 137).

% Under the rubric of "inscriptions," Latour and Woolgar place statements and written communications

into the realm of material agency in the technoscientific network; in fact, they claim that the authority
acquired by these "communications" increases as they become distanced from the local, the contingent -- in
short, from the "author".

%1 By "sophisticated" talk | include what Joseph Rouse calls the "new empiricism" of writdrstiking,
Cartwright, Hesse, and Laudan, which Rouse says "internalizes the connection between the development of
science and the improvement of technical capability. The achievement of technical control over natural
processes is seen not as a by-product of theoretical development butiaerits!'etré (Rouse, 1987, 11).
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effects and uses of their research. Around the middle of the century, Karl Popper made a case for
the importance of political values and the political environment for the conduct of science.
Contemporary writers in science studies tend to look at the relationship of science and politics as
mutually influential: one thinks of Langdon Winner, for example, or Helen Longino, both of

whom make eloquent philosophical arguments for the interpenetration of the activities of science
with the social and moral and environmental context of scientific actors. But even these more
contemporary approaches have assumed that science and politics are distinct, even if deeply
interrelated and mutually influencing, human endeaVolswas only with the work of Michel
Foucault, in particular FoucaultBiscipline and Punisltf1977), that the relationship between

power and scientific knowledge began to be analyzed very differently.

Foucault suggested that scientific knowledge is itself a form of political and social control, and a
manifestation of a larger development that defines modernity: the development on the one hand
of a culture of "discipline," defined by the compartmentalization, measurement, and detailed
("capillary") management of social processes; and on the other by the invention of the "normal” --
a fictional abstraction against which the world's "real" deviance is specified. The internalization
of the "normal" as a self-measure creates a microlevel of political control, acting within each
agent: itis thus a hidden but all the more powerful kind of control than mere external
enforcement by an outside agent.

Thus Foucault proposes a surprising continuity between the notion of discipline in its punitive,

and educative, senses. Even the seemingly elevated notion of "discipline"” in the sense of a set of
scientific practices, according to Foucault's analysis, is embedded in larger "formations of

power." These formations consist of a pervasive practice of making "separations" and
categorizations. These contribute to the larger disciplinary process that characterizes modern life:

Discipline formation requires the consolidation of a community that shares a particular model of
practice, which in turn implies modes of regulating behavior....The ambiguity of the word
"discipline" is crucial here: It refers both to a form of instruction to which one submits and to a
means of controllindpehavior.... (Golinski, 1998, 69).

%2 Richard Rorty has pointed out that this distinction is not merely linguistic but deeply philosophical, with
profound results: "We are the heirs of three hundred years of rhetoric about the importance of
distinguishing sharply between science and religion, science and politics, science and art, science and
philosophy, and so on. This rhetoric has formed the culture of Europe. It made us what we are today"
(Rorty 1979, 330-331).
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Disciplinarity is thus a mode of thought that both promotes, and undermines, the fiction of the
"sovereignty of the subject.” In a kind of pervasive and universal extension of Kuhn's notion of
incommensurability, Foucault argued that disciplinarity limits the range of discourse such that
"outside the range of a discipline [there are] statements that are not so much false as categorically
unthinkable..." (Golinski, 1998, 7).

Other influential work on the relationship between science and politics has also emphasized, if
less radically than Foucault, the unity of political and scientific prattideseph Rouse has

argued that "scientific skills, practices, and techniques [are] the place where this kind of power is
developed and operates....To understand scientific knowledge, we need .... a positive account of
the skills and practical know-how that construct and stabilize phenomena and that enable
scientists to intervene and to manipulate them in informative ways. Only in such skills and
practices do knowledge and power come together" (Rouse, 1987, 21). Ultimately, Rouse argues,
the distinction between scientific knowledge and politics is not tenable: "I think it is no longer
possible, .... to sustain a political distinction between the exercise of power over human bodies
and the development and use of capacities to control and manipulate things" (Rouse, 1987, 244).

9 Golinski's discussion of this paradox or illusion of individual "creativity," is helpEueth originality

can be read, through Foucault's eyes, as an outcome of discipline. But the historian of modern science can
readily point to examples of individuals who have fashioned themselves outside existing disciplines, at the
crossover points between disciplines, or in opposition to the prevailing currents within their discipline....
These individuals' fashioning of their identities cannot be explained as a result of hegemonic structures of
the disciplinary power. Rather, some recognition of the capacity of individuals for autonomous self-
expression seems to be required. Notwithstanding the powerful sway of disciplinarity over the personal
formation of scientific practitioners, these cases remind us that individuals can construct their own
professional identities by creatively manipulating the resources they find around them. Even in the age of
disciplines, then, an understanding of scientists' identities may require reference to such notions as
virtuosity and bricolage" (Golinski, 1998, 78).

% Rouse acknowledges Foucault's influence throughout his 1987 book; see, for instance, 185: "Scientific
practices belong to what Foucault has called the realm of 'governméfiie political character of

scientific interpretation can show itself at both the macro and micro levels. To begin with the former,
consider the seventeenth-century developments....Everyone grants that this revolution fundamentally
changed the understanding of the natural world. But it did not just substitute one position for another in
response to a common issue; it changed what physicabea$ what was at issue in understanding the
natural world.....It introduced new ‘ideals of natural order', stripped places of their physical
significance....burst the closure of the world to reveal an infinite universe, and substituted the categories of
force, mass, and instantaneous velocity for qualitative and teleological ones in the comprehension of
matter.... These were not only intellectual changes. They were connected to transformations in political
relations and institutions, the creation of new religious practices, and the emergence of new forms of
economic behavior and social interaction." Also see much of chapter 7 in this same book.
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In a variation on the principle of symmetry espoused by Latour, Woolgar, and Law (that is,
regarding both human and non-human entities "symmetrically”" as agents in scientific networks),
Rouse argues that no real boundary exists between the "natural world" and the "social world":

We do not need to ascribe interests, values, rights, or a preferred "natural" order to material things
to recognize their integral engagement in the operation of power (Rouse, 1996, 191).

Rouse's work stands here for a more thoroughly and consciously political approach to the study of
science as a source of cognitive, social, and political authority. It is representative of what has
been referred to as the

...late twentieth-century project of uncovering the hidden operations of power, questioning once
seemingly fixed and 'essential' categories such as race, gender, and ethnicity, asserting the
importance of interpretation, denying universal claims to truth, and rejecting simple, linear
narratives like the one of inevitable scientific progress. Far from being singled out for special
attention, science stands as one social and cultural construction ...among many... i\&llters
1997, 8).

Questioning the authority and autonomy of the "scientific community," these analyses see science
as part of a larger cultural landscape, where authority, if it exists at all, has an almost Kuhnian
cast: it is authority that is at the same time local, particular (that is, internalized), and consensual:
it is cultural authority, the authority of the "ethnos". These cultural-political studies of science
focus a great deal of attention on the microboundaries that define particular scientific or epistemic

groupings.

There is only way for the pendulum to swing from here, and swing it has: as David Hollinger
writes, "No sooner do we ask, How wide the circle of the we? than we ought to ask, What
identifies the we? and How deep the structure of power within it? and How is the authority to set
its boundaries distributed?" Hollinger has proposed that we are entering a "postethnic” period in
which microboundaries will no longer fascinate us as barriers to be overcome, but will become
the vehicle for understanding their creative, analytical, and constructive functions (Hollinger, in
Walterset al., 1997, 26; 31, and fn. 6).

% The invocation of "symmetry" in this sense needs to be distinguished from the Strong Programme's

symmetry principle that contrasts with Whiggish history of science. In this different sense, "symmetry"
really refers to the neutral stance of the observer, who should strive to understand the events without

reference to eventual outcomes or subsequent knowledge.

% Another influential contribution to the return-swing of the pendulum has been Peter Galison's concept of
epistemic "trading zones," complete with "pidgins," in which transfers across the microboundaries within
and between scientific communities are negotiated. | think however that Galison's approach represents an
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In many respects Shapin and Schaffe&é\P falls comfortably into this cultural-political
understanding of the idea of scientific community. Their work strongly echoes Foucault’s ideas
and as | have suggested earli&g AP seems to adopt Foucault's literary technology. Foucault's
Discipline and Punishvas structured around the vivid and detailed retelling of a fairly obscure
historical event, with which Foucault associated the emergence of a "modern" understanding of
knowledge L&AP offers a less gruesome, but nevertheless "capillary”" account of the somewhat
obscure wrangling between Hobbes and Boyle over the air-pump trials. The central events in
bothL&AP and in Foucault's work are presented aatastrophe- the point at which the

balance of medieval and modern was tipped in favor of the modern.

More than any other recent work in science studies, Shapin and Schaffer have argued that
scientificknowledgeand politics are inseparable, and the boundary erected (from Boyle to the
present) between science and politics is socially "constructed":

We have made three connections: we have attempted to show (1) that the solution to the problem
of knowledge is political... (2) that the knowledge thus produced and authenticated becomes an
element in political action in the wider polity....[and] (3) that the contest among alternative forms
of life and their characteristic forms of intellectual product depends upon the political success of
the various candidates in insinuating themselves into the activities of other institutions and other
interest groupsL&AP , 342).

Shapin and Schaffer champion Hobbes because they believe he shared this analysis. But | will
argue below (in section 4.6) that Hobbes differed from Foucault in at least one critical respect,
one obscured by Shapin and Schaffer's adoption of a received interpretation of Hobbes's views on
free will that is fundamentally mistakebh&AP, 339). Where Foucault saw the exercise of
"discipline" on the community as lodging, ultimately, within the mind itself, Hobbes did not: he
insisted on the freedom of the individualtelieveas they will, in defiance of authority or

custom®’ This point is actually well-developed il&AP, but it is nevereconciled with Shapin

and Schaffer's characterization of Hobbes' s opposition to "free-will:"

intellectual historian's borrowing from the anthropological turn, above, rather than a contribution to the
cultural-political genre of science studies.

7 A fact which makes the solitary and dismissive footnote concerning Fouch&AR somewhat
surprising.

% This may seem to fly in the face of Hobbes's deserved reputation as one of the preeminent spokesmen for
determinism. Samuel Mintz devotes a chapter to Hobbes's controversy with Bramhall and Cudworth over
free will (Mintz, 1962, 110-133). The gist of Hobbes's argument is that a thoroughly consistent materialism
can only be consistent with determinism, but that has no effect on the experience that we name "free will".
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[Hobbes's] strategy was one of behavioral control, not one of internal moral control. It was not

that the control of belief was wrong; it was that such control was impractical and an inadequate
surety for public order...Individual states of belief were in principle uncontrollable because they
were in practice unreachable. | cannot know what you believe; you may be lying. | can force you
to make a profession, but | cannot guarantee that this profession corresponds to your state of belief
(L&AP, 105).

4.5 Discursive Community: "Totius in Verfa"

Regardless of whether a community is defined in terms of shared norms, shared beliefs, shared
practices, shared culture, or the exercise of power, the challenge of identifying a "community"
has frequently turned to the tools, artifacts, and activities of communication. Why is this?
Perhaps the most important reason is that communication is (as Hobbes was pointing out) the
only empirically "reachable" phenomenon that reflects the internal reality of social bonds.

A substantial scholarly literature exists that operationalizes scientific community in terms of such
communicative phenomena as citation and co-citation, conference attendance, formal publication,
and informal conversation. But the varieties of definition of community have meant widely

varying approaches to studying its operationalization in terms of scientific communication.

This variety can be illustrated with a few examples. Latour handles the material artifacts of
communication as nodes within his technoscientific network, and as "inscriptions" that help
stabilize and "enroll" others into a particular system or subsystem. Knorr-Cetina identifies the
process of communication as one of obtaining or offering access to resources. The cultural turn
in science studies has directed attention to communications as "technologies" with important
rhetorical capabilities and implications, deliberately managed by their authors: this is the sense
used by Shapin and Schaffer in discussing Boyle's literary style. Others have studied
communications as more or less autonomous entities, having their own fate independent of their

author's intentions:

Texts defy the efforts of their authors to control them in large measure because the tropological
and rhetorical dimensions of language....ensure a multiplicity of meanings and the possibility of
continual reinterpretation (Bono, 1990, 61).

% The reference is to Peter Dear's take-off on the Royal Society's motto, "Nullius in Verba" (Dear, 1985).
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And once started down the path of communication, one is led quickly to literary and linguistic
studies. Science studies has a substantial literature analyzing scientific ni€taptiather

rhetorical devices and features of scientific literature. Other scholars, including Shapin and
Schaffer, have turned to discourse analysis and the notion that certain "language games" (in
Wittgenstein's terms) define "forms of life" and "communities of language users." The
considerable body of scholarship in science studies devoted to the rhetoric of science includes
work on scientific "narratives", genres, and meta;ﬁ‘HoThese studies, writes Dear, "indicate a
growing awareness by historians of science of the potentialities of attention to language, rhetoric,
and textual forms in understanding how science has been created....[T]hat language is not simply
a transparent medium of communication, but a shaper (perhaps a realizer) of thought and an
embodiment of social relations" (Dear, 1991, 4).

There is however, a distinct bias in these analyses of communications as artifacts and products of
scientific communities. All of them begin with an assumption of communities, and proceed to
examine the "role" of communications in those communities, asking whether communications are
independent of their creators; whether they are transparent or manipulative, formal or informal,
and so on. The sociologist Keith Stamm has pointed out that this approach derives from the
sociological traditions we can trace to two early American sociologists: Robert Park -- who
considered communication a mechanism for maintaining community; and Robert Merton, for
whom community relationships are the antecedent and communication the consequence (Stamm,
1985, 3-4; 5). The problem with these views, Stamm argues, is that the critical link or "tie" in

any community is the activity of the individual. This "tie" may be spatial (a byproduct of

physical location); cognitive (the result of identification of an individual with something);

affective (the effect of psychological or emotional ties to something); or communicative
(constructed by communication). Thus "community ties" are specifically those things which
connect individuals to each other across a variety of gaps, which may be spatial, social, linguistic,
political, informational, etc. The "community tie" is then a connection that is established through
activities that Stamm suggests can be categorized as follows:

190 A starting point for metaphor would be George Lakoff and Mark Johnistataphors We Live By
(1980, University of Chicago), and their subsequent volirhégosophy in the Fles{L998, Basic Books).

191 Among them are Charles Bazerman (1988)aping Written Knowledge: The Genre and Activity of the
Experimental Article in Sciend®ladison, University of Wisconsin Pres§jillian Beer's 1983 work on
Darwin's Plots: Evolutionary Narrative in Darwin, George Eliot and Nineteenth Century Ficiita, by

Jan Golinski (1998); and Peter Dear's edited volurhe,Literary Structure of Scientific Argument
Historical Studieg1991), with articles by Thomas Broman, Peter Dear, Frederic Holmes, Bruce J. Hunt,
Lynn K. Nyhart, Lissa Roberts, and Lisa Rosner.
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« attending: keeping informed of & aware of others

« orienting: individual thinks about, has ideas about others

» agreeing: individual shares concerns and views of others

e connecting: talking to, listening to, getting together with others
e manipulating: working to have an effect on others

The significance of Stamm's analysis for the present subject is that he offers an analysis that is
closer to Latour and Woolgar's in attending to the informal establishment and maintenance of
"ties," but he has provided a more structured set of categories with which to identify those
activities apart from any explicit, formal "communications" (in the sense of written arguments,
narratives, or reports) that may accompany them. The point is that the formal products and
instruments of communication do not, themselves, constitute comn’1°6nity.

Struan Jacobs and Brian Mooney have noted other problems with the operationalization of
community in terms of communications. They argue that numerous citation studies have failed to
clearly identify or describe scientific communities. This does not mean that "scientific
communities" (otherwise operationalized) do not exist; but it does mean that another view of the
"community ties" of scientists (in Stamm's sense above), is that these tiesatvities

scientists undertake in order to ensure continued access to needed, or valued, resources. Karin
Knorr-Cetina has proposed that a more complete account of scientific communication would not
limit itself to purely "cognitive" interactions, or even to the transfer of resources (credit, reward,
money, and so on) that figure importantly in traditional sociology as well as in Latour and
Woolgar's descriptions of technoscientific networks. Knorr-Cetina argues that the study of
science should take in "transepistemic fields," [understood] as the "locus of [the scientist's]
struggle to establish and maintain 'resource-relationships,'....'relations to which one resorts or on
which one depends for supplies or support' " (Jacobs and Mooney, 1997, 477).

What this might mean for science studies may be illustrated by turning back once again to Anne
Goldgar's account of the Republic of Letters. Goldgar begins not with community, but with the

192 a5 Goldgar has written in the context of her historical work on the Republic of Lefthestext has

been thought to contain all meanijreyen if that meaning was not intentional. But the meaning, or the
identity, of an intellectual community is not necessarily to be found only in its writings. To assume
otherwise is to beg an important question, and to impose our own discourse about intellectual life on
another era. We must read between the lines, and ask whether scholars' world view was really entirely
structured around the subject matter they discussed. We must consider wieetistablishment of

meaning was in fact the dominant motivation for members of the Republic of 'L@&@t@dgar, 1995, 4-5,
emphasis added).
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formal and informal exchanges and interactions that constituted it: "[T]he scholarly community
was foremosa collection of people This collection was tied together by certain shared values
which were created by the interactions among its members. Thus, more than the people
themselves, or their works, or their specific connections, it is important for us to look at the
interactions of citizensf the Republic of Letters to understand what the community really was"
(Goldgar, 1995, 4, emphasis added).

But Goldgar's exploration of the informal institutions of the Republic of Letters led her to look
beyond communications in the form of correspondence and publishing, to what remained in the
way of evidence of personal relations and friendships, "quarrels, gossip, dinners, lending of books
and sharing of information.” She found that these helped to forge a concept of community that
was "not as important as their own identity as a community." Communal bonds "were the focus
of community; the Republic of Letters was a reflexive event" (Goldgar, 1995, 6). She
emphasizes that the community went important to its members because of its shared

intellectual paradigms -- controversy and disagreement were common and tolerated. But the
community was managed at least sufficiently to ensure its members continued access to the
resources each might offer the others: these ranged from the conveniences of mutual assistance
to the contrastive benefits of encountering differing opinions and ideas. Thus the "gentlemanly"
virtues that Shapin identified as a mechanism for attaining intellectual consensus and authority,
operated, according to Goldgar, in a much more general and instrumental way as a matter of
private interest: the social virtues looked for in scholars included, as we saw in the last chapter,
openness, assistance, willingness to share information and resources (Goldgar, 1995, 154).

4.6 Hobbesian Community: The Creative Construction of Individuals

He drew a circle that shut me out --
Heretic, rebel, a thing to flout.

But Love and | had the wit to win:
We drew a circle that took him ifi.

The discussion above brings us back to issues that are central to Hobbes's thinking, and also
central to his controversy with, and exclusion from, the Royal Society. Let us take a quick look
at what Hobbes's ideas about community might mean for science in contrast to the views
presented above. Why do people engage in activities that form communities? Why are some

193 The poem is Edwin Markham, 1950; it is quoted by David Hollinger, at 26 in Walters et al., 1997,
chapter 1, "How Wide the Circle of the 'We'?"
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people taken in and others left out? And, to what extent does it make sense to assume that what
people think, believe, and "know", is an artifact of the communities with which they are
identified?

Hobbes's tremendous originality as a social philosopher -- even today -- consists in his having
addressed the problem of sociality as a fundamentally individual problem. Coupled with his
consistent materialism, this meant that his understanding of community was at the same time
rigorously material, and (individually) constructivist. Community for Hobbes was a profoundly
important collaborative invention. It was a "solution" to the fundamental social problem of
reconciling the needs and desires of individuals with the reality of other individuals' needs and
desires. But its authority was not separate from the individuals who constituted it: rather, its
authority derived from its unique ability to serve critical individual interests. According to
Hobbes, the acts whereby individuals consent to create, or join, a community, are highly rational
(if not always consciously so). But while the community may be rational, this does not mean that
the activity of the mind is: philosophy, Hobbes acknowledged, is "a Lust of the mind" paling the
"short vehemence of any carnall Pleasure" (Holdbedathar). The individual members of
communities are not bound by their membership to any particular set of inner thoughts and
beliefs. With the exception of the few subjects about which we may reasonably hope for full
understanding (geometry and politics), Hobbes maintains that in other areas of science and
knowledge we cannot expect to gain full understanding, whether through experience, experiment,
or agreement.

This would seem to be a recipe for endless controversy in large areas of science. Where in our
late modern era Kuhn's account of scientific controversy stressed that epistemic controversy was
the exception, Hobbes's approach developed in the early modern era, stressed that it was the
norm. For contemporary STS scholars the Hobbesian notion is still uncomfortable. While, (as

we saw above) they are greatly interested in scientific disputes, these are studied in somewhat the
way doctors study of disease and irregularity.

A Hobbesian view of scientific controversy suggests that scientific controversy is not anomalous,
but rather is the inevitable expression of the persistence of individual belief and the inherently
humansituation of human actors in a thoroughly material world. For a Hobbesian, community is
a powerful, necessary invention of humans, one that enables them to pursue their interests and
purposes, in which they are keenly, personally, invested.
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Placing oneself in the context of a trusted community is thus not a matter of giving up authority
to the "group”. Itis a matter of facing the rational necessity of living in an inherently complex
and even chaotic environment. Similarly, conducting the pursuit of knowledge in the context of a
trusted community is not a matter of placing epistemic authority with that community. Itis a
matter of practical self-interest to conduct this pursuit with the support of others -- and the most
important "support" of all may be the strong opposition another presents’to Aistl finally, the
pursuit of knowledge cannot have as its goal absolute or comprehensive knowledge of the
material world: the pointis not to find "the" order of the world, but to so construct "an" order in

the world that it becomes meaningful to us. In this sense science is patlasbphy

1%0One thinks, for example, of Paul Feyerabend's poignant dedicathgaifst Methodo Imré Lakatos,
"Friend, and fellow-anarchist", who died before it was published. "[E]very wicked phrase [that
Feyerabend's '‘essay’] contains was written in anticipation of an even more wicked reply from the recipient
[Lakatos]. Itis also clear that as it stands the book is sadly incomplete. It lacks the most important part:
the reply of the person to which it is addressed" (1975, London: NLB).
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5. Conclusion: At the Margins of Modern Science

Leviathan and the Air-Pummepresents a particularly complex challenge to the reader who
attempts to pin down what Shapin and Schaffer mean by "community”. In their usage,
"community" is a pastiche of most of the meanings of community considered in the chapter
above. The reader's difficulty in sorting out those meanings is exacerbated by the ironical and
reflexive quality of the book, which make it difficult to separate Boyle's and Hobbes's
understandings from Shapin's and Schaffer's.

5.1 Shapin and Schaffer: Science as Community?

According to Shapin and Schaffer, the scientific community that Boyle was attempting to create
was both Mertonian and Kuhnian. It had Mertonian pretensions (to objectivity, universality,
democracy, skepticism@ndit was struggling to establish the scientific community -- Kuhnian
consensus -- as the source of epistemic authority in science. It was both a long-term and hugely
successful "solution” to the problem of knowledge, and an historically contingent outcome that
could have easily gone otherwise. This is somewhat confusing.

Meanwhile Shapin and Schaffer's methods reflect the anthropological turn, with its emphasis on
the shaping significance of the local. According to Shapin and Schaffer, the story of Hobbes and
Boyle and its outcome were strongly conditioned by very specific historical and cultural
contingencies: by the civil war in England, and by the cultural and normative inclinations of a
tiny band of well-off Christian gentlemen living out a particular late seventeenth-century brand
of British culture. At least at first, they take no sides: their pose is one of (simulated)
ethnographic observation, evenhanded neutrality. They pay special attention to scientific
instruments (the air-pump, in this case), with their own peculiarities, limitations, and powers to
persuade and to transfer knowledge. But after all, it turns out that the "ethnography" is much
more than a local story: it is also the origins story for the way modern science is done: they have
pulled a macro-rabbit out of a micro-Hat.

195 This adds another reflexive layer to their story: in most ethnographies, origins stories are analyzed as
reflections or expressions of the community's cosmology, not as real historical accounts. In their account
of Boyle and Hobbes, Shapin and Schaffer present us with an originsjsédrigtory, embedded within

an ethnography of our own (modern) culture of science.
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In Shapin and Schaffer's narrative the political nature of scientific community is a central point.

In part, this reflects their sense of how Boyle's and Hobbes's divergent political views account for
their respective ideas about how science should be conducted. Their argument for a necessary
relationship between science and politics also reflects Hobbes's political philosophy, that put
political and natural science on an equal footing. As for Shapin and Schaffer's own ideas, they go
beyond the fairly tame idea that science and politics are affected by each other, to the much larger
assertion that "the solution to the problem of knowledge is politic&8AP, 342). They do not

go so far as Foucault in suggesting that the content and methods of modernageierterently
exercises of social power. But this hesitation seems to stem in part from a residual Kuhnian sense
that "science as we know it" is managed by consensual communities; and in part from a nod to
Merton's contention that members of scientific communities share values that help produce useful
results. Despite their symmetric exposition of Hobbes's science and politics (this time in the
Strong Programme sense of "symmetric"), Shapin and Schaffer leave the reader with the sense
that when Hobbes was banished from the house of the Royal Society, the black box of modern
science also closed. This impression might have been dispelled had Shapin and Schaffer
reflected on what was taking place outside the Royal Society, in the salons and country houses

and universities, and outside of England.

Shapin and Schaffer's definition of scientific community also embraces the strategy of
operationalizing community in terms of communication. They treat "literary technology" and
rhetorical strategies as central elements in the negotiation of community membership, structure,
and boundaries. They devote a very large portion of their book to close analyses of texts that they
take to represent the full significance of the debates between Boyle and Hobbes. On the other
hand, their analysis of community does not really depend on any acts of communication having
taken place: rather, the protagonists' respective texts (as Dear noted above) could be usefully
juxtaposed even if they had never been published, or even if Boyle and Hobbes had lived at
different times. And while Shapin and Schaffer argue that Boyle's literary technology had a
specifically persuasive intention, their argument is not bolstered by evidence of how this
communication actually constituted or affected a "community."

In summary, the community that Shapin and Schaffer argue was to one extent orianethed

by the Royal Society, and which becamedbeial technologicalfoundation for modern

scientific authority and practice, is a fairly familiar sociological one: an amalgam of Kuhn's and
Merton's. But it is made at least confusing and perhaps incoherent by Shapin and Schaffer's use
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of the techniques of post-Kuhnian sociology of science to support this quasi-Mertonian, quasi-
Kuhnian understanding of science.

Ironically, since they did so much to bring Hobbes to the attention of science studies, | believe
that what Shapin and Schaffer may be missing is an appreciation of a radical alternative offered
by Hobbes. This was not so much an alterngtoliics, as an alternativecience of human
knowledge what one might term, in parallel with "natural philosophy" and "natural history,"
natural reason

5.2 Natural Reason

The historical encounter between Hobbes and Boyle serves us better not as an origins story, but
as an exemplar of an important encounter in the history of human thinking. That encounter was
with us long before Hobbes and Boyle and persists to this day: it is the struggle between different
ways of viewing the relationship between human beings and the world. Boyle insisted on fencing
off what we would now call the "human" sciences from the study of the "natural” Wwé&md>(

337); Hobbes developed a comprehensive science that not only included humans, but which took
the individual mind as the generative agent (in the full senaeaddr or authority). When Boyle
withdrew from the risks of personal belief and experience to the "humbler" circle of experiment
and collective opinion, he also withdrew from the authority of personal -- and rational -- belief;
while Hobbes relied "stubbornly” on his own mind as a source of authority in the face of almost
universal disagreement.

Thus one of the important things going on in the debate between Hobbes and Boyle is a struggle
over the status of the "social" and "human" sciences relative to the "natural” sciences. It was
indeed, in a sense, the great triumph of early modern science to reverse the directionality of
scientific investigation. Frances Yates, in a study of Giordano Bruno, wrote that,

The basic difference between the attitude of the magician to the world and the attitude of the scientist
to the world is that the former wants to draw the world into himself, whilst the scientist does just the
opposite, he externalizes and impersonalizes the world....Hence, may it not be supposed, when
mechanics and mathematics took over from animism and magic, it was this internalisation, this
intimate connection of themenswith the world, which had to be avoided at all costs. And hence, it

may be suggested, through the necessity for this strong reaction, the mistake arose of allowing the
problem of mind to fall so completely out of step and so far behind the problem of matter in the
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external world and how it works....This bad start of the problem of knowledge has never quite been
made upg’”

Itis hard to improve on Yates' formulation, but I will try to elaborate a little: the path between

mind and nature is just that, and there halveaysbeen two potential directions for the

investigative arrow between these. The modern scientific turn has (Yates argues) been defined by
its discovery of the flow of reason from mind to nature, that is, of externalising and

impersonalizing the world. Those modern scientists who have followed the nature-to-mind
direction (drawing the world into themselves, interpreting it according to personal, systematic
philosophies), have at times found themselves marginalized on that aécount.

We have come to expect an externalization of knowledge claims, whether via community (the
sociological view), or the disciplining of knowledge (Foucault), or through a pervasive translation
of ideas, observations, and the like into measurable quantities (Porter). But there are alternatives;
the larger point here is that however we define modernity, we should be careful about identifying

modernity with science.

For Hobbes, the "problem of mindias a "problem of matter." But the separation of the social
and human sciences from the natural sciences which Boyle's "new science" represented, and
which Shapin and Schaffer identify with "modern" science, not amgites the "problem of

mind": it also results in a set of difficult problems at the macro- micro interface of the "social"
and the "human™:

The area (of social science) that needs work most urgently involves theories about micro-macro
linkages, especially the development of theories about change, and even more especially, theories
about change at the micro level affecting the macro level (Entwisle, 1991, 286).

1% Frances A. Yatessiordano Bruno and the Hermetic Traditiohondon, 1964, Vintage Book edition,
1969, 454-455.

197 This is the subject for an entirely separate thesis, but it is my belief that many marginalized modern
scientists have been marginalized in part because they were perceived as relying on a personal systematic
philosophy, both as a stimulus to discovery and as a standard for their own belief. | have in mind as
examples the modern American biologist Robert Rosen; and the Swedish astrophysicist Hannes Alfvén.
This is quite different from the tolerance shown to scientists who develop an explicit, systematic, but often
speculative set of knowledge claipsst hoc (often following major success in their career, or near the end

of their lives) -- one thinks here (in contrast) of the physicist David Bohm, or the biologist Stuart

Kauffman.
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What is needed to provide such linkages? Kuhn struggled with this problem without success.
Many recent scholars have thought they could forge them by working at lower levels
(microhistories, microethnographies, microsociologies). Others have shifted the focus to the
artifacts (instruments, mostly) that promise the richness of individuation without the risks of
introducing individuals' minds. But the problems with these and most other micro-macro
linkages in the human sciences stem from the reluctance of social scientists to push their micro
analysis beyond external behaviors, into the "inner" realms of the mind and the self. It is as
though the determination of the Royal Society that certain topics should be forbidden to science
(politics, religion) persists to this day, in the form of a reluctance to admit mind (because
inaccessible to collective witnessing) as a proper subject for science. Until the relatively recent
emergence of cognitive science and neuroscience as full-fledged research areas, "cultural”
scientists have gotten as close as anyone to admitting mind, by admitting communication -- the
"behavior" used to bridge the gap between minds -- as a subject. The gap between
communication and mind is forgotten at our peril. Communications -- whether as observed
behaviors or as "inscriptions," tracings of past behaviors -- are to mind what the shimmering
paths left by snails in a morning garden are to the shails. What is nheeded is a "thoroughly modern
mentalism*®. Modern science has already laid important groundwork for this, through
neuroscience, linguistics, and cognitive psychology, and it is highly possible that these
developments will make thmodernistooundary between nature and mind fully permeable --
within the bounds o$cience

What do these "inner" sciences of the mind (as opposed to the still "external” sciences of
behavior, and communication) portend for science studies? It could be that they will force a new
encounter with a subject that has almost the status of a taboo: the semi-sacred subject of our
individuality, and our "free-will." It is a moral taboo -- because we deeply believe in the utter
uniqueness of our individual lives, and this is difficult to reconcile with the idea of a "science" of
individuals.

A "science" of individuals is also a philosophical and scientific taboo. Our modernity (in
Foucault's sense) tells us that science is about finding actually-existing, naturally- given order in
the world. The world's chaotic and disorderly features -- including that capilkargler that is

198 This phrase, attributed to Jerry Fodor, appears in the entry for "mentalism'Qarti@idge Dictionary
of Philosophy482-483 (1995), which contrasts the behaviorism of Skinner with explicitly materialistic
cognitive science.
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found at the level of individuals -- are (according to this "modern," "scientific" way of thinking)
deviant. As far as modern science has gone toward developing a common understanding of
external deviance (deviance measured in terms of abnormal behaviors and communications), it
has not yet penetrated to the inner layer of individual identity that is "self". As individuals, we
are defined by our departure from the "normal," hence we are defiteviant. We might fear

that if a science of the (inner) mind were possible -- if we could create the conditions for
collective witnessing of our "selves" -- the result would be to force us to frame our own self-
understanding in terms of deviance.

Although this way of phrasing the potential relationships between science and individualism
reflects Foucault's influence, studies of the spread of abstract mathematical capability make
similar suggestions. The pre-modern aesthetic was one in which the mind's power provided
creative, simplifying abstractions that made it possible, for example, to estimate the grain
capacity of a set of distinctly-sized barrels; while the modern aesthetic was one that relied on
standard-sized barrels and precise measures, having developed the "habit" of seeing, and looking
for, "grounded rule underlying all observable reality......tHebit of seeing sure and clear
mathematical rule under seeming vagary, of discovering universally applicable order in the

real" (Crosby, 1997,143).

But a Hobbesian "natural sociology" might offer a way of handling the deviance -- or autonomy
and unigueness -- of individuals as a deep premise, rather than as an aidmalych a

science, the study of how relationships (historical, accidental, intentional, economic, geographic,
communicative, political) are forged by individuals might become the basis for a new
"Leviathan." The most fruitful methods for such study might include biogréplegology:™

and neuroscience.

199 Richard Burian has noted the resonance of this notion with the Darwinian idea that variation is not
deviance, but a necessary condition for survival, growth, and change (personal communication, March
1999).

10, prefer to think in terms of "biography;" others have preferred the term "actor-oriented." An actor-
oriented approach to the history of science, emphasizing the "life-course-structure," would represent a
potential blending of microsociology and biography, of ecology and intellectual history (Rosenberg, 1988).

Hi Although, according to Golinski, the suggestion of an ecological approach to studying science made by

Adele Clark and Joan Fujimura, is as a way of pursuing the "hidden ordering principles" behind the
"apparent confusion” of things and activities of science; and the "importance of relations of mutual
interdependence between the different elements, like the connections between the various organisms that
inhabit an ecological system" (Golinski, 1998, 139-140). | would put it differently, that one can have a
serious ecology without "hidden ordering principles."”
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Some of these new sciences are already, | believe, driving us toward a most interesting encounter
the like of which we have not seen plainly for three hundred years: the reconciliation of a
thoroughly material understanding of reality, with our stubborn insistence that there is a reality --
one that we refer to with the language of spiritual experience -- that has had only a marginal and
uncomfortable relationship with Western science. It is this sense of a very long-awaited
breakthrough that creates excitement in Western philosophy when we read, in Lakoff and

Johnson's latest book,

If there is no disembodied mind or Soul, then what is the locus of the real spiritual
experience that people have in cultures around the world? This experience can only be
embodied. It must be a consequence of what is happening in our bodies and brains.....
The environment is not an 'other' to us. It is not a collection of things that we encounter.
Rather, it is part of our being... Embodied spirituality is ... an ethical relationship to the
physical world (Lakoff and Johnson, 1998, 566).

Shapin and Schaffer have rightly said that the problem dealt with in the struggle between Hobbes
and Boyle, is a problem of order; and that the struggle for order is not only external (political,
cultural, communicative), but also a struggledognitive order But are the two the same?

Shapin and Schaffer's thesis underscores the extent to which contemporary STS has presumed
that the cognitive order won by modern science defines the cognitiveposiblefor science. |

have tried to suggest above that the underlying battle for cognitive order had as much or more to
do withmodernityas with science, and hence requires not so much an origins story as an account
of broadly complex social and cultural changes that would themselves profoundly change what
we count as natural knowledge and to whom we look for scientific authority. At the point where
the battle had not yet been won for Boyle and the new experimentalists, Hobbes argued the point
with the passion and directness of someone who knew that far more than personal egotism was at
stake. He argued, of course, that the twaatethe same: that the problem of social orderos

the same as the struggle for cognitive order, even though social order may provide the condition
for pursuit of cognitive order.

Even in Foucault's formulation, which appears (like Hobbes's) on the surface either to advocate or
acknowledge a nasty sort of universal social discipline -- community is not consensus. For
Foucault, community is "an inventive discursive formation within which oppositional agents must
find creative means of exchange or be relegated to silence" (Brahm and Driscoll, 1995, 151-152).
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Both Hobbes's and Foucault's formulations strongly imply that the survival of community
depends on an ongoing individual struggle to create, and then to translate inner order to outer
order. That struggle in turn depends on the existence of "oppositional agents;" it depends on
those agents having a generative capability ("creative means"); and it depends on those agents
being successful in conveying messages that will be returned (exchanged).

A close examination of the controversy between Boyle and Hobbes is fruitful for historians and
other scholars, and Shapin and Schaffer's provocative resurrection of the ideas and events
surrounding both of these individuals have likewise stimulated important discussions. But
contrary to Shapin and Schaffer's claim, the importance of this microhistory is not that it reveals
the inner workings (local factors) that tipped a kind of macrohistorical balance. Rather, Hobbes's
and Boyles's controversy is significant even at this distance, as a myth that helps illustrate and
stand for a deep and important tension still very much present in science: this is the tension
between the authority of shared beliefs, and authority "against community." By authority
"against community,” | mean authority that is demonstrated through the systematic thinking and
work of individual scientists; and which comes neither from ancient texts nor public
demonstration, but from creative and lived commitments to ever-changing combinations of
beliefs, experiences, and possibilities. By "systematic" | mean the implicit or explicit insistence
on finding order and coherence in ideas and discoveries of science, a predilection for which
Hobbes was known.

In the place of a science that posits natural order and lawfulness, and looks in the world for
simplicities that can only exist through the careful taming of degrees of freedom, we might have a
science that presumes a kind of dialectic between the generation of simplicity, natural complexity
and disorder: each bringing about the otffein the place of consensual agreement, the
"agreement” of science, a modern Hobbes might suggest, is the compelling but open-ended
generative structure of the individual mind. In the placenafdernscience, struggling to mirror

some transcendent truth through human order, we might instead understand science as an
ingenious, creative, interpretative achievement that with any luck will be continually circulating

and continually renewed.

12 A social theorist who hints in this direction is Niklas Luhmann. See for exam@edtis Systems,
1995.
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Appendix 1: Selectingeviathan and the Air-Pump

Shapin and Schaffer's work is distinguished in several important ways from otherwise equally
important books that promote the constructivist perspective, that the epistemic authority of
science is a product of the social, or social and material, interactions around which the practices
of science are organized. There is Latour and Woolgabsratory Life for instance, or
Pickering'sConstructing Quarks But Shapin and Schaffer's work is distinguished from these

and other constructivist works by virtue both of its broad historical argument, and its attempt to
provide the very same kind of "virtual witnessing" (in this case, of the birth of modern science)
that they associate with early modern experimental practices. In contrast, Latour and Woolgar,
though avowedly "non-modern," adopt fhest-moderriemporal modality: that is, one

essentially without a temporal dimension. Pickering, whose work on physical theory deals
primarily with very recent science history, has no reason to invoke a deep historical dimension to
his arguments.

Shapin and Schaffer's work in fact resembles Fouc®iditspline and Punislin important ways:

both books attempt to recover the history of epistemic practices by revisiting and recreating a
crucial moment, allowing the reader to observe an alleged historical black box in the Hiaking.
Like Foucault, Shapin and Schaffer put forward broad and provocative claims. They present their
views neither as cautiously as Merton presehtsdold (but related) claims in the 1930's, nor

as ambivalently and ambiguously as Kuhn thirty years after Merton. Their historical arguments
are not built on relatively obscure moments of techno-scientific history (cf. Latour but also Law,
Bijker, et al., 1985); nor around a single important individual (cf. Biagioli 1993). Instead they
make strong claims about familiar subjects, thus providing a larger and more interesting target for
interpretative as well as technical historical disputes. They have drawn criticism from other
scholars -- historians in particular -- who find the crucial "moment” Shapin and Schaffer have
identified to be not nearly as clear-cut as they have represented it. Some critics have argued that
mid- to late-seventeenth-century British politics and social history did not represent, as Shapin
and Schaffer claimed, an "origins" story for the development of modern theory and practice of
experimental science. Equally important developments, they argue, took place elsewhere in other
European venues, or during much earlier times. Others have accused Shapin or Schaffer of
mishandling the historical evidence in order to bolster sociological arguments.

3 This resemblance has been noted, e.g. by Christopher Norris, 1997. Norris is sympathetic neither to
Foucault nor to Shapin and Schaffer, noting the latter's "Hobbesian bias."



109

Such criticisms are reminiscent of questions raised about Foucault's historiography: how accurate
is his reconstruction of the events and texts? How accurate is the assertiois thatmentvas

one when a new social and epistemological model was formeti®s nsomentdefinitive of

science -- and does it retain the sense that science is a "special” kind of knowledge, or does it
flatten the epistemic landscape so that science has no special epistemic status? Is there science
without discipline (in Foucault's sense) or community (in Shapin and Schaffer's)?



110

Bibliography

Abraham, Gary A., 1983. “Misunderstanding the Merton Thesis: A Boundary Dispute Between
History and Sociology.Tsis 74 (1983): 368-387.

Agassi, Joseph., 1997. “Truth, Trust, and Gentlemen: Shapin on BBkitasophy of the Social
Science®7 (1997): 219-236.

Audi, Robert, ed., 1995The Cambridge Dictionary of Philosophambridge: Cambridge
University Press.

Barnes, Barry, David Bloor and John Henry, 199gientific Knowledge: A Sociological
Analysis Chicago: University of Chicago.

Beer, Gillian, 1983.Darwin's Plots: Evolutionary Narrative in Darwin, George Eliot and
Nineteenth Century Fiction.ondon: Routledge.

Biagioli, Mario, 1993 Galileo, Courtier: The Practice of Science in the Culture of Absolutism
Chicago: University of Chicago Press.

Bird, Alexander, 1996. “Squaring the Circle: Hobbes on Philosophy and Gedrdetmnal of
the History of Idea$7 (1996): 217-231.

Black, Sam, 1997. “Science and Moral Skepticism in Hobl&ariadian Journal of Philosophy
27.2 (1997): 173-207.

Bloor, Barry, 1978. “Polyhedra and the Abominations of Levitic@itish Journal for the
History of Sciencédl (1978): 243-272.

Bono, James J., 1990. “Science, Discourse, and Literature: The Role/Rule of Metaphor in
Science,” 59-89 inLiterature and Science: Theory and PractiEel. Stuart Peterfreund.
Boston: Northeastern Univ. Press.

Brahm, Gabriel and Mark Driscoll, eds., 199xosthetic Territories: Politics and
HypertechnologiesBoulder: Westview Press.

Brush, Steven G., 1995. “Scientists as Historia@sitis 10 (1995): 214-231.

Caton, Hiram, 1994. “Is Leviathan a Unicorn? Varieties of Hobbes InterpretafidresReview
of Politics56.1 (1994): 101-125.

Clark, Adele, and Joan Fujimura, 199Phe Right Tools for the JoPrinceton: Princeton
University Press.

Clark, William, 1995. “Narratology and the History of Sciencgttidies in History and
Philosophy of Scienc&7 (1995): 1-71.

Cohen, I. Bernard, 1987. “Review loéviathan and the Air-PumipThe American Historical
Reviewd2. June (1987): 658-659.



111
Cole, Stephen, 1996. “Review of ShapinSocial History of Trutli The Library Quarterly66.1
(1996): 112.

Collins, Harry M., 1992 (1985 hanging Order: Replication and Induction in Scientific
Practice Chicago: University of Chicago Press.

Conant, James B., ed., 196Tase 1. Robert Boyle's Experiments in Pneumatitazvard Case
Histories in Experimental Science. Cambridge: Harvard University Press.

Copleston, Frederick, S. J., 1964odern Philosophy: The British Philosophers, Part 1, Hobbes
to Paley.Garden City, New York: Image Books.

Cormack, Lesley B., 1997. “Steven Shafihe Scientific RevolutiofReview).” Canadian
Journal of History32.3 (1997): 503.

Crosby, Alfred, 1997The Measure of Reality: Quantification and Western Society, 1250-1600
New York: Cambridge University Press.

Dear, Peter, 1985. “Totius in Verba": Rhetoric and Authority in the Early Royal Sodgisy’6
(1985): 145-161.

Dear, Peter, 1988Vlersenne and the Learning of the Schoolthaca: Cornell University Press.

Dear, Peter, ed., 199The Literary Structure of Scientific Argument: Historical Studies.
Philadelphia: University of Pennsylvania.

Dear, Peter, 1992. “From Truth to Disinterestedness in the Seventeenth C&uuigl'Studies
of Scienc&?2 (1992): 619-631.

Dear, Peter, 1995. “Trust Boyle (review of Shapgir§ocial History of Truth” British Journal
for the History of Scienc28.99 (1995): 451-454.

Debus, Allen, 1972 Science, Medicine and Society in the Renaissatew York, v. 1

Eamon, W., 1996. “Review of Shapifa,Social History of Truth Journal of Modern Historg9
(1996): 134-135.

Edge, David, 1979. “Quantitative Measures of Communication in Sciddistdry of Science
17 (1979): 102-134.

Eisenstadt, Shmuel N. and Wolfgang Schluchter, 1998. “Early Modernilasdalus127.3
(1998): whole issue.

Emerson, Roger L, 1988. “Science and the Origins and Concerns of the Scottish
Enlightenment.’History of Scienc26.74 (1988): 333-366.

Entwisle, Barbara, 1991. "Micro-macro Theoretical Linkages in Social Demography," at 286 in:
J. Huber., edMacro-micro Linkages in Sociolog\Newbury Park, CA: Sage.

Erdinast-Vulcan, Daphna, 1994. “Narrative, Modernism, and Crisis of Authority: A Bakhtinian
Perspective.'Science in Context.1 (1994): 143-158.



112

Feingold, Mordechai, 198Zhe Mathematicians' Apprenticeship: Science, Universities and
Society in England, 1560-1640ambridge: Cambridge University Press.

Feingold, Mordechai, 1991. “Review béviathan and the Air-PunmipThe English Historical
Reviewl106 (1991): 187-188.

Feingold, Mordechai, 1996. “When Facts Mattésis 87 (1996): 131-139.

Feingold, Mordechai, and Steven Shapin, 1996. “Letters to Editor, Exchasig®&7 (1996):
681-687.

Feyerabend, Paul, 198Problems of Empiricism: Philosophical Papers, VoluméN2w York:
Cambridge University Press.

Fine, Arthur, 1996. “Review of Pickerinflhe Mangle of Practicg Isis 87.4 (1996): 762-764.

Foucault, Michel, 1977Discipline and PunishTrans. Alan Sheridan. New York: Random
House.

Fuller, Steve, 1992. “Social Epistemology and the Research Agenda of Science Studies.” 98-119
in: Science as Practice and Cultuted. Andrew Pickering. Chicago: University of
Chicago.

Funkenstein, Amos, 1986 heology and the Scientific Imagination from the Middle Ages to the
17th CenturyPrinceton: Princeton University Press.

Galison, Peter, 198How Experiments EndChicago: University of Chicago Press.

Galison, Peter, 1997mage & Logic: A Material Culture of Microphysic€hicago: University
of Chicago Press.

Garber, Daniel, 1995. “Experiment, Community, and the Constitution of Nature in the
Seventeenth CenturyPerspectives on Scien8e2 (1995): 173-205.

Geertz, Clifford, 1983 Local Knowledge: Further Essays in Interpretive Anthropaoldésw
York: Basic Books.

Genz, Henning, 1998Nothingness: The Science of Empty Sp&cans. Karin Heusch. Reading,
MA: Helix Books.

Gillispie, C. C., 1960.The Edge of Objectivityrinceton: Princeton University Press.

Goldgar, Anne, 1995Impolite Learning: Conduct and Community in the Republic of Letters,
1680-1750New Haven and London: Yale University Press.

Goldman, Alvin 1., 1999.Knowledge in a Social WorldNew York: Clarendon Press.



113

Golinski, Jan, 1987. “Robert Boyle: Scepticism and Authority in Seventeeth-Century Chemical
Discourse," 58-82 inThe Figural and the Literal: Problems of Language in the History
of Science and Philosophy, 1630-18H@. G. N. Cantor, J. R. R. Christie, and A. E.
Benjamin. Manchester: Manchester University Press.

Golinski, Jan, 1990. “The Theory of Practice and the Practice of Theory: Sociological
Approaches in the History of Sciencésis 81, Sept (1990): 492-505.

Golinksi, Jan, 1997. “Robert Boyle's Coat of Many ColoussLidies in the History and
Philosophy of Scienc#8.1 (1997): 209-217.

Golinski, Jan, 1998Making Natural KnowledgeCambridge: Cambridge University Press.

Gooding, David, Trevor Pinch, and Simon Schaffer, eds., I889Uses of Experiment: Studies
in the Natural Science€ambridge: Cambridge University Press.

Grant, Edward, 1978. “Aristotelianism and the Longevity of the Medieval World Vidistory
of Sciencel6 (1978): 93-106.

Grant, Hardy, 1990. “Geometry and Politics: Mathematics in the Thought of Thomas Hobbes.”
Mathematics Magazin@3.3 (1990): 147-164.

Gross, Paul, and Norman Levitt, 1994igher Superstition Baltimore: Johns Hopkins
University Press.

Gutting, Gary, ed., 198®aradigms and Revolutionklotre Dame: University of Notre Dame
Press.

Hagstrom, Warren O., 196%5he Scientific CommunitiNew York: Basic Books.

Hahn, Roger, 1971The Anatomy of a Scientific Institution: The Paris Academy of Sciences,
1666-1803 Berkeley: University of California Press.

Hankins, Thomas L., 1986. “Review loéviathan and the Air-PunipScience232 (May 23,
1986): 1040.

Hanson, D. W. , 1990. “The Meaning of '‘Demonstration’ in Hobbes's Sci¢tistaly of
Political Thoughtl1.4 (1990): 587-626.

Hatfield, Gary, 1996. “Review Essay: The Importance of the History of Science for Philosophy
in General."Synthesd 07.1 (1996): 113-138.

Herrnstein Smith, Barbara, 199Belief and Resistance: Dynamics of Contemporary Intellectual
ControversyCambridge: Harvard University Press.

Holmes, Frederic L., 1991. “Argument and narrative in scientific writing,” at 164-18he:
Literary Structure of Scientific Argument: Historical StudiesPeter Dear. Philadelphia:
University of Pennsylvania Press.



114

Hoyningen-Huene, Paul, 1998econstructing Scientific Revolutions: Thomas S. Kuhn's
Philosophy of Sciencé&rans. Alexander J. Levine. Chicago: University of Chicago
Press, 1993.

Hunter, Michael, 1981Science and Society in Restoration Englaigw York: Cambridge
University Press.

Hunter, Michael, 1982The Royal Society and its Fellows, 1660-1700: The Morphology of an
Early Scientific InstitutionBritish Society for the History of Science Monographs, 4.
Chalfont St. Giles, Bucks.: British Society for the History of Science.

Hunter, Michael, ed., 199&K0obert Boyle Reconsideredew York: Cambridge University Press.

Hunter, Michael, 1995. “How Boyle Became a Scientidistory of Scienc&3 (1995): 59-103.

Jacob, James R., 197Robert Boyle and the English Revolutidlew York: Burt Franklin.

Jacob, James R., 1992. “The Political Economy of Science in Seventeenth-Century England.”
Social Research9 (Fall 1992): 505-32.

Jacob, James R. , 199he Scientific Revolution: Aspirations and Achievements, 1500-1700.
The Control of Nature Series. Ed. Margaret C. Jacob and Spencer R. West. Atlantic
Highlands, NJ: Humanities Press.

Jacob, James R. and Margaret C. Jacob, 1980. “The Anglican Origins of Modern Science: The
Metaphysical Foundations of the Whig Constitutidsis 71 (1980): 251-267.

Jacob, Margaret C., 1986. “Reviewl@viathan and the Air-Puniplsis 77 (1986): 719-20.

Jacob, Margaret C., ed., 199%he Politics of Western Science, 1640-19%antic Highlands,
NJ: Humanities Press.

Jacob, Margaret C. , 1998. “Reflections on Bruno Latour's Version of the Seventeenth Century,”
at 240-254 inA House Built on Sand: Exposing Postmodernist Myths About Sceghce
Noretta Koertge. New York: Oxford University Press.

Jacobs, Struan, 1987. “Scientific Community: Formulations and Critique of a Sociological
Motif.” British Journal of Sociolog®8 (1987): 266-276.

Jacobs, Struan, and Brian Mooney, 1997. “Sociology as a Source of Anomaly in Thomas Kuhn's
System of SciencePhilosophy of the Social Scien@&4 (December) (1997): 466-485.

Jardine, Nick, and Marina Frasca-Spada, 1997. “Splendours and Miseries of the Science Wars.”
Studies in History and Philosophy of Scie@8e2 (1997): 219-235.

Jesseph, Douglas M., 1993. “Hobbes and Mathematical MetRedspectives on Sciente?
(1993): 306-341.

Jesseph, Douglas M., 1999a. "The Decline and Fall of Hobbesian Geor8&aidig's in the
History and Philosophy of Scienfferthcoming).



115
Jesseph, Douglas M., 1999b. "Persistence in Error: Why was Hobbes so Resolutely Wrong?" ch.
8 in forthcoming monograph on Hobbes and Wallis.

Johnston, David, 198 The Rhetoric of Leviathan: Thomas Hobbes and the Politics of Cultural
Transformation Princeton: Princeton University Press.

Jones, W. T., 1952 (1969). History of Western Philosoph®d ed. New York: Harcourt, Brace
and World.

Kitcher, Philip, 1993.The Advancement of Science: Science Without Legend, Objectivity
Without lllusions New York: Oxford University Press.

Kitcher, Philip, 1998. “A Plea for Science Studies,” at 32-5@\ihktouse Built on Sand:
Exposing Postmodernist Myths about Scierde Noretta Koertge. New York: Oxford
University Press.

Knorr-Cetina, Karin, 1981The Manufacture of Knowledg@xford: Pergamon Press.

Knorr-Cetina, Karin, 1982. “Scientific Communities or Transepistemic Arenas of Research?”
Social Studies of Scien&@ (1982): 101-130.

Knorr-Cetina, Karin, 1983. “New Developments in Science Studies: The Ethnographic
Challenge."Canadian Journal of Sociolody(1983): 153-177.

Krips, Henry, 1994. “Ideology, Rhetoric, and Boyle's New ExperimeB8tieénce in Context,.1
(1994): 53-64.

Kuhn, Thomas S., 1952. "Robert Boyle and Structural Chemistry in the Seventeenth Century."
Isis, 43: 12-36.

Kuhn, Thomas S., 1978tructure of Scientific Revolutiarad. edition. Chicago: University of
Chicago Press.

Labinger, Jay A., 1997. “The Science Wars and the Future of the American Academic
Profession.’Daedalus126.4 (1997): 201-220.

Lakoff, George, and Mark Johnson, 19%hilosophy in the Flesh: The Embodied Mind and its
Challenge to Western Thoughtlew York: Basic Books.

Latour, Bruno, and Steve Woolgar, 1979 (1@8@&.aboratory Life: The Construction of
Scientific Facts2d. edition. Princeton: Princeton University Press.

Latour, Bruno, 1987Science in Action: How to Follow Scientists and Engineers Through
Society Cambridge, MA: Harvard University Press.

Latour, Bruno, 1990. “Postmodern? No, Simply Amodern. Steps Towards an Anthropology of
Science.’Studies in the History and Philosophy of Scieht¢1990): 145-171.

Latour, Bruno, 1993We Have Never Been Modeiirans. Catherine Porter. Cambridge MA:
Harvard University Press.



116
Latour, Bruno, 1993. “An Interview with Bruno Latour (by T. H. Crawford}dnfigurationsl.2
(1993): 247-268.
Law, John, 1987 (1989). “Technology and Heterogeneous Engineering: The Case of Portuguese
Expansion,” 111-134 infhe Social Construction of Technological Systdfas Pinch
and Bijker. Cambridge, MA: MIT Press.

Lenoir, Timothy, 1998.Inscribing Science: Scientific Texts and the Materiality of
CommunicationPalo Alto: Stanford University Press.

Lewenstein, Bruce, 1996. “Science and Society: The Continuing Value of Reasoned Debate.”
Chronicle of Higher Educatiod2.41 (June 21) (1996).

Lindberg, D. C., 1996. “Review of Shapifhe Scientific RevolutichScience 274 (1996): 1148-
1149.

Luhmann, Niklas, 1979Trust; and PowerTrans. Howard Davis, John Raffan and Kathryn
Rooney. New York: John Wiley & Sons.

Luhmann, Niklas, 1995Social SystemsTranslated by John Bednarz, Jr. with Dirk Baecker.
Stanford: Stanford University Press.

Lynch, Michael, 1993 Scientific Practice and Ordinary Action: Ethnomethodology and Social
Studies of Scienc€ambridge: Cambridge University Press.

Lynch, William T., 1991. “Politics in Hobbes' Mechanics: The Social as Enabftgdies in
History and Philosophy of Scien2a.2 (1991): 295-320.

Malcolm, Noel, 1988. “Hobbes and the Royal Society,” at 43-6Bénspectives on Thomas
Hobbes ed. G. A. J. Rogers and Alan Ryan. Oxford: Clarendon.

Margolis, Howard, 1993aradigms & Barriers: How Habits of Mind Govern Scientific Belief.
Chicago: University of Chicago Press.

McClellan, James E. lll, 1985cience Reorganized: Scientific Societies in the Eighteenth
Century New York: Columbia University Press.

Mendelsohn, Everett, 1977, "The Social Construction of Scientific Knowledge," at 3-26 in
Everett Mendelsohn, P. Weingart, and R. Whitley, éldse, Social Production of
Scientific KnowledgeBoston: D. Reidel.

Merton, Robert K., 1938 (1970%cience, Technology and Society in Seventeenth Century
England.New York: H. Fertig.

Merton, Robert K., 1957Social Theory and Social Structuidew York: Free Press of Glencoe.

Merton, Robert K., 1973The Sociology of Science: Theoretical and Empirical Investigations
Chicago: University of Chicago Press.

Mintz, Samuel I., 1962The Hunting of LeviathanCambridge: Cambridge University Press.



117

Mulkay, Michael, N. Gilbert, and Steven Woolgar. “Problem areas and research networks in
science.”Sociology9 (1975): 187-203.

Mulkay, Michael, and Niles Gilbert, 19849pening Pandora's Box: A Sociological Analysis of
Scientists' DiscoursdNew York: Cambridge University Press.

Nersessian, Nancy J., ed., 1998. “Special Issue, Thomas S. Kidmiifurations6.1, Winter
1998 (1998) (whole issue).

Norris, Christopher, 1997. “Why Strong Sociologists Abhor a Vacuum: Shapin and Schaffer on
the Boyle/Hobbes Controversyhilosophy and Social Criticisi23.4 (1997): 9-40.

Pickering, Andrew, 1984 Constructing Quarks: A Sociological History of Particle Physics
Edinburgh: Edinburgh University Press.

Pickering, Andrew, 1995The Mangle of Practice: Time, Agency, and Scie@bécago:
University of Chicago Press.

Pine, Ronald C., 1998. “Review, Steven ShagiSocial History of Trutfi Philosophy of
Sciences5.4 (December) (1998): 722-725.

Pinnick, Cassandra L., 1998. “What is Wrong With the Strong Programme's Case Study of the
"Hobbes-Boyle Dispute"?” at 227-239 ik House Built on Sand: Exposing
Postmodernist Myths About Sciened. Noretta Koertge. New York: Oxford University
Press.

Pitt, Joseph C., (forthcominghhinking of Technology: Foundations of the Philosophy of
Technology

Popkin, Richard, 1999Columbia History of Western Philosophiew York: Columbia
University Press.

Porter, Roy, 1997. “Review of Shapi# Social History of Truthi Journal of Social Historg0
(1997): 760-763.

Porter, Theodore, 1995 rust in Numbers : The Pursuit of Objectivity in Science and Public Life.
Princeton: Princeton University Press.

Principe, Lawrence, 1998The Aspiring Adept: Robert Boyle and his Alchemical Quest.
Princeton: Princeton University Press.

Prins, J., 1990. “Hobbes and the School of Padua: Two Incompatible Approaches of Science.”
Archiv fir Geschichte der Philosophi@.1 (1990): 26-46.

Probst, Siegmund, 1993. “Infinity and Creation: The Origin of the Controversy between Thomas
Hobbes and the Savilian Professors Seth Ward and John Waitlissh Journal for the
History of Scienc@6.90 (1993): 271-9.

Pycior, Helena, 199 6ymbols, Impossible Numbers, and Geometric Entanglements: British
Algebra Through the Commentaries on Newton's Universal Arithmetielv York:
Cambridge University Press.



118

Reiss, Timothy J., 1997Knowledge, Discovery, and Imagination in Early Modern Europe: The
Rise of Aesthetic Rationalistdew York: Cambridge University Press.

Rogers, G. A. J. and Alan Ryan, eds., 198&spectives on Thomas HobbRsw York: Oxford
University Press.

Rogers, G. A. J., 1988. "Hobbes's Hidden Influence,” at 189-205 in: G. A. J. Rogers and Alan
Ryan, eds.Perspectives on Thomas Hobblegsw York: Oxford University Press.

Rorty, Richard, 1979Philosophy and the Mirror of Naturé&rinceton: Princeton University
Press.

Rouse, Joseph, 198Knowledge and Power: Toward a Political Philosophy of Scielticaca:
Cornell University Press.

Rouse, Joseph, 1996. “Review 8tientific Knowledge: A Sociological Analysisis 87.4
(1996): 764-766.

Sargent, Rose-Mary, 1989. “Scientific Experiment and Legal Expertise: The Way of Experience
in Seventeenth-Century Englan&tudies in History and Philosophy of Scie@6el
(1989): 19-45.

Sargent, Rose-Mary, 1995he Diffident Naturalist: Robert Boyle and the Philosophy of
ExperimentChicago: University of Chicago.

Schaffer, Simon, 1984. "Making Certain -- Essay Revie®hapiro's Probability and
Certainty” Social Studies of Scientd (1984): 137-152.

Schaffer, Simon, 1988a. “Astronomers Mark Time: Discipline and the Personal Equation.”
Science in Contex.1 (1988): 115-146.

Schaffer, Simon, 1988b. “Glass Works: Newton's Prisms and the Uses of Experiment,” 67-104
in: The Uses of Experiment: Studies in the Natural Sciences. Ed. Pinch Gooding, and
Schaffer Cambridge: Cambridge University Press.

Schaffer, Simon, 1988c. “Wallification: Thomas Hobbes on School Divinity and Experimental
Pneumatics.Studies in History and Philosophy of Scied®g1988): 275-98.

Schaffer, Simon, 1990. “Charles Darwin: At Home Among the Barnadlas.Cambridge
Reviewl11:2309 (June 1990): 78-80.

Schaffer, Simon, 1991. “The Eighteenth Brumaire of Bruno Lat&itudies in History and
Philosophy of Scienc®2 (1991): 174-192.

Schaffer, Simon, 1992. “Late Victorian Metrology and its Instrumentation: A Manufactory of
Ohms,” at 32-56 in Invisible Connections: Instruments, Institutions, and Sciesdte,
Robert Bud, and Susan E. Cozzens. Bellingham, WA: SPIE Optical Engineering Press.

Schaffer, Simon, 1993. “Machine Philosophy: Demonstration Devices in Georgian Mechanics.”
Osiris 9 (1993): 157-182.



119

Schaffer, Simon, 1994a. “Babbage's Intelligence: Calculating Engines and the Factory System.”
Critical Inquiry 21.1 (1994): 203-227.

Schaffer, Simon, 1994b. “Self evidence,” iQuestions of Evidence: Proof, Practice, and
Persuasion Across the Disciplinésd. James Chandler, Arnold Davidson, and Harry
Harootunian. Chicago: University of Chicago.

Schaffer, Simon, 1995. “The Show that Never Ends: Perpetual Motion in the Early Eighteenth
Century.”British Journal for the History of Scien@8.97 (1995): 157-190.

Schaffer, Simon, 1997. “Experimenters' Techniques, Dyers' Hands, and the Electric Planetarium.”

Isis 88.3 (1997): 456-483.

Schaffer, Simon, 1998. “The Leviathan of Parsontown: Literary Technology and Scientific
Representation," at 187-222 iimscribing Sciencesd. Timothy Lenoir. Palo Alto:
Stanford University Press.

Schuhmann, Karl, 1997. “Review of Malcolm 1994, Hobbes's Correspond@&mitesti Journal
for the History of Philosophg (1997): 121-149.

Schuster, J. A, A. B. H. Taylor, 1997. “Blind Trust: The Gentlemanly Origins of Experimental
Science."Social Studies of Scien2& (1997): 503-536.

Segerstrale, Ullica, 1987. “Review béviathan and the Air-PunipContemporary Sociology6
(July 1987): 544-547.

Shapin, Steven, and A. Thackray, 1974. “Prosopography as a Research Tool in History of
Science: The British Scientific Community 1700-1908iStory of Sciencd?2 (1974): 1-
28.

Shapin, Steven, 1974. “The Audience for Science in Eighteenth Century Edinbdisybry of
Sciencel2 (1974): 95-121.

Shapin, Steven, 1979. “The Politics of Observation: Cerebral Anatomy and Social Interests in the
Edinburgh Phrenology Disputes,”ifOn the Margins of Science: The Social
Construction of Rejected Knowledgel. R. Wallis. Vol. 27. Sociological Review
Monograph. Hanley: J H Brooke.

Shapin, Steven, and Barry Barnes, 1979. “Darwin and Social Darwinism: Purity and History,” at
95-121 in:Natural Order: Historical Studies of Scientific Cultuegls. Steven Shapin,
and Barry Barnes. Beverly Hills, CA: Sage.

Shapin, Steven, 1982. “History of Science and its Sociological Reconstruictiistery of
Science?0 (1982): 157-211.

Shapin, Steven, 1984 “Pump and Circumstance: Robert Boyle's Literary TechnSloggl’
Studies of Scienck (1984): 481-519.

Shapin, Steven, and Simon Schaffer, 198&viathan and the Air-Pump: Hobbes, Boyle, and the
Experimental Life.Princeton: Princeton University Press.



120

Shapin, Steven, 1988a. “Understanding the Merton Thdsis.79 (1988): 594-605.

Shapin, Steven, 1988b. “Robert Boyle and Mathematics: Reality, Representation, and
Experimental Practice3cience in Contex.1 (1988): 23-58.

Shapin, Steven, 1988c. “The House of Experiment in Seventeenth Century Enigliar@”
(September 1988): 373-404.

Shapin, Steven, 1988d. “Following Scientists Around (Review of Latdsocial Studies of
Sciencel8 (1988): 533-550.

Shapin, Steven, 1989. “Science and the Public,” at 990-100Zampanion to the History of
Modern Scienceed. Cantor Olby, Christie, and Hodge. London: Routledge.

Shapin, Steven and Adi Ophir, 1991. “The Place of Knowledge: A Methodological Survey.”
Science in Context.1 (1991): 3-22.

Shapin, Steven, 1991a. “The Mind in its Own Place" Science and Solitude in Seventeenth-
Century England.Science in Context (1991): 191-218.

Shapin, Steven, 1991b. “’A Scholar and a Gentleman': The Problematic Identity of the Scientific
Practitioner in Early Modern EuropeHistory of Scienc@9 (1991): 279-327.

Shapin, Steven, 1992. “Discipline and Bounding: The History and Sociology of Science as Seen
Through the Externalism-Internalism Debatdistory of Scienc80.4 (1992): 333-370.

Shapin, Steven, 1993. “Personal Development and Intellectual Biography: The Case of Robert
Boyle.” British Journal for the History of Scien@® (1993): 335-345.

Shapin, Steven, 1994A Social History of Truth: Civility and Science in 17th-Century England.
Chicago: University of Chicago.

Shapin, Steven, 1995a. “Here and Everywhere: Sociology of Scientific Knowlédgrial
Review of Sociolog®l (1995): 289-323.

Shapin, Steven, 1995b. “Cordelia's Love: Credibility and the Social Studies of Science.”
Perspectives on Scien8e3 (1995): 255-276.

Shapin, Steven, 1996[he Scientific RevolutioChicago: University of Chicago Press.

Shapin, Steven, 1998. “Placing the View from Nowhere: Historical and Sociological Problems in
the Location of ScienceTransactions, Institute of British Geograph@3.1 (1998): 5-
12.

Shapiro, Barbara J., 1969. “Law and Science in Seventeenth-Century Engtandotrd Law
Review21: 727-66.



121

Shapiro, Barbara, 1979. "History and Natural History in Sixteenth- and Seventeenth-Century
England: An Essay on the Relationship between Humanism and Science," at 1-55 in:
English Scientific Virtuosi in the 16th and 17th Centuries (Papers Read at a Clark
Library Seminar, 5 February 197.7) os Angeles: William Andrews Clark Memorial
Library.

Shapiro, Barbara, 1982robability and Certainty in Seventeenth-Century England: A Study of

the Relationships Between Natural Science, Religion, History, Law, and Literature.
Princeton: Princeton University Press.

Shea, W., 1997. “Review of Shapifhe Scientific RevolutichNature385 (1997): 312.

Shortland, Michael, and Richard Yeo, eds., 1998ling Lives in Science: Essays in Scientific
Biography New York: Cambridge University Press.

Skinner, Quentin, 1969. “Thomas Hobbes and the Nature of the Early Royal Sddistgyrical
Journal12: 217-239.

Skinner, Quentin, 199 Reason and Rhetoric in the Philosophy of HobNesv York:
Cambridge University Press.

Sklair, Leslie, 1972. "The Political Sociology of Science: A Critique of Current Orthodoxies," at

43-59 in: Paul Halmos, ed’he Sociology of Scienc&eele, England: University of
Keele.

Sorell, Tom, ed., 1985The Cambridge Companion to HobbBew York: Cambridge
University Press.

Sorell, Tom, 1988. “Descartes, Hobbes, and the Body of Natural Scid@meeMonist71.4 : 515-
525.

Stamm, Keith R., 1985Newspaper Use and Community Tidsrwood, NJ: Ablex.

Strong, Tracy B., 1993. “How to Write Scripture: Words, Authority, and Politics in Thomas
Hobbes. Critical Inquiry 20.1: 128-178.

Teich, Mikulas, Roy Porter, and Bo Gustafsson, eds., 198flire and Society in Historical
Context.New York: Cambridge University Press.

Thomas, Keith, 1994. “Review of Shap Social History of Trutfi London Review of
Booksl6 (Sept. 22): 14.

Tonnies, Ferdinand, 1887 (1955Gemeinschaft und Gesellsch@bmmunity and Association).
Translated by C P Loomis, Leipzig [London].

Traweek, Sharon, 1988eamtimes and Lifetimes: The World of High-Energy Physicists.
Cambridge, MA: Harvard University Press.

Tuck, Richard, ed., 199@1obbes: LeviathanSecond ed. New York: Cambridge University
Press.



122
Walters, Ronald, ed., 1993cientific Authority in Twentieth-Century Ameri&altimore: Johns
Hopkins University Press.

Webster, Charles, 1987. “Reviewldgéviathan and the Air-PunipThe Times Literary
Supplementylarch 13, 1987: 281.

Westfall, Richard S., 1985. "Science and Patronage: Galileo and the Teletsio@é,"11-30.

Whalen, Kathleen, 19935eventeenth-Century Agricultural Literature, Experimental Literature,
and Robert BoyleM.A. thesis, University of Colorado.

Whitley, Richard D., 1972. “Black Boxism and the Sociology of Science: A Discussion,” at 61-
92 in: Sociology of Scienceed. Paul Halmos. Keele, England: University of Keele.

Whitley, R., 1975.Summary Report of the Study: Production, Flow and Use of Information in
Research Laboratories in Different Scienasss. A. Bitz, A. McAlpine, and R. Whitley.
London: British Library Report Series.

Whitley, R., 1983. “From the Sociology of Scientific Communities to the Study of Scientists'
Negotiations and BeyondSocial Science Informatia22: 681-720.

Wojcik, Jan W., 1997 Robert Boyle and the Limits of Reasbiew York: Cambridge University
Press.

Wood, Paul B., 1988. “Behemoth v. the Sceptical Chymiidistory of Scienc@6: 103-109.
Wray, K. Brad., 1997. “Rational Communitie®&rspectives on Sciende2 232-254.

Yates, Frances A., 1964 (1969}iordano Bruno and the Hermetic Traditiohondon: Vintage
Books.



123

ANNA KELLER GOLD
adkgold@earthlink.net

VITA

EDUCATION
BA, University of California, Santa Cruz, 1976, Literature.
MLS, Catholic University of America, 1981, Library and Information Science

MS, Virginia Tech, 1999, Science and Technology Studies

PROFESSIONAL POSITIONS

University of California, San Diego. Head, Science and Engineering Library (1999 - )

National Science Foundation. Head, Information Services Section (Managing
Webmaster) (1996-1999).

National Science Foundation. Director, NSF Library (1994-1996).

Library of Congress, Research and Collection Development Librarian; Assistant
Selection Officer (1982-1994).



