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Preface

The Handbook of Science and Technology Studies, Third Edition, testifies to a thriving
field of research in social studies of science, technology, and their interactions with
society. The editors of the third Handbook have done a tremendous job by mapping
a multifaceted but now clearly maturing field. This volume shows the richness of
current empirical and theoretical research. The volume also displays—indirectly, in
the notes, references, and bibliographies—the institutional strengths of the field in
terms of journals, book series, research institutes, and graduate and undergraduate pro-
grams. And it significantly highlights that research in science and technology studies
is increasingly engaging with the outside world. This engagement is partly directed
toward other academic disciplines and practices and partly toward addressing ques-
tions of policy and governance in public and political institutions.

This Handbook was produced under the aegis of the Society for Social Studies of
Science (4S). The Society selected the proposal by the editorial team and constituted
the Handbook Advisory Board to monitor and assist in the process. Most importantly,
the editors drew on the wealth of scholarship produced by the 4S membership. During
4S annual meetings, consecutive steps for developing the Handbook were presented
by the editors and discussed with 4S members. The Handbook thus bears witness to
the richness within the STS scholarly community, encompassing different generations
of researchers, different research agendas, and different styles of engagement. It is,
then, with conviction and pride that 4S grants its imprimatur to this Handbook.

4S extends its gratitude to all who have contributed to the realization of this grand
project: the contributing authors, the members of the Advisory Board, and the staff
at MIT Press. First and foremost, however, the Society is indebted to the editors Ed
Hackett, Olga Amsterdamska, Mike Lynch, and Judy Wajcman. They succeeded in pro-
ducing a truly exciting handbook that maps the current state of the field while also
offering new challenges and innovative perspectives for future research.

Wiebe E. Bijker
Michel Callon
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Introduction

Edward |. Hackett, Olga Amsterdamska, Michael Lynch, and Judy Wajcman

In the mid-1970s, Ina Spiegel-Rosing and Derek J. de Solla Price organized and edited
The Handbook of Science, Technology, and Society because they felt “a strong need for
some sort of cross-disciplinary mode of access to this entire spectrum of scholarship”
and also wanted to “contribute to the intellectual integration” of the emergent field.
Spiegel-Rosing and Price were visionary in setting themselves the task and spectacu-
larly successful in seeing it through: a field of scholarship was born and took flight.
Some 18 years later The Handbook of Science and Technology Studies (note the title
change) was published, providing “a map of a half-seen world” characterized by
“excitement and unpredictability” (Jasanoff et al., 1995: xi). Introducing the third
edition of this episodic series challenges us to find the right metaphor for activity in
our field today. If the 1970s was an era of disciplinary juxtaposition and integration
and the 1990s a time for mapping a half-seen world of shifting continents and emerg-
ing countries, then in our time the field of science and technology studies (STS) may
be characterized by its engagement with various publics and decision makers, its influ-
ence on intellectual directions in cognate fields, its ambivalence about conceptual
categories and dichotomies, and its attention to places, practices, and things.

STS has become an interdisciplinary field that is creating an integrative under-
standing of the origins, dynamics, and consequences of science and technology. The
field is not a narrowly academic endeavor: STS scholars engage activists, scientists,
doctors, decision makers, engineers, and other stakeholders on matters of equity,
policy, politics, social change, national development, and economic transformation.
We do so with some hesitation and considerable self-reflection because we seek acad-
emic respectability and institutionalization and their accompanying resources (pro-
fessorships, departments, degrees, and research grants), yet also strive for change in
the service of justice, equity, and freedom. Establishing and holding the right balance
will be challenging, with the risk of irrelevance and disengagement on the one side
and cooptation and loss of prestige and resources on the other. Through three decades
of interdisciplinary interaction and integration, shifting intellectual continents and
cataclysmic conceptual shocks, perseverance and imagination, STS has become
institutionalized and intellectually influential, and STS scholars have become engaged
in various arenas of activism and policy. A decade ago, STS was mired in the “science
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wars”; today, STS scholars are invited (and supported) to engage in a spectrum of
studies with implications for science and technology policies and practices.

Place, time, and editorial process have figured prominently in Handbook introduc-
tions, perhaps reflecting a professional commitment to situating knowledge and dis-
closing institutional circumstances and influences. The 1977 volume was conceived
within the International Council for Science Policy Studies, which was established at
the International Congress of the History of Science in Moscow in 1971. The editors
selected “a team of authors from all the different disciplines and fields we felt had to
be incorporated, [and then] the contents and boundaries of the sections had to be
specified and negotiated with prospective authors” (Spiegel-Rosing & Price, 1977: 2).
Over a four-year period, authors and editors met and worked in Moscow, Schloss
Reisesburg (Germany), Amsterdam, Delhi, and Paris. Despite such peregrinations, the
editorial process was linear, centralized, and dispassionate.

The second Handbook, and the first to bear the imprimatur of the Society for
Social Studies of Science (4S, founded a year before the first Handbook was published),
was produced in circumstances of greater passion and less certainty than its
predecessor. The opening paragraph of the introduction conveys uncertainties in
language that is candid, inviting, and explicitly spatial. The field is “still emerging,”
so do not expect “the traditional, treatiselike handbook that would clinically describe
the field of STS... for it had not yet achieved the hoary respectability that merits
such dispassionate, and unimaginative, treatment” (Jasanoff et al.,, 1995: xi).
Instead, the Handbook offers “scholarly assessments of the field... definitive
roadmaps of the terrain...that project the field’s broad interdisciplinary and
international outlook. .. [and] capture for readers who come fresh to STS a little of
the excitement and unpredictability that have drawn scholars...to claim STS as
their primary intellectual home . . . an unconventional but arresting atlas of the field
at a particular moment in its history” (Jasanoff et al., 1995: xi—xii). To elicit and
organize this mass of diverse material the editors first marked the “meridians and
parallels” of STS, then opened their mailbox, and “proposals came flooding in” for
topics on the map and topics not anticipated. “The field, it seemed, was intent on
defining itself in ways not initially contemplated. We decided to accept this move-
ment toward self-definition. Rather than search for authors to occupy every vacant
slot in the proposal, we decided to redraw the boundaries to include more of the topics
that authors did wish to address . .. [which yielded] a more interesting and compre-
hensive, if not always more coherent, guide to the field” (Jasanoff et al., 1995: xiii).
In contrast to its predecessor, the second volume was intimately co-produced (or
co-edited) by the community of authors; it exhibits irony and passion, contingency
and agility.

Our birth story is more mundane. We did not enjoy the exotic travels of the inau-
gural Handbook: technologies allowed us to work from a distance but did not speed
the pace of production: the 1977 volume took six years to complete, the 1995 took
seven, and the present volume (the largest of the three) has taken eight years from
conception to publication.
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Working under the aegis of 4S, we divided the intellectual terrain of STS into four
parts: theory and methods, reciprocal relations with other fields, engagement with the
public sphere, and enduring themes and new directions. In fall 2003 we issued a call
for chapter proposals to the entire membership of 4S, posted it on relevant bulletin
boards of other societies, and listed it in appropriate newsletters. We aimed for a hand-
book that would consolidate the field’s accomplishments, welcome new scholars to
enter STS, and indicate promising research pathways into the future. Twenty of the
chapters in this book were written in response to that call. For the balance, with guid-
ance from our advisory board, we identified topics that were essential but overlooked
and solicited manuscripts to address them.

In reconciling the top down and bottom up editorial processes, our meridians and
parallels shifted, producing unforeseen alignments. Theory chapters focused on prob-
lems such as technological determinism or social worlds rather than on competing
schools and systems of ideas. There were no chapters explicitly devoted to methods.
Invitations to consider relations with other fields revealed some new connections (e.g.,
with communication studies or cognitive sciences) but passed over the traditional
interdisciplinary engagements of STS with anthropology, medical sociology, and
history. Perhaps such connections are so deep and integral that they escape notice.
What emerged instead is a multifaceted interest in the changing practices of knowl-
edge production, concern with connections among science, technology, and various
social institutions (the state, medicine, law, industry, and economics more generally),
and urgent attention to issues of public participation, power, democracy, governance,
and the evaluation of scientific knowledge, technology, and expertise.

These topics are approached with theoretical eclecticism: rather than defending pure
positions, authors risked strategic crossovers and melded ideas from different intel-
lectual domains. Normativity, relativism, and evaluation of expertise and scientific
knowledge endure from previous volumes but in new ways: no longer just problems
for philosophical reflection, such concerns are now posed in terms that seek collec-
tive political or social resolution.

Politics, democracy, and participation in scientific and technological decision
making are pervasive. Politics is no longer just science policy and is not limited to
guidance in various substantive realms (environment, health, information technolo-
gies, and so forth), but instead takes the form of a general concern about which polit-
ical systems, institutions, and understandings; which participants with what
qualifications, roles, and responsibilities; and which kinds of civil society would be
most democratic while preserving the benefits of scientific and technical expertise.
And these are not posed as abstract intellectual puzzles but as problems of concrete
technologies, practices, and institutions in specific places and circumstances with par-
ticular challenges and limitations.

If the first Handbook (1977) characterized STS as a nascent field borrow-
ing disciplinary ideas and theories to explain science and technology, and the
second Handbook (1995) as an adolescent field coalescing and establish-
ing its identity, this Handbook presents STS as a maturing field that generates



4 Edward J. Hackett, Olga Amsterdamska, Michael Lynch, and Judy Wajcman

ideas and findings wused to address fundamental problems in other
disciplines.

How have differences in the intellectual state of the field influenced the organiza-
tion of STS Handbooks in three eras? The 1977 STS Handbook placed its 15 chapters
into three sections: normative and professional contexts, disciplinary perspectives on
science studies, and interdisciplinary perspectives on science policy. Then, as now,
science studies and science policy occupied separate spheres, with too little discourse
between them, and the structure of the 1977 book reflects this segregation. Even in
the section on science studies there are independent chapters for the sociology, history,
economics, philosophy, and psychology of science.

In the 1995 Handbook, the number of chapters has increased to 28, grouped into
seven sections (including an opening section containing a single chapter), and the
titles are revealing. “Technology” has become more than a full partner: among section
headings the term (or its cognate) is mentioned everywhere that the term “science”
appears, and once (“Constructing Technology”) by itself. Chapters titled “the [fill in
a discipline] of science” have been replaced by chapters concerned with finer social
processes (e.g., laboratory studies, boundaries), emergent phenomena (e.g., “machine
intelligence,” globalization), communication (and other representations of the public),
and controversy and politics (which are virtually everywhere).

The Handbook in your hands has 38 chapters in five main sections. The first
offers framing ideas and perspectives on STS, sketching the conceptual and historical
foundations of the field. The second section is concerned with the people, places,
and practices of research, continuing the field’s abiding concern for the circumstances
of knowledge production. The third considers the diverse publics and politics of
science and technology, collecting ideas and empirical studies that demonstrate
and extend the relevance of STS scholarship for policy and social change. The
fourth section examines the institutions and economics of science and technology,
filling a void noted in the 1995 volume. The fifth and final section collects chapters
concerned with emergent technologies and sciences, pointing the way for new
research.

A handful of powerful themes cut across sections and chapters. First among these
is an emphasis on social action and activity: science and technology are as they do,
so attention is directed toward arrangements and practices that produce knowledge,
meaning, and impact. Second, sharp identities and distinctions are replaced by hybrids
and ambiguities, tensions and ambivalences. Sets are fuzzy; categories are blurred; sin-
gulars become plurals (sciences, not science; publics, not public, for example); and
linear causality, even reciprocal causality, is replaced by processes of co-production
that imply deeply integrated action. Third, context, history, and place matter more
than ever, and not only at the level of individual action—the individual scientist in
organizational and historical context—but also at the larger scales of institutional
structure and change. Despite the challenges posed by these increasingly sophisticated
conceptualizations, the explanatory objective remains a precise, empirical, multilevel
account of the processes of production, influence, and change. But that analytic goal
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alone no longer suffices: it must be wedded to an agenda of social change, grounded
in the bedrock of ethical principles and explicit values (equality, democracy, equity,
freedom, and others). Where once it may have seemed adequate to choose to write in
either an analytic or normative mode, or to attach normative implications to an ana-
lytic argument, the emerging challenge is to integrate or synthesize those modes of
thought.

Absent from this Handbook, to our regret, is much systematic treatment of research
methods, not only quantitative methods—survey tools, network techniques, bib-
liometry, experiments, and analytic models—but also qualitative, observational, and
text-based techniques that are evolving rapidly across the social sciences. Decades ago
some in our field may have been “against method,” but since then empirical atten-
tion to the practices of science and technology and to the sentient and tacit knowl-
edge embodied within those practices surely argues for making explicit our own
methods and epistemic assumptions, if only so others can build upon our successes
and learn from our mistakes.

A division between studies of science and studies of science policy has endured for
30 years, to their mutual impoverishment. While the divide remains, the present
Handbook offers new opportunities for dialog. The first Handbook attempted,
with some success, to bring those worlds into conversation. But in the second
Handbook, David Edge noted this persistent divide with displeasure and posed this
challenge: “Given that critical STS scholarship paints a distinctive and fresh picture
of science—a new ‘is’—what are the policy implications (if any)—the new ‘ought'—
that follow?” (Edge, 1995: 16). In this Handbook the beginnings of an STS answer
may be discerned in discussions of governance and democracy, in the consistent
attention given to activism, politics, social movements, and user engagement,
and in concern for empowerment and egalitarianism. An STS scholar today would sub-
stitute plural “oughts” for the singular, recognizing that different groups and their
interests would be served by different courses of action, and would examine dynamic,
interactive processes that are shaped by circumstances of science and technology,
society and history. But the core challenge remains: how to bring the distinctive
insights and sensibilities of STS into the analysis of policy and the process of social
change.

By pursuing a change agenda, by addressing matters of policy and politics, and by
engaging the various parties to such discussions, STS scholars have opened themselves
to criticism from various quarters. Scientists, politicians, business interests, religious
groups, activists, and others have engaged one another—not always fruitfully—on
climate change, human evolution, the inception and end of life, the ethics of stem
cell research, the cause and treatment of HIV infection, and much else. What can STS
contribute to resolving these conflicts? Many things: strategies for arranging and eval-
uating evidence, patterns of reasoning from principles of right conduct or democra-
tic process, ways to bridge the logics of law, politics, policy, religion, and common
sense, and empirical insights that might explain a causal process or break an impasse.
By providing historical perspective, by taking a variety of social points of view, and
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by revealing the social, political, and ethical implications of technology and science,
STS deflates hyperbolic rhetoric about technoscientific miracles and shapes develop-
mental pathways.

David Edge found a hopeful sign of the institutionalization of STS: “In the
United States, the National Science Foundation has, for many years, maintained a
program of support for activities in the field of ‘ethics and values’ [of science and tech-
nology]. This has survived many metamorphoses but has recently come to embrace
aspects of policy research and has joined forces with the history and philosophy of
science” (Edge, 1995: 16). We would reassure David that such hopeful signs
have grown: not only are the NSF programs flourishing, but there are also vibrant,
well-funded programs committed to the ethics, history, philosophy, and social study
of science and technology to be found within the research councils and science foun-
dations of many governments.

Looking backward is a way of assessing the distance traveled and taking bearings to
guide the way forward. In her opening chapter of the 1977 Handbook, Ina Spiegel-
Rosing identified five “cardinal tendencies” of STS (1977: 20-26). The field, she
observed, tends to be humanistic in its focus on real, acting human beings; relativistic
in its systematic attention to place, time, and history; reflexive in its critical self-
awareness of the potential influence of research on the object studied; de-simplifying
in its commitment to “un-blackboxing” phenomena, understanding mechanisms, and
delineating reciprocal influences; and normative in its commitment to understanding
the ethics and values implicit in science and technology and to using that under-
standing to guide the transformative powers of science and technology in ways that
are more generally beneficial and less potentially harmful. We believe these cardinal
tendencies are perhaps the most admirable and wise qualities of STS research and
invite the reader to use these to take bearings and chart progress after three decades
of travel.

For balance, it is sobering to remember that Spiegel-Rosing also listed four “major
and fairly obvious deficiencies” in STS research, which endure in varying degrees:
rhetoric pathos, or the unfortunate trait of posing a problem without making much
progress toward its solution; fragmentation, or divisions between disciplines in their
studies of science and technology, and between STS and policy-relevant research; a
lack of comparative research across disciplines and nations; and a bias toward studying
the bigger and harder sciences (1977: 27-30). Thirty years later, STS has acquired intel-
lectual and institutional integrity, though centrifugal forces swirl beneath its surface;
there is a growing amount of research concerned with science and technology in com-
parative and global perspectives, performed by an increasingly global community of
scholars; analytic attention has shifted from “bigger and harder sciences” toward a
spectrum of fields, with special concern for their distinctive qualities; and as for
rhetoric pathos, we leave that for the reader to judge.

Much has changed and much remains obdurate, but what matters is how the foun-
dations and dynamics summarized in this body of work will shape the next decade of
scholarship.
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Finally, please note that this edition of the Handbook is dedicated to the memory
of David Edge, who died in January 2003. David was the first director of the Science
Studies Unit at the University of Edinburgh, co-founding editor of Social Studies of
Science, and President of the Society for Social Studies of Science. Above and beyond
these leadership roles, he was and remains a guiding spirit for the field. As we reflect
on the central themes of this Handbook, we are reminded of David’s belief that the
substance and insights of STS scholarship are “of central concern to humankind. STS
analysis points to all the ‘higher’ aspects of human endeavor—truth and power and
justice and equity and democracy—and asks how these can be conserved and con-
solidated in modern society, so that the immense possibilities of scientific knowledge
and technological innovation can be harnessed (in Bacon’s words) ‘for the relief of
man’s estate’” (Edge 1995: 19).
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I ldeas and Perspectives

Michael Lynch

Section I of the Handbook includes chapters that present ideas and perspectives that
apply broadly to science and technology studies (STS). We should keep in mind,
however, that broadly does not mean universally. A signal feature of much current
STS research is an aversion to universalistic claims about science, knowledge, or STS
itself. This aversion does not arise from defensiveness or timidity, but from an acute
recognition that disciplinary histories and characterizations of states of knowledge are
both topics and resources for STS. Not only are accounts of ideas and perspectives
themselves perspectival, they often perform transparent, or not-so-transparent,
political work. Such political work sometimes expresses narrow self-promotional
agendas, or the ambitions of a “school” or “program” often consisting of a mere
handful of people located at one or two academic institutions. More often these days,
as indicated by recent STS conference themes and trends in the literature, scholars in
our field aim beyond struggles for academic recognition and express ambitions to insti-
gate changes in the world at large (ambitions whose articulations can in themselves
become vehicles of academic recognition). In current STS discussions, terms such as
“normativity,” “activism,” “intervention,” and “engagement” signal a desire (or some-
times a wish) to critically address extant versions of science and technology, and by
so doing to effect changes and redress inequalities in the way scientific, technical, and
clinical knowledges are presented and deployed in particular cultural and institutional
circumstances (the neologistic pluralization of the word “knowledge” itself signals a
refusal to go along with a conception of knowledge as singular and universal).

The tension between simply presenting a history of STS and denying the very pos-
sibility of doing so is nicely expressed by Sergio Sismondo when he says in his chapter:
“STS in one lesson? Not really.” But then he goes on to present “one easy lesson” (but
not the only lesson) to be drawn from recent trends in the field. Like many other con-
tributors to this and later sections of the Handbook, Sismondo addresses efforts to
engage with politics in STS research programs, but he also points to the complications
and dilemmas we face when trying to politically mobilize research in a field notori-
ous for its relativism. Instead of five-year plans for reforming science and technology,
are we to contemplate five-year programs in situated knowledges? Perhaps so, but it
can be baffling to consider what such programs would look like.
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Concerns about the politics of science and technology are far from new, as Stephen
Turner informs us in his chapter on the pre-Mertonian intellectual origins of science
studies. But, as numerous chapters in this Handbook illustrate, STS interest in politics
has never been more pervasive than at the present time—a time characterized by para-
doxical developments calling for nuanced treatments. Lucy Suchman observes in her
chapter that a heightened awareness of the politics of STS is far from a straightfor-
ward matter of consolidating our knowledge into normative principles that can then
be applied in the political domain: “intervention presupposes forms of engagement,
both extensive and intensive, that involve their own often contradictory position-
ings.” Engagement in controversies about science and technology forces us to con-
front robust conceptions of science and technology that might otherwise seem to have
been buried in the past by the philosophical arguments and case studies we present
to our students. For example, as Sally Wyatt demonstrates in her chapter, although
technological determinism has been reduced to the status of a straw position in tech-
nology studies, it is alive and well in business and policy circles and remains so per-
vasive that it even tends to dwell within our own, unreconstructed patterns of
thought.

Some of the chapters in this section revisit familiar themes and perspectives, but
rather than accepting established disciplinary agendas and lines of demarcation, they
attempt to show how STS research challenges set ways of thinking about science,
knowledge, and politics. For example, Adele Clarke and Susan Leigh Star turn their
discussion of the “social worlds” perspective (a line of research ostensibly derived from
symbolic interactionist sociology) back on sociological theory itself, to challenge
general conceptions of theory and method that continue to pervade sociology.
Similarly, when Charles Thorpe addresses the place of political theory in STS research,
instead of showing how such research derives from one or another political philoso-
phy, he argues for a conception of STS as political theory. He points out that the the-
oretical and political implications of lines of STS research do not predictably follow
from the ideological positions on which they are supposedly founded. Considered in
this way, STS is not a substantive field of theoretical “application,” but is instead a
source of critical insight into the conceptual underpinnings of modern social and
political theory.

Several of the chapters in this section exemplify this turning from substantive
engagement to critical theoretical insight—and not just insight guided by critical
theory but insight into the very ideas of “theory,” “the social,” and what it means to
be “critical.” Warwick Anderson and Vincanne Adams identify postcolonial studies as
a point of leverage for challenging univocal notions of technological progress with a
pluralized conception of modernity. Suchman’s chapter on the “sciences of the artifi-
cial” shows how feminist and other lines of STS research propose to redistribute the
intellectual, cultural, and economic configurations implied by distinctions between
humans and machines, and designers and users. Turner’s (pre)history of STS points to
the contingencies of history and of the tenuous links between particular political
philosophies and versions of science (also see Thorpe’s nuanced treatment of the
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relationship between post-Kuhnian STS and conservative thought). Finally, and char-
acteristically, Bruno Latour eschews the “debunking urge” so often ascribed to STS,
and proposes to merge histories of scientists with histories of the worldly things with
which scientists (and the rest of us) are concerned. Politics is no longer confined to
smoke-filled rooms; political action becomes embedded in the very substance of smoke
itself and its effects on, for example, lung tissue and global climate. Consequently, the
politics of science and technology—the subject and agenda of so many of the chap-
ters in this Handbook—becomes at once mundane and mysterious. It is mundane—
about worldly things and accounts of their details—and mysterious—involving hidden
agendas compounded by hidden contingencies. Consequently, as the chapters in this
section argue and exemplify, “engagement” is as much a condition for doing original
STS research as a matter of following through on its lessons in real-worldly settings.






1 Science and Technology Studies and an Engaged Program

Sergio Sismondo

There is the part of Science and Technology Studies (STS) that addresses and often
challenges traditional perspectives in philosophy, sociology, and history of science and
technology; it has developed increasingly sophisticated understandings of scientific
and technical knowledge, and of the processes and resources that contribute to that
knowledge. There is also the part of STS that focuses on reform or activism, critically
addressing policy, governance, and funding issues, as well as individual pieces of pub-
licly relevant science and technologys; it tries to reform science and technology in the
name of equality, welfare, and environment. The two parts, which Steve Fuller (1993)
has called the “High Church” and “Low Church” of STS, differ simultaneously in goals,
attention, and style, and as a result the division between them is often seen as the
largest one in the field.

However, this image of division ignores the numerous bridges between the Churches,
so numerous that they form another terrain in which the politics of science and
technology are explored. There we find theorists increasingly concerned with practical
politics of science, articulating positions with respect to questions about the place of
expertise in a democracy, or engaging in studies that directly bear on questions of reform
and activism. In particular, constructivist STS has created a space for theoretically
sophisticated analyses of science and technology in explicitly political contexts. By way
of a scandalously short history of STS, this chapter describes that space.

SCIENCE AND TECHNOLOGY STUDIES IN ONE EASY LESSON

STS in one lesson? Not really. However, one important feature of the field can be
gained from one lesson: STS looks to how the things it studies are constructed. The
history of STS is in part a history of increasing scope—starting with scientific knowl-
edge, and expanding to artifacts, methods, materials, observations, phenomena, clas-
sifications, institutions, interests, histories, and cultures. With those increases in scope
have come increases in sophistication, as its analyses assume fewer and fewer fixed
points and draw on more and more resources to understand technoscientific con-
structions. A standard history of STS (as in Bucchi, 2004; Sismondo, 2004; or Yearley,
2005) shows how this has played out.
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The metaphor of “construction,” or “social construction,” was so ubiquitous in the
1980s and 1990s that now authors in STS bend over backward to avoid using the term:
other terms, like “framing,” “constitution,” “organization,” “production,” and “man-
ufacture,” fill similar roles, attached to parts of the construction of facts and artifacts.
The construction metaphor has been applied in a wide variety of ways in STS; atten-
tion to that variety shows us that the majority of these applications are reasonable or
unobjectionable (Sismondo, 1993). We may also, though, pay attention to the central
implications of the metaphor, the ones that allow it to be used in so many different
ways and about so many different subject matters. Social constructivism provides three
important assumptions about science and technology, which can be extended to other
realms. First, science and technology are importantly social. Second, they are active—
the construction metaphor suggests activity. And third, they do not provide a direct
route from nature to ideas about nature; the products of science and technology are
not themselves natural (for a different analysis, see Hacking, 1999).

A standard history of STS might start with Thomas Kuhn's Structure of Scientific Rev-
olutions (1962), which emphasized the communal basis of the solidity of scientific
knowledge, the perspectival nature of that knowledge, and the hands-on work needed
to create it. More importantly, the popularity of Kuhn’s book and iconoclastic read-
ings of it opened up novel possibilities for looking at science as a social activity.

In this way, Kuhn’s work helped make space for another starting point in the field,
David Bloor’s (1976) and Barry Barnes’s (1974) articulation of the “strong program”
in the sociology of knowledge. The strong program starts from a commitment to nat-
uralist explanations of scientific and mathematical knowledge, to investigating the
causes of knowledge. Much traditional history and philosophy of science retained
non-naturalist patterns of explanation by explaining beliefs deemed true (or rational)
and false (or irrational) asymmetrically, in so doing importing an assumption that
truth and rationality have an attractive force, drawing disinterested science toward
them. Such asymmetric treatments of science assume that, ceteris paribus, researchers
will be led to the true and the rational, and therefore there can be no sociology of
scientific knowledge but only a sociology of error. The strong program, then, provides
a theoretical backdrop for studying the construction of scientific knowledge and
not just error.

The strong program was most immediately worked out in terms of interests: inter-
ests affect the positions people adopt and shape the claims that count as scientific
knowledge (e.g., MacKenzie, 1981; Shapin, 1975). A current body of work in STS largely
compatible with interest-based explanations is feminist work revealing the sexism or
sexist origins of particular scientific claims, usually ones that themselves contribute
to the construction of gender (e.g., Fausto-Sterling, 1985; Martin, 1991; Schiebinger,
1993). This strand of feminist STS shows how ideology, as starting and ending points,
contributes to the construction of scientific knowledge.

The empirical program of relativism (EPOR), mostly due to Harry Collins’s work in
the 1970s, bears much similarity to the strong program (e.g., Collins, 1985). Symme-
try is achieved, as it is for many strong program studies, by focusing on controversies,
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during which knowledge is undetermined. Controversies display interpretive flexibil-
ity: materials, data, methods, and ideas can be given a range of interpretations com-
patible with the competing positions. For this reason, Collins’s methodological
relativism asserts that the natures of materials play no role in the resolution of con-
troversies. EPOR goes on to show that there is always a regress in scientific and tech-
nical controversies. Judgments of interpretations and of the claims they support
depend on each other, as participants in a controversy typically see the work and argu-
ments to support a claim as sound to the extent that they see the claim itself as sound.
Case studies support a picture of controversies being resolved through actions that
define one position as the right and reasonable one for members of an expert
community to hold. Thus, the constitution of scientific knowledge contains an
ineliminable reference to particular social configurations.

While they are (literally) crucial components of the construction of scientific and
technical knowledge, controversies are also only episodes in that construction,
episodes in which groups of experts make decisions on contentious issues. To fully
understand controversies, we must study how they have been shaped by cultures and
events. In the 1970s a number of researchers—most prominently Harry Collins, Karin
Knorr Cetina, Bruno Latour, Michael Lynch, and Sharon Traweek—simultaneously
adopted a novel approach of studying cultures of science, moving into laboratories to
watch and participate in the work of experimentation, the collection and analysis of
data, and the refinement of claims. Early laboratory ethnographies drew attention to
the skills involved in even the most straightforward laboratory manipulation and
observation (Latour & Woolgar, 1979; Collins, 1985; Zenzen & Restivo, 1982). In the
context of such skill-bound action, scientists negotiated the nature of data and other
results in conversation with each other (Knorr Cetina, 1981; Lynch, 1985), working
toward results and arguments that could be published. Attention to such details is
consonant with the ethnomethodological study of science advocated by Lynch, which
makes epistemology a topic of detailed empirical study (Lynch 1985, 1993); for eth-
nomethodology, the order of science is made at the level of ordinary actions in labo-
ratories and elsewhere. In all of this, cultures play an enormous role, setting out what
can be valued work and acceptable style (Traweek, 1988). The construction of data,
then, is heavily marked by skills and cultures and by routine negotiation in the
laboratory.

Not only data but phenomena themselves are constructed in laboratories—
laboratories are places of work, and what is found in them is not nature but rather
the product of much human effort. Inputs are extracted and refined, or are
invented for particular purposes, shielded from outside influences, and placed in
innovative contexts (Latour & Woolgar, 1979; Knorr Cetina, 1981; Hacking, 1983).
Experimental systems are tinkered with until stabilized, able to behave consistently
(Rheinberger, 1997). Laboratory phenomena, then, are not in themselves natural but
are made to stand in for nature; in their purity and artificiality they are typically
seen as more fundamental and revealing of nature than the natural world itself
can be.
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In the seventeenth century, this constructedness of experimental phenomena was
a focus of debates over the legitimacy of experimental philosophy. The debates were,
as we know, resolved in favor of experiment but not because experiment is self-
evidently a transparent window onto nature. They were resolved by an articulation of
the proper bounds and styles of discourse within a community of gentlemanly natural
philosophers (Shapin & Schaffer, 1985) and by analogy to mathematical construction
(Dear, 1995). In the analysis of these and other important developments, STS has
opened up new approaches to historical epistemology, studying how and why partic-
ular styles of scientific work have arisen (Hacking, 1992); the histories and dynamics
of key scientific concepts and ideals, like objectivity (Daston, 1992; Porter, 1995); and
the rhetoric and politics of method (Schuster & Yeo, 1986). From the construction of
scientific knowledge developed an interest in the construction of scientific methods
and epistemologies.

Trevor Pinch and Wiebe Bijker’s (1987) transfer of concepts from the study of science
to the study of technology, under the title “social construction of technology”
(SCOT), argued that the success of a technology depends on the strength and size of
the groups that take it up and promote it. Even a technology’s definition is a result of
its interpretation by “relevant social groups”: artifacts may be interpreted flexibly,
because what they do and how well they perform are the results of competing goals
or competing senses of what they should do. Thus, SCOT points to contingencies in
the histories and meanings of technologies, contingencies on actions and interpreta-
tions by different social groups.

The symbolic interactionist approach treats science and technology as work, taking
place in particular locales using particular materials (e.g., Fujimura, 1988). Moreover,
objects serve as symbols that enable work and, through it, the creation of scientific
knowledge and technical results (Star & Griesemer, 1989). Attention to the work of
science, technology, and medicine alerts symbolic interactionists to the contributions
of people not normally recognized as researchers or innovators (e.g., Moore, 1997).

Actor-network theory (ANT) further broadens that picture by representing the work
of technoscience as the attempted creation of larger and stronger networks (Callon,
1986; Latour, 1987; Law, 1987). Actors, or more properly “actants,” attempt to build
networks we call machines when their components are made to act together to achieve
a consistent effect, or facts when their components are made to act as if they are in
agreement. Distinctive to ANT is that the networks are heterogeneous, including
diverse components that span materials, equipment, components, people, and insti-
tutions. In ANT’s networks bacteria may rub shoulders with microscopes and public
health agencies, and experimental batteries may be pulled apart by car drivers and oil
companies. All these components are actants and are treated as simultaneously semi-
otic and material; ANT might be seen to combine the interpretive frameworks of EPOR
and SCOT with the materialism of laboratory studies. Scientific facts and technologi-
cal artifacts are the result of work by scientists and engineers to translate the interests
of a wide group of actors so that they work together or in agreement. ANT’s step
in the history of constructivist STS is to integrate human and nonhuman actors in
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analyses of the construction of knowledge and things—controversially, because it may
reproduce asymmetries (Collins & Yearley, 1992; Bloor, 1999).

For scientific knowledge and technological artifacts to be successful, they must be
made to fit their environments or their environments must be made to fit them. The
process of adjusting pieces of technoscience and their environments to each other,
or of simultaneously creating both knowledge and institutions, is a process of co-
production (Jasanoff, 2004) or co-construction (Taylor, 1995) of the natural, techni-
cal, and social orders. Drugs are made to address illnesses that come into being because
of the availability of drugs (e.g., Fishman, 2004), classifications of diseases afford diag-
noses that reinforce those classifications (Bowker & Star, 1999), and climate science
has created both knowledge and institutions that help validate and address that
knowledge (Miller, 2004). Part of the work of successful technoscience, then, is the
construction not only of facts and artifacts but also of the societies that accept, use,
and validate them.

There have been many more extensions of constructivist approaches. Observing that
interests had been generally taken as fixed causes of scientific and technological
actions, even while interests are also flexible and occasioned (Woolgar, 1981; Callon
& Law, 1982), some researchers have taken up the challenge of reflexivity, explaining
sociology of knowledge using its own tools (Mulkay, 1985; Woolgar, 1988; Ashmore,
1989). Studies of scientific and technical rhetoric follow the discursive causes of facts
and artifacts into questions of genre and styles of persuasion (e.g., Gilbert & Mulkay,
1984; Myers, 1990). The study of boundary work displays the construction and recon-
struction of the edges of disciplines, methods, and other social divisions (Gieryn,
1999). Meanwhile, researchers have examined some of the legal, regulatory, and
ethical work of science and technology: How are safety procedures integrated with
other laboratory practices (Sims, 2005)? How is informed consent defined (Reardon,
2001)? How are patents constructed out of scientific results (e.g., Packer & Webster,
1996; Owen-Smith 2005)? In these and many other ways, the constructivist project
continues to find new tools of analysis and new objects to analyze.

The metaphor of construction, in its generic form, thus ties together much of STS:
Kuhn's historiography of science; the strong program’s rejection of non-naturalist
explanations; ethnographic interest in the stabilization of materials and knowledges;
EPOR’s insistence on the muteness of the objects of study; historical epistemology’s
exploration of even the most apparently basic concepts, methods, and ideals; SCOT’s
observation of the interpretive flexibility of even the most straightforward of tech-
nologies; ANT’s mandate to distribute the agency of technoscience widely; and the
co-productionist attention to simultaneous work on technical and social orders. Of
course, these programs are not unified, as different uses and interpretations of the con-
structivist metaphor allow for and give rise to substantial theoretical and method-
ological disagreements. Yet the metaphor has enough substance to help distinguish
STS from more general history of science and technology, from the rationalist project
of philosophy of science, from the phenomenological tradition of philosophy of
technology, and from the constraints of institutional sociology of science.
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THE PROBLEM WITH THE NARRATIVE SO FAR

Unfortunately, the narrative so far is entirely a High Church one, to adopt Fuller’s
useful analogy.! This High Church STS has been focused on the interpretation of
science and technology and has been successful in developing sophisticated concep-
tual tools for exploring the development and stabilization of knowledge and artifacts.
While its hermeneutics of science and technology are often explicitly framed in oppo-
sition to the more rationalist projects of traditional philosophy and history of science,
the High Church occupies a similar terrain.

But there is also a Low Church, less concerned with understanding science and tech-
nology in and of themselves, and more with making science and technology account-
able to public interests. The Low Church has its most important origins in the work
of scientists concerned with ties among science, technology, the military, and indus-
try. For them, the goal is to challenge the structures that allowed nuclear physics to
contribute to the development of atomic weapons, that allowed chemistry to be har-
nessed to various environmentally disastrous projects, or that gave biology a key place
in the industrialization of agriculture. Activist movements in the 1940s and 1950s pro-
duced the Bulletin of Atomic Scientists and organizations like Pugwash, in which pro-
gressively minded scientists and other scholars discussed nuclear weapons and other
global threats. Put differently, science and technology often contribute to projects the
benefits, costs, and risks of which are very unevenly distributed. In recognition of this
fact, and in the context of a critique of the idea of progress (Cutliffe, 2000), 1960s
activists created organizations like the Union of Concerned Scientists and Science for
the People.

Especially in the academy, the Low Church became “Science, Technology, and
Society,” a diverse grouping united by its combination of progressive goals and ori-
entation to science and technology as social institutions. In fact these two have been
connected: For researchers on Science, Technology, and Society, the project of under-
standing the social nature of science has generally been seen as continuous with the
project of promoting a socially responsible science (e.g., Ravetz, 1971; Spiegel-Rosing
& Price, 1977; Cutliffe, 2000). This establishes a link between Low and High Churches
and a justification for treating them as parts of a single field, rather than as two com-
pletely separate denominations. So the second of the elements that distinguish STS
from other disciplines that study science and technology is an activist interest.

For the Low Church, key questions are tied to reform, to promoting science and
technology that benefit the widest populations. How can sound technical decisions
be made through genuinely democratic processes (Laird, 1993)? Can innovation be
democratically controlled (Sclove, 1995)? How should technologies best be regulated
(e.g., Morone & Woodhouse, 1989)? To what extent, and how, can technologies
be treated as political entities (Winner, 1986)? What are the dynamics of public tech-
nical controversies, and how do sides attempt to control definition of the issues and
the relevant participants (Nelkin, 1979)? As problems of science and technology have
changed, so have critical studies of them. Military funding as the central focus has
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given way to a constellation of issues centered on the privatization of university
research; in a world in which researchers, knowledge, and tools flow back and forth
between academia and industry, how can we safeguard pure science (Dickson, 1988;
Slaughter & Leslie, 1997)?

An assumption behind, and also a result of, research on Science, Technology, and
Society is that more public participation in technical decision-making, or at least more
than has been traditional, improves the public value and quality of science and tech-
nology. So, for example, in a comparison of two parallel processes of designing chem-
ical weapons disposal programs, a participatory model was a vast improvement over
a “decide, announce, defend” model; the latter took enormous amounts of time, alien-
ated the public, and produced uniform recommendations (Futrell, 2003). In evalua-
tions of public participation exercises it is argued that these are more successful to the
extent that participants represent the population, are independent, are involved early
in the decision-making process, have real influence, are engaged in a transparent
process, have access to resources, have defined tasks, and engage in structured
decision-making (Rowe et al., 2004).

The democratization of science and technology has taken many forms. In the 1980s,
the Danish Board of Technology created the consensus conference, a panel of citizens
charged with reporting and making (nonbinding) recommendations to the Danish
parliament on a specific technical topic of concern (Sclove, 2000). Experts and stake-
holders have opportunities to present information to the panel, but the lay group has
full control over its report. The consensus conference process has been deemed a
success for its ability to democratize technical decision-making without obviously
sacrificing clarity and rationality, and it has been extended to other parts of Europe,
Japan, and the United States (Sclove, 2000).

Looking at an earlier stage in research processes, in the 1970s the Netherlands pio-
neered the idea of “science shops,” which provide technical advice to citizens, asso-
ciations, and nonprofit organizations (Farkas, 1999). The science shop is typically a
small-scale organization that conducts scientific research in response to needs articu-
lated by individuals or organizations lacking the resources to conduct research on their
own. This idea, instantiated in many different ways, has been modestly successful,
being exported to countries across Europe and to Canada, Israel, South Africa, and the
United States, though its popularity has waxed and waned (Fischer et al., 2004). Thus,
the project of Science, Technology, and Society has had some impressive achievements
that are not part of the constructivist project, at least as represented in this chapter’s
earlier narrative of the history of STS. Nonetheless, these two projects have been better
linked together than the two Churches analogy would suggest.

A RECONSTRUCTION OF THE DISTINCTION
This chapter does not attempt a religious reconciliation. Easier is to argue that the reli-

gious metaphors are out of place. There is undoubtedly considerable distance between
the more “theoretical” and the more “activist” sides to STS, but there are plenty of
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overlaps between theory and activism (Woodhouse et al., 2002). There are any number
of engaged analyses drawing on constructivist methods and insights, constructivist
analyses engaging with policy or politics, and abstract discussions of the connections
between theory and the democratization of science and technology. In particular, we
can see valuable extensions of constructivist STS to study technoscientific politics,
extensions that bridge normative and theoretical concerns.

We might better view the distinction between High Church purely academic work
and Low Church political or advocacy work in terms of a double distinction. (There are
other revisions of it, around positive and negative attitudes toward science and tech-
nology, as well as three-way contrasts among theory, activism, or public policy—see
Cutliffe, 2000; Woodhoue et al, 2002; Bijker, 2003.) Let us ask two questions of differ-
ent pieces of STS scholarship. First, do they aim at results of theoretical or fundamen-
tal or wide importance for understanding the construction of science and technology?
Second, do they aim at results of political or practical value for promoting democratic
control of and participation in science and technology? If we ask these two questions
simultaneously, the result is a space defined by two axes: high and low levels of “fun-
damentality” and high or low levels of “political value.” While these axes do not tell a
full story of STS, they both distinguish STS from other ways of studying science and
technology and capture important dimensions of the field (see figure 1.1). At the lower
left of the figure are studies that describe and document. Such studies are not by them-
selves relevant to either the theoretical or activist projects of STS, though perhaps they
may be made so by the right translations. They would typically be left out of the stan-
dard characterizations of the field (Cutliffe, 2000; Bucchi, 2004; Sismondo, 2004;
Yearley, 2005). At the lower right are studies that aim to contribute primarily to one or
another activist project. At the upper left are studies that aim to contribute to theoret-
ical understanding of the construction of science and technology, typically focusing on
high-status sciences and technologies and often focusing on their internal dynamics.
At the upper right are studies that aim to contribute both to some version of activist
projects and to general theoretical perspectives. For ease of reference, this region of
intellectual space needs a name: the “engaged program” of STS.
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The modest move of the engaged program is to address topics of clear political
importance: nuclear energy rather than condensed matter physics, agricultural
biotechnology rather than evolutionary systematics. But in so doing the engaged
program makes a more sophisticated move by placing relations among science, tech-
nology, and public interests at the center of the research program. The engaged
program studies science and technology when they are or should be engaged, and as
a result, interactions among science, technology, politics, and public interests have
become topics for STS and not just contexts of study. Politics has become a site of
study rather than a mode of analysis.

The two-dimensional framework allows us to see not a conflict between the goals
of theoretical interest and activism but a potential overlap. That overlap is well rep-
resented, and increasingly so, in the STS literature. Some of the recent chapters in the
history of STS involve the extension of the constructivist program to public sites, with
a focus on interactions at the interface of science, technology, law, and government.
Without programmatic announcements or even fanfare, the center of gravity of STS
has moved markedly toward the terrain of the engaged program. Much of the Low
Church has always been there, since many of its representatives intend to contribute
to general analyses of the politics of science and technology, treating their subject
matters as important case studies. Some strands of feminist STS have also always been
there, wherever feminist research met constructivist concerns. So has much symbolic
interactionist research, which has been often articulated with attention to issues of
power (e.g., Cussins, 1996; Casper & Clarke, 1998). But recently it has become almost
the norm for constructivist STS to study cases of public interest, and it has become
common to study the interactions of science, technology, and public interests. Con-
sequently, the nature of the politics of science and technology appears to be at the
very center of the field. Recent issues of Social Studies of Science, certainly one of the
highest of High Church central journals in STS, contain any number of articles on a
wide variety of topics clearly located in the engaged program.? Books on science and
technology in an explicitly political context attract attention and win prizes.® Indeed,
the natures of democracy and politics in a technoscientific world, and the political
orders of technoscience, are among the central topics of STS. That movement makes
the distinction between two Churches increasingly irrelevant.

CONSTRUCTIVISM AND THE POLITICS OF EXPERTISE

We can see the engaged program converging on the democratization of technoscience.
Approaching the problem from the direction of liberal democratic theory, Stephen
Turner (2001, 2003a) argues that there is a genuine conflict between expertise and
democracy because expertise creates inequalities that undermine citizen rule. As
knowledge societies have developed, decisions are increasingly made by or directly
responsive to experts and expert commissions. Turner is cautiously optimistic about
this new version of democracy, “Liberal Democracy 3.0,” arguing that some forms
of expertise are effectively democratically accepted, that judgments of expertise are
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conferred contingently and are always open to challenge, and that therefore the
importance of expertise in modern liberal societies is in principle compatible with
democracy (Turner, 2001). How best to manage the conflict remains an open theo-
retical and political project, though.

One set of implications of the (social) constructedness of scientific knowledge is that
there is always a way of cashing out knowledge in social terms: that its meaning always
includes a social component, and that assumptions about the social world that pro-
duced it are embedded in knowledge. When scientific knowledge enters the public
arena, those embedded assumptions can come under scrutiny. An interested public
may be in an excellent position to see and challenge assumptions about such things
as the residence of expertise, the relative values of different interests, and the impor-
tance of risks; Steven Yearley (1999) identifies this as one of the key findings in studies
of science meeting the public. Constructivism, then, also provides grounds for increas-
ing public participation in science and technology.

Laypeople can develop and possess technical expertise in many ways. Steven
Epstein’s (1996) study of AIDS activism and its effects on research provides a striking
example. Activists were able to recognize that the standard protocols for clinical trials
assumed, for example, that research subjects should be expected not to supplement
experimental treatments with alternatives or not to share drugs with other research
subjects. The protocols effectively valued clean results over the lives and hopes of
people living with AIDS, and thus activists were able to challenge both the artificial-
ity of and the ethics embedded in clinical trials. Moreover, it is clear that there are
many forms of expertise and that scientists and engineers may lack relevant forms of
expertise when their work takes them into public realms. In a somewhat different sit-
uation, French muscular dystrophy patients have contributed to research on their
disease by organizing the research effort, engaging in their own studies, participating
in accredited researchers’ studies, and evaluating results (Rabeharisoa & Callon,1999).
Because of its considerable resources, 1I’Association Francaise contre les Myopathies has
become exemplary of a kind of cooperative research between laypeople and scientists
(Callon, 1999). Brian Wynne’s (1996) study of Cumbrian sheep farmers potentially
affected by the 1986 Chernobyl accident is one of the most-discussed pieces of research
in STS, precisely because it is about the fate of expertise in a public domain. The
farmers were easily able to see that Chernobyl was not the only potential source of
irradiation, as the British nuclear power plant Sellafield was already viewed with
suspicion, and were also able to see lacunae in government scientists’ knowledge,
especially about sheep-farming. Thus, they developed a profound skepticism about
the government advice.

Outsiders may challenge the seamlessness of scientific and technical expertise.
There are competing epistemes in science and law, and when science is brought
into the courtroom the value of its forms of knowledge is not straightforwardly
accepted (Jasanoff, 1995). Lawyers and judges often understand that scientific
expertise contains its own local and particular features. As a result, science can be
challenged by routine legal maneuvers, and it may or may not be translated into forms



Science and Technology Studies and an Engaged Program 23

in which it can survive those challenges. Similarly, science typically does not
provide the definitive cases for particular policies that both scientists and policymak-
ers hope for, because the internal mechanisms by which science normally achieves
closure often fail in the context of contentious policymaking (Collingridge & Reeve,
1986).

THREE PROGRAMMATIC STATEMENTS

Through studies like the above, STS, and particularly that part of the field that we can
see as working within the broad constructivist metaphor and as having a High Church
history, has turned the politics of science and technology into a topic, indeed, the
topic. This is not simply to analyze technoscience politically but to analyze techno-
scientific politics. What follows are three articulations of core substantive issues and
normative responses. We can see each of these articulations as attending to the con-
struction of political orders of science and technology and following paths begun in
the history of constructivism.

A Normative Theory of Expertise

In a widely discussed paper, H. M. Collins and Robert Evans (2002) identify what they
call a “problem of extension”: Who should legitimately participate in technical deci-
sion-making? That is, given constructivist STS’s successful challenge to claims that
science has privileged access to the truth, how open should technical decision-making
be? In expansive terms, Collins and Evans claim that a version of the problem of exten-
sion is “the pressing intellectual problem of the age” (2002: 236).

They offer a normative theory of expertise as a framework for a solution to this
problem. Experts, they argue, are the right decision-makers because (by definition)
they possess relevant knowledge that nonexperts lack. STS has shown, and Collins’s
work (e.g., 1985) is most prominent in showing, that the solution to scientific and
technical controversies rests on judgments by experts and judgments of the location
of expertise rather than on any formal scientific method; science and technology are
activities performed by humans, not machines. Collins and Evans assume, moreover,
that expertise is real and that it represents genuine knowledge within its domains. STS
has also shown that legitimate expertise extends much further than merely to accred-
ited scientists and engineers, at least wherever science and technology touches the
public domain (e.g., Epstein 1996; Wynne 1996; Yearley 1999). In addition, there are
different forms of expertise: contributory expertise allows for meaningful participa-
tion in the substance of technoscientific controversies, interactional expertise allows
for meaningful interaction with, and often between, contributing experts, and referred
expertise allows for the assessment of contributory expertise (Collins & Evans, 2002).
Thus, the normative theory of expertise would increase opportunities for participa-
tion and would promote an egalitarianism based on ability to participate meaning-
fully. The problem of extension is to identify how far these different forms of expertise
legitimately extend.
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Technical decisions are the focus of Collins and Evans’s position, the key intersec-
tion of science, technology, and politics. This leaves their view open to charges of a
“decisionism” (Wynne, 2003; Habermas, 1975) that ignores such matters as the
framing of issues, the constitution of expertise, and the dissemination of knowledge
(Jasanoff, 2003). We might see a parallel issue in the movement in current political
philosophy to value deliberative democracy and active citizenship over aggregative
democracy and participation through voting. Thus, we might think that Collins and
Evans have construed the topic of the engaged program narrowly, leaving aside
terrains where science, technology, and politics intersect.

Civic Epistemologies

Problems with decisionism serve as a point of departure for quite different explorations
of science and technology in the public domain. Sheila Jasanoff, in a comparative
study of biotechnology in the United States, Britain, and Germany, shows how
there are distinct national cultures of technoscientific politics (Jasanoff, 2005). Just as
controversies are key moments, but only moments, in the construction of scientific
and technical knowledge, decisions are key moments in technoscientific politics. The
governments of each of these countries have developed strategies to incubate biotech-
nological research and industry, even to the extent of being aspects of nation-
building. Each has subjected that research and industry to democratic scrutiny and
control. Yet the results have been strikingly different: the industries are different,
their relations with academia are different, and the regulations dealing with them and
their products are different. This is the result of national “civic epistemologies” that
shape the democratic practice of science and technology (Jasanoff, 2005: 255).

As Jasanoff describes civic epistemologies, they contain these dimensions: styles of
knowledge-making in the public sphere; approaches to, and levels of, accountability
and trust; practices of demonstration of knowledge; types of objectivity that are
valued; foundations of expertise; and assumptions about the visibility and accessibil-
ity of expert bodies (2005: 259). In the United States the level of trust of experts is
low, their accountability is grounded in legal or legalistic processes, and neatly con-
gruent with this, the most valued basis of objectivity is formal. In Germany, on the
other hand, the level of trust in experts is higher, when they occupy recognized roles,
and the basis of objective results is reasoned negotiations among representatives of
interested groups. It should be no surprise, then, that the politics of biotechnology
are different in the United States and Germany.

The above list of dimensions, which might be expandable, suggests programs of
research for all kinds of civic epistemologies and not just national ones. Meanwhile,
such a historically grounded and locally situated understanding of technoscientific
politics demands historically grounded and locally situated normative approaches. No
single template will improve democratic accountability in diverse settings and con-
texts. And similarly, no single template of active technoscientific citizenship will be
adequate to these different settings. If the engaged program foregrounds civic episte-
mologies, its normative work is multiplied.
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Bringing the Sciences into Democracy

For Bruno Latour, the modern world sees nature and politics as two separate domains,
their only connection being that nature is taken to provide constraints on politics
(Latour, 2004). It has been a central achievement of STS to show that this modern
picture is mistaken: what is here being called constructivist STS exposes the work of
establishing facts of nature, thus showing that the modernist separation of nature from
the social world is a piece of a priori metaphysics. Latour aims to bring the sciences
into democracy by “blurring the distinction between nature and society durably”
(2004: 36). In its place, he proposes the instauration of a collective (or many collec-
tives) that deliberates and decides on its membership. This collective will be a repub-
lic of things, human and nonhuman. Just as ANT integrated humans and nonhumans
into analyses of technoscience, its contribution to the engaged program should be to
integrate humans and nonhumans into technoscientific democracy.

Latour argues that representing nonhumans is no more difficult than representing
humans, that there is only one problem of representation, which sometimes appears
as a problem of political representation and sometimes as a problem of scientific rep-
resentation (2004: 55). In both cases, we rely on spokespeople, of whom we must be
simultaneously skeptical and respectful. Nonetheless, political philosophy has had
enough difficulty dealing with human multiculturalisms, with their apparent conflicts
over universal rights and national projects, and we might suspect that such conflicts
would be more difficult to address if nonhumans were also given consideration.

Perhaps for this reason, Latour’s collective would be focused on propositions, deter-
mining which propositions belong in a well-ordered common world or cosmos. He
divides it into two houses, with separate powers and responsibilities; these houses cut
across science and politics, reconceptualizing epistemic processes so that all parties
can participate at all stages. An upper house has the power to “take into account,” the
lower house has the power to “put in order,” and both together have the power “to
follow up.” To effect such powers requires tasks that scientists and politicians would
undertake: to be attentive to propositions that might be added to the common world,
even if they might challenge members; to determine how to assess propositions that
might be included; to arrange propositions in a homogeneous order; to reason toward
closure of debates; and so on.

It would be unfair to Latour, given the amount of detail in his descriptions, to say
that the organization of the collective is unclear. Nonetheless, Latour’s divisions and
unities are not described to help us site a new parliament building and populate it
with representatives. Rather, he aims to show what a society should do if it took epis-
temics as central. In effect, Latour’s preferred politics of nature is reminiscent of Karl
Popper’s epistemic liberalism but responsive to research in STS, and specifically to
research in ANT. Such a society would not allow propositions to become established
without being subjected to the right kinds of scrutiny. It would attempt to institu-
tionalize propositions rationally, yet it would be constantly open to the possibility of
revision of its established cosmos. It would not adopt any a priori metaphysics, such
as that which neatly divides nature and society. And it would be so constituted that
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these checks and balances would remain in place. So while Latour’s politics of nature
is intensely normative, it does not make recognizably concrete recommendations.

STS AND THE STUDY OF TECHNOSCIENTIFIC POLITICS

In the above three programmatic statements we can see parallels to programs in the
history of constructivist STS. There remain plenty of opportunities to explore further
extensions of the field into the terrain of technoscientific politics: constructions of
phenomena of interest, natures of interests themselves, histories and uses of civic epis-
temologies and not only their forms, contingencies of particular understandings of
the politics of science and technology, boundary work in political domains, and
rhetorical action. As before, these programs need not be unified, as different uses and
interpretations of the constructivist metaphor allow for substantial disagreements. Yet
the metaphor has enough substance to help guide research in interesting and valu-
able directions.

Moreover, as the above programmatic statements show, there are opportunities for
contributions to a political philosophy that recognize the centrality of science and
technology to the modern world. Because it does not separate epistemic and political
processes, STS can genuinely study knowledge societies and technological societies
rather than treat knowledge and technology as externalities to political processes. This
theoretical project is structured so that it already contributes to STS’s normative
project, providing a broad set of ways of bringing them together.

Notes

I would like to thank Ed Woodhouse and three anonymous reviewers for their excellent comments on
an earlier version of this chapter, and Michael Lynch for both his thoughtful suggestions and his keen
editor’s eye.

1. Fuller’s analogy is to two waves of secularization. STS’s Low Church resembles the sixteenth and
seventeenth century Protestant Reformation, whereas the High Church resembles nineteenth century
radical hermeneutical criticism of the Bible (Fuller, 2000: 409).

2. There are, for example, articles on the rhetoric of commentary on tobacco regulation (Roth et al.,
2003), environmental management of small islands (Hercock, 2003), race and scientific credit
(Timmermans, 2003), social and ethical consequences of pharmacogenetics (Hedgecoe & Martin, 2003),
a debate about the nature of engagement in STS (Jasanoff, 2003; Wynne, 2003; Rip, 2003; Collins &
Evans, 2003), and a discussion of the politics of expertise (Turner, 2003b).

3. The Society for Social Studies of Science awards two book prizes each year, the Ludwik Fleck and
Rachel Carson prizes. The latter, created only in 1996, is explicitly for a book of political or social
relevance, but the former is for a book of general interest in STS. Nonetheless, among the Fleck winners
are such books as Helen Verran’s Science and an African Logic (2001), a book that puts relativism in a
multicultural context; Adele Clark’s Disciplining Reproduction (1998), on twentieth century sciences of
human reproduction; Donna Haraway’s Modest_Witness@Second-Millennium (1997), on feminism and
technoscience; Theodore Porter’s Trust in Numbers (1995), which discusses how the ideal of objectivity
arises from the democratization of expertise; and Londa Schiebinger’s Nature’s Body (1993), on gender
in Enlightenment biology and anthropology.
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2 The Social Study of Science before Kuhn

Stephen Turner

The controversy over Thomas Kuhn's astonishingly successful Structure of Scientific Rev-
olutions ([1962]1996), which denied the possibility of a rational account of conceptual
revolutions and characterized them in the language of collective psychology, created
the conditions for producing the field that became “science studies.” The book was
the immediate product of an existing tradition of writing about science, exemplified
by the works of James Bryant Conant and Michael Polanyi, and the distal product of
a literature on the social character of science that reaches back centuries. This litera-
ture was closely connected to practical problems of the organization of science and
also to social theory debates on the political meaning of science. The basic story line
is simple: a conflict between two views of science, one of which treats science as dis-
tinguished by a method that can be extended to social and political life, and a respond-
ing view that treats science as a distinctive form of activity with its own special
problems and does not provide a model for social and political life. Interlaced
with this story is a puzzle over the relationship between science and culture that flour-
ished especially in the twenties and thirties. In this chapter I briefly reconstruct this
history.

BACON, CONDORCET, AND THE BEGINNINGS OF AN EXPLANATORY INTEREST IN
SCIENCE

The fons et origo of this discussion is Francis Bacon’s vision of a political order in which
the class of scientists is given power by an enlightened ruler in his House of Solomon
in “The New Atlantis” ([1627]1860-62, vol. 5: 347-413). This vision had a practical
effect on the attempts by the Royal Society in London to distinguish itself by its
methodological practices and internal governance as a type of political body in rela-
tion to the Crown (Sprat, [1667]1958: 321-438; Lynch, 2001: 177-96; Shapin, 1994)
and to do the same with parallel institutions elsewhere in Europe (Hahn, 1971: 1-34;
Gillispie, 2004). The Victorians assured that Bacon would be best known for his
ideas about induction as a method (cf. Peltonen, 1996: 321-24) and, as his major
German expositor put it, “how his whole nature was, in every way, instinctively
opposed to verbal discussions” (Fischer, 1857: 307). But Bacon'’s extensive body of writ-
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ings included not only writings on method but also on “counselors” to the Crown,
or experts, on the merits of republics, on the nature of political authority, on the
proper internal organization of science, on funding and authority over science, and
on collective research.

The fundamental issues of science studies can be teased out of these works, but only
with difficulty, because of the intentional absurdity of Renaissance style. The main
“political” argument, for example, is presented as a fiction, and like other political
works by ambitious office seekers, Bacon’s message is shrouded in ambiguities. The
basic and most influential claim (though he was far more subtle than this) (cf.
Whewell, 1984: 218-47; Fischer, 1857) was that scientific truth can be produced by
following a technique of assembling facts, generalizing about them, and ascending to
higher level generalizations from them; that following this method precluded con-
testation and controversy, which were the great evils of “the schools”; that the tech-
nique is open to all, or public and democratic, because it “places all wits . . . nearly on
a level” (quoted in Peltonen, 1996: 323); that it can and should be pursued collec-
tively or cooperatively; that it requires that the mind be freed of prejudices or assump-
tions (and perhaps of theories); that something like social science or “civil knowledge”
was also possible and necessary; and that kings would be better able to accept counsel
on the basis of merit than on the basis of trust of obedient favorites. This now famil-
iar picture of science and its extension to the social world was then novel and radical.
Bacon'’s politics fit with his hostility to contestation, and although his recent admir-
ers (e.g., Peltonen, 1996) have argued that he was not the stereotypic proponent of
royal absolutism and unfettered state power that he was once thought to be, Bacon'’s
primary role in the history of political thought has been as the archenemy of Edward
Coke, the judge who, as defender of the common law and the rule of law, was a
key progenitor of modern liberalism (cf. Coke, 2003). It sharpens and assumes new
forms.

The Baconian picture is recast in a recognizably modern form in Condorcet’s “Frag-
ment on Bacon'’s New Atlantis” ([1793]1976), and in chapter X of Condorcet’s Outlines
of an Historical View of the Progress of the Human Mind ([1795]1955), which promoted
the idea that science was the engine of human progress. Condorcet deals with such
issues as scientific rivalry, which he regards as a normal product of the passions of
scientists for their work but which can take pathological institutional forms; with the
failure to utilize talent, which he regards as a major flaw of the old Regime; with con-
cerns about financing and the forms of scientific association and internal governance,
which he resolves with an argument for science’s need for autonomy, or freedom from
political control; and with the need for scientific knowledge of the social and politi-
cal world. The argument for autonomy is grounded on the consideration that only
scientists have the capacity to govern scientific activity. Though Condorcet believed
in the benefits of science and the diffusion of scientific knowledge, he, characteristi-
cally, also grasped the contrary idea that there was nothing automatic about the
benefits of advances in science, and he concluded that the production of these
benefits required state action.
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Condorcet’s preferred method of extending the benefits of science was education,
by which he meant the kind of education that was useful for “citizens” and would
enable them to think on their own ([1795]1955): 182)." But he also recognized that
no educational program would make scientists and citizens epistemic equals.> More-
over, education was politically ambiguous: not only did it require the exercise of state
power, there was a sense, which he shared with other Philosophes, that progress resulted
from collective submission to reason and science, each understood as authoritative in
its own right. Condorcet attempted to put a nonauthoritarian face on this submission
to science and scientists: he expressed a “hope” that the citizens thus instructed would
acknowledge the “superiority of enlightenment” of their intellectual betters in choos-
ing leaders ([1793]1976: 283). But this would necessarily amount to a regime of expert
rule, with democratic consent.

SAINT-SIMON AND COMTE: SCIENCE REPLACES POLITICS

The implication that social knowledge allowed for the replacement of politics was
always the most problematic element of this picture, for it placed science and politics
in direct competition. In 1803, in the aftermath of the restoration of French politics
and as part of the return to normalcy after the revolution, the section on social and
political science of the French Academy was suppressed (Columbia Electronic Ency-
clopedia, 2001-2004).® This action served to draw a line between acceptable science
and dangerous science and to reject the extension of science to politics. One conse-
quence was that social and political speculation, and in particular speculation on
science and politics, now fell to thinkers outside the academy and on the margins of
science, notably Henri de Saint-Simon. Saint-Simon’s faith in scientists as the saviors
of society (a faith which diminished in the course of his life) was similar to Con-
dorcet’s, and he carried forward and generalized similar concerns especially with the
problem of the full utilization of talent, making this theme central to his social theory,
as expressed by the slogan “Each according to his capacity, to each capacity accord-
ing to its works” on the masthead of the Saint-Simonian newspaper Le Globe (Manuel;
1995: 163).*

But Saint-Simon radicalized Condorcet’s invasion of the political. His explicitly
antipolitical and implicitly antiliberal idea that in the future the rule of man over man
would be replaced by “the administration of things” proved to have a long future in
the hands of Marxist-Leninism.> Politics would vanish, he argued, because social
antagonism would disappear in a society in which capacities were fitted to tasks. The
theory of “capacities” assumed that capacities were transparent. His model was science.
Within science, in Saint-Simon’s view, scientific merit was sufficiently transparent
that scientists would naturally recognize and defer to greatness in others, allowing for
the fulfillment and utilization of talent, and creating within science a natural hierar-
chy. This was in turn a model for the natural hierarchy of the new scientific and indus-
trial order he envisioned.® Saint-Simon’s young secretary, Auguste Comte, revised and
extended his sketchy but illuminating ideas into a complete intellectual system,
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Positivism, which provided both a philosophy of science and a model for the relations
of science and society, and was also an explicit repudiation of liberalism, which Comte,
like most of the advanced continental thinkers of the time, regarded as a transitory
historical phenomenon doomed by its overwhelming defects (Comte, [1830-42]1864,
[1877]1957).

Saint-Simon was not a methodological thinker, but Comte was. His newly chris-
tened science of “sociology” which represented the fulfillment of the dream of extend-
ing science to society and politics, required him to reflect extensively on what science
was, to classify the sciences, and to give an account of method. His central “discovery,”
the law of the three stages, which he took to be the core finding of sociology, was a
law about the internal development of scientific disciplines: the first stage was the the-
ological or fictitious, the second the metaphysical or abstract, and the third the sci-
entific or positive, in which such metaphysical notions as causation were supposed to
disappear, leaving only predictive law (Comte, [1830-42]1858: 25-26). The principle
was reflexive, indeed self-exemplifying: sociology was to be the last science to reach
the positive stage, and the law predicted that it would do so. Comte never strayed far
from the lessons of science as a model. Indeed, the history of science, specifically
Joseph-Louis de Lagrange’s history of rational mechanics (which explored the filiation
and descent of ideas), was the model for the specific “historical” method that he
claimed was appropriate for sociology ([1830-42]1858: 496).”

The laws themselves were “objective.” But in the end, according to Comte’s later
account, when sociology had reached the positive stage, all the sciences would become
subordinate to it, and the relation of all knowledge to the subject, man, would be
revealed.® At this point the sciences would be the servants of man, by analogy to
medicine. Moreover, a fully developed sociology that related all knowledge to the
subject would teach the critical anti-individualist lesson of the dependence of each
person on others. Sociology would be both policy science and state ideology.

Comte’s account of politics was similar to Saint-Simon’s but with an even more
strident hostility to liberal discussion.” Comte ([1830-42]1864, 1V: 50ff) expressed his
disgust for the idea that everyone should be permitted to have their opinion heard,
that the ignorant and expert should be equally empowered, and to “conscience.”

[T]here is no liberty of conscience in astronomy, in physics, or even in physiology, that is to say
everyone would find it absurd not to have confidence in the principles established by the men
of these sciences. (Comte [1830-42]1864, IV: 44n, trans. in Ranulf, 1939: 22)

Science, in particular the science of sociology, was consequently both model and
means for overcoming the “anarchy of opinions” by providing consensus. In contrast,
liberal politics and free discussion, from the point of view of the prospect of such
knowledge, was no more than the politics of ignorance and pointless dissension.
Comte, to put it simply, had assembled all the elements of a powerful argument to
resolve the ambiguities of Condorcet by eliminating its liberal squeamishness about
authority and consent. For Comte, the issue was this: if science is correct, and science
includes knowledge of the social world and politics, why shouldn’t scientists rule over
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the ignorant, or rule through their control of education? And is not the rule, de facto
if not de jure, of scientists the condition of progress? Is the public’s failure to consent
to such rule anything other than a failure of scientific education? And if the under-
standing and recognition of the authority of science are the central condition of
progress, shouldn’t science be imposed on the ignorant, just as the dogmas of Catholi-
cism had been so effectively imposed in the past (Comte [1830-42]1864, IV: 22, 480;
V: 231)? Given his premises, the conclusion was difficult to avoid, and even John
Stuart Mill, his admirer who rejected his later work, admitted that as a matter of logic,
Comte was correct ([1865]1969: 302).

THE LIBERAL CHALLENGE

Although each of these premises, and the related picture of science they depended on,
would be rejected by Comte’s critics, a fully coherent response, with an alternative
image of science, was slow to develop. The main obstacle to constructing an alterna-
tive was the notion of scientific method itself. Although Mill was a paragon of
liberalism, he was trapped between his father’s faith in free discussion, which he
expounded in his famous On Liberty ([1859]1978), and his own methodological views,
which were centered on the idea that the canons of induction lead to proven knowl-
edge. The canons produced consensus apart from discussion, by the following of
rules—even in the social sciences, where their value was limited by the problem
of causal complexity. Moreover, Mill was a utilitarian, who believed that moral and
political questions resolved into questions of the greatest good for the greatest number.
So he was compelled, in the conclusion of Book VI of A System of Logic, to say that
questions of politics were a matter of practical science, subordinate to the principle
of utility (1974). To the extent that this is true, there is much for indoctrination to
be about, and little if anything for democratic discussion to be about, a point not
lost on his critics (cf. Cowling, 1963)."°

Mill did not resolve the conflict between science and free discussion. In On Liberty,
science is simply omitted. In his address to the University of St. Andrews that dis-
cusses science, freedom of speech is commended, but for schools of theology, and
although science education is discussed at length in this text, it is not mentioned in
connection to free discussion. Mill’s critique of the later Comte expresses concerns
about the practical implementation of the authority of science. He notes that Comte’s
position relies on the consensus of scientists but that this authority “entrusted to any
organized body, would involve a spiritual despotism” (Mill, [1865]1969: 314). But he
does not question the notion of consensus itself. Mill’s conflict is nevertheless deep:
if science is distinguished by the possession of a consensus-producing method, its
reliance on human institutions is incidental or inessential and the authority of science
overrides free discussion.

There were other important, and less ambivalent, though also less direct, responses.
When William Whewell wrote the history of core intellectual advances in science, he
also wrote about the difficulties that major ideas had in becoming accepted, which
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undermined the idea that within science truth was readily recognized and acknowl-
edged (Whewell, 1857; cf. 117-20, 130-33, 150-53, 177-79, 184-88). A section of
Buckle’s History of Civilization in England, one of the most influential works of the nine-
teenth century, argued that state patronage of knowledge in France had diminished
French intellectual life ([1857]1924: 490-516). The idea that science was a product of
routinizable methods itself became the subject of an intense debate, much of it criti-
cal of Mill. This debate set the stage for a new formulation of the basic Baconian
picture of science.

PEARSON AND MACH

Although there are questions about the nature of Comte’s influence on the next stage
of the discussion, Ernst Mach and Karl Pearson in their writings come into focus as
transitional figures between two widely separated bodies of thought: Comte’s posi-
tivism and the Communist theorists of science of the 1930s. One of the latter,
Lancelot. T. Hogben, recalled that his generation had “been suckled on the Grammar
of Science,” Pearson’s major text on science (Hogben, 1957: 326, quoted in Porter, 2004:
7). Mach developed and popularized a philosophy of science that was congenial to
certain subsequent developments, notably Logical Positivism, and served as a carrier
for some key ideas of Comte’s (Blackmore, 1972: 164-69).!" Both had a view of science
as “economical” or oriented to “efficiency.” Pearson connected this to contemporary
ideas of national efficiency, Mach to a movement of scientists led by Wilhelm Ostwald
called “energeticism” that opposed the atomic theory and extended the law of con-
servation of total energy to a normative notion of the economy of energy in social
life. This idea also influenced their ideas about the relation of theory to data. Because
they thought of theory as economical expressions of data, they were hostile to realis-
tic interpretations of theoretical entities that went beyond the data. The standard view
placed them together: “just as Mach opposed the atomic theory, so Pearson fought
Mendelism” (Blackmore, 1972: 125; cf. Porter, 2004: 269-70 for a more nuanced
view).

The Grammar of Science ([1892]1937) began in this vein, with a discussion of the
purpose of science, which Pearson claimed was the same as that of any other human
activity: to promote the welfare of human society, to increase social happiness, and
to strengthen social stability. Stability was strongly associated with consensus, and as
in Comte, science was a model for the achievement of consensus. Yet Pearson appeared
to be of two minds about the problem of consensus, as indicated in his phrase
“unforced consensus,” which reflected both his idea, shared with Mach, that the age
of force had ended, and his insistence on consensus as a condition of social stability
and that social stability was the ultimate goal of science. The conflict lies in the rela-
tion of the two ideal elements of the ideal of unforced consensus. One is that “force”
in the form of a scientific hierarchy persecuting scientific heresy would be fatal to
progress. The other is that consensus is the primary good that science provides. And
for Pearson the scientific method assures consensus without force.
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Citizens must, of course, accept the consensus produced by science, and this is where
education and popularization come in. Pearson was concerned with the right way to
inculcate the scientific, unbiased cast of mind. Merely reading about science did not
lead to this result: what did so was the close scientific study of some small area
([1892]1937: 15-16). And one could expect such experience to transfer to the role of
the citizen. This would produce consensual politics without coercion ([1892]1937:
11-14).

Although he was a socialist, Pearson was no egalitarian with respect to the hierar-
chy of scientific talent. The role of the semi-educated citizen was still primarily one
of respect for the “Priests” of science.'” But he also believed, in the phrase of nine-
teenth century Catholicism, in “no rights for the wrong.” Lack of conformity to the
canons of legitimate inference, Pearson says, is “antisocial” if it involves believing “in
a sphere in which we cannot reason,” and there is no “right” to holding false beliefs
that lead to negative consequences in matters that are “of vital importance to others”
([1892]1937: 54-55). And he argued that “the abnormal perceptive faculty [i.e., the
kind that failed to arrive at the consensual conclusion assumed to be more or less
automatically produced by persons with normally evolved perceptual powers],
whether that of the madman or the mystic, must ever be a danger to human society,
for it undermines the efficiency of the reason as a guide to conduct” ([1892]1937: 120).

Pearson’s optimism about the efficacy of the scientific method as a source of con-
sensus was grounded in his philosophy of science. The facts of science for him are
perceptual successions, and so the idea of arriving at an unforced consensus on them
is plausible. What is controversial is the idea that political questions can be resolved
into issues of perceptual succession. Pearson’s examples of how this should work
included Poor Law reform, where “the blind social instinct and the individual bias at
present form extremely strong factors of our judgment” (Pearson, [1892]1937: 29),
preventing their objective solutions through considerations of national efficiency.'®

THE PROBLEM OF CULTURE

The thinkers we have considered here, in the line from Bacon to Pearson, had an
“extensive” conception of science, one in which science, understood for example as
a method, could be applied to something beyond its normal subject matter. Science
could be conceived “extensively” in a variety of ways: as incorporating technology
and engineering, as including “social” and “mental” sciences, as including the policy
sciences, and even as a foundation for ethics, a popular theme in the post-Darwinist
period. The nature of science came to be discussed in terms of the essence which
carried over. It was in response to this that a “liberal” view of science finally emerged.
Pearson, and later the heterodox economist Thorstein Veblen, talked about science
and engineering as a cast of mind that carries over from one activity or topic to
others, and the theme was deeply embedded in the culture of the time (Jordan, 1994).
There was also a strong current of sociological thinking that developed a variant of
this thesis. William F Ogburn’s Social Change ([1922]1966), one of the most
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influential works of sociology of the interwar years, which introduced the term “cul-
tural lag,” into the language, was akin to technological determinism."

The “cultural” significance of science soon became a hotly contested issue. In the
German speaking world, the issue took the form of a discussion of the idea of a sci-
entific Weltanschauung. Mach and his successors, including the Logical Positivists and
especially Otto Neurath, were interpreted, and sometimes interpreted themselves, as
providing a scientific alternative to retrograde Weltanschauungen (cf. Richardson,
2003), and Neurath used the term Wissenschaftliche Weltauffassung, or scientific con-
ception of the world, to distinguish the scientific alternative from mere “world views”
(Richardson, 2003: 68-69). This quest for a scientific conception of the world played
a role in German thought analogous to the role that the problem of the replacement
of traditional religion had played in British and French thought.

The problem of whether science could provide a Weltanschauung-substitute in turn
produced an issue about the cultural status and character of science that was highly
consequential for what followed, first in the German-speaking world (Lassman and
Velody, 1989), and ultimately, as Logical Positivism was imported, in the Anglo-Amer-
ican world. But the discussion also led indirectly to a body of explicitly “sociological”
thought about the nature of world views and the causal relations between science and
civilization, and ultimately to the “classical” sociology of knowledge of Mannheim
and to the development of Marxist accounts of science.

The carry-over thesis answered the question of causal direction in the science-society
relation by making science the prime mover. But the question could also be put as
follows: Did advances in science, or indeed the phenomenon of modern science itself,
depend on cultural conditions? Philosophers, such as Alfred North Whitehead
([1925]1967), and civilizational sociologists, such as Sorokin ([1937]1962) and Max
Weber ([1904-05]1949: 110; [1920]1958: 13-31), ran the direction of causality in this
other way, from culture to science, seeing features of modern western culture as con-
ditions for the growth of science and the scientific mentality.'®

The idea of the scientific resolution of policy questions, already formulated by Mill,
also played a significant role in this period, in a variety of forms. Fabian socialism in
Britain and a huge array of reform movements in the United States, as well as bodies
such as the German Verein fiir Sozialpolitik, promoted scientific or engineering solu-
tions to social and policy problems and an “efficiency” movement. The Russian
Revolution proclaimed itself to be “scientific” in that it was based on the scientific
materialism of Marx and Engels: this was a realization in practice of the extension of
science to absorb and obliterate politics. The experience of “War Socialism” in
Germany during WWI persuaded many thinkers, notably Otto Neurath, of the prac-
ticality and desirability of a planned economy (cf. O'Neill, 1995; Steele, 1981). The
issue of the efficacy of planning was to become central to the later literature.

The idea of experiment also served as a political model. John Dewey, in such works
as Human Nature and Conduct, pronounced the experimental method to be the great-
est of human achievements, and he promoted the idea of its application to human
affairs, replacing “custom” and attachment to traditions, such as constitutional
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traditions, as a basis for political action (1922). Yet Dewey distinguished the techniques
of science from the spirit: he wanted the spirit, and its creativity, in politics, but not
the techniques or the experts that employed them, or the experts themselves, whom
he dismissed as specialists and technicians whose work needed to be “humanized”
(Dewey, [1937]1946: 33). This reasoning, and the movement it represented, was not
attractive to scientists themselves (Kuznick, 1987: 215).

In connection with science, the model of “conceptual schemes,” under the influ-
ence of L. J. Henderson, became a Harvard commonplace (Henderson, [1941-42]1970).
The reception of this way of thinking about science was aided by developments in
science and mathematics, such as the discovery of non-Euclidean geometries and the
broader recognition that what appeared as physical truth was dependent on nonem-
pirical choices of mathematical structures. This was a thesis developed by Poincaré,
but quickly absorbed and underlined by other thinkers, notably the Vienna Circle,
and in the extended discussion of the theory of relativity that followed (Howard, 1990:
374-375). The broader relativistic implications of this idea were recognized at the time.
When Neurath wrote that the choice of mathematical structures for a theory was not
an empirical matter, Max Horkheimer cited the passage as evidence that he embraced
hyperrelativism ([1947]1972: 165). This assimilation of scientific premises to “culture”
took many other forms as well, for example, in such influential texts as Alfred North
Whitehead’s Science in the Modern World ([1925]1967) and Process and Reality
([1929]1978), and even more explicitly in E. A. Burtt's Metaphysical Foundations of
Modern Physical Science: A Historical and Critical Essay (1927). This was part of a larger
and pervasive climate of opinion,'® shared by Mannheim’s sociology of knowledge
(though Mannheim specifically exempted science from the subject matter of his “soci-
ology of knowledge”) but also by Ludwig Fleck, who used the notion of Denkgemein-
schaft to account for the problem of the reception of scientific ideas ([1935]1979), an
issue that was soon to become central.

This general approach was paralleled in France in a series of historical studies broadly
influenced by the French neo-Kantian tradition and phenomenology, which focused
on conceptual change and difference, and in particular on conceptual breaks and rup-
tures. Pierre Duhem was one of the pioneers of this approach, especially for his studies
of medieval physics, which he showed to be methodologically sophisticated and
coherent, and his holism, which led him to reject the idea of crucial experiments.
Later French historians of science, such as Alexandre Koyré, who focused on the sci-
entific revolution, stressed the radical nature of change between the conceptual
systems it involved (1957). This austerely presuppositional approach, influenced in his
case by Husserl, largely ignored experiment and data as relevant to scientific change.
His contemporary, Gaston Bachelard, performed a similar analysis of the transforma-
tion represented by Einstein’s special theory of relativity (1984). His concept of the
“epistemological break” was a means of expressing the interconnected or holistic
aspect of such transformations, including their relations to general philosophical out-
looks. Georges Canguilhem extended this notion of epistemological breaks in relation
to the creation of fields of knowledge, especially, in the life sciences, through concepts
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of normality (1978). Canguilhem was the reporter for Michel Foucault’s dissertation
on psychiatry. Foucault extended this reasoning to new topics and new disciplinary
fields and to the phenomenon of disciplining itself, thus completing the extension of
explanations of the history of science in terms of breaks to the explanation of the
history of culture. By focusing relentlessly on theory rather than experiment, tech-
nology, and instrumentation, and by its concern with rupture, the French discussion
(which of course influenced English-language history of science, particularly with
respect to the scientific revolution) simply bypassed the issues that arose in the English
and German language discussions of science, not only becoming Kuhnians avant la
léttre but using this new understanding of science as a model for the understanding
of intellectually organized social life generally.

The English and German discussions arrived at a similar point through a much more
tortured route, and the reasons are relevant to the subsequent history. During the early
twentieth century neo-Kantianism was in “dissolution,” but the dissolution took
various forms. Both Heidegger and Positivism provided different approaches to the
problem of a priori truth, and each undermined the “presuppositions” model (cf. Fried-
man, 1999, 2000, 2001), as did the later Wittgenstein ([1953]1958, para. 179-80).
These criticisms pointed in the direction of a notion of practice or tacit knowledge.
Karl Popper attacked the presuppositions model by arguing that presuppositions
changed every time a theory changed, and he attacked Mannheim for his idea that
identifying presuppositions placed one in a position to “critique.” The discussion of
conceptual schemes, frameworks, and the like persisted in the history of science during
this period, but it was not until the fifties, with N. R. Hanson’s Wittgenstein-
influenced Patterns of Discovery (1958), which undermined the notion of raw obser-
vational data, that it came into its own in philosophy proper.

WEBER’S “SCIENCE AS A VOCATION”

The German postwar discussion of the idea of science as a Weltanschauung produced an
especially important response that did not directly figure in the historical and philo-
sophical literature, but later appeared in the influential “sociological” approach to
science developed by Merton. The idea that Wissenschaft had a cultural and political
task of providing a worldview gained significance as a result of the cultural crisis pro-
duced by military defeat. This idea was to receive its classic critique in two speeches by
Max Weber: one on “Politics as a Vocation” ([1919]1946a), the other on “Science as a
Vocation” ([1919]1946b)."” In “Science as a Vocation” Weber provided a history of
motivations for science from Plato through Schwammerdam’s proof of God’s provi-
dence in the anatomy of a louse, dismissing them all and concluding the list with the
brutal comment on “the naive optimism in which science, that is the technique of
mastering life which rests on science—has been celebrated as the way to happiness.
Who believes in this?—aside from a few big children in university chairs” (Weber,
[1919]1946b: 143). These big children would have included Pearson, Mach, and
Ostwald, whom he took the trouble to denounce in a separate article, particularly for
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the utilitarian theory of knowledge Ostwald shared with Mach, who spoke of theories
as economizations (Weber, [1909]1973: 414). The brunt of his emphasis in the speech,
aside from its anti-utilitarian view of science,'® was on specialization as a condition for
genuine achievement. This also undermined the “extensive” conception of science: the
achievements of the specialist do not generalize into lessons about the mastery of life.

The message in the speech on politics was also explicit: “the qualities that make a
man an excellent scholar and academic teacher are not the qualities that make him a
leader . . . specifically in politics” ([1919]1946b: 150). The aspiring political leader was
constrained by the realities of modern party politics and the demands of creating a
following, as well as the intrinsic demands of the pursuit of power, demands so
onerous that very few people had the personal qualities for such a career. This
account of the political sphere—with its emphasis on the necessity of power for the
achievement of any meaningful end, as well as its relentless reminders that the means
specific to the state is violence and that to engage in politics is to contract with
diabolical powers—served to place the sphere of the political beyond the prospect
of transformation by intellectuals. And Weber made a particular point about the
limitations of the bureaucratic mentality in the face of the demands of politics, thus
undermining any thought that politics could be replaced by the administration of
things."

HESSEN AND THE TRANSFORMATION OF THE DEBATE

In 1931 the discussion of science was transformed by the emergence of a fully devel-
oped Marxian account of science, sponsored at the highest level of the Soviet ideo-
logical apparatus by Nikolai Bukharin. Bukharin’s own main theoretical work was
entitled Historical Materialism and opened with these sentences: “Bourgeois scholars
speak of any branch of learning with mysterious awe, as if it were a thing produced
in heaven, not on earth. But as a matter of fact any science, whatever it be, grows out
of the demands of society or its classes” (Bukharin, [1925]1965). A volume of articles
applying these ideas to the history of science was produced for an international con-
gress of historians of science in London, and it had a profound, galvanizing effect,
especially in Britain (Delegates of the U.S.S.R., 1931).%° The thesis they presented was
in fact a dramatic one that had the effect of incorporating “premises” talk into the
Marxian theory of base and superstructure. The major point of this text was to show
in detailed case studies that science was also the product of the demands of the time
for technological results, that the demands were specific to particular social forma-
tions and historical situations, and that “theory” was ultimately driven by techno-
logical practice, so that the idea of an autonomous realm of pure science was a sham
and an ideological construction (Hessen, 1931).

The British discussion of science had evolved differently than the German one. At
the 1927 meeting of the British Association for the Advancement of Science, E. A.
Burroughs (1927: 32), Bishop of Ripon, suggested a moratorium on science for a decade
to allow for a reconsideration of its social consequences. Josiah Stamp pursued this
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theme in his Presidential Address at the 1936 meeting of the same association when
he called on scientists to consider the social responsibility of scientists ([1936]1937).
In this context of social concern and deepening economic and political crisis, a
message about science from the Soviet Union, already idealized by British Fabian
socialists such as the Webbs, was bound to have an impact.

One of Marx’s central ideas was that the revolutionary moment occurs when the
conflict between the forces of production and the capitalist class structure and system
of economic relations is at its height. One of the central ideas of both the fascists and
the Soviets was that of rational planning in the economy and other spheres of life.
These ideas had a strong grip on the public and on policy makers during the Depres-
sion. In the case of science, a large literature developed on “the frustration of science,”
the idea that capitalists, incompetent bureaucrats, and politicians stood in the way of
the kinds of scientific developments that could overcome the failures of capitalism.?!

These ideas became the core of a Left view of science, which focused on conditions
outside of science, such as the demands of the economy for particular kinds of tech-
nology, which either propel or retard relevant scientific development.? In line with
the Marxist theory of history, the explanations of scientific development were
implicitly teleological. But the detailed explanations themselves were novel and quite
different from other histories of science, especially when they showed how the
development of particular ideas was closely entwined with the technology of the time.
A particular favorite was the argument that the availability of slaves in the ancient
world and the consequent contempt for “work that could be carried out by slaves”
led to Aristotle’s failures to recognize relevant facts, such as the fact, known to ancient
craftsmen but whose significance was not grasped until Galileo, that water could not
be raised more than thirty feet by pumps (Hogben, 1938: 367-68).

The leading Marxist commentators on science argued that the Soviet Union was the
one country in which science had obtained its “proper function,” as its most impor-
tant figure J. D. Bernal put it.*® They viewed the Soviet system as benign and also
argued that neutrality was impossible for the scientist, especially in face of the anti-
scientific drive of Fascism. They argued further that money for science would flow
freely in a rationally organized planning regime rather than a market economy and
that “any subject is capable of being examined by the scientific method” (Huxley,
1935: 31) including the economic system and society. They held that history was
presently in a transitional phase moving toward a state in which science, understood
extensively as implying “a unified, coordinated, and above all conscious control of
the whole of social life” (Bernal, 1939a: 409), would abolish the dependence of man
on the material world. Its rightful role was to become the conscious guiding force of
material civilization, to permeate all other spheres of culture.?* This claim allowed
Bernal to say, echoing Pearson on unforced consensus, that science already is Com-
munism, since it is performing the task of human society, and in the Communist way,
in which “men collaborate not because they are forced by superior authority or
because they blindly follow some chosen leader, but because they realize that only
in this willing collaboration can each man find his goals. Not orders, but advice,
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determines action” (1939a: 415-16).° In practice, as Bernal envisioned it, scientists
would be organized into trade-unions which would cooperate with other trade-unions
in producing and carrying out the five-year plans.*®

THE CRITIQUE OF EXTENSIVENESS

Bernal and his comrades understood that the issue that made their position unper-
suasive to other scientists was the notion that planning would be applied to science
itself. This raised the question of what sort of freedom of inquiry would exist under
planning. These were not issues that could be confined to the Soviet Union. Nazi
science was not only planned, it was “extensive” in a problematic sense that was also
relevant to Lenin’s notion that no cultural organization in the Soviet regimes should
be autonomous from the party. Under the Nazis, science was expected, though in prac-
tice this often meant little, to conform to Nazi ideology. Scientists who were Jews were
expelled, and a loud campaign was mounted against the “Jewish influence” in science.
A paper by a German scientist, Johannes Stark, originally published in a Nazi journal,
was translated and published in Nature (Stark, 1938). Stark’s paper focused the anxiety
of scientists and the Left about Nazism and prompted a huge response (Lowenstein,
2006). The response in the United States, however, was cast in terms of “freedom” and
assertions about the link between scientific freedom and democracy, leading to man-
ifestoes and resolutions in defense of science and democracy (Boas, 1938; Merton,
1942: 115; Turner, 2007).

This discussion provided the initial spur to a renewed debate on the autonomy of
science. Bernal, mindful of the successes of German planned science, defined the issues
in terms of a conflict between freedom and efficiency, a conflict which he thought
could be resolved within the framework of planning. But the issue of freedom under
planning was to be a theme in a larger and more wide-ranging political discussion.?’
The issue of planning and the problem of the autonomy of science, which were
originally distinct, now converged. Robert Merton, who had emerged as a respected
figure for his study of religion and the Royal Society, wrote two papers, “Science and
the Social Order”([1938]1973) and “A Note on Science and Democracy” (1942), both
about autonomy and written with an eye to Nazi science, which extended Weber’s
cryptic account of science in “Science as a Vocation.” Merton described four norms of
science: universalism, organized scepticism, “communism” or sharing of scientific
results, and disinterestedness. In 1938 Merton noted that this was a “liberal” argu-
ment, for, as he put it, in a liberal society integration derives primarily from the body
of cultural norms ([1938]1973: 265). Merton’s norms were not rooted in, nor even
consistent with, the attitudes of the public, which could be expected to resent them.
It was for this very reason that science was vulnerable to fascism, which trades on
popular antirationalism and places centralized control on science. But conflicts
occurred in democracies as well, especially when the findings of science invalidated
dogmas (cf. 1942: 118-19). Thus, science and democracy are not compatible unless
there is a recognition of the autonomy of science, and such recognition was always
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under threat by the normal extension of science into new topics, such as social science
investigations of areas considered sacred (1942: 126).

These were writings in “sociology” and reflected one of the dominant research con-
cerns of sociology in the period: the professions. Merton stayed away from issues of
scientific content and was careful to avoid taking sides between Left and liberal views
of science. For the most part, his argument preceded the bitter debate over planning
that broke out in the 1940s between Bernal’s Social Relations of Science movement
and the antiplanning Society for Freedom in Science (McGucken, 1984: 265-300).

The leading intellect of the anti-Bernal group was Michael Polanyi. Polanyi pro-
vided, where Merton did not, an argument for the autonomy of science based on the
claim that science had no need for political governance in the form of planning
because it was already “governed” sufficiently by its own traditions and because the
nature of scientific discovery itself could not be rationalized in the fashion assumed
by the planners (an argument that turned into an assault on the notion of scientific
method itself). Polanyi, like Conant, who made the issue of reception a centerpiece
of his view of science, denied that science proceeded by overthrowing theories on the
basis of new observations, noting that it often required the assimilation of significant
changes in unarticulated background knowledge (e.g., 1946: 29-31). Science was,
Polanyi argued, a community as distinct from the sort of “corporate” bureaucratic
order that was subject to planning.”® Planning would destroy the feature of commu-
nity life that made possible the growth of ideas, which was, for Polanyi, the ability of
scientists to freely choose which ideas to pursue.? He based his claims about science
on an elaborately developed account of the ultimately inarticulable cognitive processes
of scientific discovery and the way in which discovery is dependent on local tradi-
tions and a special level of community life that honors “scientific conscience” and the
use of scientific judgement (1946: 52-66). This was an attack on any mechanical or
“logical” account of science.*

Polanyi’s argument addresses the problem of science and democracy in a novel way
that contrasts with Merton'’s. If science, understood as nonmechanical activity of dis-
covery dependent on inarticulable knowledge, is subject to democratic control it will
not flourish. But science, Polanyi says, is not an anomaly for democracy. It is similar
in character to other communities, such as the church and the legal profession, which
are granted autonomy on the basis of their strongly traditional, self-governing char-
acter. Democracy itself, Polanyi argued, is strongly traditional and moreover depends
on a tradition “of free discussion” and decisions based on “conscience” (1946: 67) like
that of science. So the relation between science and democracy should be one of
mutual recognition and respect, from one traditional community to another, consis-
tent with the recognition that the fruits of science can best be gained by granting
autonomy to the scientific community (cf. Polanyi 1939, 1941-43, 1943-45, 1946,
[1951]1980).%

These were abstract considerations. There was also a practical battleground for the
Left view of science: education and public understanding. From Condorcet on, the
Left view of science education was that the workers should be made to think
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scientifically through some sort of basic training in science itself. Nor was this merely
a pious hope: many British scientists participated in workingmen’s educational pro-
jects that realized this goal, and the idea is reflected in the titles of the texts written
by the key Left thinkers about science in the 1930s, such as Mathematics for the Million
(Hogben, [1937]1940; see also Hogben, 1938; Levy, 1933, 1938, 1939; Crowther, 1931,
1932; Haldane, [1933]1971, [1940]1975). The critics of this view included James Bryant
Conant (1947: 111-12n), who dismissed as a failure the fifty years of applying
Pearson’s idea that elementary instruction in science would make for better citizens.
He reformed science education at Harvard accordingly, with the idea that, instead of
engaging in rudimentary exercises, it was better for students to get some knowledge
of the nature of science by working through case studies of major changes in “con-
ceptual schemes”—the favored Harvard language—such as the Copernican and chem-
ical revolutions.* The set of case studies that was produced for this course (Conant,
1957), which Conant at first taught and which ran for nearly a decade (Fuller, 2000:
183), became the background for Kuhn's Structure of Scientific Revolutions. Kuhn
himself, who was recruited by Conant as an instructor for the course (Kuhn, 2000:
275-76), wrote the case study of the Copernican revolution, which became his first
book (Kuhn, 1957). Conant was equally aggressive in attempting to reform recruit-
ment into scientific careers, which he hoped to make more open and meritocratic, a
goal consistent with his “opportunity” liberalism (1940).

Although there are some differences in emphasis between Conant, Merton, and
Polanyi, to a remarkable extent they overlap, and Conant and Polanyi are particularly
close. Both Conant and Polanyi had a Liberal approach to science in the following
sense: they thought it was best to govern science indirectly, by facilitating competition
among scientists.** But Conant, acknowledging the realities of “big science,” thought
it was necessary to have a set of major elite universities with massive resources, anal-
ogous to major corporations, in order to make this competition meaningful. The argu-
ment for extensiveness depends on a reductive account of science, identifying
transportable features, such as a “method” with unique intellectual authority. Conant
objected to the notion that there was a universal method of science and to the “wide
use of the word science” (i.e., what I have been calling extensiveness).** Almost any
account of science that characterized the activity of science as continuous with non-
scientific forms of reasoning, psychology, perception, and forms of organization, and
accounted for it as a complex but distinctive amalgam of these features, made science
less transportable. Moreover, this style of explanation inevitably conflicted with the
more expansive claims of science to intellectual authority.*

POSTWAR SCIENCE STUDIES: THE ERA OF DISCIPLINES AND ITS CONSEQUENCES

The response of physicists to the Bomb, the coming of the Cold War, the betrayal
of atomic secrets by scientists, the Oppenheimer case, the Lysenko affair’*® (which
finally discredited the Soviet model of science), and the rise of an aggressively anti-
Stalinist Left*” transformed this debate. Scientists on the Left turned to the nuclear
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disarmament movement. The rapid growth of universities in the postwar period also
led to a greater focus on disciplinary discourse and consequently narrowing of inter-
est in topics “belonging” to other disciplines.*® The previously marginal field of phi-
losophy of science became the most prestigious and powerful subfield of philosophy
while shedding its past interests in Left wing politics.*” Much of its energy was taken
up with consolidating the standard view of the logical structure of scientific theories.*
Sociology of science, however, declined precipitously.

A bibliography by Barber and Merton in 1952 defines its literature: an amalgam of
Left commentary on science with studies of technology, including Ogburn’s Social
Effects of Aviation (1946), works by scientists and historians with a “social contexts”
component, government documents, Polanyi and Conant, and studies of Soviet
Science. The sociology of knowledge and Mannheim were intentionally omitted
(Barber & Merton, 1952: 143n); Fleck had yet to be discovered. Ogburn was at the end
of a long career, Stern was to die in the fifties. In American sociology only three major
scholars, Merton, Barber, and Edward Shils, continued to write on science, and Barber,
a follower of Talcott Parsons, was the only one of these to do so systematically and to
teach the subject. Merton left the field. Aside from the bibliography with Barber
(Barber & Merton, 1952) and the introduction to Barber’s book (1952), Merton pub-
lished only one paper on science, on the importance of claims of priority, between
1942 and 1961. Shils became involved with the atomic scientists’ movement, became
close to Leo Szilard, sponsored the hiring of Polanyi at the University of Chicago, and
was involved, along with Polanyi, in the Congress of Cultural Freedom and its
Hamburg conference on Science. What he wrote on science was largely restricted to
the scientists’ movement (1972: 196-203).*! This interest did lead to a minor classic,
The Torment of Secrecy (1956), on the inherent conflict between science and security
in liberal democracies. His basic formulation of the autonomy of science split the
difference between Merton and Polanyi: like Polanyi, he argued that “there is an
inner affinity between science and the pluralistic society” (1956: 176), and that the
“tradition of the free community of science” grew up independently of modern indi-
vidualistic liberalism; like Merton, he was concerned with “populistic hostility to
science” (1956: 181) which exacerbated the intrinsic problems of political supervision
of science.

Parsons, the inescapable “theorist” of this era in sociology, wrote a great deal on
universities as institutions, but little on science.* Parsons saw science through the lens
of his own view of the professions as essential building blocks of modernity, especially
by virtue of their embodiment of the normative commitments of modernity, and thus
as sharing in the central values of the society (cf. Parsons, 1986). The same thinking
informed Barber’s Science and the Social Order (1952), the first text that was recogniz-
able as a theoretical and empirical overview of the sociology of science. In his 1990
collection of essays on science, Barber argued for “the special congruence of science
with several characteristic subsystems of modern ‘liberal’ societies’” (1990: 40) as well
as “the independent rationality of science.” The emphasis on the place of science in
the social system was, as Barber commented, “Parsonian all the way” (1990: 39).
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Despite Barber's Science and the Social Order, which was one of the earliest in a long
series of works by Parsons’s students that were designed to colonize and bring theo-
retical order to the study of different societal “subsystems,” the study of science did
not flourish. Merton became a major figure in sociology but not for his writings on
science. Like the Parsonians, he wrote on the professions, engineering, nursing, tech-
nologists, and medical students. When he returned to writing on science in the1960s,
“ambivalence” replaced the conflict between science and society of his 1938 essay, and
the model of ambivalence was the reluctance of patients to accept the authority of
physicians’ advice ([1963b]1976: 26).

In the 1960s and ‘70s, Merton and his students became associated with the argu-
ment that science functioned meritocratically, which was a version of the argument
that the autonomy of science ought to be honored, but it was a characteristically
depoliticized argument and avoided issues involving the intellectual substance of
science in favor of external indicators, such as Nobel prizes and citations, which could
be correlated with one another (e.g., Cole and Cole, 1973).* Merton barely acknowl-
edged such thinkers as Polanyi.* Although Merton himself was partial to the history
of science and not narrowly “sociological” in his writing about science, the abstractly
quantitative approach of the Mertonian “program” made it largely irrelevant to the
discussion of science that Kuhn's Structure of Scientific Revolutions was opening up,
which was dominated by issues relating to the collapse of the theory-observation dis-
tinction that had been central to the standard model of scientific theory of the Logical
Positivists.

Kuhn was the intellectual heir of Conant (though also influenced by Polanyi and
the Quinean critique of Carnap), but he was Conant with the politics left out. He was
nevertheless a genuinely interdisciplinary thinker who had been especially ensnared
by the disciplinary divisions of the 1950s. But this situation was quickly changing.
Departments of history and philosophy of science were established at London (1949)
and Melbourne (1946), and Indiana (1960) and Pittsburgh (1971), and others were to
follow. Kuhn was appointed to a comparable position at Princeton.* Minerva was
established in 1962. At Edinburgh, the interdisciplinary unit of Science Studies was
established in 1964. A department of history and sociology of science was established
at the University of Pennsylvania (1971). The continuities with the older discussion
were highly visible. Polanyi’s concerns and those raised by the atomic scientists’ move-
ment guided Minerva. The historian of the Bernal circle, Gary Werskey, was appointed
at Edinburgh, a program motivated in part by concerns about explaining how science
actually worked, a project parallel to Conant’s but this time pursued by veterans of
the Social Responsibility of Science movement, the heir to the Social Relations of
Science movement (MacKenzie, 2003).

The institutional stage was thus set for the developments that produced “Science
Studies.” Ironically, among the central intellectual conditions for the rise of science
studies was the separation between the disciplines that occurred in the 1950s. Now
it represented an opportunity for debate. The rational reconstructions given by
philosophers of science and the Popperian model of falsification became targets for
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sociologists of science, and the agonistic relation that emerged (Zammito, 2004) was
to provide the motive force for the revival of science studies as an interdisciplinary
field. The conflict between science as an authoritative technique and science as a form
of life was to take a new form: initially defined in disciplinary terms as a conflict
between philosophy and sociology of science, and eventually in political terms as a
dispute over the authority of science and of experts that Bacon himself would have
recognized.

Notes

1. “by a suitable choice of a syllabus and methods of education, we can teach the citizen everything
he needs to know in order to be able to manage his household, administer his affairs and employ his
labour and his faculties in freedom . . . not to be in a state of blind dependence on those to whom he
must entrust his affairs or the exercise of his rights; to be in a proper condition to choose and super-
vise them; ... to defend himself from prejudice by the strength of his reason alone; and, finally, to
escape the deceits of charlatans...” ([1795]1955: 182).

2. “When it comes to the institutions of public instruction, and the incentives that it would be their
duty to provide to those who cultivate the sciences, they can have only a single guide: the opinion of
men enlightened on these questions, which are necessarily foreign to the greatest number. Now it is
necessary to be endowed with a superior reason, and to have acquired much knowledge oneself, to be
able to listen to this opinion or to understand it well.” ([1793]1976: 286).

3. Originally there were three classes of the Academy (physical and mathematical sciences, moral and
political sciences, literature and fine arts), but in1803 a decree of Napoleon I changed the division to
four (physical and mathematical sciences, French language and literature, history and ancient litera-
ture, and fine arts), suppressing the second class (moral and political sciences) as subversive to the state.

4. This was later modified into the more famous Marxist version, “to each according to his needs”
(Manuel, 1966: 84; Manuel, 1976: 65).

5. A notion greatly expanded by Lenin’s account of the withering away of the state in “The State and
Revolution” ([1918]1961).

6. Manuel gives a useful account of Saint-Simon’s shifting view of the role of the scientist, which was
gradually reduced and subordinated to the industrialist (1960), in part as a reflection of his disap-
pointment at the reluctance of scientists—whom he tellingly denounced for their “anarchism” (1960:
348) for failing to submit to the authority of the general theory he proposed—to join his cause.

7. The idea that the history of mathematics might be the key to the understanding of intellectual
progress already appears in Saint-Simon (Manuel, 1960: 345).

8. This was Comte’s theory of the subjective synthesis (Acton, 1951: 309).
9. As Manuel explains his reasoning,

Since men of a class would seek to excel in their natural aptitudes, there could be only rivalry in
good works, not a struggle for power. When class chiefs owed their prestige to their control of men,
they could fight over one another’s ‘governed’, but since there would be no governors and no sub-
jects, from what source would class antagonism be derived? Within a class men of the same capac-
ity would be striving to excel one another with creations whose merits all members of the class would
be able to evaluate. Between classes there could be only mutual aid. There was no basis for hostility,
no occasion for invading one another’s territory. (Manuel, [1962]1965: 134-35).
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10. There is a bitter dispute in Mill scholarship over the question of whether Mill believed in free dis-
cussion as such or believed in it only as a means of advancing the opinions he preferred (an interpre-
tation that calls attention to his views on education). Maurice Cowling, in a classic polemic, collects
the most damning quotations in support of the view that Mill’s notion of “the intelligent deference of
those who know much to those who know more” (quoted in Cowling, 1963: 34-35) amounted to a
plea for deference to an intellectual and cultural elite. Chin-Liew Ten provides a strong refutation, based
on an interpretation of Mill’s ethical views (Ten, 1980). These ethical views, however, look very dif-
ferent in the light of the consideration, usually ignored, that Mill regarded politics as applied social
science. The argument over whether Mill intended to apply the arguments in On Liberty to science is
summarized in Jacobs, who denies that he did (Jacobs, 2003).

11. Mach’s biographer discusses the commonplace that he is a transitional figure between Comte and
Logical Positivism. Mach did not use the term positivist, nor did he acknowledge Comte as a source.
But the similarities, especially with respect to their campaigns against metaphysics and religion, their
insistence that they are not providing a philosophy but rather a science, and their belief in the unity
of the sciences, are telling.

12. Pearson’s authoritarianism differed from Comte’s. Pearson hoped for the establishment of “poets,
philosophers, and scientists” as “high priests” (Pearson, 1888: 20), and for the elevation of “reason,
doubt, and the enthusiasm of the study” above the “froth and enthusiasm of the marketplace” (Pearson,
1888: 130-131, 133-134). But he labeled this “free thought” and was careful to describe science itself
in terms of freedom. He comments at one point that there is no pope in science ([1901]1905: 60) and
observes that doubt is integral to science and part of science’s mystery ([1892]1937: 50-51). Skepticism
of a certain kind (presumably toward religion) is enjoined ethically: “Where it is impossible to apply
man’s reason, that is to criticize and investigate at all, there it is not only unprofitable but antisocial
to believe” ([1892]1937: 55). Later, out of fear of “scientific hierarchy” based on past achievements, he
was to say “science has and can have no high priests” (1919: 75).

13. The main finding of science that most concerned him was the basic law of heredity, that “like pro-
duces like,” which he applied to the problem of government and national strength by proposing
eugenic control over population quality emphasizing the elimination of the unfit, the racially inferior,
and stressing the necessity for the reproduction of the best minds. This was consistent with socialism,
for him, because he believed that socialism required superior persons ([1901]1905: 57-84).

14. Ogburn’s thinking in this book was rooted in an argument that Giddings had derived from Pearson’s
genetics in which the stabilization of intellectual objects was conceived on analogy to the stabilization
of species. The reasoning was used in Ogburn’s dissertation on the evolution of labor legislation in
American states, which showed how the original diversity of legislation was supplanted by close
similarity (1912).

15. Ogburn argued a parallel point in his essay on multiple discoveries and inventions (Ogburn &
Thomas, 1922), deriving the argument from Alfred Kroeber (1917): variations in talent were likely to
be small and could not account for variations in discovery; what could account for these variations,
and at the same time account for the striking phenomenon of multiples, was the variation of cultural
conditions. Ogburn’s examples of “cultural conditions” were all drawn from material culture, an issue
that Merton was to attack him over (1936).

16. Ironically, the term climate of opinion was popularized by the historian Carl Becker in The
Heavenly City of Eighteenth-Century Philosophers to account for the Enlightenment, and it remains one
of the best formulations of the idea that intellectual constructions are the product of tacit assumptions
of a particular time (1932: 1-32).

17. The text contains a famous farewell to religion as an intellectually serious alternative, on the
grounds that at this point in history religion required an “intellectual sacrifice” (Weber, 1946:
155).
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18. An important American critique of Pearson’s “social aims” interpretation of science was given by
C. S. Peirce, writing as a public scientific intellectual (1901).

19. The term Wissenschaft is broader than the English “science” and means any field of organized
inquiry. Weber’s speeches led to a huge controversy, which in turn contributed to what came to be
known as the crisis of the sciences. This became the German language form of a set of issues that was
to unfold in a quite different way in the English-speaking world. For an introduction to the German
dispute that immediately followed “Science as a Vocation,” see Peter Lassman and Irving Velody (1989).
Weber’s account of the career of the scientist, here and in other texts, emphasized the notion of insti-
tutional roles and the inappropriateness of promoting values from within this role. It is worth noting
that he had earlier attacked the monarchical socialist economists of the generation before his for
wrongly thinking that there were scientific solutions to policy questions. They had, he argued, in a
bitter controversy in the prewar period, surreptitiously inserted their own values into the advice, delud-
ing themselves into thinking that they got the policy results from the facts alone. Thus, the effect of
the paired accounts was to separate the sphere of science from that of politics, giving the scientist
nothing to say to the politician except to instruct him on means, and to strip the scientist of the role
of cultural leader. This way of thinking about professions eventually led, through Talcott Parsons’s and
Merton’s emphasis on professionalization, to the American “sociology of science” of Barber and Merton,
which was depoliticized. It also led, however, to an explicitly political critique of science in the work
of Hans J. Morgenthau, the influential international relations theorist (1946; 1972).

20. The story of these events and their impact is well told in Werskey (1978; on Hessen see Graham,
1985).

21. The texts based on this thesis include Hall (1935) and in the United States the writings of “Red”
Bernhard Stern (National Resources Committee, 1937: 39-66), a pioneering medical sociologist and
precursor to the sociology of science (Merton, 1957), as well as Ogburn.

22. Much has been written on the key members of this group, J. D. Bernal, J. B. S. Haldane, Hyman
Levy, Julian Huxley, Joseph Needham, Lancelot Hogben, and others related to them, such as F. Soddy
and P. M. S. Blackett. A brief introduction is Filner (1976).

23. All that the phrase “the dictatorship of the proletariat” meant, according to Julian Huxley, writing
in the period of the project of the collectivization of agriculture that killed millions through famine
and violence, was that things were administered for the benefit of all (1932: 3).

24. Although Bernal was respectful of “dialectics” (cf. 1939b), the respect was superficial. It would
be more accurate to say that he owed his picture of the authority of scientist-experts to Pearson and
Fabianism, his picture of the ideal organization of science to the “guild socialism” of Fabian apostate
G. D. H. Cole, and, as noted above, his picture of the ideal scientist to the image of the altruistic “new
socialist man.”

25. Bernal, as Veblen had earlier in his discussion of the likelihood of the creation of a Soviet of
Engineers (cf. [1921]1963: 131-51), acknowledged that present scientists were too individualistic
and competitive to fully realize the communism inherent in science and pointed to a future, trans-
formed scientist, much in the manner of the New Socialist Man sought by the Soviet Union (1939a:
415).

26. Recall that Condorcet, Comte, and Pearson faced the problem that the condition for their account
of science to contribute to progress was that citizens become scientifically educated, if only in a limited
way, which required scientists to be, in effect, ideologists whose ideology was authoritative for the rest
of society. This was tantamount to rule by scientists, which even enthusiasts such as Bernal regarded
as impractical, though preferable, raising the question of whether Bernalism was Pearsonism in the
vestments of Communism. Communism was not rule by scientists, though it involved an authorita-
tive ideology that regarded itself as scientific.
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27. Friedrich Hayek, in The Road to Serfdom (1944), emphasized the inherent conflicts between plan-
ning and freedom. Interestingly, in The Counterrevolution of Science he traced the issues to Saint-Simon’s
and Comte’s ideas ([1941; 1942-44]1955).

28. The term “community of science” came into standard usage in the 1940s primarily through the
writings of Michael Polanyi (Jacobs 2002). Until 1968 Merton did not use the term to describe science,
except ironically, noting that “For the most part, this has remained an apt metaphor rather than becom-
ing a productive concept” (1963a: 375).

29. And to benefit from the results of the free choices of other scientists.

30. The Logical Positivists responded by dismissing “the mystical interpretation” of discovery and
treating their own views as concerned only with the (logical) context of justification as distraction
from the (psychological and social) context of discovery (cf. Reichenbach, 1951: 230-31). This
immunizing tactic set them up for the intellectual catastrophe, hastened by Kuhn, that in the
1960s destroyed Logical Positivism—the narrow “logical” view of scientific theory could not account
for either conceptual change or the role of necessarily theory-laden “data” (cf. Shapere, 1974; Hanson,
1970).

31. In a widely quoted paper, Hollinger treats the argument for autonomy, for what he calls “laissez-
faire communitarianism,” essentially as an ideological means of extracting government money with-
out government control (1996). It is notable that Bernal’s Left approach to science, though it was
self-consciously an attempt to balance freedom and efficiency, involved an even broader scope for
self-governance.

32. This reform is extensively discussed in Fuller (2000).

33. This characterization raises the question of their relation to Karl Popper, whose connection with
Hayek and defense of liberalism made him an outlier in this group. Popper had a brief flirtation with
Polanyi, though the two found themselves uncongenial. In any case they were different kinds of lib-
erals. Polanyi was a competent economist. Both were more interested in the liberal model of discus-
sion and in the analogous “free criticism” of scientific discussion (Popper, [1945]1962: 218; Polanyi,
1946). Neither developed the analogy between liberal discourse and scientific discourse, and if they had
done so the relations might have been more evident (cf. Jarvie, 2001). Both are limited forms of dis-
course, governed by a shared sense of boundaries. Popper’s way of bounding science, the use of falsi-
fication as a demarcation criterion, may have led him to think that there was no need to locate a
supporting ethos or tradition. The difference between the verificationist theory of meaning and falsi-
fication distinguishes him from the Logical Positivists. Verification faces out, so to speak, to those forms
of purported knowledge that science might hope to supplant or discredit. It is directed at the larger
community. Falsification looks in, to the process of scientific discussion that it regulates, and in so
regulating makes it into a variant of liberal discussion.

34. One exemplary instance of his critique of extensiveness is his dismissal of the notion of the special
virtue of the scientist—argued also in Merton’s “Note on Science and Democracy” (1942). Conant puts
the point succinctly by asking whether “it be too much to say that in the natural sciences today the
given social environment has made it very easy for even the emotionally unstable person to be exact
and impartial in his laboratory?” His answer is this. It is not any distinctive personal virtue like objec-
tivity but “the traditions he inherits, his instruments, the high degree of specialization, the crowd of
witnesses that surrounds him, so to speak (if he publishes his results)—these all exert pressures that
make impartiality on matters of his science almost automatic” (1947: 7). These mechanisms, however,
exist only for science proper—not for its extensions into politics, where the scientist has no special
claim.

35. Both rejected the idea that scientists had relevant authority over such topics as religion and morals
(Conant, 1967: 320-28; Polanyi, 1958: 279-86).
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36. The Lysenko episode was a test of the credulity of the Bernal circle and of their willingness to
compromise science for politics. The actual background to the events is even more bizarre than
could have been known at the time, and Stalin’s actions were not, as was often assumed, based on
ideas about the class basis of science. Bukharin, discussed earlier, had been convicted in the
famous show trial and confession that was the basis for Koestler’s Darkness at Noon (1941). He appears
to have been protecting his family rather than performing, as the expression of the time put it, one
last service for the party. Hessen apparently died in the gulag around 1940. Lysenko, who was placed
in charge of Soviet agricultural science, had tried to justify his opposition to the gene theory by stig-
matizing it as bourgeois science, discrediting the British Communists’ defense of Soviet science. Stalin,
as it happens, was having none of this and personally crossed out such phrases in the official report
Lysenko was to deliver on this issue, and “where Lysenko had claimed that ‘any science is based on
class,” Stalin wrote ‘Ha, ha ha, . .. and mathematics? And Darwin?’” (Medvedev and Medvedev, 2004:
195).

37. Sponsored to a significant extent by the CIA (cf. Saunders, 1999: 1, 167-68).

38. Polanyi’s career illustrates this: he continued to be a major participant in discussions of science and
continued to write seriously about science in an interdisciplinary sense, publishing in 1958 his magnum
opus, Personal Knowledge: Towards a Post-Critical Philosophy, a text that combined philosophy with
psychology and a vivid picture of the social character of science. But the book was largely ignored
by philosophers, who took the view that Polanyi, who of course was a scientist by training, was not a
real philosopher.

39. Howard (2000). Jonathan Rée tells this story for Britain: “[T]he Times Literary Supplement [1957]
tried to reassure its readers that [A. J.| Ayer’s hostility to metaphysics was part of the now withered
‘Leftist tendencies’ of the thirties. In those days, thanks to Language, Truth, and Logic [(1936)1952]
‘logical positivism successfully carried the red flag into the citadel of Oxford philosophy. . .. But now,
at last, philosophy has been purged of any taint of leftism’” (Rée, 1993: 7). For the United States, see
McCumber’s Time in the Ditch (2001). Whether a political explanation of the narrowing of Logical
Positivism is needed is open to question.

40. A comment by Einstein on Carnap, written in the course of declining an offer to contribute to a
volume on Carnap, puts it thus:

Between you and me, I think that the old positivistic horse, which originally appeared so fresh and
frisky, has become a pitiful skeleton following the refinements that it has perforce gone through, and
that it has dedicated itself to a rather arid hair-splitting. In its youthful days it nourished itself on
the weaknesses of its opponents. Now it has grown respectable and is in the difficult position of
having to prolong its existence under its own power, poor thing. (1953, quoted in Howard, 1990:
373-74).

41. Shils was a translator of Karl Mannheim'’s Ideology and Utopia ([1929]1936). Mannheim, who died
in 1947, dedicated himself to a non-Marxist yet antiliberal project of social reconstruction that included
the “planning of values,” of which Shils thought little. His personal attitude toward Mannheim is
revealed in Shils’s memoir of Mannheim (1995). With respect to science Shils relied on Polanyi, with
whom he was close, and made no attempt to produce an original “sociology of science.” Shils did,
however, write extensively on intellectuals and on the puzzle of why intellectuals—of which the Left
scientists of the 1930s were an example—were so often opposed to the societies that supported them,
and he developed a fascination for Indian intellectuals. He also took an interest in the university as an
institution. The work of his student Joseph Ben-David, who in the 1960s was to write an introductory
text on science for a series of works for students in sociology (1971), reflected this interest in institu-
tional structures and disciplines as institutional forms, and he provided an influential periodization of
dominant scientific institutional forms, which was at the same time a history of scientific autonomy
and how it was achieved and threatened in each period.
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42. Two exceptions are a text written to obtain funding for the social sciences that was known to
Parsons’ students but not published until much later (Parsons, 1986) and “Some Aspects of the Rela-
tions between Social Science and Ethics” (Parsons, 1947), a text that compares to Merton’s “Note on
Science and Democracy” (1942).

43. The Mertonian reflexive history of the school is given in Cole and Zuckerman (1975).

44. When the idea of the scientific community was revived by Derek Price under the heading
“Invisible Colleges” (1963), Merton accepted it enthusiastically, leaving it to his student Diana Crane
to concede that the data vindicated Polanyi’s earlier insistence on the idea (cf. Crane, 1972).

45. M. Taylor Pyne Professor of Philosophy and History of Science, 1964.
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3 Political Theory in Science and Technology Studies

Charles Thorpe

Writing in the late 1970s, the moral philosopher Alisdair Maclntyre argued that the
preoccupations of modern philosophy of science merely recapitulated classic debates
in ethics and political thought. So we find “Kuhn’s reincarnation of Kierkegaard, and
Feyerabend'’s revival of Emerson—not to mention ... [Michael] Polanyi’s version of
Burke” (MaclIntyre, 1978: 23). Questions of political theory have been important, but
often encoded and implicit, within the fields of the philosophy, history, and sociol-
ogy of science throughout their twentieth century development. Today, the interdis-
ciplinary field of Science and Technology Studies (STS) is increasingly explicitly
concerned with political questions: the nature of governmentality and accountability
in the modern state, democratic decision-making rights and problems of participation
versus representation, and the structure of the public sphere and civil society. This
theorization of politics within STS has particular relevance and urgency today as both
the polity of science and the structure of the broader polity are being refashioned in
the context of globalization.

The political concerns of STS have pivoted around the formulation and criticism
of liberalism. Liberal values of individualism, instrumentalism, meliorism, universal-
ism, and conceptions of accountability and legitimacy have been closely related
to understandings of scientific rationality, empiricism, and scientific and technologi-
cal progress. The “Great Traditions” in the philosophy, history, and sociology of
science—represented, for example, by the Vienna Circle and Karl Popper in philoso-
phy, George Sarton in history, and Robert K. Merton in sociology—were all in
different ways engaged in formulating accounts of science as exemplifying and
upholding liberal political ideals and values. The work of Polanyi and Kuhn, which
has been taken to challenge the universalistic ambitions of the “Great Tradition,” had
a strongly communitarian and conservative flavor. I argue that we can read the
development of STS in terms of critiques of liberal assumptions, from such diverse
perspectives as communitarian and conservative philosophy, Marxism and critical
theory, feminism and multiculturalism. In addition, we can see the recent preoccu-
pation in STS with questions of public participation and engagement in science as
suggesting a turn toward participatory democratic and republican ideals of active
citizenship.
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It is no accident that a heightened concern with participation should be alive in the
field at a time when neoliberal economic regimes and globalization are restricting the
terms and scope of political discourse and presenting a sense of restricted political pos-
sibility. At the same time, working in an opposite direction, new social movements
are mapping out fresh arenas of political struggle, repoliticizing technicized domains
(risk, advanced technologies such as genetically modified organisms [GMOs]),
and may be seen as presenting a model for new forms of democratic mobilization.
Rethinking the politics of science is central for coming to grips with the implications
of globalization for democracy.

In tracing the linkages between STS debates and political thought, I aim to
present a case for STS as an arena for questioning and debating what kind of polity
of science (Fuller, 2000a; Kitcher, 2001; Turner, 2003a), “technical constitution”
(Winner, 1986), or “parliament of things” (Feenberg, 1991), is warranted by democ-
ratic ideals. STS can play a key role in clarifying questions about which values and
goals we want to inscribe in our scientific and technological constitutions. STS as
political theory offers a set of intellectual resources and models on the basis of which
competing normative political visions of science and technology can be clarified,
analyzed, and criticized.

SCIENCE, TECHNOLOGY, AND LIBERAL DEMOCRATIC ORDER

Questions of political theory have been foregrounded in the sociology of scientific
knowledge (SSK) by Steven Shapin and Simon Schaffer’s Leviathan and the Air Pump
(1985). In recovering Hobbes's critique of Boyle’s experimental method, Shapin and
Schaffer provide a symmetrical reading of Hobbes and Boyle both as political theo-
rists. They rediscover the epistemology and natural philosophy of Hobbes and high-
light the implicit political philosophy in Boyle’s experimental program. This was a
debate over the constitution of the “polity of science” and the way in which the
product of that polity would operate as “an element in political activity in the state”
(Shapin & Schaffer, 1985: 332).

The paradox that Shapin and Schaffer note is that the polity of science established
by Boyle was one that denied its political character, and that paradox underlay its
success. Boyle suggested that the experimental apparatus separated the constitution
of knowledge from the constitution of power. Experiment allowed cognitive agree-
ment to be based on the transparent testimony of nature rather than human author-
ity (Shapin & Schaffer 1985: esp. 339). There is a strong isomorphism between Boyle’s
polity of science and the political ideals of liberalism emerging in the period—the ideal
of a community based on ordered “free action” in which “mastery was constitution-
ally restricted” (Shapin & Schaffer, 1985: 339; see also 343). Liberalism in particular
has tended to draw legitimacy by claiming a relationship between its political ideals
and an idealized polity of science. The notion of a liberal society as “the natural habitat
of science” has been a key legitimation for liberal democratic politics into the
twentieth century (Shapin & Schaffer, 1985: 343).
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The polity of science has been adept at masking its political character. Similarly, a
key accomplishment of the modern liberal state has been to present itself as neutral
with respect to competing group interests. Arguably, the sociotechnical norms
embodied in Boyle’s experimental practice provided a basis on which to achieve this
image of political neutrality. Yaron Ezrahi (1990) has drawn on Shapin and Schaffer’s
study in presenting a political theory of the long-standing relationship between
science and liberal democratic political culture in the West. Science provided a solu-
tion to key problems inherent in liberal democratic political order: how to depoliti-
cize routine official or administrative actions, how to present official action as being
in the public interest, how to hold public action accountable, how to reconcile indi-
vidual freedom with social order. Ezrahi suggests that in solving these problems, the
liberal polity drew on the norms of the polity of science: instrumentalism, imperson-
ality or depersonalization, ordered free agency, transparency. Presenting state action
as merely the technical solution to problems allowed that action to be presented as
objective, based on the empirical facts, and therefore separate from the subjective
desires or prejudices of the government official. In other words, science provided a
model for liberal-democratic legal-rational authority. Ezrahi suggests that liberalism
modeled political accountability on the “visual culture” of experimental science,
which aimed to “attest, record, account, analyze, confirm, disconfirm, explain, or
demonstrate by showing and observing examples in a world of public facts” (Ezrahi,
1990: 74). The attestive public gaze prevents politicians and officials from pursuing
private interests or hidden agendas under the guise of public authority. In these ways
science has had “latent political functions in the modern liberal-democratic state”
(Ezrahi, 1990: 96).

Liberalism tends to technologize the political order. Political scientist Wilson Carey
McWilliams has called America a “technological republic” (1993). Ezrahi points to
America as the ideal-type model of the interrelationship between science and modern
liberalism (Ezrahi, 1990: 105-8, 128-66). Americans have gone further than other
nations in insisting on the instrumentality and impersonality of administrative action
although charismatic authority operates at the political level, for example, the Presi-
dency (Porter, 1995: esp. 148-89; Jasanoff, 2003a: 227-28). Indeed, the constitu-
tional separation of powers models the polity after a machine with checks and
balances providing an engineered equilibrium. And the image of the machine as a
model for order has been a key motif in American political culture. But the technol-
ogization of the polity has been in conflict with Jeffersonian republican aspirations
for virtuous civic engagement. Today’s America is faced with depoliticization and dis-
engagement as technological rationality and instrumentalism have overwhelmed
democratic politics (McWilliams, 1993: 107-8). The liberal embrace of science and
technology has often ended in moral disenchantment—the sense that science and
technology have become substantive values pushing aside the humanistic value-
attachments of liberalism. Ezrahi traces how the machine has moved from being a
model of balance and equilibrium to being “an icon of excess” because of its associa-
tion with dehumanizing bureaucracy and environmental degradation. As technical
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rationality is experienced as undermining human values, science loses its utility as a
source of political legitimacy (Ezrahi, 1990: 242-43).

This turn away from the scientific model for politics provides the context for the
emergence of contemporary Science and Technology Studies. STS is a discourse con-
structed in relation, and largely in opposition, to traditions of philosophy, history,
and sociology of science that sought to codify and uphold science as an ideal model
for liberal political order. STS as a project has been driven by doubts about the valid-
ity of the image of science (univeralism, neutrality, impersonality, etc.) that underlay
the liberal model. Following a sustained intellectual attack on the epistemological,
sociological, and historical underpinnings of the liberal model of science, attention
within STS is increasingly focused on the political implications of this critique and on
what sort of political model is suggested by STS’s reformulations of the image of
science.

TWENTIETH CENTURY SCIENTIFIC LIBERALISM

The hope that liberal democratic politics could be founded on cognitively firm first
principles was a development of the Enlightenment project of seeking rational bases
for cognitive and social order. Its clearest expression is perhaps Jefferson'’s assertion in
“The Declaration of Independence”: “We hold these truths to be self-evident . . .” Mac-
Intyre (1978) suggests that the problem of the collapse of this self-evidence of philo-
sophical foundations was faced in political thought before it became a problem for
professional philosophers of science. The problem for political philosophy since the
Enlightenment has been how to find secular grounds for political equality, justice,
respect, and rights in the face of value-pluralism and fundamental conflicts of world-
view. Political philosophy has long been confronted with the inescapable humanness
of the practices it seeks to justify and the declining persuasiveness of appeals to tran-
scendental standards, whether God (divine right, the soul), Reason (the categorical
imperative), or Nature (natural law).

In the twentieth century, skepticism about the possibility of founding liberal prin-
ciples on transcendent foundations fed into attempts to tie liberalism to empirical
science. In the pragmatist philosophy of John Dewey, for example, we find a rejection
of the search for transcendent foundations for democracy and science. Both science
and democracy, for Dewey, are practical activities, sets of habits rather than abstract
principles. Dewey saw these habits as intertwined: democracy depends on the exten-
sion and diffusion of scientific method and habit through the polity (Dewey
[1916]1966: 81-99). This provided his answer also to Walter Lippmann’s “realist” argu-
ment for the inherent limits on democracy in an age of experts and his elitist vision
of technocratic administration by experts. Dewey suggested that the spread of social
scientific knowledge through the popular press and education would render expertise
compatible with democracy, negating Lippmann’s technocratic visions (Lippmann,
[1922]1965; Dewey, [1927]1991; Westbrook, 1991: 308-18).
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In contrast with Enlightenment confidence in rationality and progress, twentieth
century democratic theory proceeded more hesitantly. Paradoxically, even though
there is a strong twentieth century tendency to try to present democracy as allied with
science (Jewett, 2003), expert knowledge at the same time starts to seem a fickle ally.
So Dewey’s attempt to link science to the banner of democracy barely outmaneuvers
Lippmann'’s recognition of the antidemocratic elitist tendency toward expert monop-
oly of knowledge. Liberalism in the twentieth century has been increasingly subsumed
and subordinated by technical expertise (Turner, 2003a: 129-43).

The attempt to link liberal democracy with science became particularly marked in
the context of the crisis of liberalism in the 1930s and 1940s, with the Great Depres-
sion, the rise of fascism and communism, and the descent into world war. During this
period, we can see all three major ideologies—liberalism, fascism, communism—in dif-
ferent ways seeking to claim the mantle of science and technology. All three placed
faith in technological gigantism, and all could be seen legitimizing their ideology in
the name of science. Mid-twentieth century liberalism’s assimilation of science to indi-
vidualism and democratic dialogue represented, in part, an attempt to extract and
liberate science from the ideological snares of the Nazis’ “racial science” and the
Soviets’ claims to scientific socialism. But liberalism’s uses of science were nonetheless
themselves ideological. Sociologist Shiv Visvanathan has suggested that the turn
toward an explicitly scientific basis for liberal principles reflected liberalism’s embat-
tled status in the period and the exhaustion of other repertoires of legitimation
(Visvanathan, 1988: 113; see also Hollinger, 1996: 80-120, 155-74).

Karl Popper and Robert Merton provided what are most often taken in STS to be the
classic formulations of the relationship between science and liberalism, and both did
so in explicit confrontation with the threats to liberalism from totalitarianism. Steve
Fuller has recently sought to rescue the democratic and critical Popper from the cari-
cature one often encounters within STS of Popper as a dogmatic defender of the
scientific status quo. Popper’s philosophy of science, Fuller argues, embodied a radical
republican ideal of a free and open polity, standing in marked contrast with the closed
disciplinary communities of modern science (Fuller, 2003).

There is ambivalence in the notion of science as exemplifying the liberal ideal about
whether this meant real science as practiced or science as it ought to be. In an era
when scientists had lent their expertise to Nazi racial ideology and to technologies of
death and destruction, this gap between ideal and reality was hard to avoid. Popper’s
account also appears ambivalent in comparison with Ezrahi’s portrait of the cultural
image of science underpinning liberalism. On the one hand, Popper’s notions of the
testability of scientific knowledge, the ideal openness of scientific discourse to criti-
cism, and the impersonality of objective knowledge, appear to correspond closely to
the cultural image described by Ezrahi. However, Popper can also be seen as occupy-
ing a pivotal place in relation to Ezrahi’s story of the collapse of faith in the ability of
science to ground and legitimize liberal democratic practices. Whereas the American
Revolution asserted the basis of democracy in “self-evident truth,” Popper, from the
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perspective of the twentieth century, seeks to distinguish science from what he
regarded as the violence of ideological certainty. The liberal principles of free and open
dialogue asserted by John Stuart Mill are best guaranteed by the search to expose error
rather than to uphold certainty. In one sense, Popper’s conception of scientific method
was a version of what Ezrahi calls “democratic instrumentalism” (Ezrahi, 1990: 226).
But Popper’s fallibilism could be seen as posing the danger that skepticism might erode
the common-sense underpinnings of democratic public life. Ezrahi argues that
Popper’s critique of knowledge not only attacks the intellectual foundations of
totalitarianism but “undermines the premises of meliorist democratic politics as
well” (Ezrahi, 1990: 260).

As assertive as mid-twentieth century liberal statements such as The Open Society and
its Enemies (Popper, 1945) were in associating the values of science with those of liberal
democracy, this was in the context of liberalism under mortal threat in a global
context. It is not surprising, therefore, to find notes of tentativeness even in these
defenses. This is the case also for Merton’s classic sociological defense of science as
central to the culture of democracy (Merton [1942]1973). Merton famously delineated
norms of science that link it with the values of liberalism, including universalism, free
exchange of knowledge, and so on. It is, again, a classic statement of what Ezrahi calls
“democratic instrumentalism.” At the same time, however, Merton’s sociological
approach introduces tensions and perhaps an unintended tentativeness into the for-
mulation of democratic values. There is a tension in his analysis as to what extent the
norms of science are socially contingent and to what extent they derive from some
foundational character of scientific knowledge as knowledge. Merton comes close to
suggesting that science’s universalism is a community norm, and in that sense (para-
doxically) local and contingent. And if “organized skepticism” also has the status of
a “norm” it would appear that skepticism is limited at the point where this basic nor-
mative framework begins: the norm, accepted as part of socialization into a commu-
nity, is kept exempt from radical skepticism. Whereas the earlier uses by liberals of
science as a legitimatory metaphor were aimed at presenting liberal political values as
being universal—as universal as science—in the mid-twentieth century we start to
have the sense that both liberalism and science are culturally located practices. The
cultural location of both science and liberalism is further suggested by Merton'’s
application to science of Max Weber’s theory of the influence of Protestantism on
capitalist modernity.'

Merton’s liberalism was an embattled one, holding out against Nazism and Com-
munism, but also embattled in the context of the United States, as historian David
Hollinger has argued, by Christian attacks on secular culture and the secular univer-
sity (Hollinger, 1996: 80-96, 155-74). Merton’s argument was that science and
democracy are interwoven cultural values, that the combination defines a particular
kind of social and political community: if you want to think of yourself as this sort
of community you need to uphold these sorts of norms. There is no universal imper-
ative here. In Merton, we can see the liberal defense of science begin to take a
distinctively communitarian flavor.
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There is a structurally similar and related contrast between liberal and communi-
tarian approaches in both political theory and the philosophy and sociology of
science. Generally, liberals and communitarians both subscribe to and seek to defend
broadly liberal-democratic political values (although there are substantive differences
between the liberal valuation of individual rights and choice and the communitarian
emphasis on collective morality). But they disagree fundamentally over how social,
political, and epistemic values can be justified: what meta-standards, if any, can be
appealed to. For the communitarian, democratic values and the norms of science are
local, contingent, and immanent and can only be defended as such.

COMMUNITARIANISM, CONSERVATISM, AND THE SOCIOLOGY OF SCIENCE

The view that the defense of liberalism required the abandonment of liberalism’s
attachment to modernist epistemology and philosophy of science was put forward
most strongly by Michael Polanyi. In direct opposition to Popper and Merton’s equa-
tion of science with skepticism, Polanyi argued that both science and liberal democ-
racy depended on trust and authority. His writing peppered with quotations from St.
Augustine, Polanyi insisted that science was rooted in faith and the scientific com-
munity was a community of believers rather than skeptics. Modern skepticism was
corrosive of the sense of social belonging and tradition that maintained scientific
authority and liberal democratic political order. In an argument similar to Julien
Benda’s critique of “la trahison des clercs” (Benda, [1928]1969), Polanyi argued that
skeptical and materialist modern philosophies had resulted in totalitarianism. The
preservation both of science and democracy meant maintaining a tradition, the most
important elements of which were tacit and taken on faith. So, he argued, a free society
was not only liberal but “profoundly conservative” (Polanyi, [1958]1974: 244).

Polanyi’s conception of the scientific community as a model polity was, in part, an
argument against the proposals for the planning of science put forward in the 1930s
and 1940s in Britain by J. D. Bernal and other socialist scientists. Despite the appar-
ent tension with his own conservative valorization of tradition, Polanyi insisted that
the social order of science was isomorphic with the capitalist free market (Mirowski,
2004: 54-71; Fuller, 2000a: 139-49).

The American counterpart of Polanyi was J. B. Conant. Both politically and philo-
sophically, there are striking parallels between Conant and Polanyi’s programs.
Philosophically, both reject analytical philosophy of science’s emphasis on abstract
propositions and their logical relationships and instead treat science as a set of skilled
practices, organized in communities of practitioners. The political thrust of their work
was also similar. Where Polanyi’s philosophy was targeted explicitly against Bernal,
Conant was aligned against proposals in the spirit of the New Deal to prioritize and
target research toward social welfare (Fuller, 2000a: 150-78, 210-23; Mirowski, 2004:
53-84). Conant’s portrait of science fit into a wider discourse of “laissez-faire com-
munitarianism” current among mid-twentieth century American scientists and liberal
intellectuals (Hollinger, 1996: 97-120).
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Conant was concerned to harness government support for science and to make
science useful for the Cold War military-industrial complex while at the same time
maintaining the elite autonomy of the academic scientific community. Steve Fuller
has emphasized that, in so doing, Conant upheld the twin pillars of the Cold War
compact between science and the American state (Fuller, 2000a: 150-78; Mirowski,
2004: 85-96).

Fuller argues that understanding the Cold War background to Conant’s thought is
crucial for understanding the intellectual development of STS. This is because of the
iconic place Thomas Kuhn's work has assumed in the development of the field. Teach-
ing in Harvard’s history of science program, Kuhn was in many ways a Conant protégé
and was mentored by the Harvard President. Kuhn was also an inheritor of the “laissez-
faire communitarian” conception of science (Hollinger, 1996: 112-13, 161-63, 169-71;
Fuller, 2000a: esp. 179-221, 381-83). Further, Fuller suggests that Kuhn’s conception
of “normal science” as mere puzzle solving legitimated an approach to natural and
social science that was noncritical and politically acquiescent. The branch of social
science most powerfully influenced by Kuhn is, of course, the sociology of scientific
knowledge (SSK), and it is a key implication of Fuller’s argument that this field has
incorporated a conservative orientation via Kuhn (Fuller, 2000a: 318-78).

It is important, however, to distinguish conservative politics from what Karl
Mannheim pointed to as a conservative style of thought. Conservative thought-styles
do not necessarily entail conservative politics. In contrast to the Enlightenment search
for trans-historical, rational, and universal foundations for epistemic, political, and
social practices, the conservative style of thought privileges the local over the uni-
versal, practice over theory, and the concrete over the abstract. It denies meliorism,
instead emphasizing the moral and cognitive imperfectability of human beings
(Mannheim, [1936]1985; Oakeshott, [1962]1991; Muller, 1997). In that sense, SSK
clearly follows Polanyi, Conant, and Kuhn in adopting a conservative thought-style,
and the Edinburgh school philosopher David Bloor is explicit about this (Bloor,
[1976]1991: 55-74; Bloor, 1997; see also Barnes, 1994). But whether that has conser-
vative political implications, as Fuller alleges, and in what sense, is questionable. The
project of sociology itself has been deeply informed by the conservative tradition
(Nisbet, 1952), but that does not make sociology necessarily a politically conservative
project.

SSK combined disparate traditions of philosophy and social thought—from the
Marxist critique of ideology via Mannheim’s notion of total ideology, to anthropo-
logical conceptions of cultural knowledge from Durkheim and Mary Douglas, to
Polanyite notions of “tacit knowledge” and trust, as well as Kuhn’s concepts of para-
digms and incommensurability. In what sense the product is a “conservative” theory
is debatable as, even more, is the extent to which it is influenced by Kuhn'’s political
orientation. The very fact that Kuhn rejected the relativistic development of his con-
cepts and ideas by SSK seems to point to the way in which ideas can be recontextu-
alized and separated from their originator’s intentions. This would suggest that we do
not have to see Kuhn’s own political orientation as being implicated in post-Kuhnian
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developments of the sociology of knowledge. In addition, the designation “conserva-
tive” is complicated in the context of late modernity. The Burkean valorization of
tradition can today, for example, be a basis on which to challenge the radical change
wrought by neoliberal economic policies (Giddens, 1995; Gray, 1995). A Polanyite
orientation could warrant criticism of the “audit explosion” associated with British
neoliberalism, arguably an extreme version of liberal scientism (Power, 1994; Shapin,
1994: 409-17; Shapin, 2004).

However, conservative and communitarian theories of science and politics do seem
to beg the questions “whose tradition?” and “which community?” Appeals to com-
munal values and traditions seem less satisfactory if you find yourself in a subordi-
nated or marginalized position within that community (Harding, 1991; Frazer & Lacey,
1993: 155). Further, while Polanyi treated the epistemic standards of science as inter-
nal to a form of life, he still wanted science to be socially privileged and to carry special
authority. In contrast to Paul Feyerabend’s anarchistic “anything goes” (Feyerabend,
1978; 1993), Polanyi’s conservative conclusion was essentially that anything the
scientific community does, goes. It does seem that Polanyi’s communitarianism led
him to ignore the potential for conflict between worldviews and to paper-over social
difference in favor of a model of society as a whole united around its core values,
which for Polanyi meant science.

CRITICAL THEORY, MULTICULTURALISM, AND FEMINISM

As it followed from the Marxist critique of ideology via Mannheim, SSK could be seen
as a critical theory in relation to the dominant liberal ideology of science—exposing
the class, professional, and institutional interests that were elided and masked by
liberal notions of the universality and neutrality of scientific knowledge (e.g., Mulkay,
1976). In that respect, SSK meshes with branches of STS derived from Frankfurt School
Marxism that aim to unmask the social biases built into apparently neutral “instru-
mental reason.” Whereas earlier Marxists such as Bernal tended to see science as an
ideologically neutral force of production, Marxist science studies since the 1960s have
been oriented toward the critique of “neutrality” and, as Habermas put it, of “tech-
nology and science as ideology” (Habermas, 1971). The most important example of
Marxist-influenced STS today is Andrew Feenberg'’s critical theory of technology, which
develops Marcuse’s analysis of one-dimensional thought and culture into a nuanced
critique of technology. Feenberg’s critical theory aims to expose how biases enter into
technological design and how liberatory and democratic interests can instead be
engineered into the technical code (Feenberg, 1999).

Feenberg argues parallel to post-Kuhnian sociology of science in distinguishing his
critical theory from competing “instrumental” and “substantive” theories of technol-
ogy (Feenberg, 1991: 5-14). The instrumental conception of technology follows the
liberal ideology of science, presenting technique as a neutral means toward given ends.
The substantive conception of technology also conceives of technique as neutral. But
thinkers such as Heidegger, Ellul, Albert Borgmann (and, arguably, Habermas) regard
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this neutral technique as increasingly systematically dominating society to the extent
that technology becomes a substantive culture in itself, pushing out spiritual and
moral values. Feenberg reflects SSK and other sociological critiques of scientific
neutrality in arguing against both the bland positivity of the instrumentalists and
the fatalism of the substantive theories. Where post-Kuhnian sociological analyses
demonstrate the way in which science and technology incorporate and embed
particular interests and values, critical theory aims both to expose dominatory
values and to suggest the possibility of inscribing new values in technological
design. In contrast to thinkers such as Heidegger and Ellul, then, the problem is not
technology per se but rather bias in the dominant technical codes. And the solution
is not to push back technology to make way for the charismatic return to the world
of moral and religious values. Instead, the way forward consists in finding ways to
decide democratically what kinds of values we want our technologies to embody and
fulfill.

Langdon Winner arrived at similar conclusions in his key works, Autonomous Tech-
nology (1978) and The Whale and the Reactor (1986). While strongly influenced by
Ellul’s notion that technology has become an autonomous system, Winner, like Feen-
berg, rejects Ellul’s pessimistic antitechnological stance. Instead, he argues that, just
as societies have a political constitution, they also have a technological constitution
and the framing of both are matters of human decision—hence the need for the
democratization of technological decision-making.

While SSK and critical theories of technology have in common the influence of
Marxism, the Polanyite communitarian aspects of SSK pose problems from a critical
theory perspective. Just as critical theorists have sought to expose imbalances of power
underlying seemingly neutral technical codes, they would also want to question
notions of community consensus and shared standards—to ask whether such con-
sensus is real, or whether it is underwritten by power and distorted communication.
In contrast to the communitarian or the pragmatist, the critical theorist is unwilling
to stop with communal norms or established practices but would suggest that it should
always be possible to evaluate and deliberate over which norms and practices to
pursue.

Such questions arise in particular in feminist and multicultural approaches. SSK and
feminist epistemology have in common the constructivist critique of liberal notions
of universality and neutrality, and a “conservative” emphasis on the local over the
universal. The latter can be seen, in particular, in Donna Haraway’s notion of “situ-
ated knowledge” (1991) and Helen Longino’s idea of a “local epistemology” (2002:
esp. 184-89). Similarly, it has been argued that the feminist critique of liberalism
shares much with the communitarian critique. Both are skeptical of liberal claims to
universalistic rationality (of notions of rights, justice, etc.), of the liberal conception
of the unattached and disembodied individual subject, and of liberalism'’s attempt to
separate political principles from emotion and subjectivity (Frazer & Lacey, 1993:
117-24; see also Baier, 1994). At the same time, feminists also have reason to distrust
appeals to communal solidarity (Frazer & Lacey, 1993: 130-62). So, for example, the
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guild relation of master and apprentice in science, celebrated by Polanyi, is precisely
the sort of patriarchal structure that is problematic on feminist grounds.

Communitarian appeals to solidarity and tradition have a similarly complicated rela-
tionship to multiculturalism. Pointing out that scientific knowledge is local rather
than universal is a key step for multicultural critiques of western cultural dominance
(Harding, 1998; Hess, 1995; Nandy, 1988; Visvanathan, 2006). Kuhn’s notions of
incommensurability and of the plurality of paradigms have become emblematic for
feminist and multicultural approaches. Longino writes that “Knowledge is plural” and
that standards of truth depend “on the cognitive goals and particular cognitive
resources of a given context” (Longino, 2002: 207). This has critical implications
anathema to Kuhn's own sensibilities: the notion that knowledge is disunified and
plural provides a basis on which to make claims for the cultural integrity of margin-
alized or suppressed traditions, and to challenge western technoscientific hegemony.
In that sense, the localist sensibilities of STS, derived from communitarianism, have
developed toward a “politics of difference” (Young, 1990).

LIBERALISM AFTER LIBERALISM?

Ezrahi concludes The Descent of Icarus by suggesting that the scientistic legitimation
of liberal democratic politics has broken down in the West, probably irretrievably
(Ezrahi, 1990: 263-90). Images of neutrality, universality, and objectivity have lost
support among intellectuals and increasingly call forth public distrust. The rise of com-
munitarianism and what he calls “conservative anarchism”? in both political thought
and theories of science is an element of the broader shift away from the cultural reper-
toires that previously supported liberal democratic governance (Ezrahi, 1990: 285; 347
n.4). Liberalism and democracy today have to look to other repertoires.

In political theory, liberalism was given a new lease on life by John Rawls’s Theory
of Justice (1971). Rawls’s thought-experiment of the original position maintained lib-
eralism’s conception of the disembodied subject and the search for neutral principles.
But in his theory, justice is reduced to the merely procedural notion of fairness.
Additionally, the question of the potential universalism of the standards defined by
the original position has been at the core of the consequent “liberal-communitarian
debate.” Rawls’s later Political Liberalism attenuated any claims to universality and has
been seen as offering considerable concessions to communitarianism (Mulhall & Swift,
1993: esp. 198-205). Ezrahi sees Rawls’s work as suggestive of the “recent upsurge of
skepticism toward generalized ideas of the polity or toward political instrumentalism”
(Ezrahi, 1990: 245). Nevertheless, Rawls’s re-founding of liberal ideals can be seen as
providing a model for attempts within science studies to salvage liberal theory from
relativistic communitarian and multicultural critiques.

Philip Kitcher is influenced by Rawls’s thought-experiment of the “original position”
in setting out his model for a “well-ordered science” in Science, Truth, and Democracy
(2001: esp. 211). Kitcher’s proposals can be seen, in part, as an attempt to rescue
the Ezrahian connection between science and liberal democracy in the wake of the
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post-Kuhnian breakdown of these legitimations. Just as Rawls proposes a procedural
solution to the problem of justice, Kitcher proposes a procedural model of ideal delib-
eration whereby deliberators, with the aid of expert advice, develop “tutored prefer-
ences” (Kitcher, 2001: 117-35; see also Turner, 2003a: 599-600). The possibility of
unbiased neutral expertise and of neutral standards on which to choose between
worldviews is assumed as a background condition for his deliberative ideal (Brown,
2004: 81). Like Rawls’s original position, this is a thought-experiment, but the ques-
tion arises to what degree it smuggles in substantive normative assumptions, for
example, market individualism (Mirowski, 2004: 21-24, 97-115). The critiques that
social constructivists make of Kitcher’s ideal deliberators precisely parallel those which
communitarians have made of Rawls’s original position (cf. Mulhall and Swift, 1993).

Despite these criticisms, Stephen Turner has argued that the crucial departure of
Kitcher’s model from Rawls’s original position or Habermas’s “ideal speech situation”
is (because of the role granted to experts as “tutors”) in recognizing that the civic
model of the perfectly equal “public” is an impossibility in an expertise-dependent
age. To the degree that decision-making requires reliance on special expertise, the ideal
of a completely free and equal forum is untenable (Turner, 2003b: 608; Turner, 2003a:
18-45). This forms the core issue for Turner’s Liberal Democracy 3.0: Civil Society in an
Age of Experts (2003a). The key problem for contemporary democracy, he argues, is the
problem of the ineliminable dependence on expert knowledge.

Turner attempts the redefinition of liberalism in an age of experts, via a rehabilita-
tion of Conant. The lineage from Conant via Kuhn to post-Kuhnian sociology of
science is drawn on by Turner to argue that the liberal political philosophy of science
most consonant with constructivist sociology was already established by Conant
himself (Turner, 2003a: ix-x). Crucially, Conant shares with contemporary sociologists
of science, such as Harry Collins and Trevor Pinch, the emphasis on science as a prac-
tical activity characterized by a high degree of uncertainty. Conant and Collins and
Pinch have in common a perspective on general science education (in Conant’s On
Understanding Science [1951] and in Collins and Pinch’s The Golem [1996]), which sug-
gests that public understanding of science should be oriented not to knowing scien-
tific facts but rather to understanding how science operates as a practical activity and
its practical limitations. This latter kind of knowledge is necessary for the public to be
in a position to make decisions about science policy—from assigning research priori-
ties to handling expert opinion and advice. In a sense, they are suggesting that what
Kitcher’s “ideal deliberators” most require is sociological “tutoring” about the charac-
ter of science as a form of social activity and practice. While Conant’s program was
conservative (as Fuller argues) in that he was strongly against any far-reaching democ-
ratization, nevertheless Turner suggests that Conant pointed to the way in which
expertise can be indirectly brought to serve the values of a liberal democratic society.
Liberalizing expertise means “to force expert claims to be subjected to the discipline
of contentious discussion that would reveal their flaws, and do so by forcing the
experts to make arguments to be assessed by people outside the corporate body of
experts in the field.” This liberalization of expertise “was [to be] a check on expert
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group-think, on the ‘consensus of scientists’” (Turner, 2003a: 122). Rather than subject
expertise to democratic control, Turner, following Conant, advocates a liberal regime
in which diverse expert opinions are publicly matched against each other. Where there
is a complex division of labor and plural sources of expertise, this complexity will act
as a check on expert dominance. The recognition that expertise, while necessary, is
fallible, allows some protection against sheer technocracy.

Collins and Pinch similarly suggest that public understanding of the sociology of
science would demystify expertise, allowing it to be seen as completely secular and
mundane: the use of experts would not differ in principle from the use of plumbers
(Collins & Pinch, 1996: 144-45). Their expertise is recognized, but it is recognized as
imperfect and subject to the choice of those who would employ the expert for what-
ever task. Both Turner and Collins and Pinch suggest that the Ezrahian goal of instru-
mental knowledge at the service of democracy can be preserved by doing away with
the rationalist myth of certain knowledge on which understandings of instrumental
rationality have often been based. When science is recognized as mundane practice,
and as fallible, it can genuinely be instrumentalized (Turner, 2001), but as a set of skills
rather than rules.

However, it is unclear how far this model can preserve anything but the semblance
of liberal democracy. Turner’s book leaves the reader unsure whether “liberal democ-
racy 3.0” is a form of democracy at all, and Turner asks, “is liberal democracy increas-
ingly a constitutional fiction?” (Turner, 2003a: 141). Ian Welsh has argued that the
plumber model of expertise is a poor analogy for modern technoscience. The plumber’s
relatively routine and well-defined set of tasks are very different from “the indeter-
minate quality of ‘post-normal science’.” Further, “the trustworthiness of a particular
plumber may be determined by a phone call to a previous client” (Welsh, 2000:
215-16). The trustworthiness of, for example, nuclear scientists, operating within
secretive bureaucratic institutions, is far harder for citizens to ascertain. If citizens were
to be able to treat nuclear experts in the same way as plumbers, this would mean a
radical reorganization of institutional and political life in western democracies—
overcoming not just the epistemic myths but also the bureaucratic and technocratic
institutions that maintain undemocratic expert power. Without such a political-
institutional leveling, the plumbing analogy is highly limited.

SCIENCE, TECHNOLOGY, AND PARTICIPATORY DEMOCRACY

The declining efficacy of liberal instrumentalist legitimations of public action can be
seen as part of a broader developing crisis of liberal democratic structures of repre-
sentation (Hardt & Negri, 2005: 272-73). New social movements (NSMs), such as the
antinuclear and environmental movements, have played a crucial role in politicizing
technical domains that liberal discourse had formerly isolated from the scope of
politics (Welsh, 2000; Habermas, 1981; Melucci, 1989).

NSM protest poses a challenge also for the discipline of science policy. This disci-
pline has tended to be oriented toward the technocratic imperatives of state policy.
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Science policy academics have tended to treat economic growth and technological
development as unproblematic goals and to regard the purpose of the discipline
as being to advise policy-makers and to assist the management of the scientific-
technological complex in terms of values of growth and instrumental efficacy. In chal-
lenging modernist imperatives of growth and economic-instrumental rationality,
NSMs also therefore pose a challenge to this orientation of science policy (Martin,
1994). Increasingly, science policy has to address the goals of science and technology
as contested rather than given and to regard “policy” as a democratic problem of the
public rather than as a merely bureaucratic problem for elites.

The shift in the orientation of STS and science policy studies is indicated by the
primacy in contemporary discussions in these fields of the idea of “participation.”
Demands for participation can be seen as following from what Ezrahi calls the “dein-
strumentalization of public actions” (Ezrahi, 1990: 286) or, rather, from the increas-
ingly widespread perception of instrumental justifications of public action as
ideological and inadequate. The impersonal instrumental techniques, which Porter
(1995) and Ezrahi both argue previously allowed liberal democracies to depoliticize
public action in the face of potentially skeptical publics, have themselves become the
objects of public distrust (Welsh, 2000).

It is significant that the refrain of STS that the technical is political reflects the new
politics of technology that has emerged in antinuclear, antipsychiatric, patients-rights,
environmental, anti-GMO, and other movements. In that sense, the STS claim that
the technical is political is not only a theoretical claim about epistemology but also a
description of the new politics that characterizes the risk society (Beck, 1995; Welsh,
2000: 23-33; Fischer, 2000). However, dominant political, bureaucratic, and scientific
institutions have been either slow, or just unable, to adapt to this new politicization
of the technical. Possibilities for realizing this new politics through mainstream insti-
tutions of representation remain extremely limited. Despite their declining legitimacy,
bureaucratic and technocratic mentalities hold sway in mainstream representative and
political executive institutions. The importance of nonviolent direct action for NSMs
is, in part, due to recognition of the impossibility of pursuing the values of the life-
world through the representative and bureaucratic means provided by official culture
(Welsh, 2000: 150-205; Hardt & Negri, 2005; Ginsberg, 1982).

STS today is increasingly concerned with how to theorize and make practicable
structures of public participation in scientific and technological decision-making and
design (Kleinman, 2000). In theoretical terms, the concern has been how to concep-
tualize the role of democratic agency and “participant interests” in technological
design (Feenberg, 1999). There is a growing body of empirical literature on examples
of lay participation in decision-making in science, technology, and medicine. Steven
Epstein’s study of the role of AIDS activists in challenging the norms and procedures
of clinical trials remains a crucial point of reference (Epstein, 1996; Feenberg, 1995:
96-120; Doppelt, 2001: 171-74; Hardt & Negri, 2005: 189). A key concern in recent
STS work has been how can lay citizen participation become established and institu-
tionalized as part of the process of technological decision-making without the need
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for protest driven by initial exclusion. Ideas include town meetings, citizen juries, con-
sensus conferences, and the model of the “citizen scientist” (Sclove, 1995; Fischer,
2000; Irwin, 19935; Kleinman, 2000). This literature has also recently spurred debate
about the coherence of the category of the “expert,” whether the notion of “lay exper-
tise” (Epstein, 1995) goes too far in extending the category (Collins & Evans, 2002).
One the other hand, it is argued that the attempt to come up with a neutral demar-
cation of the expert in terms of social-cognitive capacities ignores the value- or “frame”
dependence of knowledge and smuggles back in the assumptions of expert neutrality
that constructivist approaches have been aimed at criticizing (Wynne, 2003; Jasanoff,
2003b).

Arguably, however, the STS critique of the institutional contexts of science and tech-
nology has remained limited. Discussions within STS have tended to assume that
democratizing expertise simply involves tacking new institutional devices (such as
citizen juries) onto existing political and institutional structures. But it should be asked
whether the STS critique can remain within these bounds or whether it has more
radical implications. These implications can be seen in particular when STS engages
with the place of technology in the workplace (Noble, 1986; Feenberg, 1991: 23-61).
Stephen Turner has noted that the sociological conception of science as practice chal-
lenges the distinction between knowledge and skill on which Taylorist conceptions of
work-organization (and, one could argue, modern managerial authority) are based
(Turner, 2003a: 137). STS arguments that technological decisions are political raise
long-standing issues about the relationship of democracy to the workplace and
arguably provide renewed justification for worker democracy (Pateman, 1970;
Feenberg, 1991).

STS scholarship has implications not only for democratic participation in decisions
about the use of GMOs in food production, the location of nuclear power stations,
the use and testing of medicines, but also for the structure of authority in the work-
place (Edwards & Wajcman, 2005). Tackling technology and the workplace potentially
draws STS into engagement with the long-standing tradition of participatory democ-
racy and radical democratic theory (Pateman, 1970). And in that case, as Gerald
Doppelt has pointed out, arguments for the democratization of technology need to
centrally address the question of the legitimacy of Lockean private property rights.
Whereas STS has tended to treat expert authority as a product of technocratic
ideology, Doppelt points out that “in the common case where technology is private
property, the rights and authority of the designers/experts really rests on the fact that
they are...representatives of capital,” and therefore ultimately on “the Lockean
moral code of ownership and free-market exchange” (Doppelt, 2001: 162). STS has
been somewhat shy of directly addressing the issue of private property. One excep-
tion has been Steve Fuller, who notes that Lockean property rights have been central
to liberal thinking about science and criticizes the way in which the liberal regime has
allowed economic imperatives to undermine the character of science as an “open
society.” The critique of science-as-private-property is central to Fuller’s “republican”
conception of science as depending on the “right to be wrong,” a right that, he argues,
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should be democratically extended beyond credentialed experts (Fuller, 2000b: esp.
19-27, 151-56; see also Mirowski, 2004).

Although the workplace remains of crucial importance for the politics of technol-
ogy, STS also appreciates how people’s relationship with technology is of a much
broader scope—taking in people’s roles as consumers, patients, residents of commu-
nities, and so on. The notion that technical decisions that affect people’s lives should
be participatory decisions is one that calls into question the very structure of the
democratic polity—calling for the radical extension of democracy through everyday
life—for democracy to be as pervasive as technology. This means an emphasis on local
democracy—in the workplace, community, education, and medical settings. It also
means democracy on a global level (Beck, 1995; Hardt & Negri, 2000, 2005).

In the context of globalization, mediating structures of representation and the
delegation of authority to experts are increasingly perceived as removing real power
from citizens and populaces. Hardt and Negri have recently argued that we are faced
with a generalized “crisis of democratic representation” and, they write, “In the era
of globalization it is becoming increasingly clear that the historical moment of liber-
alism has passed” (Hardt & Negri, 2005: 273). This thesis is echoed, with different
emphases, by Turner, who notes that “A good deal of the phenomena of globalization
is the replacement of national democratic control with control by experts” (Turner,
2003a: 131). This crisis of representation is the context in which questions of the
democratization of science and technology come to the fore.

THE LANGUAGE OF STS AND THE LANGUAGE OF POLICY

The broad context of the crisis of representation, and the question of whether insti-
tutional reforms can be tacked on to existing structures, gain importance because of
the way in which scientific and political elites are beginning to appropriate the lan-
guage of “participation,” at least in the watered-down form of “engagement.” It is
ironic that the unelected House of Lords in Britain has issued one of the most fre-
quently referred to reports calling for increased public “engagement” in science and
technology (House of Lords, 2000). The British government’s Office of Science and
Innovation, part of the Department of Trade and Industry (DTI), emphasizes the shift
from the older PUS (Public Understanding of Science) model to a new PEST (Public
Engagement with Science and Technology) approach.

There is reason, beyond the occasionally revealing acronyms, to treat this rhetoric
of “engagement” with caution when considering the place of science and technology
in the broader policy agenda of agencies such as the DTI. The key question to ask is
whether, as the government pursues science and technology policy as a primarily eco-
nomic strategy in the context of globalization (Jessop, 2002; Fuller, 2000b: 127-30),
it is possible to reconcile these strategies with genuine public participation. Official
calls for public engagement appear as part of an attempt to co-opt skeptical publics.
The rhetoric fits into an elite response to the successful public opposition in Europe
to GM foods, as well as to earlier “civic dislocations” (Jasanoff, 1997). Hardt and Negri
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have written of the loss of legitimacy by dominant political institutions as indicated
by the “evacuation of the places of power” (Hardt & Negri, 2000: 212). Elite calls for
“engagement” understandably arise from the threat that public dis-engagement (or,
what Hardt and Negri call “desertion”) poses to dominant institutions’ claims to legit-
imacy. We might ask whether democratization is most genuine when it arises organ-
ically from grassroots collective action or when it is conducted via institutional reform
from above. The development of STS scholarship as political theory is particularly
important if the notion of participation is to be given sufficient political and analyt-
ical substance to preserve its meaning from the diluting and falsely reassuring
language of official policy.

Notes

1. On Merton, see also Stephen Turner’s chapter in this volume.

2. Ezrahi mentions Robert Nozick and Richard Rorty.
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4 A Textbook Case Revisited—Knowledge as a Mode of Existence

Bruno Latour

Would it not be possible to manage entirely without something fixed? Both thinking and facts
are changeable, if only because changes in thinking manifest themselves in changed facts.

Ludwick Fleck, [1935]1981: 50

Knowledge and science, as a work of art, like any other work of art, confers upon things traits
and potentialities which did not previously belong to them. Objections from the side of alleged
realism to this statement springs from a confusion of tenses. Knowledge is not a distortion or a
perversion which confers upon its subject-matter traits which do not belong to it, but is an act
which confers upon non-cognitive materials traits which did not belong to it.

John Dewey, 1958: 381-82

Costello—“I do not know how much longer I can support my present mode of existence.”
Paul—“What mode of existence are you referring to?” Costello—“Life in public.”

Coetzee, 2005: 135

I was struck by the huge label: “A Textbook Case Revisited.” Every time I visit New
York, I spend some time at the Natural History Museum, on the top floor, to visit
the fossil exhibit. This specific time, however, it was not the dinosaur section that
attracted my attention but the new presentation of the horse fossil history. Why
should anyone revisit textbooks? What happened was that in a marvelous presenta-
tion the curators had presented in two parallel rows two successive versions of our
knowledge of the horse fossils. You did not simply follow the successive fossils of the
present horse evolving in time, you could also see the successive versions of our under-
standing of this evolution evolving in time. Thus, not only one but two sets of par-
allel lineages were artfully superimposed: the progressive transformation of horses and
the progressive transformation of our interpretations of their transformations. To the
branching history of life was now added the branching history of the science of
life, making for an excellent occasion to revisit another textbook case: this one about
what exactly is meant in our field by the affirmation that “scientific objects have a
history.”

In this chapter, I will tackle three different tasks: (1) I will reformulate with the use
of this example the double historicity of science and of its subject matter, (2) I will
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Figure 4.1
The two genealogical lines of horses in the Natural History Museum. (Photo by Verena Paravel.)

remind the reader of an alternative tradition in philosophy and science studies that
might help refocus the question, and finally (3) I will offer what I believe is a fresh
solution to the definition of knowledge acquisition pathways.

KNOWLEDGE IS A VECTOR

An Interesting Experiment in Staging the Collective Process of Science

The reason I was so struck by this parallel between the evolution of horses and the
evolution of the science of horse evolution is that I have always found puzzling a
certain asymmetry in our reactions to science studies. If you tell an audience that
scientists have entertained in the course of time shifting representations of the
world, you will get nothing in answer but a yawn of acceptance. If you tell your
audience that those transformations were not necessarily linear and did not
necessarily converge regularly in an orderly fashion toward the right and definitive
fact of the matter, you might trigger some uneasiness and you might even get the
occasional worry: “Is this leading to relativism by any chance?” But if you now
propose to say that the objects of science themselves had a history, that they have
changed over time, too, or that Newton has “happened” to gravity and Pasteur has
“happened” to microbes, then everyone is up in arms, and the accusation of indulging
in “philosophy” or worse in “metaphysics” is soon hurled across the lecture hall. It is
taken for granted that “history of science” means the history of our knowledge about
the world, not of the world itself. For the first lineage, time is of the essence, not for
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the second.' Hence, for me, the teasing originality of this Natural History Museum
exhibit.

But first, let us read some of the labels: “This collection represents one of the
most famous evolutionary stories of the world.” Why is it so famous? Because,
says the caption, “Horses are one of the best studied and most frequently found
groups of fossils.” But why “revisit” it instead of just present it “as we now
know it"?

The horses in this exhibit are arranged to contrast two versions of horse evolution. Those along
the front curve show the classic “straight-line” concept, that over time, horses became larger,
with fewer toes, and taller teeth. We now know, however, that horse evolution has been much
more complex, more like a branching bush than a tree with a single main trunk. The horses in
the back row show just how diverse this family of mammals has actually been.

To be sure, practicing scientists know perfectly well that their research more often
takes the form of a “branching bush” than that of a “straight line,” but the nice inno-
vation of this exhibit is that those intertwined pathways are rarely shown to the public
and even more rarely shown to parallel the hesitating movement of the objects of
study themselves. Each of the two rows is further commented on by the following
captions:

The story of horses: the classic version:

In the nineteenth and early twentieth century, scientists arranged the first known horse fossils
in chronological order. They formed a simple evolutionary sequence: from small to large bodies,
from many to fewer toes and from short to tall teeth. This made evolution seem like a single
straight line progression from the earliest known horse Hyracotherium to Equus, the horse we
know today.

This is contrasted with what you can see in the second row:
The story of horses: the revised version:

During the twentieth century, many more fossils were discovered and the evolutionary story
became more complicated. Some later horses such as Calippus were smaller, not larger than their
ancestors. Many others, like Neohipparion still had three toes, not one.

If you look at the horses in the back row of this exhibit, you will see examples that don't fit
into the “straight line” version.

In addition, so as not to discourage the visitor, the curators added this nice bit of
history and philosophy of science:

In fact, in any epoch some horses fit into the “straight line” and others didn’t. Scientists
concluded that there was no single line of evolution but many lines, resulting in diverse
groups of animals each “successful” in different ways at different times. This doesn’t mean that
the original story was entirely wrong. Horses have tended to become bigger, with fewer toes and
longer teeth. It’s just that this overall trend is only one part of a much more complex evolu-
tionary tale.
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You could of course object that nothing much has changed, since “in the end” “we
now know” that you should consider evolution as a “bushy” pathway and not as a
goal-oriented trajectory. Thus, you could say that even if it goes from a straight-line
conception of evolution to a meandering one, the history of science is still moving
forward along a straight path. But the curators are much more advanced than that:
they push the parallel much further and the whole floor is punctuated by videos of
scientists at work, little biographies of famous fossil-hunters at war with one another,
with even different reconstructions of skeletons to prove to the public that “we don’t
know for sure”—a frequent label in the show. If the evolution of horses is no longer
“Whiggish,” neither is the history of science promoted by the curators. The only
Whiggishness that remains, the only “overall trend” (and who in science studies will
complain about that one?) is that the more recent conception of science has led us
from a rigid exhibition of the final fact of paleontology to a more complex, interest-
ing, and heterogeneous one. From the “classic” version, we have moved to the what?
“Romantic”? “Postmodern”? “Reflexive”? “Constructivist”? Whatever the word, we
have moved on, and this is what interests me here: objects and knowledge of objects
are similarly thrown into the same Heraclitean flux. In addition to the type of trajec-
tory they both elicit, they are rendered comparable by the process of time to which
they both submit.

The great virtue of the innovative directors and designers of the gallery, on the top
floor of the Museum, is to have made possible for the visitors to detect a parallel, a
common thrust or pattern, between the slow, hesitant, and bushy movement of the
various sorts of horses struggling for life in the course of their evolution, and the slow,
hesitant, and bushy process by which scientists have reconstructed the evolution of
the horses in the course of the history of paleontology. Instead of papering over the
vastly controversial history of paleontology and offering the present knowledge as an
indisputable state of affairs, the curators decided to run the risk—it is a risk, no doubt
about that, especially in Bushist times>—of presenting the succession of interpreta-
tions of horse evolution as a set of plausible and revisable reconstructions of the past.
“Contrast,” “version,” “tale”—those are pretty tough words for innocent visitors—not
to mention the skeptical scare quotes around the adjective “successful,” which is a
sure way to attack the over-optimistic gloss neo-Darwinism has tended to impose on
evolution.?

What fascinates me every time I visit this marvelous exhibit is that everything is
moving in parallel: the horses in their evolution and the interpretations of horses in
the paleontologists’ time, even though the scale and rhythm is different—millions of
years in one line, hundreds of years in the other. Ignoring the successive versions of
horse evolution that have been substituted for one another would be, in the end, as
if, on the fossil side, you had eliminated all the bones to retain only one skeleton,
arbitrarily chosen as the representative of the ideal and final Horse. And yet what I
find most interesting as a visitor and a science student—admittedly biased—is that
even though science had to go through different “versions,” even though bones could
be displayed and reconstructed in different ways, that does not seem to diminish the
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respect I have for the scientists any more than the multiplicity of past horses would
preclude me from admiring and mounting a present-day horse. In spite of the words
“contrast,” “version,” and “revision,” this is not a “revisionist” exhibit that would
make visitors so doubtful and scornful of science and of scientists that it would be as
if they were requested, at the entry of the show, to “abandon all hopes to know some-
thing objectively.”* Quite the opposite.

Such is the source of this present paper. While we take the successive skeletons of
the fossil horses not only gratefully, but accept it as a major discovery—evolution
being the most important one in the history of biology—why do we find troubling,
superfluous, irrelevant, the displaying of the successive versions of the science of evo-
lution? Why do we take evolution of animals as a substantial phenomenon in its own
right while we don’t take the history of science as an equally substantial phenome-
non, not at least as something that defines the substance of knowledge? When a
biologist studies the evolution of a species, he or she hopes to detect the vital
characteristics that explain its present form in all its details, and the inquiry is carried
out in the same buildings and in the same departments as the other branches of
science; but when a historian or a science student accounts for the evolution of
science, this is done in another building, away from science, and is taken as a luxury,
a peripheral undertaking, at best a salutary and amusing caveat to warn hubristic sci-
entists, and not as what makes up the finest details of what is known. In other words,
why is it difficult to have a history of science? Not a history of our representation but
of the things known as well, of epistemic things? While we take as immensely rele-
vant for the existence of the present-day horse each of the successive instances of the
horse line, we are tempted to throw out and consider as irrelevant all of the succes-
sive versions that the history and reconstruction of the horse line by paleontologists
have taken. Why is it so difficult to consider each of the successive interpretations as
an organism for its own sake with its own capacious activity and reproductive risks?
Why is it so difficult to take knowledge as a vector of transformation and not as a
shifting set aiming toward something that remains immobile and “has” no history?
What I want to do here is to de-epistemologize and to re-ontologize knowledge activ-
ity: time is of the essence in both.

”

Revisiting the Textbook Case of Epistemology

What is so nice in the labels of the museum is that they are plain and common sense.
They are not coming (as far as I know) from any debunking urge, from some icono-
clastic drive by the curators to destroy the prestige of science. They display, if I can
say this, a plain, healthy, and innocent relativism—by which I mean neither the indif-
ference to others’ points of view nor an absolute privilege given to one’s own point
of view, but rather the honorable scientific, artistic, and moral activity of being able
to shift one’s point of view by establishing relations between frames of reference
through the laying down of some instrumentation.® And it is this plainness that makes
a lot of sense, because, such is my claim in this first part of the paper, in principle the
acquisition and rectification of knowledge should have been the easiest thing in the
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world: we try to say something, we err often, we rectify or we are rectified by others.
If, to any uncertain statement, you allow for the addition of time, instrument, colleagues,
and institutions, you come to certainty. Nothing is more common sense. Nothing should
have been more common sense than to recognize that the process by which we know
objectively is devoid of any mysterious epistemological difficulty.

Provided, that is, that we don’t jump. William James made a lot of fun of those who
wanted to jump through some vertiginous salto mortale from several shifting and
fragile representations to one unchanging and unhistorical reality. To position the
problem of knowledge in this fashion, James said, was the surest way to render it
utterly obscure. His solution, unaided by science studies or history of science, was to
underline again the simple and plain way in which we rectify our grasp of what we
mean by establishing a continuous connection between the various versions of what
we have to say about some state of affairs. His solution is so well known—but not
always well understood—that I can rehearse it very fast, by insisting simply on a point
rarely highlighted in the disputes around the so-called “pragmatist theory of truth.”
Since James was a philosopher, his examples were not taken from paleontology but,
quite simply, from moving through the Harvard campus! How do we know, he asks,
that my mental idea of a specific building—Memorial Hall—does “correspond” to a
state of affairs?

To recur to the Memorial Hall example lately used, it is only when our idea of the Hall has actu-
ally terminated in the percept that we know “for certain” that from the beginning it was truly
cognitive of that. Until established by the end of the process, its quality of knowing that, or
indeed of knowing anything, could still be doubted; and yet the knowing really was there, as
the result now shows. We were virtual knowers of the Hall long before we were certified to
have been its actual knowers, by the percept’s retroactive validating power. (James, [1907]1996:
68)

All the important features of what should have been a common sense interpretation
of knowledge-making trajectories are there in one single paragraph. And first, the
crucial element: knowledge is a trajectory, or, to use a more abstract term, a vector that
projects “retroactively” its “validating power.” In other words, we don’t know yet, but
we will know, or rather, we will know whether we had known earlier or not. Retroac-
tive certification, what Gaston Bachelard, the French philosopher of science, called
“rectification,” is of the essence of knowledge. Knowledge becomes a mystery if you
imagine it as a jump between something that has a history and something that does
not move and has no history; it becomes plainly accessible if you allow it to become
a continuous vector where time is of the essence. Take any knowledge at any time:
you don’t know if it is good or not, accurate or not, real or virtual, true or false. Allow
for a successive, continuous path to be drawn between several versions of the knowl-
edge claims and you will be able to decide fairly well. At time t it cannot be decided,
at time t + 1, t + 2, t + n, it has become decidable provided of course you engage along
the path leading to a “chain of experiences.” What is this chain made of? Of “leads”
and of substitutions, as James makes clear by another example, not about horses or
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buildings, this time, but about his dog. The question remains the same: how do we
render comparable my “idea” of my dog and this “furry creature” over there?

To call my present idea of my dog, for example, cognitive of the real dog means that, as the
actual tissue of experience is constituted, the idea is capable of leading into a chain of experi-
ences on my part that go from next to next and terminate at last in the vivid sense-perceptions
of a jumping, barking, hairy body. (James, [1907]1996: 198)

This plain, healthy, and common sense relativism requires a good grounding in the
“actual tissue of experience,” a grasp of “ideas,” “chains of experiences,” a movement
“next to next” without interruption, and a “termination” that is defined by a change
in the cognitive materials from “idea of the dog” to “the jumping, barking, hairy body”
of a dog now seized by “vivid sense perceptions.”

There is thus no breach in humanistic [a synonym for radical empiricism] epistemology. Whether
knowledge be taken as ideally perfected, or only as true enough to pass muster for practice, it is
hung on one continuous scheme. Reality, howsoever remote, is always defined as a terminus
within the general possibilities of experience; and what knows it is defined as an experience that
“represents” it, in the sense of being substitutable for it in our thinking because it leads to the
same associates, or in the sense of “pointing to it” through a chain of other experiences that
either intervene or may intervene. (James, [1907]1996: 201)

Contrary to Spinoza’s famous motto “the word ‘dog’ does bark” but only at the end
of a process which is oriented as a vector, which has to be continuous, which has to
trigger a chain of experiences, and which generates as a result a “thing known” and
an accurate “representation of the thing,” but only retroactively. The point of James—
totally lost in the rather sad dispute around the ‘cash value’ of truth—is that knowl-
edge is not to be understood as what relates the idea of a dog and the real dog through
some teleportation but rather as a chain of experiences woven into the tissue of life in
such a way that when time is taken into account and when there is no interruption
in the chain, then one can provide (1) a retrospective account of what triggered the
scheme, (2) a knowing subject—validated as actual and not only virtual, and finally
(3) an object known—validated as actual and not only virtual.

The crucial discovery of James is that those two characters—object and subject—are
not the adequate points of departure for any discussion about knowledge acquisition;
they are not the anchor to which you should tie the vertiginous bridge thrown above
the abyss of words and world, but rather they are generated as a byproduct—and a
pretty inconsequential one at that—of the knowledge making pathways themselves.
“Object” and “subject” are not ingredients of the world, they are successive stations
along the paths through which knowledge is rectified. As James said, “there is no
breach”; it is a “continuous scheme.” But if you interrupt the chain, you remain unde-
cided about the quality of the knowledge claims, exactly as if the lineage of one horse
species were interrupted due to a lack of offspring. The key feature for our discussion
here is not to ask from any statement, “Does it correspond or not to a given state of
affairs?” but rather, “Does it lead to a continuous chain of experience where the former
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question can be settled retroactively?” This paper is entirely about uncovering the
difference between the “continuous scheme” and what I will call “the teleportation
scheme.”®

But the problem with James (apart from his use of the unfortunate “cash value”
metaphor) is that he took examples of buildings and dogs for drawing his continuous
scheme, of entities that were much too mundane to prove its common sense point.
It is actually the problem with most classical philosophers: they take as their favorite
examples mugs and pots, rugs and mats, without realizing that those are the worst
possible cases for proving any point about how we come to know because they are
already much too well known to prove anything about how we come to know. With
them, we never feel the difficulty of the knowledge-making pathways, and we take the
result of the byproduct of the path—a knowing mind and an object known—as the
only two real important components of any given state of affairs. With those all too
familiar termini, it seems easy to stage the situation in which I ask: “Where is the cat?”
and then without any long, difficult, tortuous pathway, to point out and say: “Here
on the mat.” This lazy way of taking it would be innocuous enough except when,
after having based your theory of knowledge acquisition on such mundane, banal,
and utterly familiar objects, you feel sure that what really counts are the subject and
the object (the name “dog” on the one hand and the “barking dog” on the other).
Then you will tend to think that knowledge in general is made of one big jump from
one of those components to the other. You are replaying Act I Scene 1 of first empiri-
cism.” Of course, it is perfectly true that, once we have become familiar with the
pathway, we can most of the time safely ignore the intermediary steps and take the
two termini as representative of what knowledge is. But this forgetting is an artifact
of familiarity.

Even worse is that we try to use the model of knowledge acquisition adapted to the
mundane, familiar object, to raise “The Big Question” of knowledge acquisition about
new, unknown, difficult to focus upon, and sophisticated objects such as planets,
microbes, leptons, or horse fossils, for which there is not yet any pathway or for which
the pathway has not become familiar enough to be represented by its two end points.
We tend to treat new entities for which it is absolutely crucial to maintain the con-
tinuous scheme as if they had become familiar objects already. And yet, for any new
objects, the whole framework that had been defined on mundane objects breaks down
entirely, as the last three centuries of epistemology have shown, because there is no
way you can use the object/subject tool to grasp any new entity. The teleportation
scheme based on mundane and habitual states of affairs gives not the slightest clue
on how to lay down the continuous path that might provide objectivity on new states
of affairs.®

Breaking the Habits of Thought Due to the Use of Mundane Artifacts

To realize how much in line with common sense James’s basic point is, we have to
part company with him and consider cases in which the “chain of experience” and
the successive versions leading “next to next” to certainty, should be easily docu-
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mentable, visible, and studiable. This is what science studies and history of science
has shown in the last thirty years. To the too familiar James’s dog example, we have
to substitute, for instance, the difficulty of paleontologists to make sense of dispersed
and hard to interpret fossils. As soon as we do so, it will become obvious to all that
we never witness a solitary mind equipped with “ideas” of horse evolution trying to
jump in one step to the “Horse Evolution” out there. Not because there is no “out”
and no “there,” but because the “out” and the “there” are not facing the mind: “out”
and “there” are designating nothing more than stations along the chain of experience
leading through successive and continuous rectifications to other revised versions
(“termini” in James'’s parlance, but there are always more than two). If there is one
thing that has made philosophy of science so lame, it is to have used mats and cats,
mugs and dogs, in order to discover the right frame of mind to decide how we know
with accuracy objects such as black holes and fossils, quarks and neutrinos. It is only
by studying controversial matters of fact before they can be treated matter of factually
that we can witness the obvious phenomenon of the pathways—what I call net-
works’—in plain light before they disappear and leave the two byproducts of object
and subject to play their roles as if they had caused the knowledge of which they are
only the provisional results.

No one has seen this better than Ludwick Fleck, whose interpretation of “thought
collective” is very close to that of the chain of experiences outlined by James. In spite
of the expression “thought” in “thought collective,” what Fleck has clearly in mind
is the sort of heterogeneous practices laboratory studies have since rendered familiar
to us. It is interesting to notice here that Fleck’s theory itself has been misrepresented
by the idea of “paradigm” thrown onto him by Thomas Kuhn'’s foreword to the English
translation of his book (Fleck, 1981). “Paradigm” is typically the sort of term that has
meaning only in the abyss-bridging scheme. It reintroduces the knowing subject (now
pluralized) as one of the two anchors of the activity of knowledge together with the
supposed “thing in itself.” The two are facing one another, and the whole question is
where we situate any statement along this bridge: nearer the mind’s categories or closer
to the thing to be known? This is exactly the position of the problem out of which
Fleck (who had to invent sociology of science from scratch) had to extract himself.

When you take the example not of dogs and cats but for instance of the pioneer-
ing efforts of syphilis specialists to stabilize the Wasserman reaction (the main example
in the book), then the whole situation of knowledge acquisition is modified. With
Fleck, as with James, we are at once thrown into the Heraclitean flow of time. The
wording might still be ambiguous but not the direction taken:

To give an accurate historical account of a scientific discipline is impossible. . .. It is as if we
wanted to record in writing the natural course of an excited conversation among several persons
all speaking simultaneously among themselves and each clamoring to make himself heard, yet
which nevertheless permitted a consensus to crystallize. (Fleck, [1935]1981: 15)

Notice that the metaphor of crystallization is not opposed to but follows from that of
the flow of experience in an “excited conversation.” Because of Kuhn’s framing of
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Fleck’s problem in the foreword to the English translation, readers have often forgot-
ten that the subtitle of the book was even more explicitly historical than James’s argu-
ment: the “genesis” of the scientific “fact.” No more than James, Fleck is talking here
about the emergence of our representations of a state of affairs: it is the fact itself that
he is interested in following up through its emergence. He wants to tackle facts much
like paleontologists want to reconstruct the horse line, not the ideas we entertained
of the horse line. Only a Kantian can confuse the phantoms of ideas with the flesh of
facts.

This is how a fact arises. At first there is a signal of resistance in the chaotic initial thinking, then
a definite thought constraint, and finally a form to be directly perceived. A fact always occurs in
the context of the history of thought and is always the result of a definite thought style. (Fleck,
[1935]1981: 95)

What's the difference, one could object, with the notion of a paradigm projecting
one’s category onto a world that is subjected to an inquiry? The difference lies in the
philosophical posture; it comes from what time does to all the ingredients of what is
here called “thought style.” Fleck does not say that we have a mind zooming toward
a fixed—but inaccessible—target. It is the fact that “occurs,” that emerges, and that,
so to speak, offers you a (partially) new mind endowed with a (partially) new objec-
tivity. Witness the musical metaphor used to register the process of coordination that
will account for the stabilization of the phenomenon:

It is also clear that from these confused notes Wassermann heard the tune that hummed in his
mind but was not audible to those not involved. He and his coworkers listened and “tuned” their
“sets” until these became selective. The melody could then be heard even by unbiased persons
who were not involved. (Fleck, [1935]1981: 86)

Fleck adds, “something very correct developed from them, although the experiments
themselves could not be called correct.”

Fleck’s originality here is in breaking away from the visual metaphor (always asso-
ciated with the bridge-crossing version) and in replacing it by the progressive shift
from an uncoordinated to a coordinated movement. I wish the dancing together to a
melody to which we become better and better attuned could replace the worn-out
metaphor of an “asymptotic access” to the truth of the matter. Fleck derides the visual
metaphor by calling it the veni, vidi, vici definition of science!

Observation without assumption which psychologically is non-sense and logically a game, can
therefore be dismissed. But two types of observation, with variations along a transitional scale
appears definitely worth investigating: (1) the vague initial visual perception, and (2), the developed
direct visual perception of a form. (Fleck, [1935]1981: 92)

We find here the same direction of the argument as in James: knowledge flows in the
same direction as what is known. It is a “transitional scale.” But the scale does not go
from mind to object with only two possible anchors, it goes from vague perception
to direct—that is, directed!—perception through an indefinite number of intermedi-
ary stations, not just two. That is the big difference in posture. Notice the daring and
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quite counterintuitive reversal of metaphors: it is only once the perception is “devel-
oped,” that is, equipped, collected, attuned, coordinated, artificial, that it is also
“direct,” whereas the initial perception appears retrospectively to have been simply
“vague.” Hence this magnificent definition of what it is to be skilled and learned into
perception, what it is to graduate into the coherence of fact genesis:

Direct perception of form (Gestaltsehen) requires being experienced in the relevant field of
thought. The ability directly to perceive meaning, form and self-contained unity is acquired only
after much experience, perhaps with preliminary training. At the same time, of course, we lose
the ability to see something that contradicts the form. But it is just this readiness for directed
perception of form that is the main constituent of thought style. Visual perception of form
becomes a definitive function of thought style. The concept of being experienced, with its hidden
irrationality, acquires fundamental epistemological importance. (Fleck, [1935]1981: 92)

Fleck does not say, as in the usual Kantian-Kuhnian paradigm metaphor, that “we see
only what we know beforehand,” or that we “filter” perceptions through the “biases”
of our “presupposition.” Such a gap-bridging idea is on the contrary what he fights
against because then time could not be part of the substance of fact genesis. This is
why he reverses the argument and fuses the notion of “direct” grasp of meaning, with
being “directed” and “experienced.” It is not a subtle hair-splitting nuance, it is a
radical departure, as radical in science studies as what James had done to philosophy.
Because, if “direct” and “directed” go together, then we are finally through with all
this non-sense about being obliged to choose between having categories (or paradigms)
or grasping the facts of the matter “as they are.” It is because of his shift in philo-
sophical posture that Fleck is able for the first time (and maybe for the last one in
science studies!) to take the social, collective, practical elements positively and not neg-
atively or critically.'

Every epistemological theory is trivial that does not take this sociological dependence of all cog-
nition into account in a fundamental and detailed manner. But those who consider social depen-
dence a necessary evil and unfortunate human inadequacy which ought to be overcome fail to
realize that without social conditioning no cognition is even possible. Indeed, the very word
“cognition” acquires meaning only in connection with a thought collective. (Fleck, [1935]1981:
43)

Trivial after thirty years of science studies? Not at all! Radical, revolutionary, still very
far in the future.'"' Why? Because if we read carefully the way in which he engages the
social metaphors in the process of discovery, they are in no way a substitute for the
knowing subject. Fleck, apparently connected to James or at least to pragmatism, has
picked up the general tenor of pragmatism in a unique way.'? “Social” and “collec-
tive” are not there to serve as an expansion or a qualification on Kant’s epistemology
at all. They are mobilized to ruin the idea that there is a mind facing an object above
the abyss of words and world. When he deals with the collective, social, and pro-
gressive “aspects” of science, it is not because he has abandoned the idea of grasping
reality but just for the opposite reason, because he wants at last a social ontology, not
a social epistemology.
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Truth is not ‘relative’ and certainly not ‘subjective’ in the popular sense of the word . .. Truth is
not a convention but rather (1) in historical perspective, an event in the history of thought, (2)
in its contemporary context, stylized thought constraints. (Fleck, [1935]1981: 100)

“Truth is an event,” and so is the emergence of the horse in nature, and so is the emer-
gence of the knowledge of the horse lineage. So for Fleck as for James, the key fea-
tures to be outlined are that (1) knowledge is a vector; (2) ideas are there and have to
be taken seriously but only as the beginning of a “chain of experience” (“experimen-
tations” for Fleck); (3) successive rectification and revision are not peripheral but are
the substantial part of the knowledge acquisition pathways; (4) rectification by col-
leagues is essential; (5) so is institutionalization—becoming familiar, black-boxing
novelty in instruments, tuning, standardizing, getting used to a state of affairs, and
so on; (6) direct perception is the end and not the beginning of the process of fact
genesis. Fact is the provisional end of the vector and all the questions of correspon-
dence between statements and states of affairs can indeed be raised but cannot be
answered except retrospectively and provided the Dankollektiv is kept in place without
interruption.

KNOWLEDGE RAISES NO EPISTEMOLOGICAL QUESTIONS

Two Orthogonal Positions for Knowledge-making Pathways

Those comments on James, Fleck, and science studies are simply to remind us that,
as John Searle (personal commmunication, 2000) quipped, “science raises no episte-
mological question.” I agree with him entirely, and James would have agreed with
him also—no matter how incommensurable their various metaphysics. If by “episte-
mology” we name the discipline that tries to understand how we manage to bridge
the gap between representations and reality, the only conclusion to be drawn is that
this discipline has no subject matter whatsoever, because we never bridge such a gap—
not, mind you, because we don’t know anything objectively, but because there is never
such a gap. The gap is an artifact due to the wrong positioning of the knowledge acqui-
sition pathway. We imagine a bridge over an abyss, when the whole activity consists
of a drift through a chain of experience where there are many successive event-like
termini and many substitutions of heterogeneous media. In other words, scientific
activity raises no especially puzzling epistemological questions. All its interesting ques-
tions concern what is known by science and how we can live with those entities but
certainly not whether it knows objectively or not—sorry for those who have scratched
their head about this last one for so long. Skepticism, in other words, does not require
much of an answer.

If we had to summarize what I have called here the healthy, common sense rela-
tivism expressed in the labels of the Evolution gallery, in James’s radical empiricism,
in Fleck’s trajectories, or in many good (that is, non-debunking) histories of contro-
versies in science, we could end up with a portrayal of a knowledge path, freed from
epistemological questions. Yes, we err often, but not always because, fortunately, (1)
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we have time; (2) we are equipped; (3) we are many; (4) we have institutions. A pair of dia-
grams could summarize the shift in emphasis necessary to absorb the next much more
difficult point about the ontology implied by such a common sense description.

In the “teleportation scheme,” the great problem of knowledge is to bridge the gap
between two distinct domains totally unrelated to one another, mind and nature.
Thus, what counts most is to place the cursor along the gradient going from one
limit—the knowing subject—to the other—the object known. In this positioning
of the problem of knowledge, the key question is to decide whether we move
forward—toward the unmoving target of the object to be known—or backward—in
which case we are thrown back to the prison of our prejudices, paradigms, or
presuppositions.

But the situation is entirely different in the “continuous scheme” invoked by James,
Fleck, and much of science studies.'* Here, the main problem is not to decide whether
a statement goes backward or forward along the subject/object pathway (vertically in
figure 4.2) but whether it goes backward or forward in time (orthogonally in figure
4.3)." Now the main problem of knowledge is to deploy the continuous chain of expe-
rience to multiply the crossing points at which it will be possible to retroactively decide
whether we had been right or wrong about a given state of affairs. Going “forward”
now means that we become more and more “experienced,” “cognizant,” “attuned” to
the quality of the collective, coordinated, instituted knowledge. There is no gap to be
bridged, and no mysterious “correspondence” either, but there is a huge difference in
going from few crossing points to marny.

It is rather funny to consider that so much saliva (including mine) has been spent
for or against a “correspondence theory of truth” by which proponents and critiques
of the theory have always meant a jump between object and subject without ever
inquiring about the type of correspondence. Trains and subways would have offered a
better metaphor for defining what we mean by a correspondence: you don’t shift from
one subway line to the next without a continuous platform and corridors laid out
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allowing you to correspond on schedule. So James and Fleck are certainly proponents
of a “correspondence theory of truth”—if you keep in mind the train metaphor—
whereas they would strongly object to the “salto mortale theory of truth.” If you accept
renewing the metaphor, then you move forward when you go from a simple, isolated,
poorly equipped, and badly maintained straight line to a complex network of well-
kept-up stations allowing for many correspondences to be established. So “forward”
means going from a bad to a good network.” Anyone living in a big city with or
without a good public transportation network will grasp the difference.

I said earlier that those time-dependent paths could be visible only if we choose to
consider, as science studies has done, newer and more complex objects than mugs and
rugs. But it is interesting to come back briefly to the mundane cases on which the dis-
continuous scheme has been honed, once we have tried to follow objects that are less
familiar and where it is easier to document the pathways. A lot of energy has been
devoted in the course of time to answer skeptics about the so-called “errors of the
senses.” The classic topos, visited over and over again in the course of philosophy, is
that I might not be certain, for instance, whether a tower seen from afar is a cylinder
or a cube. But what does that prove against the quality of our knowledge? It is per-
fectly true to say that, at first, I might have misread its shape. But so what? I simply
have to walk closer, I then see that I was wrong—or else I take my binoculars or someone
else, a friend, a local inhabitant, someone with a better eyesight, to correct me. What
could be simpler than this retort? Horse fossils at first seemed to align themselves in
a straight line going always in the same direction. Then more fossils were collected,
many more paleontologists entered the discipline, the straight line had to be rectified
and revised. How could this feed skepticism? To be sure, those rectifications raise inter-
esting questions: why do we err at first—but not always? How come that the equip-
ment is often deficient—and yet quickly upgraded? How come checks and balances
of other colleagues often work—but sometimes fail to do so? However, not one of
those interesting historical and cognitive science questions should invite us to skep-
ticism. When Descartes asks us to take seriously the question whether or not the
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people walking in the street might not be automats, the only sensible answer should
have been: “But René why don’t you go down in the street and check for yourself? Or
at least ask your valet to go check it for you?” Ego cogito might be open to question,
but why don’t you try cogitamus?

The claim that there lies a Big Epistemological Question, so big that if it is
not answered it threatens for good the quality of our science and then of our
civilization, comes simply from a defect in the first scheme: there is no place in it for
time, nor for instrument, nor for people, nor for rectification, nor for institution.'®
Or rather there is some place for the successive versions on the subject pole side but
none for what happens to the object itself (Figure 4.4). More exactly, it is because there
is no room for the parallel movement in time of the facts themselves that the
object becomes isolated “in itself” and “for itself.” To use figure 4.2 again, when we
add the history of our representations, we register such a distortion that a widening
gap is now yawning. It was not there in figure 4.3. Then, but only then, skeptics have
a field day. If we have changed our “representations” of the object so often, while the
goal, the target, has not changed at all, this could only mean that our mind is
weak, and that “we will never know for sure.” We will remain forever inside our
representations.

Does this prove that skepticism is right? No, it simply proves that epistemology has
been silly in proposing such a target for knowledge. It is as if it had offered its throat
to be sliced: the temptation to cut it was too great to be resisted. If we think of it,
never has any statement been verified by following the vertical dimension of the
diagram. Even to check whether a cat is on the mat, we have to engage ourselves
in the second dimension—the horizontal one in the figures—and only retroactively
can we then say: “I was right in saying that my sentence ‘the cat is on the mat’
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corresponded to a state of affairs.” Contrary to the bad reputation pragmatism often
gave its own argument, the time dimension it has so clearly detected in knowledge
production is not an inferior way of knowing that should be substituted for the higher
and more absolute one “because this one, alas, remains inaccessible.” The continuous
scheme is not an ersatz for the only legitimate realist way to know; on the contrary,
it is the teleportation scheme that is a complete artifact. The only way to obtain objec-
tive knowledge is to engage, orthogonally, into one of those trajectories, to go with
the flow of experience."” From the dawn of time, no one has ever managed to jump
from a statement to a corresponding state of affairs without taking time into account
and without laying down a set of successive versions connected by a continuous path.
To be sure, a statement might have led, “next to next,” as James said, to a chain of
experiences heading toward a provisional terminus allowing, through a substitution
of sensory data, for a retrospective judgment about what it was “virtually” earlier. But
no statement has ever been judged by its truth content “if and only if” some state of
affairs corresponded to it.'®

Thus, the puzzle for me is not, “How can we decide that a statement about states
of affairs is true or false,” but rather, “How come we have been asked to take seriously
an attempt to transform knowledge production into an impossible mystery, a jump
above the abyss?” The true scandal is not to ask, “How come there are bloody rela-
tivists attacking the sanctity of science by denying that the gap between representa-
tions and objectivity can be bridged?” but instead to ask, “How come a trench
has been dug into the paths whose continuity is necessary for any knowledge
acquisition?”

If there is no sense in qualifying knowledge out of time, why then does time have
to be taken out? Why do we consider that adding, time, rectification, instruments,
people, and institutions could be a threat to the sanctity and truth conditions of
science when they are its very stuff, when they are the only way that exists to lay down
the continuous path allowing for ideas to become loaded with enough intersections
to decide retroactively if they had been correct or not? In the case of the history
museum, does it distract visitors to know that there were paleontologists fighting one
another, that fossils had a market value, that reconstitutions have been modified so
often, that we “don’t know for sure,” or, as another label states, “While it’s intriguing
to speculate about the physiology of long extinct animals we cannot test these ideas
conclusively?” The more fossils there are, we feel that the more interesting, lively,
sturdy, realistic, and provable are our representations of them; how come we would
feel less certain, less sturdy, less realistic about those same representations when they
multiply? When their equipment is visible? When the assembly of paleontologists is
made visible?

The puzzle I now want to address is not, “Are we able to know objectively with cer-
tainty?” but rather the following: “How have we come to doubt that we are able to
know obijectively, to the point of seeing as proofs of skepticism and relativism the
obvious features that allow truth conditions to be met?” I am turning the tables here,
against those who have so often accused science students of immorality! After having
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meekly or provocatively answered those charges for so long, it is time to counter-
attack and to doubt the moral high ground they have occupied with no title
whatsoever.

KNOWLEDGE IS A MODE OF EXISTENCE

A Real Difficulty in the Knowledge Acquisition Pathways

One possible answer is that we have been asking from objective science something it
cannot possibly deliver and should not even try to deliver, thereby opening a large
hole into which skepticism could penetrate. And that epistemologists, instead of con-
fessing, “OK, we were wrong to ask this from science,” have kept thinking that their
main duty was to fight against skepticism instead of fulfilling their only duties: to make
sure that the truth conditions of science be met, by allowing for time rectification,
for the improvement of instruments, for the multiplication of check and balances by
colleagues and people, and generally by strengthening the institutions necessary for
certainty to be kept up.

What is this added difficulty? Why was this extra baggage added to the burden of
science production? One of the answers probably has to do with a denial of the for-
mative quality of time. In the same way as before Darwin individual horses had to be
considered as mere fokens of the ideal Horse type, it has seemed difficult to accept that
you could gain certainty by the humble means of rectification, instrumentation,
colleagues, and institutions. Actually the parallel goes deeper: in the same way that
Darwin’s revolutionary insights have really never been swallowed by our intellectual
mores and have been instantly replaced by an enterprise to re-rationalize them, it
happens that epistemology has never considered that it was enough to let the suc-
cession of ideas, plus instruments, plus colleagues, proceed at their own pace in order
to obtain a sturdy enough certainty. To the lineages of tokens, they still want to add
the type. Although there is no God leading the evolution of horses any more, there
seems to be still a God, at least an Epistemological Providence, leading the knowledge
of the horse lineage.

But another reason might have to do with the sheer difficulty of accounting for
knowledge formation. It has been noted very often that, although science itself as an
activity is a time-dependent, human-made, humble practice, the result of its activity—
after a while, that is—offers a time-independent, not human made, quite exhilarating
objectivity. After all, facts are generated. This is the main conclusion of the construc-
tivist schools in science studies: at some point in the course of the fabrication, facts
emerge that are no longer enlightened by the revelation that they have been fabri-
cated or have to be carefully maintained. The double nature of facts—as fabricated
and as unfabricated—has become a cliché of history of science and of science studies.

The limit of constructivism is that we have trouble focusing on the two aspects with
equal emphasis: either we insist too much on the messy, mundane, human, practical,
contingent aspects, or too much on the final, extramundane, nonhuman, necessary,
irrefutable elements. Quite apart from the temptation to use the results of science to
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make a mess of politics,' it is perfectly true to say that objectivity as a practice is
simply difficult to understand and square with our common metaphysics and our
common ontology—by “common” I mean what has been made to be common by the
first empiricism.

Remember that the puzzle I am trying to understand is not, “How come we manage
to know objectively some distant state of affairs”—we do, no question about that—
but rather, “How come, in spite of the obvious quality of our knowledge-acquisition
pathways, we have engaged objectivity production into an impasse where knowledge
becomes a mystery?” The reformulation I am now proposing is the following: “There
must be a strange feature in objectivity production that has provided the temptation
to engage this innocent, healthy, and rather common sense activity into an impasse
that seemed productive for reasons utterly unrelated to objectivity per se” (one of them
being politics, but this is not the object of this chapter). What then is this strange
feature?

We have to admit that something happens to a state of affairs when it is engaged
into knowledge acquisition. The dog of James’s example, the horse fossils of paleon-
tology, Pasteur’s microbes, all undergo a transformation; they enter into a new path,
and they circulate along different “chains of experiences” once they are known. This
transformation is coded by epistemology—wrongly, as I have proposed earlier—as a
grasping by a knowing subject. And we now understand why: the vertical dimension
of the gap-bridging scheme in figure 4.4 is unable to detect any important transfor-
mation in the object known. Instead, it simply registers retroactively what happens
once we know for sure: object and subject “correspond” to one another well; they are,
as Fleck would have said, coordinated to the same tune and are “directly perceived.”
We have become able to detect the source of the artifact created by such a view: it
takes the consequence, a knowing subject, for the anchor of a mysterious bridge
leading to something that is already an object waiting to be known objectively. This
is the reason that, while the knowing subject appears to have a history, a movement,
a series of revisions and rectification, the object itself—the future “thing in itself”"—
does not move (see figure 4.4). Hence, the opening of the “breach” that volumes of
epistemology have tried to fill: one terminus moves and not the other. Skepticism engulfs
the open space. Yet if the genesis of fact is an event, this eventfulness should be equally
shared with the discoverers as well as with the discovered.

Reparative Surgery: Distinguishing Pathways

To grasp this difference in a way that does not make again the same “mistake” as epis-
temology, it is important to consider first how the object moved before being grasped
by the knowledge pathways. How was the dog jumping and barking before James tried
to make sure his “idea of the dog” “co-responded” to the dog? To phrase it in my
rather infamous way: “What was the way of life for microbes before Pasteur engaged
them into the pathways of nineteenth century microbiology?”? If we answer, “Well,
they were sitting there, an sich, waiting to be known,” we at once reopen the gap, the
breach, the cleft that no amount of ingenuity will fill in. On the other hand, if we
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answer: “They date from the moment when the philosophers or the scientists desig-
nate them,” we open the can of worms of relativism—in the papal pejorative meaning
of the word—and soon risk settling upon one of the various idealist positions, no
matter how sophisticated we try to be. And yet, in the continuous scheme, something
must have happened to the tissue of experience in which the various entities we are
considering now move in the same direction. What was absurd according to the
scenography sketched in figure 4.2 (knowing and known were on two different meta-
physical sides of a gap), becomes almost common sense in the scenography of figure
4.3: knowing and known share at least a common “general trend”—and this is why
we end up knowing so objectively.?! To reuse James’s metaphor, we should now ask,
“What is the fabric of the common tissue?”

It is clear that one character at least is common to all the threads: they are made of
vectors that are all aligned, so to speak, in the same struggle for existence. All the
horses, at the time when they were alive, were struggling to subsist in a delicate and
changing ecology and racing along reproductive paths. For them, too, no doubt about
it, there was a difference between going forward or backward! It was the difference
between surviving as a horse or becoming extinct. Whatever definition of knowledge
we choose, we could agree that such a path must have a different bent, a different
movement forward, that it must be made of different segments from what happens
to the very few fossilized bones unearthed, transported into crates, cleaned up, labeled,
classified, reconstructed, mounted, published in journals, and so on, once paleonto-
logists have crossed path with the ancient horses.

Whatever your metaphysics, you would agree that there must be a nuance between
being a horse and having a tiny fraction of the horse existence made visible in the
Natural History Museum. The least provocative version of this crossing point is to say
that horses benefited from a mode of existence while they were alive, a mode that aimed
at reproducing and “enjoying” themselves—enjoyment is Alfred North Whitehead'’s
expression—and that, at the intersection with paleontologists, some of their bones,
hundreds of thousands of years later, happened to enter into another mode of existence
once fragments of their former selves had been shunted, so to speak, into paleonto-
logical pathways. Let’s call the first mode subsistence and the second mode reference
(and let’s not forget that there might be many more than two modes).?

I am not saying anything odd here: everyone will accept that an organism striving
for life does not carry on exactly in the same way as a bone being unearthed, cleaned
up, collectively scrutinized, and published about. And yet I have to be careful here to
avoid two misrepresentations of this expression, “not being exactly the same.”

First, I hope it is clear that I am not trying to revive the romantic cliché of “rich
life” versus “dead knowledge”—even though romanticism might have seized rightly
on one aspect of this difference. Because for a bone to be carried along the paleon-
tologists’ networks, this is a life just as rich, interesting, complex, and risky as for the
horse to roam through the great plains. I am just saying that it is not exactly the same
sort of life. I am not opposing life and death, or object and knowledge of the object.
I am simply contrasting two vectors running along the same flow of time, and I am
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trying to characterize both of them by their different mode of existence. What I am
doing is simply refusing to grant existence to the object while knowledge itself would
be floating around without being grounded anywhere. Knowledge is not the voice-
over of a nature film on the Discovery channel.

The second misrepresentation would be to forget that knowledge acquisition is also
a pathway, just as much a continuous chain of risky transformations as the subsis-
tence of horses. Except that the latter goes from one horse to the next through the
reproduction of lineages, while the other one goes from a sandy pit to the History
Museum through many segments and transformations, in order to maintain
“immutable mobiles,” drawing what I have called a chain of reference.® In other words,
my argument makes sense only if we fill in the line going through all the transfor-
mations characterizing this second mode of existence without limiting the move at
its two putative termini. We know what happens when we forget this long chain of
intermediaries: we lose the reference, and we are no longer able to decide whether a
statement is true or false. In the same way, when the horse fails to accomplish the
reproductive feat, its lineage just dies away. One is a vector that can stop if there is a
discontinuity along the path, but so is the other! The difference does not come, in other
words, from the vector character of those two types of entities but from the stuff out of
which the successive segments of the two vectors are made. The tissue of experience
is the same but not the thread from which it is woven. That is the difference I try to
convey by the notion of mode of existence.

A few philosophers have learned from Whitehead that it might become possible
again, after James'’s redescription of knowledge, to distinguish those two modes of exis-
tence instead of confusing them. Whitehead has called this confusion of the way a
horse survives and the way a bone is transported through the paleontologists’ knowl-
edge acquisition pathways, “the bifurcation of nature.” His argument is that we have
been confusing how we know something with how this something is carried over in
time and space. This is why he concluded that there is no question which would be
clarified by adding that it is known by a subject—a big challenge for science students
who pride themselves in doing just that!

There is now reigning in philosophy and in science an apathetic acquiescence in the conclusion
that no coherent account can be given of nature as it is disclosed to us in sense-awareness,
without dragging in its relations to mind. (Whitehead, 1920: 26)

What he was against was in no way that we know objectively—like Searle, like James,
like myself, like all practicing scientists, he would not be interested for a minute in
opening to doubt the certainty-acquisition networks. What Whitehead does is to give
an even more forceful rendering of the slogan that “science does not raise any inter-
esting epistemological questions.” Precisely for this reason, Whitehead did not want to
confuse the procedures, the pathways necessary for the mode of existence called knowl-
edge, with the modes of existence that he calls organisms.

Thus what is a mere procedure of mind in the translation of sense-awareness into discursive knowl-
edge has been transmuted into a fundamental character of nature. In this way matter has emerged
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as being the metaphysical substratum of its properties, and the course of nature is interpreted as
the history of matter. (Whitehead, 1920: 16, emphasis added)

Hence, the most famous sentence:

Thus matter represents the refusal to think away spatial and temporal characteristics and to arrive
at the bare concept of an individual entity. It is this refusal which has caused the muddle of
importing the mere procedure of thought into the fact of nature. The entity, bared of all char-
acteristics except those of space and time, has acquired a physical status as the ultimate texture
of nature; so that the course of nature is conceived as being merely the fortunes of matter in its
adventure through space. (Whitehead, 1920: 20)

Space and time are important “procedures of thought” for the mode of existence of
acquiring knowledge along the pathways going, for instance, from sand pits to
museums, but they are not to be confused with the ways “individual entities” manage
to remain in existence. What Whitehead has achieved single-handedly is to overcome
the impasse in which the theory of knowledge has engaged certainty production, by
allowing both of them to go their own separate ways. End of the muddle of matter.*
Both have to be respected, cherished, and nurtured: the ecological conditions neces-
sary for organisms to reproduce “next to next” along continuous paths, and the eco-
logical conditions for reference to be produced “next to next” along continuous paths.
It would be a “fraud,” Whitehead argues, to mix them up.

My argument is that this dragging in of the mind as making additions of its own to the thing
posited for knowledge by sense-awareness is merely a way of shirking the problem of natural
philosophy. That problem is to discuss the relations inter se of things known, abstracted from
the bare fact that they are known . . . Natural philosophy should never ask, what is in the mind
and what is in nature. (Whitehead, 1920: 30)

Here is the philosophical crossroad: one path is indicated in German: An sich, the
other in Latin: inter se. The cosmological consequences of Whitehead’s reparative
surgery are enormous.”® What I want to take from Whitehead is simply the possibil-
ity of giving ontological weight to what is usually defined as objective knowledge.
From the very success of our development of scientific enterprises, epistemology has
wrongly concluded that they were two termini—forgetting to fill in the pathways con-
tinuously—and it added that, of those two termini only one—the object—had some
ontological import, while the other one, the subject anchor, had the mysterious ability
to produce knowledge about the first as if knowledge itself had no ontological weight.
Hence, the odd use of the word “representation” or “idea.” Rocks and mugs and cats
and mats have an ontology, but what is known about them does not. Because of this
clumsy framing of the question, science students, intimidated by epistemology, have
taken their own discovery of the pathways they were describing as being “merely”
about human-made, mundane, word-like, discourse, without realizing that they had
in effect unearthed a new, valid, sturdy, and completely mature mode of existence.
They behave as if they had simply complicated or enriched the “word” side of the
same bridge that had obsessed first empiricism, while the “world” side had remained
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intact or even had recessed even further from any grasp and into the Kantian
An sich.

My claim is that, without Whitehead’s reparative surgery, historians of science could
never take seriously in their own discoveries that they had redirected attention to a
type of vector affecting both the words and the worlds inter se. This is why, to coun-
teract this trend, I wish to use the same expression “mode of existence” for both
vectors: those for subsistence and those for reference. Provided, that is, we do not
grant to “what” is known the confusing two sets of traits: moving forward like an organ-
ism to subsist and moving forward like a reference to generate objective knowledge. In other
words, science students so far never dared to transform the chains of reference into a
mode of being. And yet it is all quite simple: knowledge is added to the world; it does
not suck things into representations or, alternatively, disappear in the object it knows.
It is added to the landscape.

How Much Ontological Weight Has the Book of Nature?

We might now be in position to give some interesting meaning to the proposition I
made at the beginning that history of science should mean the history of what is
known as well as of the knowledge itself. This is the proposition that I staged in the,
after all, not so provocative statement, “Newton happens to gravity,” or “Pasteur
happens to the microbes and the paleontologists to the bones of horses.” We can sum-
marize what we learned in this chapter by considering the same process—knowledge
acquisition—viewed from two different frames of reference. The first one (see figure
4.2), which after James I have called “the somersault scheme,” is characterized by (1)
a vertical connection (2) established between two points—object and subject; (3) one
of them moves through successive versions while the other does not; (4) the connec-
tion between the two is not marked and can be interrupted at any moment. In the
second frame (see figure 4.3), which I have called “continuous,” we have (1) vectors
in undetermined numbers (2) flowing into the same direction of time (3) with many
crossing points such that (4) the intermediary steps are continuously linked and con-
stantly traceable.

My contention is that no realistic interpretation of knowledge production can be
provided by the first frame: the only conclusion will be either that we forget entirely
about the successive versions of the subject side—history of science should be rated
X—or else that we abandon all hope to know “for sure,” and we wallow in various
schools of idealism and subjectivism. If this last view is correct, then the curators of
the Gallery were wrong or disingenuous to put in parallel the lines of horses through
evolution and the successively revised versions by paleontologists of this evolution.
They should be kicked out of the museum as dangerous relativists, revisionists,
and social constructivists. They are mere pawns in the Bushists’ war on science, they
are crypto-Derridians embedded into collections of fossilized bones to pervert good,
positivist American schoolchildren.

However, a realistic version of knowledge production may be provided by the second
frame of reference because no attempt is made there to confuse the movements of
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horses in evolution and the circulation of bones into paleontological pathways, and
yet there are enough shunts, enough points of articulation, to generate many provi-
sional termini for knowledge to be certified—that is, rectified, equipped with instru-
ments, corrected by colleagues, guaranteed by institutions, and “directed” as Fleck
said. More importantly, the pathways that connect the intersection points have con-
tinuous, recognizable, documentable material shapes. Is it plausible that, after thirty
years of science studies, a sturdy correspondence theory of truth might finally be
within grasp? (Remember I am patterning the metaphor after the metropolitan lines,
not the teleportation version.)

What authorizes me to say that the second frame is better? This is the crux of the
matter. In the first frame, all the attention is concentrated on two loci: the object intact
out there, and the subject that has shifting versions “in there.” In the second frame, the
two anchors have disappeared: there is no longer one subject and there is no longer one
object. Instead there are threads woven by the crisscrossing pathways. How could I take
this second version as being more realistic? It is like saying that a Picasso portrait is more
realistic than a Holbein or an Ingres. Well, but it might be, that is the whole point.
Because what is now made fully visible in the second frame—and that is the ground for
my claim—are the knowledge acquisition pathways that are generating, as so many
byproducts, successive temporally marked versions of the objects and the subjects—
now in the plural. It might be, I agree, a great loss not to be able to hold fast any more
to the two termini of the object and subject. But consider, I beg you, the gain: the long
and costly paths necessary to produce objective knowledge are now fully highlighted.
The choice is now clear, and the question is for the reader to decide what is to be favored
most. Do you prefer to highlight object and subject with the immense danger of
opening a mysterious gap in between, the famous “out there” with the risk that skep-
tics will soon swarm in that gap much like crocodiles in a swamp ready to swallow you
whole? Or do you prefer to deemphasize the questionable presence of object and
subject and to underline the practical pathways necessary to nurture the production of
objective knowledge? Now this is, in my eyes at least, what relativism should always
provide: a clear choice between what you gain and what you lose depending on which
frame of reference you decide to cling to.?® Now you may choose.

The reason for my own choice is that it offers a fresh solution to the difficulty I
mentioned earlier: the quasi-impossibility, after years of epistemology and then of
science studies, to focus satisfactorily both on the mundane human, discourse-based
aspects of science and the nonhuman, unfabricated, object-based aspects of the same
activity. The reason for this impossibility was the choice of an inappropriate frame of
reference—it’s like in movies where, a full century after Lumiere, in shooting a dialog
between two characters, the cameraman still cannot focus simultaneously on the fore-
ground and the background, even though our eyes, outside the movie theater, do it
at once with no effort at all. But if you accept for one minute to see the fabric of
science through the second frame, the two elements snap into focus at once: it
becomes perfectly true to say that science is nof manmade, even though it takes a lot
of work to carry a bone from a sand pit to a Museum, a lot of colleagues to rectify
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what you say about it, a lot of time to make sense of your data, and a well-endowed
institution to keep scientific truth valid. The bones have been made to behave in a
completely different mode of existence that is just as foreign to the ways ideas behave
in our mind as to the ways horses galloped on the great plains.?”’

An additional benefit of the second frame is that it squares nicely with the usual
requirements of the philosophy of mathematics: mathematical constructs have to be
nonhuman and yet constructed, just like the pathways I am highlighting which are
badly handled if you try to hold them between objects out there and ideas in there—
and the situation is even worse if you try a little bit of both. All mathematicians are
alternatively Platonists and constructivists, and rightly so. And yet they have to work
every day, to consummate, as the saying goes, enough loads of coffee cups to figure
out theorems and to construct a world that in itself has the mysterious quality of being
applicable to the real world. Those requirements are contradictory only if the first
frame is applied, but not in the second, since being able to establish connections on
paper between objects is precisely the service rendered, from the time of the Baby-
lonians to today, to the knowledge acquisition pathways. Is not allowing the
transportation through deformation without deformation—that is the invention of
constants—what mathematics is all about?®® And is this not exactly what is required
to “lay down,” so to speak, the networks necessary to make the solar system, the bones,
the microbes and all the phenomena movable, transportable, codable in a way that
makes objective knowledge possible? Objects are not made to exist “out there” before
one of those pathways has been continuously, “next to next” as James said, filled in
by mathematical grids. But it is entirely true to say that once they are uploaded into
those pathways, stars, planets, bones, and microbes become objective and generate
objectivity in the minds of those occupied to welcome, to lay out, or to install them.?
Objective knowledge is not first in the minds of scientists who, then, turn to the world
and marvel at how their ideas “fit” with the entities out there: objective knowledge is
what circulates and then grants the entity seized by the networks another mode of
existence and grants the minds seized by them a level of objectivity no human ever
dreamed of before the seventeenth century—or rather they dreamed of it in earlier
times but not before the collective, instrumented, and material pathways of scientific
organizations were fully in place.*

Such is the great fallacy of those who imagine that objective science is the daugh-
ter of “human curiosity since the dawn of time” and that there is a direct epistemo-
logical line from Lucy looking over the savannah with upright posture to the Hubble
telescope.’! No, the laying down of long-range networks allowing for the shunting of
many entities into objectivity-making trajectories is a contingent history, a new feature
in world history, that did not need to be invented and that could be still disinvented
if enough Bushists have their way and are able to destroy the practical conditions
allowing those pathways to be continuously maintained. Is this not a way to respect
the historicity of science and the objectivity of its results in a more productive fashion
than what was possible in the first framework with its endless series of perilous
artifacts? Especially important to me: is this not a better way to respect the ways to
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nurture the fragile ecological matrix necessary to add to the world the mode of exis-
tence of objective knowledge? What I have never understood about epistemologists is
how, with their teleportation scheme, they would convince the people to invest in
the devising, upkeep, and enlargement of the very humble means necessary to know
something with objectivity. In spite of my reputation as a “social constructivist,” I
have always considered myself as one of those who tried to offer another realistic
version of science against the absurd requirements of epistemology that could only
have one consequence: skepticism. Here, as everywhere, relativity offers, in the end,
a sturdier grasp than absolutism.

The operation I have offered in this chapter as a more plausible solution to an old
problem is simply to reload with ontological weight the knowledge pathways instead
of considering them, as we so often do even in science studies, as another and better
version of “the mind facing the object.”

I am actually saying nothing out of the ordinary; this is exactly what was desig-
nated, with great philosophical accuracy, by the very metaphor that Galileo had revis-
ited: the book of nature is written in mathematical terms.** This mixed metaphor
renewing the Bible points at exactly the same problem as the one I have proposed:
yes, it is a book—and now Gingerich (2004) has shown how realistically this book
pathway metaphor can be taken**—and, yes, it is the book in which a few of nature’s
movements forward can be welcomed, transported, calculated, made to behave in new
ways. But the metaphor breaks down very rapidly if we don’t consider under which
ontological condition nature can be made to be written about in mathematical format.
The Book of Nature metaphor provides the exact interpretation for this amazing event
of the seventeenth century, known as “the scientific revolution”: some features of
the passage of nature became shunted and loaded into pathways, so that they
provide them with a new mode of existence: they became objective. This is why any
history of the trajectory of stars in time has to include, as one of their intersections,
Copernicus and Galileo.

But this is also why, according to this view, their new post-seventeenth century
existence as objects does not allow anyone to withdraw from the world other modes of
existence that might have different pathways, different requirements for their own
continuation into existence. The tissue of experience, what James called the pluriverse,
is woven with more than one thread; this is why it is granted to us with such a dappled,
glittering aspect—an aspect that has been enhanced somehow by the “revised version”
offered by the curators of the Natural History Museum gallery. After all, I was simply
trying here to understand the healthy meaning of the labels in the gallery of evolu-
tion I started with.

Notes

I warmly thank Beckett W. Sterner for editing my English. Isabelle Stengers, Michael Lynch, and Gerard
de Vries proposed many more emendations than those I was able to carry through. Thanks to Adrian
Johns and Joan Fujimura for allowing me to test this argument on their friends and colleagues.
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1. T leave aside in this piece that almost all scientific disciplines, in recent times, have shifted from a
Parminedian to an Heraclitean version: every science is now narrated in a way that takes time into
account, from the Big Bang to the history of Earth geology or Earth climate. In this sense, the narra-
tive mode made familiar to us by historians has triumphed, and physicists would tell us about the “his-
torical emergence of particles” in the same mode. But this does not mean that those new Heraclitean
versions of science will cross the path of the history of science more often than when the Earth, the
Sky, and the Matter were supposed to be immutable. In other words, it is just as difficult for historians
of cosmology to link their time narratives with those of physicists than it would have been in the time
of Laplace when the cosmos had not yet any intrinsic history. This is what makes this public display
so telling—and what explains the continuing success of the late Stephen Jay Gould, who was one of
the rare writers to link the two histories so artfully.

2. See the fierce attacks on science autonomy and public discussions as they are related in, for instance,
Mooney’s book (2005). Against reactionaries the temptation is always to fall back on the “good old
days,” but like all temptations, it should be resisted. As will become clear in this chapter, there are
many other ways to fight perverted skepticism than ardent positivism.

3. This is why I don’t consider here the evolutionary epistemology that tries to replace the notion of
“fit” between a representation and the world by a neo-Darwinian model in which organisms would be
blindly “fitting” their environment. Naturalizing (or biologizing) epistemology does not modify the
question: it is the very notion of “fit” and “fitness” that I want to “revisit” here. “Fit” is very much a
remnant in biology of Kant’s philosophy of science, where “adaptation” has replaced the “construc-
tion” of the world to be known by our intellectual categories. In both cases, humans would be blind
to the things in themselves. This is too implausible and unrealistic a philosophy.

4. Needless to say that this “revision” does not lead to “revisionism” and even less to “negationism.”
It has always seemed to me, on the contrary, that a sturdy culture of fact-making was the only way to
resist the perverse inversion of positivism that is so extensive in negationism and in other types of con-
spiracy theories (Marcus, 1999). It is only those who recognize the fragility of fact-making who may
confide safely in their solidity.

5. In case of doubt, the word “relationism” can be substituted for the loaded term “relativism,” which
has two opposite meanings depending on whether it is Pope Benedict XVI or Gilles Deleuze who uses it.

6. “Continuous” is a confusing term here that should be understood, in James, as contrasting only
with “salto mortale,” with the big gap between “word” and “world.” So “continuous” is not used here
to deny that, once you look at the “tissue of experience,” you will recognize a series of small gaps, dis-
continuities that are due to the complete heterogeneity of their constituents. For instance, in James’s
own example, there is a gap between the anticipation of the dog and the warm furry sensation once
the dog is there. Those tiny discontinuities have been shown in many science studies through the work
of Hutchins, Latour, Lynch, and Netz. But no matter if you talk about “intellectual technologies”
(Hutchins, 1995), “chains of custody” (Lynch & McNally, 2005), “chains of reference” (Latour, 1999),
or “diagrams” (Netz, 2003), the succession of varied media are like pearls—discontinuous, yes, but along
the same thread. The knowledge trajectory is thus continuous in the first meaning of the word (against
the language/world distinction) but is of course discontinuous when the set of micro gaps—the pearls
on the thread—in the making is considered. Having done much work to show the micro-discontinu-
ity necessary for the circulation of immutable mobiles (Latour, 1990), I use in this paper the adjective
“continuous” only in the first sense.

7. 1 call first empiricism the effort from Locke to James (excluded) to define knowledge around the
invention of matters of fact, and second empiricism the efforts from James to science studies (as I see
them) to develop what I call “matters of concern” (see Latour, 2004a).

8. It is true that clever novelists such as Baker (1988), artful historians such as Petroski (1990), and
daring philosophers such as James himself, may put mundane artifacts to good use by unfolding what
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is not revealed in the two termini of “user” and “tool.” But this is precisely the problem: they have to
be clever, artful, and daring—all qualities that are much too infrequent in the rest of us. It is much
easier to take new unknown objects so as to render fully visible the trajectory and its retroactive process
of “certification.” (In many ways, the problem with James was his considerable lightness of touch:
people misunderstood this lightness for superficiality.)

9. But with a new meaning that is revealed in the last section. Once again, networks are made of many
small discontinuities between different media. They are continuous only in the sense that they don’t
attempt to jump over the abyss between words and world. The confusion between the two words “con-
tinuous” and “discontinuous” will be removed in the next section (see note 6).

10. I guess most science students will say that they “of course” take positively the social aspects they
unfold in their writing, but this is because they have simplified the philosophical task enormously and
left aside the ontological question. By “positive,” I mean here factors that are conducive to the genesis
of the durable fact of the matter itself. It is noticeable that those who have made exception to this rule,
such as Pickering (1995) for instance, have been greatly influenced by pragmatism.

11. Not once, for example, does lan Hacking (1999) even contemplate in a book that claims to bring
science studies to its senses that it would be possible not to think along the gap-bridging scheme: if
social then not real, if real then not social, or maybe you want “a little bit of both”? No, we want none
of it, this is what Fleck would answer, the whole position of the problem is unrealistic.

12. According to Ilana Lowy, there is actually a possible direct connection between pragmatism and
Fleck through the teaching in Warsaw of the Polish pragmatist philosopher Wladyslaw Bieganski
(1857-1917)—see her foreword to the French edition (Fleck, [1934]2005).

13. You can find some more instances recently of the historicization of the objects of science, not only
of our representations, in the book edited by Daston (2000) on the biography of scientific objects.

14. “In time” should mean here “in process” because there are many philosophies that obliterate even
time. On this obliteration, see Stengers’s work, especially her Whitehead (2002) and my review of it
(2005).

15. It is also the limit of anti-Whiggishness in history of science. Although it is a healthy position to
start an inquiry, it becomes quickly counterproductive when we have to act as if there was no asym-
metry between going forward and going backward. The second scheme is clearly asymmetrical as far
as the arrow of time is concerned.

16. Notice that Descartes tried to ascertain the absolute certainty of his ego cogito exactly at the time
of the invention of collective science—another proof that philosophers are pretty bad informants for
what happens in their time.

17. It is strange that such a daring philosopher as James caved in to the enemy, so to speak, and den-
igrated his own position by accepting to say that it was “good enough to pass muster” for practical
purposes only. In that sense, pragmatism is certainly the wrong label for what I am trying to present
here.

18. This was the basis of Gabriel Tarde’s (republication, 1999) alternative syllogistic. Tarde, like James,
like Dewey, like Bergson, was very much part of this vast movement to renew philosophy, science, and
society and to absorb the shock of Darwinism, which has been very much lost during the twentieth
century and that we spend so much effort in trying to retrieve.

19. I have shown elsewhere (Latour, 2004b) that an absolute, unmediated, and timeless indisputable
form of knowledge could seem, in some situations, to offer a solution to an entirely unrelated problem:
that of producing agreement among rival parties in the noisy, smelly and crowded agora, an agreement
that normal procedures, proper to political debates, could not generate. This is what I have called polit-
ical epistemology. In this interpretation, epistemology would never have aimed at fostering science



110 Bruno Latour

ecology but rather at introducing into politics a source of certainty that could play the role of the court
of appeal in case of debates that could not be closed to the satisfaction of the parties. The funny thing
is that even though it was a terrible description of science’s own way of achieving certainty, it was used
nonetheless—and still is—as a template, an ideal, to shame the sordid ways in which politics could
provide agreement.

20. I developed this point at some length in the middle chapters of Pandora’s Hope (1999) but without
having fully grasped the notion of mode of existence I put forward here.

21. Again, we should resist the temptation here to follow evolutionary epistemology and to unify
prematurely all of the components by saying that “of course” they are all “parts of nature.” As I
have shown elsewhere, what is wrong in naturalization is not its sturdy materialism but its premature
unification (Latour, 2004b). The point has been made even more forcefully and with much greater
empirical precision by Philippe Descola’s major book (2005).

22. The expression “mode of existence” is from Etienne Souriau (1943), and see my commentary on
this book (Latour, 2007). The question of their number and definition is the object of my present work.
Mode of existence is a banal expression clearly linked to the exploration of alternative ontologies.

23. I have tried even to document this movement and the many intermediary steps through a photo
essay (see Latour, 1999: chapter 2). Everything that maximizes the two opposite qualities of “immutabil-
ity” and “mobility” (see Latour, 1990, and the entire book by Lynch and Woolgar [1990]).

24. On the interpretation of this book, see Stengers (2002).

25. A sizeable body of philosophers informed by science studies have taken the challenge of White-
head, chief among them Stengers, but see also Didier Debaise (2006).

26. It should be clear from the examples that the first model is actually a consequence of the second
when the knowledge uncertainty has stabilized to the point where it seems common sense to say that
there is “a dog” here and the word “dog” there.

27. It could be interesting to see how much more reasonable is this solution than that of the “anthropic
principle,” which implies too much predestination for my taste. But what is nice in the anthropic prin-
ciple is at least to have taken into consideration knowledge and known as events that happen to all.

28. This question has made a decisive move with the publication of Netz’s book (2003), which does
for Greek geometry what Shapin and Schaffer (1985) have done for the scientific revolution (even
though, with some coquetterie, Netz claims not to want to be the Shapin of mathematical diagrams!).
What he has done is to provide the first systematic materialist reading of formalism—but where “matter”
no longer has any of the drawbacks criticized by Whitehead.

29. The reason I prefer the notion of immutable mobiles is that it includes all the practices to main-
tain, through the invention of constants, the contradictory features of mobility and immutability of
which those achieved by geometry and mathematics are only the most obvious ones, but there are
many others: labeling, collecting, keeping up, listing, digitalizing, and so on (on this wide extension
of knowledge pathways, see, for instance, Bowker, 2006).

30. No one has documented this granting of objectivity to passing minds better than Ed Hutchins
(1995) when he shows how the U.S. Navy might generate provisional competences to sailors
with a high turnover (1995). Objectivity is what you gain when you subscribe to one of the highly
equipped knowledge acquisition networks. Outside of them, there is no more sense in saying that you
are “objective.”

31. On this, see the unwittingly hilarious movie, “The Odyssey of the Species,” for which Yves Coppens
was the scientific advisor: Lucy walks upright because she sees the bright future of science above the
grass!
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32. We now have a full historical interpretation of this highly complex metaphor from Elizabeth Eisen-
stein’s classic (1979) to Mario Biagioli (2006) through Adrian Johns (2000).

33. Gingerich never moves out of the material connections established by the successive prints of the
initial drafts written by Copernicus, from the University of Frauenburg, until some aspects of the book
have been sunk into the common cosmos of astronomers through the many publications, annotations,
textbooks, and popular cultures. Thus, Gingerich at last gives a realistic rendering of what it means for
stars and planets to become calculations on paper without losing for one second their objective weight.
Or rather, it is because they are at last calculated upon that they become objective, but only as long as
the knowledge acquisition pathways are kept up. Copernicus happens to the cosmos because of this
new event of being calculated upon. Naturally, as soon as we revert to the discontinuous frame of ref-
erence, stars and planets become fixed, they recede to out there, and have no history.
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5 The Social Worlds Framework: A Theory/Methods Package

Adele E. Clarke and Susan Leigh Star

In this chapter, we present the social worlds framework, a form of analysis used in a
wide array of STS studies. The social worlds framework focuses on meaning-making
amongst groups of actors—collectivities of various sorts—and on collective action—
people “doing things together” (Becker, 1986) and working with shared objects,
which in science and technology often include highly specialized tools and
technologies (Clarke & Fujimura, 1992; Star & Ruhleder, 1996). Social worlds are
defined as “universes of discourse,” shared discursive spaces that are profoundly rela-
tional (Strauss, 1978). Over time, social worlds typically segment into multiple worlds,
intersect with other worlds with which they share substantive/topical interests and
commitments, and merge. If and when the number of social worlds becomes large
and crisscrossed with conflicts, different sorts of careers, viewpoints, funding sources,
and so on, the whole is analyzed as an arena. An arena, then, is composed of multi-
ple worlds organized ecologically around issues of mutual concern and commitment
to action.

This framework thus assumes multiple collective actors—social worlds—in all kinds
of negotiations and conflicts, committed to usually on-going participation in broad
substantive arenas. The frameworKk is relentlessly ecological, seeking to understand the
nature of relations and action across the arrays of people and things in the arena, rep-
resentations (narrative, visual, historical, rhetorical), processes of work (including
cooperation without consensus, career paths, and routines/anomalies), and many
sorts of interwoven discourses. The social worlds framework is particularly attentive
to situatedness and contingency, history and fluidity, and commitment and change.

We begin with a brief account of the development of the concept of social worlds
in the American sociological tradition of symbolic interactionism. We then demon-
strate how the social worlds framework is a “theory/method package,” drawing upon
an understanding of perception itself as theory-driven. Next we turn to some of the
key concepts generated through using the social worlds framework. Especially in
studies of scientific work practices, these include boundary objects, segments, doabil-
ity, work objects, bandwagons, implicated actors/actants, and cooperation without
consensus. The social worlds framework has also been especially useful in studies of
controversy and of disciplinary emergence, and we review this work. Recently, the
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social worlds framework has become the conceptual infrastructure of situational analy-
sis (Clarke, 2005), a new extension of the grounded theory method, with which the
social worlds framework has long been associated. In conclusion, we offer a brief
overview of the more methodological aspects of the theory/methods package.

SOCIAL WORLDS IN THE SYMBOLIC INTERACTIONIST TRADITION

The social worlds framework has its historical roots in Chicago School of Sociology,
originally based at the University of Chicago. Confusingly, the “Chicago School” left
Chicago in the late 1950s. In diaspora, however, we its descendents still refer to it
as the Chicago School of Sociology (not to be confused with the Chicago School of
Economics). Initially, the Chicago School practiced an empirical, urban sociology,
studying different neighborhoods and worksites of the city. The insights of
pragmatist philosophers George Herbert Mead and John Dewey were folded into
these small regional studies by drawing attention to meaning-making, gestures, and
identities. Groups, within which individuals were situated, were regarded as “social
wholes” (Thomas, 1914), making meaning together and acting on the basis of those
meanings. The meanings of phenomena thus lie in their embeddedness in relation-
ships—in universes of discourse (Mead, [1938]1972: 518) which Strauss (1978) later
called social worlds.

Early sociological ecologies of these “social wholes” focused on various kinds of
communities (e.g., ethnic enclaves, elite neighborhoods, impoverished slums), dis-
tinctive locales (e.g., taxi dancehalls, the stockyards), and signal events of varying
temporal duration (e.g., strikes). The sociological task was to “to make the group the
focal center and to build up from its discoveries in concrete situations, a knowledge
of the whole...” (Eubank in Meltzer et al., 1975: 42). One could begin from a place
or a problem. Baszanger and Dodier (1997: 16, emphasis added) have asserted:

Compared with the anthropological tradition, the originality of the first works in the Chicago
tradition was that they did not necessarily integrate the data collected around a collective whole
in terms of a common culture, but in terms of territory or geographic space. The problem with
which these sociologists were concerned was based on human ecology: interactions of human
groups with the natural environment and interactions of human groups in a given geographic
milieu . . . The main point here was to make an inventory of a space by studying the different com-
munities and activities of which it is composed, that is, which encounter and confront each
other in that space.

These “inventories of space” often took the form of maps (see especially Zorbaugh,
1929). The communities, organizations, and kinds of sites and collectivities repre-
sented on such maps were to be explicitly viewed in relation to the sitings or situations
of one another and within their larger contexts, featuring relationality. “The power of the
ecological model underlying the traditional Chicago approach lies in the ability to
focus now on the niche and now on the ecosystem which defined it” (Dingwall, 1999:
217; see also Star, 1995a). This analytic power is retained today.
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In the generation following Mead, just after World War II, several analysts combined
some of the traditional focus on (1) meanings/discourse as related to ethnicity and neigh-
borhood, and (2) the search for identity in the forms of work, practice, and memory. This
synthesis resulted in a sociology that was both material and symbolic, interactive, proces-
sual, and structural. James Carey (2002: 202) claims that Anselm Strauss, one of the prac-
titioners from this period, had invented “a sociology of structuration before Anthony
Giddens invented the word,” grasping structure as emergent in ways that later informed
his social worlds theory (see also Reynolds & Herman-Kinney, 2003).

During the 1950s and 1960s, researchers in this tradition continued studies of “social
wholes” in new ways, shifting to studies of work, occupations, and professions, and
moving from local to national and international groups. Geographic boundaries were
no longer regarded as necessarily salient, and attention shifted to shared discourses as
both making and marking boundaries. Perhaps most significantly, researchers increas-
ingly attended to the relationships of groups to other “social wholes,” the interactions
of collective actors and discourses. In today’s methodological vernacular, many such
studies would be termed “multi-sited.”

At this time, several Chicago School sociologists initiated the development of
explicit social worlds theory—the high-modern version of studies of “social wholes”
mentioned above. Social worlds (e.g., a recreation group, an occupation, a theoretical
tradition) generate shared perspectives that then form the basis for collective action
while individual and collective identities are constituted through commitments to and
participation in social worlds and arenas (Shibutani, 1955; Strauss, 1959). Commit-
ment is both predisposition to act and a part of identity construction (Becker, 1960,
1967). Strauss (1978, 1982, 1993) and Becker (1982) defined social worlds as groups
with shared commitments to certain activities, sharing resources of many kinds to
achieve their goals and building shared ideologies about how to go about their busi-
ness. Social worlds are universes of discourse (Mead, [1938]1972: 518), principal affilia-
tive mechanisms through which people organize social life.

Until the 1980s, most symbolic interactionist research focused on social worlds cen-
tered around social problems, art, medicine, occupations, and professions (e.g., Becker,
1963, 1982; Bucher & Strauss, 1961; Bucher, 1962; Bucher & Stelling, 1977; Wiener,
1981). Since the early 1980s, as more interactionists became involved in STS, the social
worlds framework has been increasingly used in interactionist research in STS. Initial
work on the material bases of social worlds in life sciences (Clarke, 1987; Clarke &
Fujimura, 1992) led to many fruitful avenues of inquiry about the nature of tools,
nonhuman components of social worlds (Latour, 1987; Suchman, 1987), and the inter-
action between humans and nonhumans. This in turn encouraged the exploration of
infrastructure as a deeply rooted aspect of social worlds analysis. Contemporarily,
infrastructures (virtual, offline, textual, and technical) are imbricated with the unique
nature of each social world and, especially as scale becomes important, with arenas
(Star & Ruhleder, 1996; Neumann & Star 1996; Star, 1999). Infrastructures can be
understood, in a sense, as frozen discourses that form avenues between social worlds
and into arenas and larger structures.
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Social worlds studies have encompassed examinations of the doing of science; the
organization of scientific work; and the making, distribution, and use of technology
as forms of work. We review many of these below but first address an important
epistemological issue.

THE SOCIAL WORLDS/ARENAS FRAMEWORK AS A THEORY/METHODS PACKAGE

In social science, from William James at the turn of the twentieth century to the
present, considerable and convincing work has been done that asserts the theory-
driven and socially based nature of perception. Particularly in STS, we no longer strug-
gle with the image of some sort of tabula rasa as the beginning moment of research,
to be gradually filled in as we encounter the “real” world. Rather, we understand that
we begin with some combination of previous scholarship, funding opportunities,
materials, mentorship, theoretical traditions and their assumptions, as well as a kind
of deep inertia at the level of research infrastructure (Bowker, 1994; Star & Ruhleder,
1996). Such traditions and assumptions serve as root metaphors applicable to the sit-
uation of inquiry—from social worlds to actor-network theory (e.g., Law & Hassard,
1999) to ethnomethodology (e.g., Lynch, 1985). Blumer ([1969]1993: 24-25, emphases
added) discussed such metaphors as follows:

The Possession and Use of a Prior Picture or Scheme of the Empirical World Under Study . . . [T]his is
an unavoidable prerequisite for any study of the empirical world. One can see the empirical world
only through some scheme or image of it. The entire act of scientific study is oriented and shaped
by the underlying picture of the empirical world that is used. This picture sets the selection and
formulation of problems, the determination of what are data, the means to be used in getting
data, the kinds of relations sought between data, and the forms in which propositions are cast.

The social worlds framework is one such “prior picture or scheme.”

The social worlds framework relies strongly upon George Herbert Mead'’s
([1927]1964, [1934]1962) key concepts of perspective and commitment—that all
actors, including social worlds as collective actors, have their own perspectives, sites of
work and commitments to action vis-a-vis the substantive situation/arena. As social
worlds intersect or grow to become arenas, their joint courses of commitment and
(inter)action are articulated through discourses. Discourses here, then, mean these
assemblages of language, motive, and meaning, moving toward mutually understood
modus vivendi—ways of (inter)acting. Perspectives, as defined by Mead to include com-
mitments that stem from work and material contingencies, are discourses in collective,
material action. This concept of “discourse” and its particular history are distinct from
concepts of discourse analysis stemming from European phenomenology and critical
theory (e.g., Jaworski & Coupland, 1999; Weiss & Wodak, 2003; Lynch & Woolgar,
1990).

The particular power of the social worlds framework is that precisely because social
worlds are “universes of discourse” the framework explicitly goes beyond “the usual
sociological suspects”—conventional, highly bounded framings of collective actors
such as organizations, institutions, and even social movements. These “suspects” are
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displaced in the social worlds framework by more open, fluidly bounded, yet discourse-
based forms of collective action. Analysis must take into account more problemati-
cally bounded and contingent discursive as well as organizational arrangements
(Clarke, 1991). Thus, the broader situation is opened up for emergent and ongoing
analysis (Clarke, 2005).

Researchers using this approach in STS have worked from the assumption that the
social worlds framework constitutes a theory/methods package itself rooted in grounded
theory/symbolic interactionism. Such packages' include a set of epistemological and
ontological assumptions, along with concrete practices through which social scien-
tists go about their work, including relating to/with one another and with the various
nonhuman entities involved in the situation. This concept of theory-methods package
focuses on the integral—and ultimately nonfungible—aspects of ontology and episte-
mology. The concept of theory/methods package assumes that ontology and episte-
mology are both co-constitutive (make each other up) and manifest in actual practices.

Star (1989a) demonstrated the materiality and consequentiality of such
theory/methods packages in brain research. Fujimura (1987, 1988, 1992, 1996) pushed
on the modes through which theory/methods packages can travel—by being widely
accepted as part of a “bandwagon” effect. Such packages often travel well in science
because they perform well in situations at hand, such as creating “doable problems”
for research. Bowker and Star (1999) elucidate how, through classification and stan-
dardization processes, computer and information science can dramatically facilitate
such travel.

For most of us using the social worlds framework, the methods “end” of the
theory/methods package has been grounded theory, an approach to analyzing largely
qualitative ethnographic (observational and interview) materials. Developed by
Strauss and Glaser (Glaser & Strauss, 1967; Glaser, 1978; Strauss, 1987; Strauss &
Corbin, 1990), it is an abductive approach in which the analyst tacks back and forth
between the empirical materials and conceptual means of expressing them. Today
grounded theory is one of the major approaches used in qualitative analysis globally
(Clarke, 2006a,b).

Over the past twenty years, a more Straussian version of grounded theory that is
more constructivist, interactionist, and reflexive has been generated (e.g., Strauss,
1987; Charmaz, 2006). Strauss was also generating his social worlds framework at the
same time. Many of us in STS routinely drew upon both of these (see also Clarke &
Star, 1998), and they have recently been synthesized by Clarke (2005).

The very idea of theory/methods packages assumes that “Method, then, is not the
servant of theory: method actually grounds theory” (Jenks, 1995: 12). This means, of
course, that theory/methods packages are both objects of interactionist science studies
research and that the social worlds framework itself is a theory/methods package.

SENSITIZING CONCEPTS IN THE SOCIAL WORLDS TOOLBOX

Over the years, a toolbox of useful concepts with which to think about the relational
ecologies of social worlds, arenas, and their discourses has been generated. In our
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framework we treat them as what Herbert Blumer ([1969]1993: 147-48) called “sen-
sitizing concepts” (emphases added):

[T]The concepts of our discipline are fundamentally sensitizing instruments. Hence, I call them
“sensitizing concepts” and put them in contrast with definitive concepts. .. A definitive concept
refers precisely to what is common to a class of objects, and by the aid of a clear definition in
terms of attributes or fixed bench marks...A sensitizing concept lacks such specification. ..
Instead, it gives the user a general sense of reference and guidance in approaching empirical
instances. Whereas definitive concepts provide prescriptions of what to see, sensitizing concepts
merely suggest directions along which to look.

Sensitizing concepts are thus tools for doing further analysis using this theory-
methods toolkit. They are not intended as ends in themselves, but as means of
analytical entrée and provisional theorizing.? The following are the key concepts devel-
oped to date in social worlds theory:

The Social Worlds/Arenas Framework Conceptual Toolbox for Science Studies®

Universes of discourse Entrepreneurs

Situations Mavericks

Identities Segments/subworlds/reform movements
Commitments Shared ideologies

Bandwagons Primary activities

Intersections Segmentations

Particular sites Technology(ies)

Implicated actors and actants Boundary objects

Work objects Boundary infrastructures

Conventions

We next elucidate each of the concepts listed above, illustrating them with exam-
ples from STS research. In his seminal article on social worlds and arenas, Strauss
argued (1978: 122) that each social world has at least one primary activity, particular
sites, and a technology (inherited or innovative means of carrying out the social
world’s activities) and that once under way, more formal organizations typically evolve
to further one aspect or another of the world’s activities.* People typically participate
in a number of social worlds simultaneously, and such participation usually remains
highly fluid. Entrepreneurs, deeply committed and active individuals (Becker, 1963),
cluster around the core of the world and mobilize those around them.

Activities within all social worlds and arenas include establishing and maintaining
perceptible boundaries between worlds and gaining social legitimation for the world
itself. Indeed, the very history of the social world is commonly constructed or recon-
structed in discursive processes (Strauss, 1982). Of course, individual actors compose
social worlds, but in arenas they commonly act as representatives of their social worlds,
performing their collective identities (Klapp, 1972) as well as generating their careers
(Wiener, 1991). For example, in the fetal surgery operating and recovery rooms, the
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surgeons, neonatologists, and obstetricians have often distinct and sometimes com-
peting agendas of concern as they may see themselves as having different work
objects—primary patients (Casper, 1994, 1998a,b)—at the same time that they are
negotiating career trajectories involving others in those very rooms.

There can also be implicated actors in a social world and/or arena, actors silenced or
only discursively present—constructed by others for their own purposes (Clarke &
Montini, 1993; Clarke, 2005: 46-48). There are at least two kinds of implicated actors.
First are those who are physically present but are generally silenced/ignored/made
invisible by those in power in the social world or arena (Christensen & Casper, 2000;
Star & Strauss, 1999). Second are those implicated actors not physically present in a
given social world but solely discursively constructed and discursively present; they
are conceived, represented, and perhaps targeted by the work of arena participants.
Much of postcolonial literature focuses precisely on this matter. Neither kind of impli-
cated actor is actively involved in the actual negotiations of self-representation in the
social world or arena, nor are their thoughts or opinions or identities explored or
sought out by other actors through any openly empirical mode of inquiry (such as
asking them questions).

Within information technology, computer developers have been notorious for their
stereotyping and disregard of the needs of computer users, classic implicated actors.
Many even called these people “lusers” (Bishop et al., 2000). Currently, this trend is
somewhat offset by the use of ethnographers and other social scientists in usability
laboratories of major corporations for their consumer products. However, at the more
custom level of technically state-of-the-art devices, more elitist practices still prevail
These include “just throw it over the wall” (and let users deal with it as best they can)
and the assumption in computer modeling that “I am the World” (and no one else
needs to be taken into account) (Forsythe, 2001; for studies of users and their roles,
see also Oudshoorn & Pinch, chapter 22 in this volume).

There can, of course, also be implicated actants—implicated nonhuman actors in sit-
uations of concern.® Like implicated humans, implicated actants can be physically
and/or discursively present in the situation of inquiry. That is, human actors (indi-
vidually and/or collectively as social worlds) routinely discursively construct nonhu-
man actants from those human actors’ own perspectives. The analytical question here
is who is discursively constructing what, how, and why?

Every complex social world characteristically has segments, subdivisions or sub-
worlds, shifting as patterns of commitment alter, reorganize, and realign. Bucher
(Bucher & Strauss 1961; Bucher 1962, 1988) named such fluidity and change within
social worlds by extending social movements analysis to frame these as reform move-
ments of various kinds undertaken by segments or subworlds within professions, dis-
ciplines, or other work organizations. Bucher called these “professions in process.”
Drawing on Bucher in her study of cardiovascular epidemiology, Shim (2002, 2005)
found two major segments: mainstream and social epidemiologists. The latter consti-
tute a reform segment or movement, today informing research approaches in new
areas of study including health disparities and population health.
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The concept of staged intersections—one-shot or short-term events where multiple
social worlds in a specific arena come together—is Garrety’s (1998) particular concep-
tual contribution to social worlds theory. The key feature of staged intersections is that
despite the fact that this may be a one-time-only meeting for representatives of those
worlds, the events can be highly consequential for the future of all the social worlds
involved, for that arena—and beyond.

Fujimura (1988, 1996), in her study of the molecularization of biology, called suc-
cessful versions of such reform processes “bandwagons” when they occur on a larger
scale, mobilizing the commitments of many laboratories and related organizations.
This mobilization placed the package of oncogene theory (on the molecular genetic
origins of cancer) and recombinant DNA and other molecular biotechnological
methods at the heart of that social world. This theory/methods package was highly trans-
portable, marketed as a means of constructing highly doable problems in multiple
research centers; well aligned with funding, organizational, material, and other con-
straints upon research; and a means for attacking long-standing problems in many
biological disciplines. Perhaps counterintuitively, Fujimura found no grand marshal
orchestrating the bandwagon but rather a cascading series of decentralized choices,
changes, exchanges, and commitments, vividly demonstrating how widely distributed
a social world can be (see also Star, 1997; Striibing, 1998). The difference between
a bandwagon and an arena is that a bandwagon is more narrowly focused, in a
“fad-like” way, on a single package. An arena is larger, encompassing debates about
packages and worlds involved over a wide range of interests, boundary objects (and
potentially boundary infrastructures), and temporalities (see also Wiener, 2000).

Fujimura (1987) also introduced the useful concept of doable problems in scientific
research. Doable problems require successful alignment across several scales of work
organization. These include (1) the experiment as a set of tasks; (2) the laboratory as
a bundle of experiments and other administrative and professional tasks; and (3) the
wider scientific social world as the work of laboratories, colleagues, sponsors, regula-
tors and other players all focused on the same family of problems. Doability is achieved
by articulating alignment to meet the demands and constraints imposed at all three
scales simultaneously: a problem must provide doable experiments, which are feasi-
ble within the parameters of immediate constraints and opportunities in a given lab-
oratory, and be viewed as worthwhile and supportable work within the larger scientific
world.

In many modern arenas, reform movements have centered around processes of
homogenization, standardization, and formal classifications—things that would orga-
nize and articulate the work of the social worlds in that arena in parallel ways (Star,
1989a, 1995¢). Bowker and Star (1999) analyzed how the application of computer and
information science programs in nursing has standardized that work, displacing some
areas of discretion with strict assessments of accountability. Clarke and Casper (1996;
Casper & Clarke, 1998) studied Pap smear classification systems as attempts to impose
standardization in a notoriously ambiguous clinical domain across the heterogeneous
worlds involved in that arena. Timmermans, Berg, and Bowker (Berg, 1997;
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Timmermans, 1999; Timmermans & Berg, 1997, 2003; Berg & Timmermans, 2000; and
Berg & Bowker, 1997) discussed the application of computer-based techniques to
medical practices and how these produce “universalities” in medical work. And Tim-
mermans (2006) followed on with a study of coroners’ classifications of suspicious
deaths. Lampland and Star (under review) have focused on comparative standardiza-
tions across people, techniques, laws, and concepts in their edited volume Formaliz-
ing Practices. And Karnik (1998) explored consequences of classification in the media.

Understanding boundaries has long been important to science studies (Gieryn,
1995) and has become increasingly important in the social sciences (Lamont &
Molnar, 2002). In social worlds theory, Star and Griesemer (1989) developed the
concept of boundary objects for things that exist at junctures where varied social worlds
meet in an arena of mutual concern. Boundary objects can be treaties among coun-
tries, software programs for users in different settings, even concepts themselves. Here
the basic social process of translation allows boundary objects to be (re)constructed
to meet the specific needs or demands placed on it by the different worlds involved
(Star, 1989b). Boundary objects are often very important to many or most of the social
worlds involved and hence can be sites of intense controversy and competition for
the power to define them. The distinctive translations used within different worlds for
their own purposes also enable boundary objects to facilitate cooperation without
consensus.

For example, in Star and Griesemer’s (1989) study of a regional zoology museum
founded at the turn of the twentieth century, the museum’s specimens were bound-
ary objects. There were collections of multiple specimens of each species and sub-
species which, for the zoologists to find them useful, had to be very carefully tagged
as to date and where collected and carefully preserved and taxidermied. Aerial tem-
perature, humidity, rainfall, and precise habitat information on the geographic origins
of specimens all were important. The mammal and bird specimens were usually killed,
gathered, and sent to the museum by amateur collectors and “mercenaries” (paid col-
lectors) of varied backgrounds. Also involved were university administrators, a pow-
erful patron who was herself an amateur collector, curators, research scientists, clerical
staff, members of scientific clubs, and taxidermists. A/l had particular concerns about
the specimens that needed to be addressed and mutually articulated for the museum’s
collections to “work” well for all involved.

Thus, the study of boundary objects can be an important pathway into complicated
situations, allowing the analyst to study the different participants through their dis-
tinctive relations with and discourses about the specific boundary object in question.
This can help frame the broader situation of inquiry as well. The concept of bound-
ary objects has also been extended. For example, Henderson (1999) included visual
representations as “conscription devices,” weaving this understanding into the analy-
sis of work, power, and the visual practices of engineers. Her work lends a powerful,
visual-based sensibility to the boundary objects idea.

Bowker and Star (1999: 313-14) recently raised the conceptual ante with the
concept of “boundary infrastructures” as larger infrastructures of classification deeply
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institutionalized, “sunk into the built environment, . . . objects that cross larger levels
of scale than boundary objects.” These are often digitalized information systems that
link large-scale organizations with multiple purposes and/or constituencies. “Bound-
ary infrastructures by and large do the work that is required to keep things moving
along ... [Tlhey deal with regimes and networks of boundary objects (and not of
unitary, well-defined objects).” Boundary infrastructures by no means imply univer-
sal consensus, at whatever level they may be analyzed. For any individual, perspec-
tive, or locale, they can as well produce a misfit with infrastructure, called torque by
Bowker and Star (1999). (The metaphor is like the twisting of steel just a bit out of
alignment.) However, the torque may not be visible or perceptible to most, often until
a social movement makes it so, as with disabled people and the accessibility of
structures.

Most recently, Bowker’s (2005) Memory Practices in the Sciences examined the history
of information infrastructures from paper to silicon. Using geology, cybernetics, and
biodiversity as case studies, Bowker analyzed the work that their information infra-
structures have done in mediating the traffic between natural and social worlds. Some
facets of that trafficking are memorialized—preserved in the infrastructure as memory
device—while others are reconfigured or erased. Bowker vividly shows how scientific
infrastructures are projecting our modes of organization onto nature at increasingly
broader scales via emergent, globally used boundary infrastructures.

In sum, then, the conceptual toolbox of social worlds theory permits analyses of a
full array of collective human social entities and their actions, discourses, and related
nonhuman elements in the situation of concern. The key analytical power of social
worlds/arenas theory, so rooted in Chicago social ecologies, is that one can take advan-
tage of the elasticity of the concepts to analyze at multiple levels of complexity. The
utility of social worlds theory for STS was recognized not only by interactionists but
also by others. For example, Becker’s (1982) Art Worlds was taught in STS courses in
the 1980s.°

Over the years, the social worlds/arenas framework has been compared with actor-
network theory (e.g., Law & Hassard, 1999; Neyland, 2006), known as ANT, a major
analytical frame in STS. While we lack space here for an extended comparison, we do
want to state that we view these two approaches as kindred in many ways (especially
compared with earlier approaches to the study of science) and yet also as offering quite
different affordances and accomplishing different analytical ends. The social worlds
framework allows for the drag of history; the cumulative consequences of commit-
ment and action over time are deeply etched. For example, Karin Garrety (1997, 1998)
compared ANT and social worlds approaches in an examination of the cholesterol,
dietary fat, and heart disease controversy which has extended over four decades. She
found the social worlds framework allowed analysis of changes within and across
worlds over time while the scientific “facts” also remained unstable and contested.

In contrast, ANT is excellent at grasping emergent connections that may or may not
gel into social worlds in arenas. Networks (that are not worlds) of many kinds may
also endure and fully deserve analysis. ANT is most robust at this. Because of its
common lead-scientist focus on the perspective of the most powerful, ANT has been
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characterized as a more “executive” vision. ANT concepts of “interessement” and
“obligatory points of passage” are often framed as one-way streets. In contrast, social
worlds theory is insistently pluralist, seeking to analyze all the perspectives in the sit-
uation. But these approaches can also vary in the hands of different researchers and
when the approaches are used for particular purposes.

In comparing Latourian ANT with social worlds/arenas, it has been said that the
centralized nature of power in ANT is more French, whereas for social worlds, the plu-
ralism of perspective is vividly inflected American. Bowker and Latour (1987) made a
somewhat similar argument in their paper comparing French and Anglo-American
science and technology studies. They argued that the rationality/power axis so natural
to French technocracy (and explored in Foucault inter alia) is precisely that which
must be proven in Anglo-American work, since, in the Anglo American context, it is
usually “assumed” that there is no relationship between the two.’

SOCIAL WORLDS STUDIES OF CONTROVERSIES AND DISCIPLINES

Key sociological differences emerge when researchers focus on studying the work
activities, organization, and discourses of social worlds in science, technology, and/or
(bio)medicine rather than studying individuals. Placing work—action—in the fore-
ground facilitates the analysis of social worlds qua worlds and the elucidation of the
key human and nonhuman elements. For Strauss (1978), Becker (1982), and some
others working with the social worlds framework (e.g., Star, Fujimura, Baszanger,
Clarke, Garrety, Casper, Shim, Shostak, and others), the social worlds and arenas them-
selves became the units of analysis in two main genres of studies of collective dis-
course and action—scientific controversies and disciplines (including boundary
objects and infrastructures). Here we often see the phenomenon identified by inter-
actionists as cooperation without consensus writ large.

Clarke and Montini (1993) provide an accessible example of controversy studies by
focusing on the multiple social worlds involved in the controversy surrounding use of
the abortifacient RU486, also known as “the French abortion pill” in the U.S. The paper
analytically places RU486 in the center and then moves through the specific perspec-
tives on it of each of the major social worlds involved in the broader abortion/repro-
duction arena: reproductive and other scientists, birth control/population control
organizations, pharmaceutical companies, medical groups, anti-abortion groups, pro-
choice groups, women'’s health movement groups, politicians, Congress, the FDA, and
last but not least, women users/consumers of RU486. Here Clarke initiated the concept
of implicated actors discussed earlier. As is often the case, these were the users/con-
sumers. Clarke and Montini showed that social worlds themselves are not at all mono-
lithic but commonly contain extensive differences of perspective that may be more or
less contentious. Moreover, contra Mol, they demonstrated how, given these different
perspectives, RU486 is vividly different things to different social worlds in the arena.’

In their study of the controversy about whether hormone disruption is caused by
exposure to synthetic chemicals in the environment, Christensen and Casper (2000)
used a social worlds/arenas analytic to map the discourse in key documents (see also
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Albrechtsen & Jacob, 1998). They focused on two sets of implicated actors particularly
vulnerable to exposures but excluded from the possibility of scientific claims-making:
farm workers and fetuses. Their focus allowed them to analyze hierarchies of knowl-
edges and to develop policy implications of the possible future inclusion of hereto-
fore silenced but clearly implicated actors.

A number of social worlds/arenas studies take up disciplinary and specialty emer-
gence and competition. One of the earliest was Star’s (1989a) examination of the work
of late nineteenth century British neurophysiologists that investigated the contest in
brain research between “localizationists” who sought to map specific regions and func-
tions and “diffusionists” who argued for an interactive, flexible, and resilient brain
model. The scientists who supported localizationist theories of brain function built a
successful research program (read as social world here) through several strategies: by
gaining control of relevant journals, hospital practices, teaching posts, and other
means of knowledge production and distribution; by screening out those who held
opposing points of view from print and employment; by linking a successful clinical
program with both basic research and a theoretical model; and by uniting against
common enemies with powerful scientists from other fields. Star examined the pro-
duction of robust scientific knowledge through concrete practices and collective
rhetorical strategies.

Clarke (1998) studied the emergence and coalescence of the American reproductive
sciences across the twentieth century as an intersectional discipline dwelling in three
professional domains: biology, medicine, and agriculture. She situates the emergence
of this scientific social world within the larger sociocultural reproductive arena that
included other key worlds including birth control, population control, and eugenics
movements and strong philanthropic sponsors. Reproductive scientists coped strate-
gically with the illegitimacy of this sexuality-laden and therefore suspect research in
their negotiations with various audiences. Clarke (2000) further detailed how it was
only maverick reproductive scientists who actually worked on contraceptive develop-
ment and did so only outside university settings, largely in private research institutes
supported by major philanthropists and/or pharmaceutical companies. The exclusion
of women as patients and users/consumers from participation at design stages has con-
stituted millions of women as implicated rather than agentic actors in the contracep-
tive arena for almost a century. This has contributed to the ongoing spread of sexually
transmitted diseases, including AIDS. Such problematics of agency and choice are com-
monly linked to gender and race in STS.

Sara Shostak (2003, 2005) applied social worlds/arenas theory in an historical soci-
ological analysis of the disciplinary emergence of environmental genetics as an inter-
sectional project. She explored the changing relationships of the social worlds and
segments of pharmacogenetics, molecular epidemiology, genetic epidemiology, eco-
genetics, and toxicology from 1950 to 2000. Her analysis centers on the reconfigura-
tion of these worlds and their relationships to each other in scientific and public
health/policy arenas that are increasingly shaped by desires of environmental health
risk assessment and “regulatory science” practitioners for reliable scientific informa-
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tion about gene-environment interaction. Shostak further explored the construction
and consequences of new technologies (e.g., molecular biomarkers and toxicoge-
nomics) within these worlds and their appropriation and transformation by other
social worlds, including activist movements, especially in local struggles about the
health effects of environmental exposures.’

A number of studies of disciplines and specialties using the social worlds framework
emphasized a key interactionist assumption that cooperation can proceed without con-
sensus, that individuals and collectivities can “set their differences aside,” however
temporarily and contingently, in the interests of individual or shared goals. For
example, Baszanger (1998) examined the emergence of organized pain medicine as
produced through the intersection of segments of multiple specialties in an interna-
tional arena. Demonstrating the capacity for ongoing disunity within a functioning
specialty (cooperation without consensus), Baszanger offered ethnographic case
studies of two paradigmatically different pain clinics in France: one emphasizing anal-
gesia and the other focusing on patient self-management through self-surveillance and
particular self-disciplining practices. The segmental scientific history and theory of
pain medicine were thus inscribed in clinical practices.'®

The emergence of fetal surgery, a more rarefied specialty, was studied by Casper
(1998a,b). In these still largely experimental practices, clinicians partially remove a
fetus from a woman's uterus, operate for a variety of structural problems, and if it sur-
vives, replace it for continued gestation. Fetal surgery has been controversial since its
inception in 1960s New Zealand and Puerto Rico using sheep and chimpanzees as
animal models. Like Baszanger and Star, Casper provided detailed histories of both the
laboratory science and clinical practices. Like Clarke, she found that links to other
social worlds, specifically anti-abortion movements, were characteristic of and impor-
tant to key actors in the social world of this emergent specialty. Building on Mead’s
concept of social objects, Casper (see also 1994, 1998b) developed the concept of work
objects to describe and analyze the tangible and symbolic objects around and with
which social actors work. She analyzed the relations (sometimes cooperative, some-
times vituperative, rarely if ever based on consensus) among the different practition-
ers involved in fetal surgery who struggle over who is the patient—mother or
fetus—and who should have jurisdiction over which patient in the surgical situation
and beyond.

In the field of information technology, changes in engineering design and manu-
facturing teams and the consequences these may have for prototypes as boundary
objects were the focus of a project by Subrahmanian and colleagues (2003). Changes
in the teams, they found, disrupted the modus vivendi that the various groups had
established for cooperation (without consensus) and (re)opened debates about bound-
ary objects per se. Gal and colleagues (2004) followed on with a fascinating study of
AEC, the architecture, engineering and construction industry, focusing on how chang-
ing information technologies, which are themselves the boundary objects operating
between the architectural, engineering and construction worlds, produce changes not
only in the relationships among these worlds but also in the identities of those worlds.
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That is, boundary objects are used not only as translation devices but also as resources
for the formation and expression of professional identities. Using the example of the
introduction of three-dimensional modeling technologies into building design by
architect Frank Gehry, the technology that afforded the possibility of using materials
in innovative ways for which he is now famous, Gal and colleagues argued that
changes in one world may cascade to other worlds through shared boundary objects
(see also Star, 1993, 1995b; Carlile, 2002; Walenstein, 2003). Cooperation without con-
sensus was very much the order of the day.

Another recent social worlds study found both cooperation and consensus prob-
lematic. Tuunainen (2005) examined “disciplinary worlds colliding” in Finland when
a university agronomy department focused on plant production research was
pressured by the government to incorporate new modes of doing science (including
molecular biology, plant physiology, horticulture, and agroecology) and to establish
relations with industry. Tuunainen found the disunity of plant production research
readily observable as the scientists did not create “new hybrid worlds of different dis-
ciplines” (2005: 224) but instead retained their commitments both to their disciplines
of origin and to their historical organizational niches in the university.

In her study of the making of meteorology, Sundberg (2005) focuses on intersec-
tions where modeling practice meets experimentation. New and necessary compo-
nents of simulation models became boundary objects shaping relations between the
disciplinary segments of experimentalists and modelers. In the same vein, Halfon'’s
(2006) analysis of the regime change from “population control” to “women’s empow-
erment” enacted as the Cairo consensus foregrounds the scientization of both popu-
lation policy and social movement worlds through the institutionalization of shared
technical language and practices. Making and talking about demographic surveys—
using the science as shared work object—offered “neutral” sites in and through which
the requisite serious negotiations could and did flourish. He reveals the too often invis-
ible work of making change in a complex world.

Last, Striitbing (1998) has written on cooperation without consensus in a study of
computer scientists and symbolic interactionist sociologists collaborating over a period
of years, an intersection that has never been fully stabilized. A segment of the com-
puting world focused on Distributed Artificial Intelligence (DAI) was interested in
modeling and supporting spatially and temporally distributed work and decision prac-
tices, often in applied settings. The “distributed” in DAI means modeling problem-
solving across space and time, conducted by many entities that in some senses had
to cooperate. For example, a typical problem would be how to get computers at several
locations, with different kinds of data, to return the answer to a problem, using each
of their local data sets. This problem both reflected and bridged to interactionist con-
cerns with translation issues, complex intersections, and the division of labor in large
scientific projects. Striitbing concluded that the sustained collaboration involved not
just “the migration of metaphors” but also the mutual creation and maintenance of
organizational structures for shared work—what Star (1991a) might call “invisible
infrastructures.”
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The concepts of boundary objects, boundary infrastructures, and conscription
devices are now canonically useful, central to understanding the intersections of social
worlds in social worlds/arenas theory in STS and beyond. Discipline-focused studies
utilizing these concepts have examined library science (Albrechtsen & Jacob, 1998),
genetics, geography, and artificial intelligence. Fujimura and Fortun (1996; Fujimura,
1999, 2000) have studied the construction of DNA sequence databases in molecular
biology as internationally utilized boundary infrastructures. Such databases pose
fascinating challenges because they must be both constructed across multiple social
worlds and serve the needs of multiple worlds.

In geography, Harvey and Chrisman (1998) examined boundary objects in the social
construction of geographical information system (GIS) technology. GIS, a major inno-
vation, requires complex relationships between technology and people because it is
used not only as a tool but also as a means of connecting different social groups in
the construction of new localized social arrangements. Harvey and Chrisman view
boundary objects as much like geographic boundaries, separating different social
groups yet at the same time delineating important points of reference between them,
and stabilizing relationships through the negotiation of flexible and dynamic coher-
ences. Such negotiations are fundamental to the construction of GIS technology,
as Harvey and Chrisman illustrate in a study of the use of GIS data standards in the
definition of wetlands.

In public health, Frost and colleagues (2002) used the boundary objects framework
in a study of a public-private partnership project. The project brought together Big
Pharma (Merck) and an international health organization (the Task Force for Child
Survival and Development) to organize the donation by Merck of a drug for the treat-
ment of river blindness endemic in 35 countries. Frost and colleagues asked how such
divergent organizations could cooperate. They argued that the different meanings of
key boundary objects held by the participating groups allowed them both to collab-
orate without having to come to consensus and to maintain their sharply different
organizational missions. The main benefit was that the project itself as boundary
object provided legitimacy to all participants and to the partnership per se. The Mec-
tizan Donation Program has become a model for similar partnerships.

In sum, social worlds theory and especially the concept of boundary objects have
traveled widely and been taken up since the 1980s by researchers from an array of dis-
ciplines that contribute to STS.

A NEW SOCIAL WORLDS THEORY/METHODS PACKAGE: SITUATIONAL ANALYSIS

[M]ethodology embraces the entire scientific quest and not merely some selected portion or
aspect of that quest. (Blumer, [1969]1993: 24)

As noted earlier, the methods end of the social worlds theory/methods package has
heretofore largely been held down by Straussian versions of the grounded theory
method of data analysis (Charmaz, 2006; Clarke, 2006a; Star, 1998), including
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feminist versions (Clarke, 2006b). Toward the end of his career, Strauss worked assid-
uously on framing and articulating ways to do grounded theory analysis that included
specifying structural conditions—literally making them visible in the analysis—along
with the analysis of forms of action that traditionally centers grounded theory. To this
end, Strauss (Strauss & Corbin, 1990:163) produced what he called the conditional
matrix to more fully capture the specific conditions under which the action occurs.
Clarke (2003; 2005) developed a sustained critique of this matrix. To accomplish
similar goals she instead took Strauss’s social worlds framework and used it as theo-
retical infrastructure for a new extension of grounded theory. Fusing it with C. Wright
Mills’s (1940), Donna Haraway’s (1991), and others’ conceptions of situated action,
and with analytic concepts of discourse from Foucault and visual cultural studies, she
forged an approach called “situational analysis.”

In situational analysis, the conditions of the situation are in the situation. There is no
such thing as “context.” The conditional elements of the situation need to be speci-
fied in the analysis of the situation itself as they are constitutive of it, not merely sur-
rounding it or framing it or contributing to it. They are it. Ultimately, what structures
and conditions any situation is an empirical question—or set of analytic questions.
Situational analysis then involves the researcher in the making of three kinds of maps
to respond to those empirical questions analytically:

1. Situational maps that lay out the major human, nonhuman, discursive and other
elements in the research situation of inquiry and provoke analysis of relations among
them

2. Social worlds/arenas maps that lay out the collective actors, key nonhuman elements,
and the arena(s) of commitment and discourse within which they are engaged in
ongoing negotiations—mesolevel interpretations of the situation

3. Positional maps that lay out the major positions taken, and not taken, in the data
vis-a-vis particular axes of difference, concern, and controversy around issues in dis-
courses in the situation of inquiry.

All three kinds of maps are intended as analytic exercises, fresh ways into social science
data. They are especially well suited to designing and conducting contemporary
science and technology studies ranging from solely interview-based research to multi-
sited ethnographic projects. Doing situational maps can be especially useful for
ongoing reflexive research design and implementation across the life of the project.
They allow researchers to track all of the elements in the situation and to analyze their
relationality. All the maps can, of course, be done for different historical moments,
allowing comparisons.

Through mapping the data, the analyst constructs the situation of inquiry empiri-
cally. The situation per se becomes the ultimate unit of analysis, and understanding its
elements and their relations is the primary goal. By extending grounded theory to the
study of discourses, situational analysis takes it around the postmodern turn. Histor-
ical, visual, and narrative discourses may each and all be included in research designs
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and in the three kinds of analytic maps. Drawing deeply on Foucault, situational analy-
sis understands discourses as elements in the situation of inquiry. Discursive and
ethnographic/interview data can be analyzed together or comparatively. The posi-
tional maps elucidate positions taken in discourses and innovatively allow researchers
to specify positions not taken, allowing discursive silences to speak (Clarke, in prep.).

These innovations may be central to some of the next generation of interactionist
STS studies. For example, Jennifer Fosket (forthcoming) used these mapping strategies
to analyze the situatedness of knowledge production in a large-scale, multi-sited clin-
ical trial of chemoprevention drugs. The trial qua arena involved multiple and quite
heterogeneous social worlds: pharmaceutical companies, social movements, scientific
specialties, and the FDA. The trial needed to manage not only millions of human and
nonhuman objects but also credibility and legitimacy across diverse settings and in
the face of conflicting demands. Mapping the arena allowed Fosket to specify the
nature of relations among worlds and relations with key elements in the situation,
such as tissue samples. Situational analysis is thus one example of building on the
tradition of social worlds/arenas as a theory/methods package with grounded theory
to produce a novel mode of analysis.

CONCLUSIONS

Since the 1980s, the social worlds framework has become mainstream in STS (Clarke
& Star, 2003). Of particular note for us is the link to earlier interactionist studies of
work that began from the premise that science is “just another kind of work,” not
special and different, and that it is about not only ideas but also materialities (see
Mukerji, 1989). The social worlds framework thus seeks to examine all the human and
nonhuman actors and elements contained in a situation from the perspectives of each.
It seeks to analyze the various kinds of work involved in creating and utilizing
sciences, technologies and medicines, elucidating multiple levels of group meaning-
making and material involvements, commitments, and practices.

In sum, the social worlds framework as a theory/methods package enhances ana-
lytic capacities to conduct incisive studies of differences of perspective, of highly
complex situations of action and position, and of the heterogeneous discourses
increasingly characteristic of contemporary technosciences. The concepts of bound-
ary objects and boundary infrastructures offer analytic entrée into sites of intersection
of social worlds and to the negotiations and other work occurring there. The concepts
of implicated actors and actants can be particularly useful in the explicit analysis of
power. Such analyses are both complicated and enhanced by the fact that there are
generally multiple discursive constructions of both the human and nonhuman
actors circulating in any given situation. Situational analysis offers methodo-
logical means of grasping such multiplicities. The social worlds framework
as a theory/methods package can thus be useful in pragmatic empirical science,
technology, and medicine projects.
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Notes

We are most grateful to Olga Amsterdamska, Mike Lynch, Ed Hackett, Judy Wajcman, and the ambi-
tious anonymous reviewers for their patience and exceptionally thoughtful and helpful comments. We
would also like to thank Geof Bowker, Sampsa Hyysalo, and Allan Regenstreif for generous comments
and support.

1. We use the term package to indicate and emphasize the advantages of using the elements of the
social worlds framework together with symbolic interactionist-inflected grounded theory. They “fit”
one another in terms of both ontology and epistemology. See Star (1989a; 1991a,b; 1999) and Clarke
(1991, 2005:2-5, 2006a). We do not mean that one can opt for two items from column A and two from
column B to tailor a package, nor do we mean that one element automatically “comes with” the other
as a prefabricated package. Using a “package” takes all the work involved in learning the practices and
how to articulate them across time and circumstance.

2. Contra Glaser and Strauss (Glaser & Strauss, 1967; Glaser, 1978; Strauss, 1995), we do not advocate
the generation of formal theory. See also Clarke (2005: 28-29).

3. On universes of discourse, see, for example, Mead (1917), Shibutani (1955); and Strauss (1978). On
situations, see Clarke (2005). On identities and shared ideologies, see, for example, Strauss (1959, 1993;
Bucher & Stelling, 1977). On commitments, entrepreneurs and mavericks, see Becker (1960, 1963, 1982,
1986). On primary activities, sites, and technology (ies), see Strauss (1978) and Strauss et al. (1985). On
subworlds/segments and reform movements, see Bucher (1962; Bucher & Strauss, 1961) and Clarke and
Montini (1993). On bandwagons and doability, see Fujimura (1987, 1988, 1992, 1996). On intersec-
tions and segmentations, see Strauss (1984). On implicated actors and actants, see Clarke and Montini
(1993), Clarke (2005), Christensen and Casper (2000), and Star and Strauss (1999). On boundary objects
and infrastructures, see Star and Griesemer (1989) and Bowker and Star (1999). On work objects, see
Casper (1994, 1998b). On conventions, see Becker (1982) and Star (1991b). On social worlds theory
more generally, see Clarke (2006c¢).

4. Boundaries of social worlds may cross-cut or be more or less contiguous with those of formal orga-
nizations, distinguishing social worlds/arenas theory from most organizations theory (Strauss 1982,
1993; Clarke 1991, 2005).

5. The term actant is used thanks to Latour (1987). Keating and Cambrosio (2003) have critiqued the
“social worlds” perspective for minimizing the significance of the nonhuman—tools, techniques, and
research materials. This is rather bizarre, since we were among the earliest in STS to write on these
topics. See Clarke (1987), Star (1989a), and Clarke and Fujimura (1992), and for a broader review, Clarke
and Star (2003).

6. Warwick Anderson taught Becker’s book in an STS course at Harvard (personal communication,
2005).

7. Special thanks to Geof Bowker (personal communication, 7/03). See also Star (1991a,b, 1995¢),
Fujimura (1991), Clarke and Montini (1993), and Clarke (2005: 60-63).

8. Mol (Mol & Messman, 1996; Mol, 2002) has erroneously insisted that the interactionist concept of
perspective “means” that the “same” thing is merely “viewed” differently across perspectives. On the
contrary, we assert that many different “things” are actually perceived according to perspective. More-
over, actions are taken based on those perceptions of things as different. We suspect that Mol has not
adequately grasped the interactionist assumption that there can be “cooperation without consensus”
illustrated several times in this section, nor that perspective, from an interactionist stance, is not a
cognitive-ideal concept.

9. Ganchoff (2004) examines social worlds and the growing arena of stem cell research and politics.
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10. Baszanger’s study goes beyond most others in the social worlds/arenas tradition by also studying
patients’ perceptions of and perspectives on pain medicine. Pain itself has simultaneously become a
stand-alone disease label and an arena at the international level.
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6 Feminist STS and the Sciences of the Artificial

Lucy Suchman

The past twenty years have seen an expanding engagement at the intersection of fem-
inist scholarship and science and technology studies (STS). This corpus of research is
now sufficiently rich that it invites close and more circumscribed reviews of its various
areas of concentration and associated literatures. In that spirit, the aim of this chapter
is to offer an integrative reflection on engagements of feminist STS with recent devel-
opments in a particular domain of science and technology, which I designate here as
the sciences of the artificial.! Building on previous discussions relating the perspec-
tives of feminist research to technology more broadly, the focus of this chapter is on
developments at the shifting boundary of nature and artifice as it figures in relations
between humans and computational machines. Central projects are those collected
under the rubric of the cognitive sciences and their associated technologies, includ-
ing Artificial Intelligence (AI), robotics, and software agents as well as other forms of
embedded computing.* Central concerns are changing conceptions of the sociomate-
rial grounds of agency and lived experience, of bodies and persons, of resemblance
and difference, and of relations across the human/machine boundary.

In framing my discussion with reference to feminist STS my aim is not to delineate
the latter into a discrete subdiscipline somehow apart from science and technology
studies more broadly. Not only are the interconnections—historical and conceptual—
far too thick and generative to support a separation, but such territorial claims would
be antithetical to the spirit of the scholarship that I have selected to review. The point
of distinguishing feminist-inspired STS from the wider field of research, and the “sci-
ences of the artificial” from technosciences more broadly, is rather to draw the bound-
aries of this particular chapter in a way that calls out certain focal interests and
concerns. I include here work done under a range of disciplinary and methodological
affiliations, most centrally feminist theory, but also the sociology of science, cultural
anthropology, ethnomethodology, and information studies and design. The connect-
ing thread for the writings that I discuss is an interest in questioning antecedents and
contemporary figurings of human/technology relations through close historical,
textual, and ethnographically based inquiry. The research considered here is distin-
guished from technology studies more broadly by a critical engagement with (1)
technosciences founded on the trope of “information”; (2) artifacts that are “digital”
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or computationally based, (3) a lineage involving automata or the creation of
machines in (a certain) image of the human and human capacities, and (4) analysis
informed by, or on my reading resonant with, feminist theorizing.

I take it that a virtue of STS is its aspiration to work across disciplines in construct-
ing detailed and critical understandings of the sociality of science and technology,
both historically and as contemporary projects. Feminist scholarship, similarly, is orga-
nized around core interests and problems rather than disciplinary canons, and com-
prises an open-ended and heterodox body of work.® The aspects of feminist STS that
I trace out in this chapter define a relationship to technoscience that combines criti-
cal examination of relevant discourses with a respecification of material practices. The
aim is to clear the ground in order to plant the seeds for other ways of configuring
technology futures.

FEMINIST STS

Certain problematics, while not exclusive to feminist research, act as guiding ques-
tions for contemporary feminist scholars engaging with technoscience. Primary
among these is the ongoing project of unsettling binary oppositions, through philo-
sophical critique and through historical reconstruction of the practices through which
particular divisions emerged as foundational to modern technoscientific definitions of
the real. The latter include divisions of subject and object, human and nonhuman,
nature and culture, and relatedly, same and other, us and them. Feminist scholars most
directly have illuminated the politics of ordering within such divisions, particularly
with respect to identifications of sex and gender. A starting observation is that in these
pairings the first term typically acts as the privileged referent against which the second
is defined and judged.

In constituting the real, questions of resemblance and difference and their associ-
ated politics are key. The question of difference outside of overly dichotomous and
politically conservative oppositions is one that has been deeply and productively
engaged, particularly within feminist and postcolonial scholarship.* Feminist STS joins
with other recent scholarship in interrogating the conceptual and empirical grounds
of the collapsing but still potent boundary between those most foundational cate-
gories of science and technology, that is, nature and culture.’ At least since Donna
Haraway’s famous intervention ([1985]1991), feminist scholars embrace as well the
increasingly evident inseparability of subjects and objects, “natural” bodies and “arti-
ficial” augmentations. The study of those connections includes a concern with the
labors through which particular assemblages of persons and things come into being,
as well as the ways in which humans or nonhumans, cut off from the specific sites
and occasions that enliven them, become fetishized. In the latter process, social rela-
tions and labors are obscured, and artifacts are mystified.

Feminist research shares with poststructuralist approaches, moreover, the premise
that the durable and compulsory character of categorizations and associated politics
of difference are reproduced through ongoing reiterations, generated from within
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everyday social action and interaction.® Correspondingly, the consequences of those
re-enactments are intelligible only as the lived experiences of specifically situated,
embodied persons. Taken as enacted rather than given, the status of resemblance and
difference shifts from a foundational premise to an ongoing question—one to be
answered always in the moment—of “Which differences matter, here?” (Ahmed, 1998:
4). As I discuss further below, this question takes some novel turns in the case of the
politics of difference between nature and artifice, human and machine.

SCIENCES OF THE ARTIFICIAL

These concerns at the intersection of feminist scholarship and STS have immediate
relevance for initiatives underway in what computer scientist, psychologist, econo-
mist, and management theorist Herbert Simon famously named (1969) “the sciences
of the artificial.” More specifically, the perspectives sketched above stand in chal-
lenging contrast to Simon'’s conception of relations of nature and artifice, along several
dimensions. First, Simon'’s phrase was assembled within a frame that set the “artifi-
cial” in counterdistinction to the “natural” and then sought to define sciences of the
former modeled on what he took to be the foundational knowledge-making practices
of the latter. The work considered here, in contrast, is occupied with exploring the
premise that the boundary that Simon’s initiative was concerned to overcome—that
between nature and culture—is itself a result of historically specific practices of mate-
rially based, imaginative artifice. Second, while Simon defined the “artificial” as made
up of systems formed in adaptive relations between “inner” and “outer” environ-
ments, however defined, feminist STS joins with other modes of poststructuralist the-
orizing to question the implied separation, and functional reintegration, of interiors
and exteriors that Simon’s framework implies. Rather, the focus is on practices through
which the boundary of entity and environment, affect and sociality, personal and
political emerges on particular occasions, and what it effects. Moreover, while Simon's
project takes “information” as foundational, it is the history and contemporary work-
ings of that potent trope that forms the focus for the research considered here. And
finally, while Simon’s articulation of the sciences of the artificial took as its central
subject/object the universal figure of “man,” the work of feminist STS is to undo that
figure and the arrangements that it serves to keep in place.

In this context the rise of information sciences and technologies is a moment that,
under the banner of transformative change, simultaneously intensifies and brings into
relief long-standing social arrangements and cultural assumptions. The stage is set by
critical social histories like Paul Edwards’s The Closed World (1996), Alison Adam’s Arti-
ficial Knowing: Gender and the Thinking Machine (1998), N. Katherine Hayles’s How We
Became Posthuman (1999), and Sarah Kembet'’s Cyberfeminism and Artificial Life (2003),
which examine the emergence of information theory and the cognitive sciences
during the latter half of the last century. These writers consider how the body and
experience have been displaced by informationalism, computational reductionism,
and functionalism in the sciences of the artificial (see also Bowker, 1993; Helmreich,
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1998; Forsythe, 2001; Star, 1989a). Artifice here becomes complicated, as simulacra are
understood less as copies of some idealized original than as evidence for the increas-
ingly staged character of naturalized authenticity (Halberstam & Livingston, 1995: 5).
The trope of informatics provides a broad and extensible connective tissue as well
between the production of code as software, and the productive codes of bioengi-
neering (Fujimura & Fortun, 1996; Franklin, 2000; Fujimura, 2005).

In the remainder of this chapter I consider a rich body of STS scholarship engaged
in critical debate with initiatives under the banner of the sciences of the artificial. I
turn first to the primary site of natural/cultural experimentation; namely, the project
of engineering the humanlike machine, in the form of artificially intelligent or expert
systems, robotics, and computationally based “software agents.” For STS scholars the
interest of this grand project, in its various forms, is less as a “science of the human”
than as a powerful disclosing agent for specific cultural assumptions regarding the
nature of the human and the foundations of humanness as a distinctive species prop-
erty. I turn next to developments in the area of human-machine mixings, rendered
iconic as the figure of the cyborg, and materialized most obviously in the case of
various bodily augmentations. I then expand the frame from the figure of the aug-
mented body to more extended arrangements of persons and things, which I discuss
under the heading of sociomaterial assemblages. 1 close with a reflection on the pre-
conditions and possibilities for generative critical exchange between feminist STS and
these contemporary technoscience initiatives.

MIMESIS: HUMANLIKE MACHINES

The most comprehensive consideration to date of relations between feminist theory
and the project of the intelligent machine is unquestionably Alison Adam’s (1998)
Artificial Knowing: Gender and the Thinking Machine. Adam, a historian of science
working for the past twenty years within practical and academic computing, provides
a close and extensive analysis of the gendered epistemological foundations of Al. Her
argument is that Al builds its projects on deeply conservative foundations, drawn from
long-standing Western philosophical assumptions regarding the nature of human
intelligence. She examines the implications of this heritage by identifying assump-
tions evident in Al writings and artifacts, and more revealingly, alternatives notable
for their absence. The alternatives are those developed, within feminist scholarship
and more broadly, that emphasize the specificity of the knowing, materially embod-
ied and socially embedded subject. The absence of that subject from Al discourses and
imaginaries, she observes, contributes among other things to the invisibility of a host
of requisite labors, of practical and corporeal care, essential to the progress of science.
Not coincidentally, this lacuna effects an erasure, from associated accounts of techno-
scientific knowledge production, of work historically performed by women.’

Adam'’s analysis is enriched throughout by her careful readings of Al texts and pro-
jects, and two examples in particular serve as points of reference for her critique. The
first, named “State, Operator, and Result” or Soar, was initiated by Al founding father
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Allen Newell in the late 1980s. The aim of the project was to implement ideas put
forward by Newell and his collaborator Herbert Simon in their 1972 book Human
Problem Solving. Adam observes that the empirical basis for that text, proposed by
Newell and Simon as a generalized “information processing psychology,” comprised
experiments involving unspecified subjects. While the particularities of the subjects
are treated as irrelevant for Newell and Simon'’s theory, the former appear, on Adam’s
closer examination of the text, to have been all male and mostly students at Carnegie
Mellon University. The tasks they were asked to complete comprised a standard set of
symbolic logic, chess, and cryptarithmetic problems:

All this leads to the strong possibility that the theory of human problem solving developed in
the book, and which has strongly influenced not just the development of Soar but of symbolic
Al in general, is based on the behaviour of a few, technically educated, young, male, probably
middle-class, probably white, college students working on a set of rather unnatural tasks in a US
university in the late 1960s and early 1970s. (Adam, 1998: 94)

The burden of proof for the irrelevance of these particulars, Adam points out, falls to
those who would claim the generality of the theory. Nonetheless, despite the absence
of such evidence, the results reported in the book were treated by the cognitive science
research community as a successful demonstration of the proposition that all
intelligent behavior is a form of problem solving, or goal-directed search through a
“problem space.” Soar became a basis for what Newell named in his 1990 book Unified
Theories of Cognition, though the project’s aims were subsequently qualified by
Newell’s students, who developed the system into a programming language and
associated “cognitive architectural framework” for a range of Al applications (Adam,
1998: 95).

Adam takes as her second example the project “Cyc,” the grand ten-year initiative
of Douglas Lenat and colleagues funded by American industry during the 1980s
and 1990s through the Microelectronics and Computer Technology Corporation
(MCC) consortium. Where Newell aspired to identify a general model of cognitive
processes independent of any particular domain, Lenat’s aim was to design and build
an encyclopedic database of propositional knowledge that could serve as a foundation
for expert systems. Intended to remedy the evident “brittleness” or narrowness of the
expert systems then under development, the premise of the Cyc project was that the
tremendous flexibility of human cognition was due to the availability, in the brain,
of an enormous repository of relevant knowledge. Neither generalized cognitive
processes nor specialized knowledge bases, Lenat argued, could finesse the absence of
such consensual, or “common sense,” knowledge. Taking objects as both self-
standing and foundational, Lenat and his colleagues characterized their project as one
of “ontological engineering,” the problem being to decide what kinds of objects
there are in the world that need to be represented (Lenat & Guha, 1989:23). Not sur-
prisingly the resulting menagerie of objects was both culturally specific and irremedi-
ably ad hoc, with new objects being introduced seemingly ad infinitum as the need
arose.
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Adam observes that the Cyc project foundered on its assumption of the generalized
knower who, like the problem-solver figured in Soar, belies the contingent practices
of knowledge making. The common-sense knowledge base, intended to represent
“what everyone knows,” implicitly modeled relevant knowledge on the canonical
texts of the dictionary and encyclopedia. And charged with the task of knowing inde-
pendently of any practical purposes at hand, the project’s end point receded indefi-
nitely into a future horizon well beyond the already generous ten years originally
assigned it. More fundamentally, both the Soar and Cyc projects exemplify the
assumption, endemic to Al projects, that the very particular domains of knowing
familiar to Al practitioners comprise an adequate basis for imagining and imple-
menting “the human.” It is precisely this projection of a normative self, unaware of
its own specificity, that feminist scholarship has been at pains to contest.

Along with its close reading of Al texts and projects, Artificial Knowing includes a
commentary on specifically anthropological and sociological engagements with Al
practice, focusing on my early critique (Suchman, 1987; see also 2007), and those of
Diana Forsythe (1993a,b; see also 2001), Harry Collins (1990), and Stefan Helmreich
(1998). My own work, beginning in the 1980s, has been concerned with the ques-
tion of what understandings of the human, and more particularly of human action,
are realized in initiatives in the fields of artificial intelligence and robotics.” Immersed
in studies of symbolic interactionism and ethnomethodology, I came to the question
with an orientation to the primacy of communication, or interaction, to the emer-
gence of those particular capacities that have come to define the human. This empha-
sis on sociality stood in strong contrast to my colleagues’ fixation on the individual
cognizer as the origin point for rational action. A growing engagement with anthro-
pology and with STS expanded the grounds for my critique and underscored the value
of close empirical investigations into the mundane ordering of sociomaterial practices.
Initiatives in the participatory or cooperative design of information systems opened
up a further space for proactive experiments, during the 1990s, in the development
of an ethnographically informed and politically engaged design practice (Blomberg
et al., 1996; Suchman, 2002a,b). Most recently, my frame of reference has been further
expanded through the generative theorizing and innovative research practices of fem-
inist scholarship. Within this feminist frame, the universal human cognizer is pro-
gressively displaced by attention to the specificities of knowing subjects, multiply and
differentially positioned, and variously engaged in reiterative and transformative activ-
ities of collective world-making.

Diana Forsythe’s studies, based on time spent in the Knowledge Systems Laboratory
at Stanford University in the late 1980s and early 1990s, focus on questions of “knowl-
edge acquisition” within the context of “knowledge engineering” and the design of
so-called expert systems (Forsythe, 1993a,b; 2001). Considered a persistent and
intractable “bottleneck” in the process of expert system building, knowledge acquisi-
tion references a series of primarily interview-based practices aimed at “extraction” of
the knowledge presumed to be stored inside the head of an expert. As the metaphors
suggest, the project of the intelligent machine from the point of view of the Al prac-
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titioners studied by Forsythe is imagined in terms of process engineering, the design
and management of a flow of epistemological content. The raw material of knowledge
is extracted from the head of the expert (a procedure resonant with the more recent
trope of “data mining”), then processed by the knowledge engineer into the refined
product that is in turn transferred into the machine. The problem with this process
from the point of view of Al practitioners in the 1980s and early 1990s was one of
efficiency, the solution a technological one, including attempts at automation of the
knowledge acquisition process itself. Forsythe’s critique is framed in terms of assump-
tions regarding knowledge implicit in the knowledge engineering approach, includ-
ing the starting premise that knowledge exists in a stable and alienable form that is
in essence cognitive, available to “retrieval” and report, and applicable directly to prac-
tice. In contrast she directs attention to the forms of knowing in practice that escape
expert reports and, consequently, the process of knowledge acquisition. Most impor-
tantly, Forsythe points toward the still largely unexamined issue of the politics of
knowledge implied in expert systems projects. This includes most obviously the labor-
ing bodies—of scientists as well as of the many other practitioners essential to scien-
tific knowledge making—that remain invisible in the knowledge engineers’ imaginary
and associated artifacts. And it includes, somewhat less obviously, the more specific
selections and translations built in to the knowledge engineering project from its
inception and throughout its course.

Machinelike Actions and Others

Within the STS research community it is Collins’s (1990, 1995) debate with Al that is
perhaps best known. Insistently refusing to take up questions of gender, power, and the
like, Collins nonetheless develops a critique of Al's premises regarding the acquisition
of knowledge, drawn from the Sociology of Scientific Knowledge, that has significant
resonance with feminist epistemologies.'’ Building on his groundbreaking studies of the
replication of laboratory science (1985), Collins demonstrates the necessity of embod-
ied practice—formulated in his case in terms of “tacit knowledge”—to the acquisition
of scientific and technical expertise. His later work develops these ideas in relation to
the question of knowledge within Al and expert systems projects, with attendant dis-
tinctions of propositional and procedural, knowing that and knowing how."!

As Collins points out, what he designates “machine-like actions” are as likely to be
delegated to humans as to be inscribed in so-called intelligent machines. This obser-
vation invites attention to the question of just which humans historically have been
the subjects/objects of this form of “mechanization.” Pointing to the historical rela-
tion between automation and labor, Chasin (1995) explores identifications across
women, servants, and machines in contemporary robotics.'* Her project is to trace the
relations between changes in forms of machinic (re)production (mechanical to elec-
trical to electronic), types of labor (industrial to service), and conceptions of human-
machine difference. Figured as servants, she points out, technologies reinscribe the
difference between “us” and those who serve us, while eliding the difference between
the latter and machines: “The servant troubles the distinction between we-human-
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subjects-inventors with a lot to do (on the one hand) and them-object-things that
make it easier for us (on the other)” (1995: 73).

Domestic service, doubly invisible because (1) it is reproductive and (2) it takes place
in the household, is frequently provided by people—and of those predominately
women—who are displaced and desperate for employment. The latter are, moreover,
positioned as “others” to the dominant (typically white and affluent, at least in North
America and Europe) populace. Given the undesirability of service work, the conclu-
sion might be that the growth of the middle class will depend on the replacement of
human service providers by “smart” machines. Or this is the premise, at least, pro-
moted by those who are invested in the latter’s development (see Brooks, 2002). The
reality, however, is more likely to involve the continued labors of human service
providers. Chasin’s analysis of robotics in the context of service work makes clear that,
given the nonexistence of a universal “human” identity, the performance of human-
ness inevitably entails marks of class, gender, ethnicity, and the like. As well as denying
the “smart” machine’s specific social locations, moreover, the rhetorics of its presen-
tation as the always obliging, “labor-saving device” erases any evidence of the labor
involved in its operation “from bank personnel to software programmers to the third-
world workers who so often make the chips” (Chasin, 1995: 75). Yet as Ruth Schwartz
Cowan (1983) and others have demonstrated with respect to domestic appliances,
rather than a process of simple replacement, the delegation of new capacities to
machines simultaneously generates new forms of human labor as its precondition.

Situated Robotics and “New” Al

Feminist theorists have extensively documented the subordination, if not erasure, of
the body within the Western philosophical canon. In How We Became Posthuman
(1999), Katherine Hayles traces out the inheritance of this legacy in the processes
through which information “lost its body” in the emerging sciences of the artificial
over the last century (1999: 2)."* Recent developments in Al and robotics appear to
reverse this trend, however, taking to heart arguments to the effect that “embodi-
ment,” rather than being coincidental, is a fundamental condition for cognition.'* The
most widely cited exception to the rule of disembodied intelligence in Al is the ini-
tiative named “situated robotics,” launched by Rodney Brooks in the 1980s." In her
generally critical review of work in Al and robotics, Alison Adam writes that devel-
opments under the heading of “situated robotics,” in particular, “demonstrate a clear
recognition of the way in which embodiment informs our knowledge” (1998: 149).
Sarah Kember (2003) similarly sees the project of situated robotics as providing a
radical alternative to the life-as-software simulationism school of Artificial Life.'
Central to this project, she argues, is a move from the liberal humanist ideal of a self-
contained, autonomous agent to an investment in “autopoesis.” The latter, as formu-
lated most famously by Maturana and Varela (1980), shifts attention from boundaries
of organism and environment as given, to the interactions that define an organism
through its relations with its environment. This, according to Kember, comprises
recognition of life as always embodied and situated and represents “a potent resource
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for debating the increasingly symbiotic relation between humans and machines”
(2003: 6). But what, exactly, does it mean to be embodied and situated in this
context?

The first thing to note is that discoveries of the body in artificial intelligence and
robotics inevitably locate its importance vis-a-vis the successful operations of mind, or
at least of some form of instrumental cognition. The latter in this respect remains
primary, however much mind may be formed in and through the workings of embod-
ied action. The second consistent move is the positing of a “world” that preexists inde-
pendent of the body. Just as mind remains primary to body, the world remains prior
to and separate from perception and action, however much the latter may affect and
be affected by it. And both body and world remain a naturalized foundation for the
workings of mind. As Adam points out, the question as framed by Brooks is whether
cognition, and the knowledge that it presupposes, can be modeled separately from
perception and motor control (1998: 137). Brooks’s answer is “no,” but given the con-
straints of current engineering practice, Adam observes, the figure that results from
his ensuing work remains “a bodied individual in a physical environment, rather than
a socially situated individual” (1998: 136).

It is important to note as well that the materialization of even a bodied individual
in a physical environment has proven more problematic than anticipated. In partic-
ular, it seems extraordinarily difficult to construct robotic embodiments, even of the
so-called “emergent” kind, that do not rely on the associated construction of a “world”
that anticipates relevant stimuli and constrains appropriate response. Just as reliance
on propositional knowledge leads to a seemingly infinite regress for more traditional,
symbolic Al, attempts to create artificial agents that are “embodied and embedded”
seem to lead to an infinite regress of stipulations about the conditions of possibility
for perception and action, bodies and environments. The inadequacies of physicalism
as a model for bodies or worlds are reflected in Brooks’s recent resort to some kind of
yet to be determined “new stuff” as the missing ingredient for human-like machines
(2002: chapter 8.)

The project of situated robotics has more recently been extended to encompass what
researchers identify as “emotion” and “sociability.”!” These developments represent in
part a response to earlier critiques regarding the disembodied and disembedded nature
of intendedly intelligent artifacts but are cast as well in terms of Al’s discovery of these
as further necessary components of effective rationality. The most famous material-
izations of machine affect and sociability were the celebrity robots developed during
the 1990s in MIT’s Al Lab, Cog and Kismet. Cog, a humanoid robot “torso” incorpo-
rating a sophisticated machine vision system linked to skillfully engineered electro-
mechanical arms and hands, is represented as a step along the road to an embodied
intelligence capable of engaging in human-like interaction with both objects and
human interlocutors. Cog’s sister robot, Kismet, is a robot head with cartoon-like,
highly suggestive three-dimensional facial features, mobilized in response to stimuli
through a system of vision and audio sensors, and accompanied by inflective sound.
Both robots were engineered in large measure through the labors of a former doctoral
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student of Brooks, Cynthia Breazeal. Both Cog and Kismet are represented through an
extensive corpus of media renderings—stories, photographs, and in Kismet’s case,
QuickTime videos available on the MIT website. Pictured from the “waist” up, Cog
appears as freestanding if not mobile, and Kismet’s Web site offers a series of recorded
“interactions” between Kismet, Breazeal, and selected other humans. Like other con-
ventional documentary productions, these representations are framed and narrated in
ways that instruct the viewer in what to see. Sitting between the documentary film
and the genre of the system demonstration, or “demo,” the videos create a record that
can be reliably repeated and reviewed in what becomes a form of eternal ethnographic
present. These reenactments thereby imply that the capacities they record have an
ongoing existence, that they are themselves robust and repeatable, and that like any
other living creatures Cog and Kismet’s agencies are not only ongoing but also con-
tinuing to develop and unfold.'®

Robotics presents the technoscientist with the challenges of obdurate materialities
of bodies in space, and Kember maintains the possibility that these challenges will
effect equally profound shifts in the onto-epistemological premises not only of the
artificial but also of the human sciences.” But despite efforts by sympathetic critics
such as Adam and Kember to draw attention to the relevance of feminist theory for
Al and robotics, the environments of design return researchers from the rhetorics of
embodiment to the familiar practices of computer science and engineering. Brooks
embraces an idea of situated action as part of his campaign against representational-
ism in Al, but Sengers (in press) observes that while references to the situated nature
of cognition and action have become “business as usual” within Al research,
researchers have for the most part failed to see the argument’s consequences for their
own relations to their research objects. I return to the implications of this for the pos-
sibilities of what Agre (1997) has named a “critical technical practice” below but here
simply note the associated persistence of an unreconstructed form of realism in roboti-
cists’ constitution of the “situation.”

SYNTHESIS: HUMAN/MACHINE MIXINGS

Haraway’s subversive refiguring of the cyborg ([1985]1991, 1997) gave impetus to the
appearance in the1990s of so-called “cyborg anthropology” and “cyberfeminism.”*
Both see the human/machine boundary so clearly drawn in humanist ontologies as
increasingly elusive. Cyborg studies now encompass a range of sociomaterial mixings,
many centered on the engineering of information technologies in increasingly inti-
mate relation with the body (Balsamo, 1996; Kirkup et al., 2000; Wolmark, 1999). A
starting premise of these studies, following Haraway (1991: 195) is that bodies are
always already intimately engaged with a range of augmenting artifacts. Increasingly
the project for science and technology scholars is go beyond a simple acknowledge-
ment of natural/artificial embodiment to articulate the specific and multiple configu-
rations of bodily prostheses and their consequences. In this context, Jain (1999)
provides a restorative antidote to any simplistic embrace of the prosthetic, in consid-
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ering the multiple ways in which prostheses are wounding at the same time that they
are enabling. In contrast to the easy promise of bodily augmentation, the fit of bodies
and artifacts is often less seamless and more painful than the trope would suggest. The
point is not, however, to demonize the prosthetic where formerly it was valorized but
rather to recognize the misalignments that inevitably exist within human/machine
syntheses and the labors and endurances required to accommodate them (see also
Viseu, 2005).

One aim of feminist research on the intersections of bodies and technologies is
to explore possibilities for figuring the body as other than either a medicalized or
aestheticized object (Halberstam & Livingston, 1995: 1). A first step toward such
refiguring is through critical interrogation of the ways in which new imaging and
body-altering technologies have been enrolled in amplifying the medical gaze and in
imagining the body as gendered, and raced, in familiar ways. Feminist research on
biomedical imaging technologies, for example, focuses on the rhetorical and material
practices through which figures of the universal body are renewed in the context of
recent “visual human” projects, uncritically translating very specific, actual bodies as
“everyman/woman” (Cartwright, 1997; Prentice, 2005; Waldby, 2000). More popular
appropriations of digital imaging technologies appear in the synthesis of newly gen-
dered and racialized mixings, most notably the use of “morphing” software in the
constitution of science fiction depictions of future life forms. This same technology
has been put to more pedagogical purposes in the case of the hybridized “Sim Eve,”
incisively analyzed by Hammonds (1997) and Haraway (1997).%' Across these cases we
find technologies deployed in the reiteration of a “normal” person/body—even, in the
cases that Hammonds and Haraway discuss, an idealized mixing—against which
others are read as approximations, deviations, and the like. Attention to the norma-
tive and idealized invites as well consideration of the ways in which new technolo-
gies of the artificial might be put to more subversive uses. Kin to Haraway’s cyborg,
the “monstrous” has become a generative figure for writing against the grain of a
deeper entrenchment of normative forms (Hales, 1995; Law, 1991; Lykke & Braidotti,
1996).% This figure links in turn to long-standing feminist concerns with (orderings
of) difference.

With respect to information technologies more widely, feminist scholars have
pointed out the need for a genealogy that traces and locates now widely accepted
metaphors (e.g., that of “surfing” or the electronic “frontier”) within their very par-
ticular cultural and historical origins.* The point of doing this is not simply as a matter
of historical accuracy but also because the repetition of these metaphors and their
associated imaginaries have social and material effects, not least in the form of sys-
tematic inclusions and exclusions built in to the narratives that they invoke. The con-
figurations of inclusion/exclusion involved apply with equal force and material effect
to those involved in technology production. As Sara Diamond concisely states, it is
still the case within the so-called high tech and new media industries that “what kind
of work you perform depends, in great part, on how you are configured biologically
and positioned socially” (1997: 84).
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A guiding interest of feminist investigations of the “virtual” is the continued place
of lived experience and associated materialities in what have been too easily charac-
terized as “disembodied” spaces. Recent research moves away from debates over
whether participants in such spaces “leave the body behind,” toward the sometimes
strange, sometimes familiar forms that computer-mediated embodiments take. Femi-
nist research orients, for example, to the multiplicity, and specificity, of computer-
mediated sociality. Through her various studies, Nina Wakeford promotes a
conception of “cyberspace” as “not a coherent global and unitary entity but a series
of performances” (1997: 53). Communications technologies commonly represented as
offering “narrower bandwidths” than face-to-face co-presence, Sandy Stone (1999)
observes, in their use can actually afford new spaces for expanding identity play.**
More generally, these investigations suggest a conceptualization of encounters at the
interface that opens out from the boundaries of the machine narrowly construed, to
the ambient environments and transformative subject/object relations that comprise
the lived experience of technological practice.

SOCIOMATERIAL ASSEMBLAGES

In the closing chapter of Cyberfeminism and Artificial Life, Kember asks, “So how should
feminists contest the material and metaphoric grounds of human and machine iden-
tities, human and machine relations?” (2003: 176). In the remainder of this chapter
I offer some at least preliminary responses to that question, based in recent efforts to
reconfigure agencies at the human-machine interface, both materially and metaphor-
ically, in ways informed by feminist theorizing. The figure of the assemblage helps to
keep associations between humans and nonhumans as our basic unit of analysis.?® The
body of work that is now available to elaborate our understanding of sociomaterial
relations as assemblages is too extensive to be comprehensively reviewed, but a few
indicative examples can serve as illustration.

The surgery, with its growing entanglement of virtual mediations and material
embodiments, has afforded a perspicuous research site. Minimally invasive, or
“keyhole,” surgery, for example, as it has developed over the past few decades, has
involved a series of shifts in the gaze of the surgeon and attendant practitioners from
the interior of the patient’s body—formerly achieved through a correspondingly large
incision—to views mediated first through microscopy and now through digital
cameras and large screen monitors. Aanestad (2003) focuses on the labors of nurses,
traditionally a feminized occupation, responsible for setting up the complex sociotech-
nical environment required for the conduct of “keyhole” surgery. Her analysis follows
the course of shifting interdependencies in the surgical assemblage, as changes to exist-
ing arrangements necessitate further changes in what she names the in situ work of
“design in configuration” (2003: 2). At the same time Prentice (2005) finds that, rather
than being alienated from the patient’s body through these extended mediations, sur-
geons accustomed to performing minimally invasive surgery experience themselves as
proprioceptively shifted more directly and proximally into the operative site, with the
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manipulative instruments serving as fully incorporated extensions of their own acting
body. As Prentice observes of these boundary transformations: “When the patient’s
body is distributed by technology, the surgeon’s body reunites it through the circuit
of his or her own body” (2005: 8; see also Goodwin, in press; Lenoir & Wei, 2002).

Myers (2005) explores the transformation of body boundaries that occurs as mole-
cular biologists incorporate knowledge of protein structures through their engagement
with physical and virtual models. Interactive molecular graphics technologies, she
argues, afford crystallographers the experience of handling and manipulating other-
wise intangible protein structures. The process of learning those structures involves
not simply mentation but a reconfiguration of the scientist’s body, as “protein
modelers can be understood to ‘dilate’ and extend their bodies into the prosthetic
technologies offered by computer graphics, and ‘interiorize’ the products of their
body-work as embodied models of molecular structure” (in press). The result, she pro-
poses, is a kind of “animate assemblage” of continually shifting and progressively
deepening competency, enabled through the prosthetic conjoining of persons and
things.

A more violent form of human-machine assemblage is evident in Schull’s (2005)
account of the interconnected circuitry of the gaming industry, digital gambling
machine developers, machines, and gamblers in Las Vegas, Nevada. Her ethnography
explores “the intimate connection between extreme states of subjective absorption in
play and design elements that manipulate space and time to accelerate the extraction
of money from players” (2005: 66). Values of productivity and efficiency on the part
of actors in the gaming industry align with players’ own desires to enter into a simul-
taneously intensified and extended state of congress with the machine, enabled
through the progressive trimming of “dead time” from the cycles of play. As in mol-
ecular modeling, physical and digital materials are joined together to effect the result-
ing agencies, in this case in the form of input devices and machine feedback that
minimize the motion required of players, ergonomically designed chairs that main-
tain the circulation of blood and the body’s corresponding comfort despite the lack
of movement, and computationally enabled operating systems that expand and more
tightly manage the gaming possibilities. The aim of developers and players alike is
that the latter should achieve “a dissociated subjective state that gamblers call the
‘zone,’” in which conventional spatial, bodily, monetary, and temporal parameters are
suspended,” as the boundary of player and machine dissolves into a new and com-
pelling union. The point, the compulsive gambler explains, is not to win but to keep
playing.

The crucial move in each of these studies is a shift from a treatment of subjects and
objects as singular and separately constituted to a focus on the kinds of connections
and capacities for action that particular arrangements of persons and things
afford. The idea of subject/object configurations as an effect of specific practices of
boundary-making and remaking is elaborated by feminist physicist Karen Barad,
who proposes that stabilized entities are constructed out of specific apparatuses of
sociomaterial “intra-action” (2003). While the construct of interaction presupposes two
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entities, given in advance, that come together and engage in some kind of exchange,
intra-action underscores the sense in which subjects and objects emerge through their
encounters with each other. More specifically, Barad locates technoscientific practices
as critical sites for the emergence of new subjects and objects. Taking physics as a case
in point, her project is to work through long-standing divisions between the virtual
and the real, while simultaneously coming to grips with the ways in which material-
ities, as she puts it, “kick back” in response to our intra-actions with them (1998: 112).
Through her readings of Niels Bohr, Barad insists that “object” and “agencies of
observation” form a nondualistic whole: it is that relational entity that comprises the
objective “phenomenon” (1996: 170). Different “apparatuses of observation” enable
different, always temporary, subject/object cuts that in turn enable measurement or
other forms of objectification, distinction, manipulation and the like within the phe-
nomenon. The relation is “ontologically primitive” (2003: 815), in other words, or
prior to its components; the latter come about only through the “cut” effected through
a particular apparatus of observation. Acknowledging the work of boundary making,
as a necessary but at least potentially reconfigurable aspect of reality construction, sug-
gests a form of accountability based not in control but in ongoing engagement.

SITES OF ENGAGEMENT

Among the various contemporary approaches to the study of science and technology
within the social sciences, feminist research practices are marked by the joining of
rigorous critique with a commitment to transformative intervention. However
compelling the critique, intervention presupposes forms of engagement, both exten-
sive and intensive, that involve their own, often contradictory positionings. In par-
ticular, the disciplines and projects that currently dominate professional sites of
technology production are narrowly circumscribed, and the expected form of engage-
ment is that of service to established agendas. Reflecting upon this dilemma in an
essay titled “Ethics and Politics of Studying Up” (1999[2001]), Forsythe poses the ques-
tion of how we should practice an anthropology within, and of, powerful institutions
that is at once critical and respectful. Respectful critique, she argues, is particularly
problematic when ours are dissenting voices, in settings where anthropological affili-
ations grant us marginality as much as privilege. In response to this essay, I have sug-
gested that recent reconceptualizations of ethnographic practice, from distanced
description to an engagement in multiple, partial, unfolding, and differentially pow-
erful narratives can help recast the anthropologist’s dilemma (Suchman, 1999a). This
recasting involves a view of critique not as ridicule but as a questioning of basic
assumptions, and of practice not as disinterested but as deeply implicated. At the same
time, I would maintain that respectful critique requires the associated incorporation
of critical reflection as an indigenous aspect of the professional practices in question
(see Agre, 1997).

In Cyberfeminism and Artificial Life (2003), Kember examines the relations between
two broad arenas of scholarship and technology building at the intersection of femi-
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nism and the sciences of the artificial, which she identifies as cyberfeminism and ALife
respectively.?® Kember is concerned that those whom she identifies as cyberfeminists
have maintained a distanced, outsider’s relation to developments in ALife. Insofar as
the view has remained that of the outsider, she argues, it has remained an exclusively
critical one. Rather than exemplifying a generative reworking of the boundaries of
nature and culture, ALife appears to the feminist critic to reinscribe the most conser-
vative versions of biological thinking (2003: viii). In contrast, seen from within,
Kember proposes that just as feminism is internally heterogeneous and contested, so
are discourses of ALife. The conditions for dialogue are provided by these endogenous
debates, in her view, as long as the outcome imagined is not resolution but risk—a
risk that she urges cyberfeminists to take. This raises the question of whether, or to
what extent, a critical exchange must—at least if it is to be an exchange—involve a
reciprocity of risk. If so, is it really, or at least exclusively, feminism that has failed to
take risks across these disciplinary boundaries?*’

Haraway proposes that it is a concern with the possibilities for “materialized refig-
uration” that animates the interests of feminist researchers in science and technology
(1997: 23). Figuration recognizes the intimate connections of available cultural imag-
inaries with the possibilities materialized in technologies. The contemporary techno-
science projects considered here involve particular ways of figuring together, or
configuring, humans and machines. It follows that one form of intervention is through
a critical consideration of how humans and machines are figured in those practices
and how they might be figured and configured differently. The most common forms
of engagement are interdisciplinary initiatives aimed at reconfiguring relations of
design and use (Balsamo, in press; Greenbaum & Kyng, 1991; Ooudshorn & Pinch,
2003; Lyman & Wakeford, 1999; Star, 1995b; Suchman, [1994]1999b, 2002a,b).?®
While these developments bring researchers onto politically charged and variously
compromised terrain, they open as well new spaces for theoretical and political action.

My aim in this chapter has been to draw out a sense of the critical exchange emerg-
ing in feminist-inspired STS encounters with new digital technologies and the plethora
of configurations that they have materialized. This exchange involves a spectrum of
engagements, from questions regarding received assumptions to dialogic interventions
and more directly experimental alternatives. Theoretically, this body of research
explores the rewriting of old boundaries of human and nonhuman. Politically and
practically, it has implications for how we conceptualize and configure practices of
information technology design and use and the relations between them. I take an
identifying commitment of feminist research to be a deeper appreciation of the spe-
cific relationalities of the sociomaterial world, combined with forms of constructive
engagement aimed at more just distributions of symbolic and economic reward. The
moves that Haraway encourages, toward recognition of the material consequences of
the figural and the figural grounds of the material, and toward a different kind of posi-
tioning for the researcher/observer, mark the spirit of feminist STS. This effort engages
with the broader aim of understanding science as culture,” as a way of shifting
the frame of analysis—our own as well as that of our research subjects—from the
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discovery of universal laws to the ongoing elaboration and potential transformation
of culturally and historically specific practices to which we are all implicated, rather
than innocently modest, witnesses.

Notes

My thanks to the editors of the Handbook and its reviewers, in particular Toni Robertson for her close
and critical reading of early versions of this chapter.

1. Adopted from Simon, 1969. I return to a consideration of Simon’s use of this phrase below. For useful
overviews of feminist STS more broadly, see Creager et al., 2001; Harding, 1998; Keller, 1995, 1999;
Mayberry et al., 2001; McNeil, 1987; McNeil and Franklin, 1991. For introductions and anthologies on
gender and technology, see Balka & Smith, 2000; Grint & Gill, 1995; Terry & Calvert, 1997; Wajcman,
1991, 1995, 2004; and for indicative case studies, see Balsamo, 1996; Cockburn, 1988, 1991; Cockburn
& Ormrod, 1993; Cowan, 1983; Martin, 1991.

2. Related areas of contemporary scholarship that are not encompassed in this chapter include artifi-
cial life, computer-mediated communication, cultural and media studies (particularly close and critical
readings of science fiction and related popular cultural genre), and feminist critiques of reproductive
and biotechnologies. My decision to focus the chapter more narrowly is a (regrettably) pragmatic one
and a sign not of the unimportance of these areas but, on the contrary, of the impossibility of doing
them justice in the space available. At the same time, I do attempt to cite some indicative points of
interchange and to emphasize the interrelatedness of concerns. For critical discussions of projects in
artificial life informed by feminist theory, see Adam 1998: chapter 5; Helmreich, 1998; Kember, 2003.
For feminist writings in the area of computer-mediated communication and new media, see Cherny,
1996; Robertson, 2002; Star, 1995a; and on reproductive and biotechnologies, see Casper, 1998; Clarke,
1998; Davis-Floyd & Dumit, 1998; Franklin & McKinnon, 2001; Franklin & Ragone, 1998; Fujimura,
2005; Hayden, 2003; M’Charek, 2005; Strathern, 1992; Thompson, 2005.

3. I embrace here the suggestion of Ahmed et al. that “if feminism is to be/become a transformative
politics, then it might need to refuse to (re)present itself as programmatic” (2000: 12).

4. For some exemplary texts, see Ahmed, 1998; Ahmed et al., 2000; Berg & Mol, 1998; Braidotti, 1994,
2002; Castafnieda, 2002; Gupta & Ferguson, 1992; Law 1991; Mol, 2002; Strathern, 1999; Verran 2001.

5. See, for example, Franklin, 2003; Franklin et al., 2000; Haraway, 1991, 1997. Haraway’s early writ-
ings employed the conjunctive “/” to join nature and culture together, but she subsequently erased this
residual trace of dualism; see Haraway, 2000: 105.

6. For the definitive articulation of a performative approach to normativity and transgression, see
Butler, 1993. See also the call of Ashmore et al. for “a rejection of a resolution of the question of rela-
tions between human and nonhuman, particularly with respect to agency, through recourse to ‘essen-
tialist ontological arguments’” (1994: 1). On the centrality of categorization practices in scientific
practice and everyday action, see also Lynch, 1993; Bowker & Star, 1999.

7. This invisibility turns on the erasure of bodies, as either knowing subjects or the objects of women's
labor. Historically, as Adam points out:

Women'’s lives and experiences are to do with bodies, the bearing and raising of children, the looking
after of bodies, the young, old and sick, as well as men’s bodies in their own, and others’ homes, and
in the workplace. (1998: 134)

I return to the question of embodiment below, but note here Adam’s point that it is this practical care
of the body, in sum, that enables the “transcendence” of the mind.
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8. For another early engagement, see Star 1989b.

9. Unfortunately, Adam reiterates a prevalent misreading of my argument in Plans and Situated Actions
(1987), stating that I propose that people do not make plans but rather act in ways that are situated
and contingent (Adam, 1998: 56-57). See my attempts to remedy this misunderstanding in favor of a
view of planning as itself a (specific) form of situated activity (Suchman, 1993, 2007) as well as the
intervention represented in Suchman and Trigg (1993) regarding Al’s own situated and contingent prac-
tices. More egregiously, Adam attributes to me the position that “members of a culture have agreed,
known-in-common, social conventions or behavioral norms and that these shape agreement on the
appropriate relation between actions and situations” (Adam, 1998: 65). Read in context (Suchman,
1987: 63), this is instead a characterization that I offer of the position against which ethnomethodol-
ogy is framed, proposing that rather than pregiven and stable in the way that it is assumed to be in
structural functionalist sociology, “shared knowledge” is a contingent achievement of practical action
and interaction. Note that this latter view has profound implications for the premises of the Cyc project
as well.

10. Once again, this is not to suggest that Collins himself is engaged in feminist scholarship, but simply
that his work provides some invaluable resources for others so engaged. Adam observes that, across his
own writings, Collins, like the Al practitioners he critiques, presumes a universal reader-like-himself,
positing things that “everyone knows” without locating that knowing subject more specifically (Adam,
1998: 65). This is consistent, she points out, with the tradition of the unmarked subject prevalent in
Western moral philosophy; an implied knower who, as feminist epistemologists have argued, is only
actually interchangeable with others within the confines of a quite particular and narrow membership
group. Feminist epistemology, in contrast, is concerned with the specificity of the knowing subject, the
‘S’ in propositional logic’s ‘S knows that p.” “Yet,” Adam observes, “asking ‘“Who is §?” is not considered
a proper concern for traditional epistemologists” (1998: 77).

11. See also Dreyfus, [1979]1992.

12. The dream of machines as the new servant class comprises a translation from the robot visions of
the industrial age to that of the service economy. This vision is clearly presented in innumerable invo-
cations of the future of human-computer interactions, perhaps most notably by Brooks, 2002. For
further critical discussions, see Berg, 1999; Crutzen, 2005; Gonzalez, (1995)1999; Markussen, 1995;
Turkle, 1995: 45; Suchman, 2003, 2007: chapter 12.

13. See also Balsamo, 1996; Adam, 1998; Gatens, 1996; Grosz, 1994; Helmreich, 1998; Kember, 2003.
For useful anthologies of writings on feminist theories of the body, see Price & Shildrick, 1999;
Schiebinger, 2000.

14. For anthropological writings that made some contribution to this shift, see Suchman, 1987; Lave,
1988. For accounts from within the cognitive sciences, see also Hutchins, 1995; Agre, 1997; for
overviews, see Clark, 1997, 2001, 2003; Dourish, 2001.

15. For formulations of Brooks’s position written for a general reader, see Brooks, 1999, 2002. For a
more extended consideration of the tropes of embodiment, sociality, and emotion in situated robotics,
including an account of how a concern with the “situated” might have made its way into the MIT Al
lab, see Suchman, 2007: chapter 14.

16. Kember takes as her primary exemplar roboticist Steve Grand. For a critique of Grand’s latest project
in situated robotics, named “Lucy the Robot Orangutan” (Grand 2003), read through the lens of
Haraway’s history of primatology and the “almost human,” see Castafieda & Suchman, in press.

17. See, for example, Breazeal, 2002; Cassell et al., 2000; Picard, 1997. See also Castafieda, 2001; Wilson,
2002.

18. For an examination of the mystifications involved with these modes of representation, see
Suchman, 2007: chapter 14.
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19. Her argument here is resonant with that of Castafieda (2001).
20. See, for example, Downey & Dumit, 1997; Fischer, 1999; Hawthorne & Klein, 1999; Kember, 2003.
21. On figurings of race in online venues, see Nakamura, 2002.

22. Along with its generative connotations, the “monster,” like the “cyborg,” can become too easy and
broad, even romanticized, a trope. Both are in need of careful analysis and specification with respect
to their historical origins, their contemporary manifestations, and the range of lived experiences that
they imply.

23. See, for example, Miller, 1995. Miller’s focus is on the “frontier” metaphor as it invokes the need
for “protection” of women and children. Who, she asks, are the absent others from whom the danger
comes? The further implication, of course, is of an expansion of ownership over territories constructed
as “empty” in ways that erase those “others” who have long inhabited them, albeit in different (and
for those invested in the frontier), unrecognizable ways. For widely cited discussions of women’s pres-
ence online, particularly in the ongoing productions, constructions, and engagements of the World
Wide Web and the Internet more broadly, see Wakeford, 1997; Spender, 1996.

24. This is, of course, Sherry Turkle’s position as well. See Turkle, 1995.

25. The trope of the “assemblage” has been developed within science studies to reference a bringing
together of things, both material and semiotic, into configurations that are more and less durable but
always contingent on their ongoing enactment as a unity. See Law, 2004: 41-42.

26. Both of these terms are defined broadly by Kember: cyberfeminism affords a general label for
feminist research and scholarship concerned with information and communications technologies,
artificial life or any research in artificial intelligence or robotics that, in rejecting the tenets of “good
old-fashioned AI” (GOFAI), comprises what roboticist Rodney Brooks terms the “nouvelle AI” (2002:
viii). This is in contrast to more circumscribed uses of the term cyberfeminism on the one hand, to ref-
erence in particular the enthusiastic hopes for networked, digital technologies; or of ALife, on the other
hand, to identify the particular lines of computationalism involving the simulation of biological
systems in software.

27. The risk, moreover, may not only be that of a challenge to one’s deeply held beliefs. An even more
dangerous possibility may be that of appropriation of one’s position in the service of another, which
is further entrenched, rather than reworked, in the process.

28. I have suggested ([1994]1999b, 2002a,b) that responsible design might be understood as a form of
“located accountability,” that would stand in contrast to existing practices of “design from nowhere.”
Adam (1998) unfortunately translates the latter phrase into the problem that “no one is willing to hold
ultimate responsibility for the design of the system, as it is difficult to identify the designer as one
single clearly identifiable individual” (1998: 79). My argument is that, insofar as no one designer does
have ultimate responsibility for the design of a system or control over its effects, accountable design
cannot depend on any simple idea of individual responsibility. Rather, located accountability with
respect to design must mean a continuing awareness of, and engagement in, the dilemmas and debates
that technological systems inevitably generate.

29. See Pickering, 1992; Franklin, 1995; Helmreich, 1998; Reid & Traweek, 2000.
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7 Technological Determinism Is Dead;

Long Live Technological Determinism

Sally Wyatt

The story of Robert Moses and the bridges between New York and Long Island made
a great impression on me as on many generations of STS students. Langdon Winner
argues that Moses, city planner, deliberately allowed overpasses built during the 1920s
and '30s that were too low to permit buses to go beneath them, thus excluding poor,
black, and working-class people from the beaches of Long Island.’ I first read Winner’s
“Do Artifacts Have Politics?” in the mid-1980s, in the first edition of The Social Shaping
of Technology (MacKenzie and Wajcman, [1985]1999), where it is the opening chapter
following the editors’ introduction.? As I have described elsewhere (Wyatt, 2001),
I am the daughter of a nuclear engineer, so I grew up knowing that technologies are
political. Making nuclear power work and justifying his efforts to do so to both
his family and a wider public were the stuff of my father’s daily life for many years.
Despite the continued political differences between me and my father, we shared an
appreciation of the existence and implications of technical choices; reading Langdon
Winner provided me with a way of thinking about the politics of artifacts more sys-
tematically, and perhaps enabled my father and me to discuss these politics more dis-
passionately. What I learned from my father was that technology indeed matters and
that technical choices have consequences, though perhaps I would not have expressed
it in quite such terms when I was six years old and he took me to Niagara Falls,
not only to admire the water but also to look at the turbines down river. My father
and I did not distinguish between the natural and the technological sublime (Nye,
1996).

In this chapter, I wish to address both the ways in which technology itself and the
idea of technological determinism continue to fascinate, even if those of us in the STS
community sometimes deny this fascination. In the next section, I discuss techno-
logical determinism and then turn to the “principle of symmetry” (see also table 7.1)
in order to make two points, one about success and failure and the other about treat-
ing actors’ and analysts’ concepts symmetrically, as a way of allowing technological
determinism back into our analyses. I then return to technological determinism,
arguing that one way of taking it more seriously is to disentangle the different types
and what work they do. I identify four different types: justificatory, descriptive,
methodological, and normative (see also table 7.2).



Sally Wyatt
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Table 7.2
Four Types of Technological Determinism

Justificatory

¢ EU Information Society Forum (2000)

Descriptive

e Technology developed independently of social forces (Misa, 1988)

e Technology causes social change (Misa, 1988; Smith & Marx, 1994)

e Technology developed independently of social forces and causing social change (MacKenzie
and Wajcman, [1985] 1999)

¢ Limited autonomy of science and technology in determining economic developments
(Freeman, 1987)

Methodological

e “Look to the technologies available to societies, organizations, and so on” (Heilbroner,
1994a or b)

e “Momentum” (Hughes, 1983, 1994)

e “Society is determined by technology in use” (Edgerton, 1999)

Normative

e Decoupling of technology from political accountability (Bimber, 1994)

e Triumph of technological rationality (Winner, 1977, 1986)

TECHNOLOGICAL DETERMINISM IS DEAD, OR IS IT?

Technological determinism persists in the actions taken and justifications given
by many actors; it persists in analysts’ use of it to make sense of the introduction
of technology in a variety of social settings; it persists in manifold theoretical
and abstract accounts of the relationship between the technical and the social; it
persists in the responses of policy makers and politicians to challenges about the
need for or appropriateness of new technologies; and it persists in the reactions we all
experience when confronted with new machines and new ways of doing things.
(Examples of each of these can be found in the Back to Technological Determinism
section.)

Hannah Arendt (1958: 144) wrote, “[t]ools and instruments are so intensely worldly
objects that we can classify whole civilizations using them as criteria.” Not only can
we, but frequently we do; thus, we speak of the “stone,” “iron,” “steam,” and “com-
puter” ages. We also characterize nations by reference to technologies in which they
have played a prominent developmental role and/or which are highly symbolic of
their culture: Holland and windmills, the United States and cars, Japan and micro-
electronics. Robert Heilbroner (1994b) and David Edgerton (1999) argue that it is the
availability of different machines that defines what it is like to live in a particular place
and time. Lewis Mumford (1961) suggests that the tendency to associate whole mil-
lennia or entire nations with a single material artifact has arisen because the first aca-
demic disciplines to treat technological change seriously were anthropology and
archaeology, which often focus on nonliterate societies for which material artifacts are
the sole record.
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[T]he stone or pottery artifact came to be treated as self-existent, almost self-explanatory objects
... These tools, utensils, and weapons even created strange technological homunculi, called
‘Beaker Men’, ‘Double Axe Men’, or ‘Glazed Pottery Men’. .. The fact that such durable artifacts
could be arranged in an orderly progressive series often made it seem that technological change
had no other source than the tendency to manipulate the materials, improve the processes, refine
the shapes, make the product efficient. Here the absence of documents and the paucity of spec-
imens resulted in a grotesque overemphasis of the material object, as a link in a self-propelling,
self-sustaining technological advance, which required no further illumination from the culture
as a whole even when the historic record finally became available. (Mumford, 1961: 231)

Those of us concerned with more contemporary societies have no similarly conve-
nient excuse for such reductionist thinking. Yet the linguistic habit persists of naming
whole historical epochs and societies by their dominant technological artifacts. This
habit can be witnessed frequently in museums, schoolbooks, and newspapers and on
television and radio.’ Even a few years into the twenty-first century, it is still difficult
to predict for which of its many new technologies the twentieth century will be
remembered by future generations, yet the habit of thought and language of associ-
ating places and time periods with their technologies endures, even if causality is not
always explicit. This way of thinking about the relationship between technology and
society has been “common sense” for so long that it has hardly needed a label. But
its critics have termed it “technological determinism,” which has two parts. The first
part is that technological developments take place outside society, independently of
social, economic, and political forces. New or improved products or ways of making
things arise from the activities of inventors, engineers, and designers following an
internal, technical logic that has nothing to do with social relationships. The more
crucial second part is that technological change causes or determines social change.
Misa (1988) suggests that what I have presented here as two parts of a single whole
are actually two different versions of technological determinism. Defining it as two
different versions enables the scourges of technological determinism to cast their con-
demnatory net more widely by defining people like Winner and Ellul as technologi-
cal determinists because they point to the inexorable logic of capitalist rationality.
This is to confuse their materialism and realism with determinism. If they are to be
accused of any sort of determinism, economic determinism is the more appropriate
charge. I follow MacKenzie and Wajcman ([1985]1999) in defining technological deter-
minism as having two parts, both of which are necessary,* and I will return to this
distinction later. Over the past 25 years, STS has focused primarily on demonstrating
how limited the first part of technological determinism is, usually by doing empiri-
cally rich historical or ethnographic studies demonstrating how deeply social the
processes of technological development are.’

Technological determinism is imbued with the notion that technological progress
equals social progress. This was the view of Lenin (1920) when he claimed that “Com-
munism is Soviet power plus the electrification of the whole country” and it remains
the view of politicians of all political persuasions. For example, George W. Bush, a
politician very different from Lenin, is committed to missile defense, and as he stated



Technological Determinism Is Dead; Long Live Technological Determinism 169

in his 2006 State of the Union address, he sees technology as the solution to the
looming energy crisis in the United States.® There is also a strand of very pessimistic
technological determinism, associated with the work of Ellul (1980), Marcuse (1964),
and the Frankfurt School generally. Historically, technological determinism means
that each generation produces a few inventors whose inventions appear to be both
the determinants and stepping stones of human development. Unsuccessful inven-
tions are condemned by their failure to the dust heap of history. Successful ones soon
prove their value and are more or less rapidly integrated into society, which they
proceed to transform. In this way, a technological breakthrough can be claimed to
have important social consequences.

The simplicity of this model is, in large part, the reason for its endurance. It is also
the model that makes most sense of many people’s experience. For most of us, most
of the time, the technologies we use every day are of mysterious origin and design.
We have no idea whence they came and possibly even less idea how they actually
work. We simply adapt ourselves to their requirements and hope that they continue
to function in the predictable and expected ways promised by those who sold them
to us. It is because technological determinism conforms with a huge majority of
people’s experiences that it remains the “common sense” explanation.

One of the problems with technological determinism is that it leaves no space for
human choice or intervention and, moreover, absolves us from responsibility for the
technologies we make and use. If technologies are developed outside of social inter-
ests, then workers, citizens, and others have very few options about the use and effects
of these technologies. This serves the interests of those responsible for developing new
technologies, regardless of whether they are consumer products or power stations. If
technology does indeed follow an inexorable path, then technological determinism
does allow all of us to deny responsibility for the technological choices we individu-
ally and collectively make and to ridicule those people who do challenge the pace and
direction of technological change.

This chapter demonstrates that we cannot ignore technological determinism in the
hope that it will disappear and that the world will embrace the indeterminancy and
complexity of other types of accounts of the technology-society relationship. I argue
that we in the STS community cannot simply despair of the endurance of techno-
logical determinism and carry on with our more subtle analyses. We must take
technological determinism more seriously, disentangle the different types, clarify the
purposes for which it is used by social actors in specific circumstances. Moreover, I
argue that in order to do this we have to recognize the technological determinists
within ourselves.

A BRIEF AND SYMMETRICAL DETOUR
Before returning to the discussion of technological determinism, I want to digress

slightly and discuss the principle of symmetry (table 7.1) in order to demonstrate two
points. The first is the more conventional application of the principle of symmetry
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related to working and success versus nonworking and failure. The second relates to
the symmetrical treatment of actors’ and analysts’ concepts.

First, the principle of symmetry was initially articulated by David Bloor (1973, 1976)
in relation to the sociology of science. He argues that knowledge claims that are
accepted as true and those that are regarded as false are both amenable to sociologi-
cal explanation, an explanation that must be given in the same terms. Nature itself
must not be used to justify one claim and not another: what we take to be nature is
the result of something being accepted as true, not the cause. In the case of technol-
ogy, the principle of symmetry suggests that successful and failed machines or arti-
facts need to be explained in the same, social terms. However, unequivocally successful
systems do not provide such a rigorous test for Pinch and Bijker’s (1984) claim that
working is the result and not the cause of a machine becoming a successful artifact.
For successful systems, such a claim is tautological. However, there are other, more
ambiguous systems,” in terms of success and failure, working and nonworking, which
are a better illustration of how right Pinch and Bijker are, especially if an iterative loop
is added to the statement. In previous work about ICT-network systems in the U.S.
and U.K. central government administrations (Wyatt, 1998, 2000), I demonstrated
how such systems worked, were not successful, and no longer work. Playing the post-
modern trick® of reversing the wording of the claim so that it becomes, “success is the
result and not the cause of a machine becoming a working artifact” illustrates the sig-
nificance of Callon’s contribution to table 7.1, namely, his exhortation to treat the
sociotechnical divide as a consequence of the stabilization of sociotechnical ensem-
bles and not as a prior cause. One of the difficulties with the Pinch and Bijker claim
about working being the result rather than the cause of a machine becoming a suc-
cessful artifact is that they presume the existence of that divide in their association of
success with the social world and of working with the technical world, thus presum-
ing a binary divide between the social and the technical, whereas much of STS is con-
cerned with demonstrating how interwoven the social and technical are with one
another. Moreover, one cannot privilege the social as they do by placing “success”
prior to “working.” It has to be possible to reverse the claim as I have done here in
order to make visible the mutual constitution of the social and the technical, but that
means that successive extensions of the principle of symmetry have led us back to a
position of classical realism. This should not come as a surprise. The claims of “success”
and “working” have to be interchangeable to enable us to treat the social and the tech-
nical symmetrically. Rather than seeing the bottom items in the columns in table 7.1
attributed to Pinch and Bijker and Wyatt as alternatives, they need to be understood
as two sides of the same coin. Neither is adequate on its own.

The second point is that actors’ and analysts’ concepts need to be treated symmet-
rically, the middle claim by Wyatt in table 7.1. Others (Bijsterveld, 1991; Martin and
Scott, 1992; Russell, 1986; Winner, 1993) have pointed to the limits of “following the
actors” (Latour, 1987), in particular that by doing so analysts may miss important
social groups that are invisible to the actors but nonetheless important. Users are often
overlooked by developers (Oudshoorn and Pinch, chapter 22 in this volume). Often
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it is possible to define clearly who the users are or will be. But with information net-
works, for example, there can be at least two sets of users. The first group is those
people who are conventionally considered to be the users; employees who use the
system to access information in order to perform their job tasks. In many cases, there
is also a second group of users: clients or customers whom the more direct users
ultimately serve with the help of the system and who have different interests.

To understand the role of users, it is important to distinguish between “real” users
in the “real” world and the images of those users and their relationships held by
designers, engineers, and other sorts of system builders. It is also important to be aware
of “implicated users” (Clarke, 1998), those who are served by the system but who do
not have any physical contact with it. Again, distinctions need to be made about their
actual social relations and the images held of them. Sometimes both sorts of users are
ignored during systems development, in other words, serious attempts are not always
made to configure the users (cf. Woolgar, 1991), raising both methodological and
normative issues.

There are problems with following the actors. Identifying all the relevant social
groups as mentioned above and defining scale’ and success can become messy or
impossible if analysts are over-reliant on actors’ accounts. As analysts, we have to rely
on ourselves and on the research done by others to help us define our concepts and
identify relevant groups. Let us continue to take seriously the principle of symmetry.
If, as analysts, we allow our own categories and interpretations into the constructions
of our stories, we also need to allow actors’ concepts and theories to inform our
accounts. Actors and analysts all have access to both the abstract and the material.

Anthony Giddens (1984) has a particular view of the double hermeneutic in social
science'’: Not only do social scientists need to find ways of understanding the world
of social actors, they also need to understand the ways in which their theories of the
social world are interpreted by those social actors. In other words, the ideas, concepts,
theories of both social actors and social scientists need to be given space. “Follow the
actors” can be rescued by recourse to the higher principle of symmetry. Actors’ and
analysts’ identification of other actors and their interests should be treated symmet-
rically. But I certainly do not wish to grant the analyst the status of an omniscient,
superior being. In the next and final section, I will return to the persistence of tech-
nological determinism and argue that its continued use by actors necessitates that as
analysts we take it more seriously than we have done in recent years. Following
Giddens (1984) means that actors’ theoretical ideas need to be treated symmetrically
with our own, even if they are antithetical to our deeply held views.

BACK TO TECHNOLOGICAL DETERMINISM

Within the humanities and social sciences' we frequently ignore the equivalent of a
thundering herd of elephants when we dismiss the role of technological determinism
in shaping the views and actions of actors.'” Michael L. Smith eloquently expresses a
similar view,
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We scholars of technology and culture lament the stubborn tenacity of technological determin-
ism, but we rarely try to identify the needs it identifies and attempts to address. On the face of
it, our brief against this variety of superstition resembles the academy’s response to creationism:
How can something so demonstrably wrong-headed continue to sway adherents? (1994: 38-39)

Smith is correct to point to the importance of understanding the needs and interests
served by a continued adherence to technological determinism, and I will return to
that below. He is wrong, however, to dismiss technological determinism (and cre-
ationism) as wrong-headed superstition or as a form of false consciousness. Recall
Bloor’s (1973, 1976) original formulation of the principle of symmetry, namely, that
both true and false beliefs stand in need of explanation. We need to remain impartial
in our attempt to explain the persistence of technological determinism in order to
understand why it continues to be regarded as true by so many people. In the previ-
ous section, I argued that the categories deployed by both actors and analysts need to
be pursued in order to justify paying attention to users who might never be noticed
if analysts naively follow the actors. Now it is time to follow the actors in their con-
tinued commitment to technological determinism.

One of the most misleading and dangerous aspects of technological determinism is
its equation of technological change with progress."”* From the many histories and
contemporary case studies of technological change we know how messy and ambigu-
ous the processes of developing technologies can be. But this is not always the per-
spective of actors. Some actors, some of the time, present projects as simple and
straightforward. It is necessary for them to do so in order to make things happen and
to justify their actions. Sometimes sociotechnical ensembles work; sometimes they do
not. Including stories of systems that do not work or were not used or were not
successful provides further armory in the arsenal to be used against technological
determinism because such stories challenge the equation of technology with progress,
though not, of course, if we have an evolutionary perspective on progress. But we
should not be under any illusions that technological determinism will disappear, and
we should recognize that it has a useful function for system builders.

In this section, I return to an exploration of the endurance of technological deter-
minism—endurance in the accounts of some analysts, in the actions of system
builders, as well as the justifications proffered by policy makers and other social
groups. Despite all the detailed empirical work in STS about both historical and con-
temporary examples of the contingency of technological change and despite the
nuanced and sophisticated theoretical alternatives that have been proposed, techno-
logical determinism persists. One of the dangers of simply ignoring it in the hope it
will disappear is that we do not pay sufficient attention to its subtlety and variety.
Sometimes it is a table upon which to thump our realist credentials; occasionally it
can be a rapier to pierce the pretensions of pompous pedants. In whatever way it is
used, my argument here is that we need to take it more seriously.

One of the few sustained engagements with technological determinism to be pub-
lished is the collection, Does Technology Drive History? The Dilemma of Technological
Determinism, edited by Merritt Roe Smith and Leo Marx (1994). All the contributors
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are professors of history at U.S. universities, and the concerns they express are largely
those of historians of technology, in their relationship with other historians, and of
Americans, with their historic paradigmatic equation of technology with progress and
their collective but partial loss of faith with that equation. The contributors provide
a valuable mapping of the terrain of meanings associated with the concept of
technological determinism.

In their introduction, Smith and Marx (1994: ix—xv) suggest that technological
determinism can take several forms, along a spectrum between hard and soft poles.

At the “hard” end of the spectrum, agency (the power to effect change) is imputed to technol-
ogy itself, or to some of its intrinsic attributes; thus the advance of technology leads to a situa-
tion of inescapable necessity . . . To optimists, such a future is the outcome of many free choices
and the realization of the dream of progress; to pessimists, it is a product of necessity’s iron hand,
and it points to a totalitarian nightmare. (Smith & Marx, 1994: xii)

At the pole of “soft” determinism, technology is located, “in a far more various and
complex social, economic, political, and cultural matrix.” (Smith & Marx, 1994: xiii)
In my view, this soft determinism is vague and is not really determinism at all, as it
returns us to the stuff of history, albeit a history in which technology is taken
seriously.

Robert Heilbroner’s famous article, “Do Machines Make History?,” originally pub-
lished in Technology and Culture in 1967, is reproduced in the collection, together with
his own recent reflections on the question. He is the most avowedly technologically
determinist of the contributors, in both an ontological and methodological sense. He
suggests that a good place to start in the study of an unfamiliar society is to examine
the availability of different machines, since this will define what it is like to live in a
particular place and time (1994a: 69-70). He proposes this as a heuristic for investi-
gation, not as a normative prescription. “[T]echnological determinism does not imply
that human behaviour must be deprived of its core of consciousness and responsibil-
ity” (1994a: 74). David Edgerton makes a similar point when he argues that techno-
logical determinism must be seen as the “the thesis that society is determined by
technology in use” (1999: 120), which, as he points out, allows inclusion of societies
with technology but not necessarily with high rates of technological change.

Bruce Bimber picks up the theme of normative prescription. He distinguishes
between three interpretations of technological determinism, what he terms “norma-
tive,” “nomological,” and “unintended consequences” accounts.' The first he associ-
ates with the work of Winner (1977), Ellul (1980), and Habermas (1971), among
others, who suggest that technology can be considered autonomous and determining
when the norms by which it is developed have become removed from political and
ethical debates. For all the authors Bimber mentions, the decoupling of technology
from political accountability is a matter of great concern. Nomological technological
determinism is Bimber’s very hard version: “in light of the past (and current) state of
technological development and the laws of nature, there is only one possible future
course of social change” (1994: 83). To make this even harder, Bimber imposes a very
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narrow definition of technology: artifacts only. No knowledge of production or use
can be incorporated because that would allow social factors to enter this otherwise
asocial world. His final category arises from the observation that social actors are
unable to anticipate all the effects of technological change. However, since this is true
for many other activities and does not arise from some intrinsic property of technol-
ogy, Bimber dismisses this as a form of technological determinism. Bimber is con-
cerned to rescue Karl Marx from the accusation of technological determinism. This he
does by setting up these three accounts, suggesting that the nomological is the only
true technological determinism and that Marx does not meet the strict criteria.'®

Thomas Hughes returns to the spirit of the distinctions made by Smith and Marx
between hard and soft determinism, albeit in different terms and with the explicit
objective of establishing “technological momentum” as “a concept that can be located
somewhere between the poles of technical determinism and social constructivism.”
For Hughes, “[a] technological system can be both a cause and an effect; it can shape
or be shaped by society. As they grow larger and more complex, systems tend to be
more shaping of society and less shaped by it” (Hughes, 1994: 112). On a method-
ological level, he suggests that social constructivist accounts are useful for under-
standing the emergence and development of technological systems, but momentum
is more useful for understanding their subsequent growth and the acquisition of at
least the appearance of autonomy.

This discussion leads me to distinguish between four types of technological deter-
minism, which I term justificatory, descriptive, methodological, and normative (table
7.2). Justificatory technological determinism is deployed largely by actors. It is all
around us. It is the type of technological determinism used by employers to justify
downsizing and reorganization. It is the technological determinism we are all suscep-
tible to when we consider how people’s lives have changed in the past 200 years. It
is the technological determinism (and frustration) we feel when confronted with an
automated call response system. It can be found in policy documents, including the
EU Information Society Forum report, which claims, “[t]he tremendous achievement
of the ICT sector in the last few years, and particularly of the Internet, have practi-
cally cancelled the concept of time and distance . . . The emerging digital economy is
radically changing the way we live, work and communicate, and there is no doubt
about the benefits that will lead us to a better quality of life” (2000: 3). It is similar to
what Paul Edwards has called the “ideology of technological determinism” (1995: 268)
when he reflects on “managers’ frequent belief that productivity gains and social trans-
formation will be automatic results of computerization.” (1995: 268)

Second is the descriptive technological determinism identified by MacKenzie and
Wajcman ([1985]1999), Misa (1988), and Smith and Marx (1994: ix-xv). These authors
eschew technological determinism as modes of explanation for themselves but cer-
tainly recognize it when they see it in others. Having recognized it, they rarely attempt
to understand the reasons for it and instead focus on developing richer, more situated
explanations of sociotechnical change. They simply reject technological determinism
because of its inadequate explanatory power. Christopher Freeman (1987) is more
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assertive in his defense of this type of technological determinism, arguing that in some
cases at least, technological determinism is quite a good description of the historical
record.

Third is the methodological technological determinism of Heilbroner, Edgerton, and
Hughes. Heilbroner reminds us to start our analyses of societies, and of smaller scale
social organizations, by examining the technologies available to them. Hughes’
methodological technological determinism is more analytical. But, like Heilbroner, he
too is attempting to develop a tool for helping us understand the place of technology
in history. In STS, that is what we are all doing—attempting to understand the role
of technology in history and in contemporary social life; actor-network theory, social
constructivism, history of technology, and innovation theory all take technology seri-
ously. All of these approaches are regarded as deviant by their parent disciplines
because they include technologies in their analyses of the social world. My provoca-
tion here is that our guilty secret in STS is that really we are all technological deter-
minists. If we were not, we would have no object of analysis; our raison d’étre would
disappear. Winner hints at this obliquely at the end of the preface of Autonomous
Technology (1977) when he writes, “there are institutions [machines] one must oppose
and struggle to modify even though one also has considerable affection for them”
(1977: x).

Finally, there is the normative technological determinism identified by Bimber, by
Misa in his second version, and implicit in Hughes’ concept of momentum. This is
the autonomous technology of Langdon Winner, technology that has grown so big
and so complex that it is no longer amenable to social control. It is this version of
technological determinism that has resulted in the intra-STS skirmishes, in which
Winner (1993) accuses constructivists of abandoning the need to render technology
and technological change more accountable, and it is with this accusation in mind
that I conclude.

CONCLUSION

Does Technology Drive History? ends with a moving plea from John Staudenmaier to
continue to take the history of technology seriously, to treat artifacts, “as crystallized
moments of past human vision . .. each one buffeted by the swirl of passion, con-
tention, celebration, grief and violence that makes up the human condition” (1994:
273). Scholars concerned with understanding the relationship between technology
and society share that commitment.

In STS we study people and things, and we study images of people and things. We
also need to study explanations of people and things. Just as we treat technology seri-
ously, we must treat technological determinism seriously. It is no longer sufficient to
dismiss it for its conceptual crudeness, nor is it enough to dismiss it as false con-
sciousness on the part of actors or as a bleak, Nietzschean outlook for the future of
humanity. Technological determinism is still here and unlikely to disappear. It remains
in the justifications of actors who are keen to promote a particular direction of change,
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it remains as a heuristic for organizing accounts of technological change, and it
remains as part of a broader public discourse which seeks to render technology opaque
and beyond political intervention and control.

What I have done here is to delineate different types of technological determinism,
not because I believe it to be an adequate framework for understanding the relation-
ship between the social and technical worlds but because lots of other actors do, and
therefore we need to understand its different manifestations and functions. Within
STS, we have always treated technology seriously; we have always been concerned with
the risks and dangers of autonomous technology. We are not innocent in the ways of
methodological and normative technological determinism. But we can no longer
afford to be so obtuse in ignoring the justificatory technological determinism of so
many actors. Only by taking that type of technological determinism seriously will we
be able to deepen our understanding of the dynamics of sociotechnical systems and
the rhetorical devices of some decision makers.

The challenges for STS remain: to understand how machines make history in concert
with current generations of people; to conceptualize the dialectical relationship
between the social shaping of technology and the technical shaping of society; and
to treat symmetrically the categories of analysts and those of actors even if the latter
includes technological determinism, anathema to so much contemporary scholarship
in the humanities and social sciences. These dialectics are unresolvable one way or
another, but that is as it should be. What is important is to continue to wrestle with
them. We need to take seriously the efforts to stabilize and extend the messy and het-
erogeneous collections of individuals, groups, artifacts, rules, and knowledges that
make up our sociotechnical world. We need to continue to grapple with understand-
ing why sometimes such efforts succeed and sometimes they do not. Only then will
people have the tools to participate in creating a more democratic sociotechnical order.

Notes

I am very grateful to the editors and three anonymous reviewers for their thoughtful and provocative
comments, which helped improve this chapter considerably. I am also grateful to the editors for
their patience in waiting for this chapter. My father died at the end of 2005, when I should have been
preparing the final version. As the reader will learn from the first paragraph, my father had an
enormous influence on my own views about technology. The most difficult revisions I had to make
were to the verb tenses in that paragraph. This chapter is dedicated to the memory of my father, Alan
Wryatt.

1. See discussion by Joerges (1999) and Woolgar and Cooper (1999) regarding the mythic status of the
Moses/Winner story. For my purposes here, it is precisely the mythic quality of the story that counts.

2. The foundational status of this piece is confirmed by its inclusion in the second edition (MacKen-
zie & Wajcman, [1985]1999), still in the number one spot.

3. For example, the 2005 BBC Reith lectures were given by Lord Broers, Chairman of the British House
of Lords Science and Technology Committee and President of the Royal Academy of Engineers. The
title of his first lecture was “Technology will determine the future of the human race.” The title for the
series of five lectures was “The Triumph of Technology” (see www.bbc.co.uk/radio4/reith2005).



Technological Determinism Is Dead; Long Live Technological Determinism 177

4. Feenberg also identifies two premises on which technological determinism is based, what he calls
“unilinear progress” and “determination by the base” (1999: 77). This is much the same as the two
parts of MacKenzie and Wajcman, since unilinear progress refers to the internal logic of technological
development and determination by the base refers to the ways in which social institutions are required
to adapt to the technological “base.”

5. Two early examples are Latour and Woolgar (1986) and Traweek (1988). However, the pages of Social
Studies of Science and of Science, Technology & Human Values are filled with such case studies.

6. For the full text of Bush’s speech, see http://www.whitehouse.gov/stateoftheunion/2006/index.html.

7. For example, it is often very difficult to evaluate clearly the success and failure of many informa-
tion technology-based systems in terms of their success and failure, working and nonworking.

8. See Derrida (1976): The signified is always already in the position of the signifier, often paraphrased
as X is always already Y.

9. Defining scale is not only an analytical problem facing the researcher (Joerges, 1988), it is also a
practical one for the actors. The resolution of this problem is necessary for the researcher to circum-
scribe the object of study, but it is also a problem experienced by the actors.

10. Within philosophy, the “double hermeneutic” is used more generally to refer to the problem that
social scientists have in dealing with the interpretations of social life produced by social actors them-
selves as well as the interpretations of social life produced by analysts.

11. I exempt historians from this criticism, especially in light of the publication of Smith and Marx
(1994) and, more recently, of Oldenziel (1999), in which she carefully traces the shifting meaning of
technology and the rise of technocracy in the United States.

12. Equally peculiar is the way in which technology itself is ignored. As Brey (2003) points out in his
comprehensive review of literature pertaining to technology and modernity, much of the modernity
literature makes, at best, only passing reference to technology. Brey argues that this is not because
modernity authors do not recognize the importance of technology but rather because they see it as the
means by which regulative frameworks such as capitalism, the nation state, or the family are governed
and not as an institution itself. Another reason may be that social science and humanities scholars may
not have the tools or the confidence to analyze technology as such, and at most are only able to
critique discourses around technology.

13. See Leo Marx (1994) for a detailed historical account of the emergence of technology and its
relationship to ideas of progress.

14. These are not dissimilar to Radder’s (1992) distinctions between methodological, epistemological,
and ontological relativism.

15. I agree with Bimber that Karl Marx was not a technological determinist, but this point has already
been more than adequately made by MacKenzie (1984) in his detailed review of this literature.
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8 Pramoedya’s Chickens: Postcolonial Studies of Technoscience

Warwick Anderson and Vincanne Adams

During the last twenty years, scholars in science and technology studies have tried
to develop a vocabulary to describe the articulation of knowledge and practice
across cultures, or social worlds, and between different places. We can now recognize
standardized packages, boundary objects, immutable mobiles (and more recently
mutable ones), even wordless creoles and pidgins. Scientists might accumulate and
invest symbolic or cultural capital, or they participate in gift exchange, sometimes
systematized as a moral economy. Alternatively, they translate and enroll, making
their laboratories and field sites obligatory passage points. For a while, they were
also heterogeneous engineers. All these various, valiant efforts to connect particular
sites of knowledge production and practice—from symbolic interactionism to
actor-network theory—raise new questions as they answer old ones. Helpful as they
are, such analytical frameworks have yet to capture the full range of material trans-
actions, translations, and transformations that occur in making and mobilizing
technoscience. As science and technology travel, they continue to elude our best
efforts to track them. We still do not know enough about what causes them to depart,
what happens when they arrive—and even less about the journey, rough or smooth.
In what follows, we provide an analytic road map to approach this phenomenon of
travel in an age of globalized science, noting the need for more connections to the
histories and political relations that enable such travel. Our effort is intentionally
focused on culling from materials that point to a compelling approach and is not
meant as an exhaustive review of the literature or critique of wrong turns and
impasses.’'

In the past, accounting for the travels of technoscience was not really a problem.
Scientific knowledge appeared to diffuse beyond the laboratory when it justifiably
corresponded with nature, the result of either method or norms. Techniques and
machines traveled simply because they were useful and efficient—they drove them-
selves, it seemed. But scholars of scientific knowledge have repeatedly demonstrated
the situated character of such claims to universal validity—the many ways in which
science is constitutively social and local, and always particular and political.* Others
have figured technological innovation as a stabilization, or black-boxing, of specific
socio-technical relations (Latour, 1987).
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How can we then account socially and politically for the dispersion of this knowl-
edge, for its distribution, its abundance or absence? How are locally contingent sci-
entific and technical practices mobilized and extended? What do they do at different
sites? How are they standardized or transformed? In other words, how do we recog-
nize the complex spatialities that link a multitude of local case studies? Why is it,
inquired Bruno Latour (1988: 227), that Newtonian laws of physics work as well in
Gabon as in England? As Steven Shapin (1998: 6-7) observes, “we need to understand
not only how knowledge is made in specific places but also how transactions occur
between places.”® Having placed the view from nowhere, how do we get from there
to somewhere else? “The more local and specific knowledge becomes,” writes James
A. Secord (2004: 660), “the harder it is to see how it travels.”* “If facts depend so much
on...local features, how do they work elsewhere?” asks Simon Schaffer (1992: 23).
The challenge, in a sense, is to explain the extension of formalisms in nonformalist
terms and to identify the technologies and institutions that have worked in the past
to delete locality. Moreover, as Steven J. Harris (1998: 271) notes, we should recognize
that “how science travels has as much to do with the problem of travel in the making
of science as it does with the problem of making science travel.”

If we substitute “medicine,” or “technology,” or even “modernity,” for science in
Harris’s formulation, parallels with recent anthropological studies become clear. Many
anthropologists turned their attention to the traffic in culture some time ago, tracing
the circulation and exchange of commodities, practices, and ideas across shifting social
boundaries. Medical anthropologists have examined the interaction of biomedical and
other health beliefs at widely scattered sites, charting the development of new medical
knowledge and practice.* When anthropologists of technology survey their field, they
find most case studies are located outside Western Europe and North America. Bryan
Pfaffenberger (1992: 505; 1988), for example, has described the cross-cultural study of
things as a “technological drama,” where the construction of a sociotechnical system,
through the local regularization, adjustment, and reconstitution of new or introduced
technology, becomes a polity building process. Anthropological studies of develop-
ment regimes similarly recognize the dynamics of “modernity” in the making as it is
accomplished by a wide variety of technoscientific efforts. Even “failed” development
may become a technoscientific accomplishment of a sort (Ferguson, 1994). Recently,
many historians of colonial medicine and technology have followed anthropologists
in mapping out a distinct, complex set of engagements with the “modern” (Vaughan,
1991; Arnold, 1993; Hunt, 1999; Anderson, 2003). Yet laboratory science, defetishized
at its “origins,” still moves around the globe as a fetish, with its social relations con-
veniently erased. It seems to arrive with capitalism, “like a ship,” then magically arrive
elsewhere, just as powerful, packaged, and intact.® We remain attached to the “Marie
Celeste” model of scientific travel.

Anthropologists have identified alternative modernities, new modernities, and
indigenous modernities, in any number of locations (Appadurai, 1991; Strathern,
1999; Sahlins, 1999). Modernity—of which technoscience is surely a part—has
emerged as complexly hybrid and widely dispersed, in ways that science studies have
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only begun to encompass. This is far more than the multiplication of contexts or the
creation of networks or arenas, more than standardization or enrollment, more than
dominance or submission. Postcolonial investigations of proliferating modernities, or
“development,” might offer some guidance for scholars in science and technology
studies, yet they are largely ignored.” In claiming that “we” have never been Modern,
Latour reminded us of the need to unpack the social at the same time as we unpack
its figurative double “science” (Latour, 1993). But in defusing such analytic distinc-
tions, he may have missed the real action: those of us outside Paris have never had
so many ways of being modern, so many different ways of being scientific!®

The term postcolonial was thrown into the last paragraph like an incendiary device,
so perhaps we should either try to justify its use or deactivate it. For Edward W. Said
(1983: 241), “traveling theory”—a nicer term—was not so much a theory as a “criti-
cal consciousness,” a sort of spatial sense, an awareness of differences between situa-
tions and an appreciation of resistances. What happens when something moves into
a new environment? This apparently simple question gives rise to the postcolonial cri-
tique that informs the anthropology of modernity. Said discerned a point of origin,
“passage through the pressure of various contexts” (1983: 227), a set of conditions
through which the transplanted idea or practice must pass, and transformation
through new uses. He criticized those who regard this transfer merely as “slavish
copying” or “creative misreading” (1983: 236). His orientation is postcolonial pri-
marily in the sense that it relentlessly insists on revealing the geographical predicates
of Western cultural forms, the theoretical mapping and charting of territories that are
otherwise hidden. As the imperialist model—which includes for Said the contempo-
rary United States—is disassembled, “its incorporative, universalizing, and totalizing
codes [are] rendered ineffective and inapplicable.” That is, he wanted us to remove
Western cultural forms from their “autonomous enclosures” and look at the cultural
archive “contrapuntally,” not “univocally,” to recognize heteroglossia in colonialism
(Said, 1994: 29, 28, 29). As Stuart Hall (1996) has argued, the “post” in postcolonial
is in effect “under erasure,” thus making available the colonial as a contemporary ana-
lytic. He believes that postcolonial studies enable a “decentered, diasporic, or ‘global’
rewriting of earlier nation-centered imperial grand narratives” (1996: 247)—in other
words, a “re-phrasing of Modernity within the framework of globalization” (1996:
250); that is, for us, the project becomes a rephrasing of technoscience within the
framework of globalization, allowing ample use of the analytical dynamics suited to
a colonial era at a time when the political framework of such engagements lives on
under other guises, other names.

It is Said’s notion of the postcolonial as critical consciousness, as forced (and often
resisted) recognition of complex and realistic spatialities—figured in identity politics,
discursive formations, material practices, representations and technological possibili-
ties—that most interests us here. We are arguing for the value of postcolonial per-
spectives—views from elsewhere—in science and technology studies, and not for any
transcendent postcolonial theory.’ This requires a multiplication of the sites of techno-
science, revealing and acknowledging hidden geographical notations and power
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relations, and further study of the mechanisms and forms of travel between sites. It
means we need to be sensitive to dislocation, transformation, and resistance; to the
proliferation of partially purified and hybrid forms and identities; to the contestation
and renegotiation of boundaries; and to recognizing that practices of science are
always multi-sited (Marcus, 1998). Western categories, Gyan Prakash (1994: 3) reminds
us, were disrupted in colonial travel. “The writ of rationality and order was always
overwritten by its denial in the colonies, the pieties of progress always violated irrev-
erently in practice, the assertion of the universality of Western ideals always qualified
drastically.” This suggests that postcolonial analysis will be as useful in Western Europe
and the United States as in Madagascar and the Philippines. That is, it offers a flexi-
ble and contingent framework for understanding contact zones of all sorts, for track-
ing the unequal and messy translations and transactions that take place between
different cultures and social positions, including between different laboratories and
disciplines even within Western Europe and North America.

We may be able to view such interactions through other lenses, but a postcolonial
perspective possesses the advantages of historical and geographical complexity and of
political realism. We sometimes hear from scholars in science studies that postcolo-
nial perspectives are not relevant to their work because they are not examining science
in temporally postcolonial locations—we hear this even (perhaps especially) from
those working on science in the United States!—but this seems to us to echo the asser-
tions of an earlier generation of scholars who argued that because they did not study
failed science, sociology was irrelevant to their work. Both of these significant resis-
tances should, as they say, be worked through.

In the rest of the essay we first consider the expanding geographies of technoscience,
what happens when formalisms extend to different sites, and then look at how techno-
science travels, how “situated” knowledge becomes mobile. In conclusion, we attempt
to reactivate the postcolonial in the hope that it will carve out some new landscapes,
and allow fresh channels and flows, through science and technology studies.

GEOGRAPHIES OF TECHNOSCIENCE

To say that the place of science has become ever more important in all spheres of
social life is a truism to scholars of society, to the extent that debates about what for-
mally constitutes “science” are now focused as much on geography as on problems of
epistemology. Euro-American laboratories are no longer the most important locations
for the study of science.'’ Historians have long noted the importance of the field site
in the production of technoscience, and the ability to conceptualize it in relation to
the “laboratory” is not entirely new (Kuklick & Kohler, 1996; Kohler, 2002; Mitman,
1992). At the same time, few efforts have been made to explain the linkages between
other locations of technoscientific pursuits and the laboratories that still fuel their
interventionary arsenal. Classrooms, hospital and outpatient clinics, playing fields
(Owens, 1985), companies (Harris, 1998), foundations (Cueto, 1997), bilateral devel-
opment agencies and nongovernment organizations (Escobar, 1995; Pigg, 1997;
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Gupta, 1998; Shrum, 2000; Shepherd, 2004), for example, make suitable sites for the
study of technoscience when questions of “geography” are placed above those of epis-
temology. For this, a good deal can be gleaned from the historians of colonialism and
its critics, the medical anthropologists who early on offered critiques of development,
or from the historians and sociologists of education who took account of science’s
need to teach its terms before it could produce its truths (Pauly, 2000; Prescott, 2002).

As David N. Livingstone (2005: 100; 2004) has argued, the space of science is not
just local: it is also “distributed and relational.” Studies of scientific sites beyond
Western Europe and North America have begun springing up during the past twenty
or so years, contributing to a “provincializing” of Europe (Chakrabarty, 2000), to
rethinking it as one among many equivalent and related terrains for technoscience.
Historians have traced the routes of scientific expeditions and described the local
entanglement and reshaping of imperial biomedical and environmental sciences.
Anthropologists have analyzed widely distributed negotiations and contestation over
bioprospecting, genomics, and environmental and agricultural sciences. The state and
NGOs have been particularly salient in these accounts, perhaps more so than in studies
of Euro-American science. David Arnold (2005a: 86) observes that “body and land”
have become “exemplary sites for the understanding of colonial and postcolonial
technologies.”"

We now have a number of examples of how contemporary technoscience is glob-
ally distributed and entangled.'? Itty Abraham (2000: 67; 1998) considers the interac-
tion, the co-constitution, of nuclear physics and the nation-state in India, helping us
view Western science differently as he reveals “the international circuits it works
through and occupies.” In her work on high-energy physics in Japan, Sharon Traweek
(1992: 105; 1988) examines a local instantiation of “colonialist discourse in science.”
Joan H. Fujimura (2000) describes the reconfiguration of science and culture, of West
and East, in transnational genomics research. In Space in the Tropics, Peter Redfield
(2000; also 2002) localizes the French space program in Guiana, representing it as
enmeshed in a specific geography and colonial history. For Gabrielle Hecht (2002),
contemporary nuclear maps are incomplete without including places like Gabon and
Madagascar, where uranium mining is conjugated with nuclearity, decolonization, and
the formation of “modern” subjects. Kaushik Sunder Rajan (2005) shows that com-
modification in pharmaceutical genomics in the United States provides a template for
the commodification of human subjects in India, by way of the same scientific lan-
guages and practices. According to Kim Fortun (2001), efforts to read the Union
Carbide disaster in Bhopal, India, as an isolated event only make more visible the
multi-sited, “globalized” character of science policy-making.

Yet a few years ago when Lewis Pyenson (1985; 1989; 1990) surveyed physics and
astronomy in the German, Dutch, and French empires, he took pains to demonstrate
that the “exact” sciences had evaded any colonial contamination. These manifesta-
tions of European civilization had diffused across the oceans, allegedly impervious to
contact with local circumstances, to pollution and miscegenation. Since these sciences
did not become mere imperial superstructure, Pyenson assumed that absolutely no
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colonial entanglement and reshaping had occurred. Paolo Palladino and Michael
Worboys (1993: 99; also see Pyenson, 1993), however, countered that such “Western
methods and knowledge were not accepted passively, but were adapted and selectively
absorbed in relation to existing traditions of natural knowledge and religion.” Techno-
science is a product of local encounters and transactions. Moreover, Palladino and
Worboys reminded readers that “for most of humanity, the history of science and
imperialism is the history of science” (1993: 102, original emphasis).

“To follow [the] transformation of a society by a ‘science,’” advises Latour (1988:
140), “we must look not in the home country but in the colonies.” The bacteriologi-
cal laboratory, he suggests, worked unimpeded to reorder colonial society. “It was in
the tropics that we can imagine best what a pasteurized medicine and society are”
(1988, 141). For Latour, colonial relations thus might still be cast simply in terms of
dominance and submission, presenting a story of the expansion of sovereign networks
of European science. In Pandora’s Hope (1999a: 24), he takes us on a field trip to the
Amazon, which “will not require too much previous knowledge.” The postcolonial
setting does little more than provide some exciting metaphors: Latour sees himself
bringing order “to the jungle of scientific practice,” and writes about “going ‘native’”
(1999a: 47). He announces that he will “omit many aspects of the field trip that
pertain to the colonial situation” (1999a: 27)."® Instead, he gives a vivid account of
how scientists develop a proto-laboratory in the depopulated jungle, regulating the
transformations and translations of phenomena in order to make them appear con-
stant—that is, constantly European. More colonial amour propre than postcolonial
analysis, Latour’s brilliant exposition of the movement of invariant technoscientific
objects along a reversible chain of transformations suggests that scientists can mobi-
lize the world, and make their own context, so long as they remain deep in conver-
sation with their European colleagues. One does wonder, however, what happened to
the “native” agents and intermediaries in this supposedly virgin territory.

In contrast, for Gyan Prakash (1999: 7), colonial science becomes “a sign of Indian
modernity,” translated and appropriated by Hindu nationalists. In order to achieve
hegemony, the dominant discourse must be distorted, yet remain identifiably scien-
tific. Moreover, the technics of the nation-state become inseparable from the technics
of “science gone native,” or “tropicalized.” While for Latour—and, indeed, for Pyenson
(though for different reasons and to different effect)—technoscience produces
“immutable mobiles,” a postcolonial scholar like Prakash discerns ambivalence and
hybridity. This is not a process of contamination or mimicry, but a matter of putting
science to work in a colonial context and resisting efforts to purify its genealogy.
Technoscience provides yet another stage for the colonial drama.

While Prakash sees colonial technoscience contributing to the negotiation of hybrid
or alternative modernities at a specific site, others have imagined a globalized multi-
cultural science. Sandra Harding, for example, has sought to use cross-cultural studies
of knowledge traditions to achieve further epistemological pluralism. For Harding
(1998: 8), postcolonial accounts provide “resources for more accurate and compre-
hensive scientific and technological thought.” “We can employ the category of the
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postcolonial strategically,” she writes, “as a kind of instrument or method of detect-
ing phenomena that otherwise are occluded” (1998: 16).'* Influenced by “post-
Kuhnian science studies” and feminist standpoint theory, Harding has emphasized the
importance of local knowledge and called for more dynamic and inclusive global his-
tories. But her main goal is the strengthening of modern scientific objectivity, achiev-
ing better Modernity through remedying “dysfunctional universality claims” (1998:
33). In a sense, she is trying to valorize the “nonmodern” as a form of the modern
too, to broaden the compass of Modernity.

Lawrence Cohen (1994: 345) has suggested that while Harding wants to “pluralize
the field of discourse,” most postcolonial intellectuals pine for “an insurrectionary
abandonment.” The danger of multicultural science studies, according to Cohen, is its
“mapping of difference onto an underlying hegemony.” In contrast, postcolonial
scholars have tried to reveal the heterogeneity and messiness of technosciences, which
undercut the singularity and authority of their attendant Modernity. J. P. S. Uberoi
(1984; 2002), for example, argues that Goethe’s theory of colors represents a non-
Newtonian system of knowledge that can represent the basis of another, nondualist
modernity. In a creative deployment of Thomas Kuhn’s notion of paradigm, Ashis
Nandy (1995; 1988) argues that a “modern” scientist might have multiple subjectivi-
ties and sensitivities, with religious or cultural affiliation offering possibilities of alter-
native modernities. Shiv Visvanathan (1997) deplores the vivisection and violence of
some modern science and extols the gentler, more observational aspects of science as
the basis for an alternative science and modernity.'* But the emphasis of these schol-
ars is more on political engagement than epistemological renewal.

Some of the more densely realized stories of the contact zones of mobile knowledge
practices have focused on the contemporary interactions of scientists and indigenous
peoples. The work of Helen Verran, David Turnbull, and their students has been espe-
cially influential; they could be said to represent a “Melbourne-Deakin school” of post-
colonial science studies, shaped by local enthusiasm for ethnohistory, and building
on constructivist and feminist approaches to the study of science and technology
(Watson-Verran & Turnbull, 1995). With the Yolgnu people of Arnhem Land, Verran
has studied the interaction of local knowledge practices, one “traditional,” the other
“scientific,” and described “the politics waged over ontic/epistemic commitments.”
Her goal is not just to exploit the splits and contradictions of Western rationality: she
aims toward a community that “accepts that it shares imaginaries and articulates those
imaginaries as part of recognizing the myriad hybrid assemblages with which we con-
stitute our worlds” (1998: 238). In her current research project, Verran seeks to move
beyond description and to find ways in which one might do good work—such as nego-
tiating land use—within and between the messiness, contingency, and ineradicable
heterogeneity of different knowledge practices (2002).'® Turnbull (2000: 4), similarly,
has studied the “interactive, contingent assemblage of space and knowledge” in
diverse settings, arguing that “all knowledge traditions, including Western techno-
science, can be compared as forms of local knowledge so that their differential power
effects can be compared but without privileging any of them epistemologically” (1998:
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6). That is, even the most generalized technoscience, like any other practice, always
has a local history and a local politics, even as the actors involved claim to be “doing
global.”

Postcolonial perspectives might foreground the debates over not just the accredit-
ing processes of science but also the violence that is still accomplished in its wake,
often through erasure and disenfranchisement as much as in physical trauma (Nandy,
1988; Visvanathan, 1997; Apffel-Marglin, 1990). Cori Hayden (2003) identifies the
subtle institutional bonds in the international pharmaceutical and ethnobotanical
industries that simultaneously recruit notions of indigenous participation and deny
credit, profit, or accountability to local participants. Similarly, Vincanne Adams (2002)
suggests that the field on which international pharmaceutical industries negotiate
their use of traditional “scientific” medicines is an uneven one and that the terms of
universalist science can be used to negotiate away local claims to intellectual prop-
erty. In the end, local practitioners of medicine begin to develop uncertainty about
traditional knowledge and practice not because they are presented with empirical
evidence that what they do is ineffective but because the terms on which biomedical
efficacy rests deny the validity of their knowledge.

The effort to think through postcolonial theory in science studies requires height-
ened sensitivity to the ways that not only geography, race, and class but also gender
hierarchies are (re)constituted through the relations of traveling sciences. Postcolonial
science studies offer a glimpse of the ways that science becomes implicated in gen-
dered social orders. Adams and Stacy Leigh Pigg (2005), for example, show that devel-
opment programs that ask women to reconceptualize their biological lives by way of
family planning, safe sex, and sexual identity make science speak for and sometimes
against gender hierarchies that are institutionalized in families, schools, NGO regimes,
agricultural and domestic labor, and even media campaigns. Sexual identities can be
offered up as new forms of subjectivity that impart a “biological” and scientific notion
of self and person, at the same time that traditional regimes of gender discrimination
are reconstituted by way of the logics of technoscientific development programs. Even
when informed by feminist perspectives, technoscientific interventions can be deeply
bound up in the reproduction of social orders that implicitly, and epistemologically,
reinforce inequalities, forming a neocolonial regime of technoscientific truths that
often goes unchallenged.

These are just a few examples from the emerging postcolonial ecology of techno-
science, evidence of the multiplication of its various niches. Such studies represent a
move away from genealogical reasoning in science studies, from simple origin and
reproduction stories, toward archeological reconstructions of local knowledge prac-
tices. “Global” technoscience is becoming disaggregated analytically, appearing more
as a set of variant “global projects,” where globalization may be requisite or oppor-
tunistic or vicarious. “Every sociotechnical system is in principle a de novo construct,”
according to Pfaffenberger (1992: 500, 511). “People are engaged in the active tech-
nological elaboration, appropriation, and modification of artifacts as the means of
coming to know themselves and of coordinating labor to sustain their lives.” But if
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we now recognize complex sites of technoscience outside Europe and North America,
what do we know about travel between these places? How do we avoid default to the
old stories of the expansion of Europe and instead manage to recognize the multiple
vectors of technoscience?

TRAVEL BROADENS THE MIND

In 1960, W. W. Rostow described the stages of economic growth in his “non-
communist manifesto,” a classic of modernization theory. Rostow emphasized the
importance of science and technology in achieving a “take-off” from traditional
society—indeed, the stimulus “was mainly (but not wholly) technological” (1960: 8).
Science, it seemed, diffused from Europe and pooled where the ground was ready to
receive it. A few years later, George Basalla amplified this diffusionist hypothesis,
giving details of the phases in the spread of Western science from center to periph-
ery. According to Basalla (1967), in phase 1, expeditions in the periphery merely pro-
vided raw material for European science; during phase 2, the derivative and dependent
institutions of colonial science emerged; and sometimes, an independent and national
science, called phase 3, would later develop.'” In the 1990s, Thomas Schott (1991: 440)
also asked “what conditions promote the spread and establishment of scientific activ-
ity” over the globe. Following Joseph Ben-David (1971) and Basalla, he argued that
scientific ideas and institutional arrangements diffused from center to periphery.
Schott attributed the success of science to widely shared cognitive norms, cosmopoli-
tanism, and the institutionalization of collaborative relationships. “The faith in invari-
ance of nature and in truthfulness of knowledge across places, together with the
cosmopolitan orientation of the participants, created a potential for adoption of the
European tradition in non-Western civilizations” (Schott, 1993: 198).'®

Simple evolutionary and functionalist models of scientific development provoked
extensive criticism: first in anthropology, as “failed” modernization directed attention
to the intensification of cultural forms and preexisting labor relations of exchange
(Geertz, 1963; Meillassoux, 1981), and then in science studies during the 1980s and
1990s. The critical response was inspired in part by the more general challenge of
dependency theories, and world systems theory, to the older diffusionist models of
modernization and development (Frank, 1969; Wallerstein, 1974)." Roy MacLeod, for
example, disapproved of the linear and homogeneous character of diffusionist argu-
ments and noted the lack of attention to the complex political dimensions of science.
He called instead for a more dynamic conception of imperial science, the recognition
of a “moving metropolis” as a function of empire, rather than a stable dichotomy of
center and periphery (MacLeod, 1987).2° David Wade Chambers also rejected Basalla’s
diffusionism and asked for more case studies of science in non-Western settings and
for interactive models of scientific development. But Chambers warned that “without
a more general framework, we sink into a sea of local histories”; he wondered
about the salience of the “colonial,” yet doubted at the time its explanatory power
(Chambers, 1987: 314; 1993).%!
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Perhaps the most influential contemporary analysis of the mobility of technoscience
comes from actor-network theory (ANT). How did Portuguese ships, asked John Law
in 1986, keep their shape as they voyaged from Lisbon to distant parts of the empire?
That is, how are scientific facts or practices, and technological configurations, stabi-
lized in different places? Actor-network theory initially was meant to provide an
explanation for the production of these “immutable mobiles,” arguing that a series of
transformations and translations across a network could keep technoscience invariant
in different settings (Callon, 1986; Latour, 1987). Accordingly, the more articulations
developed with human and nonhuman actors, the more stable and robust the object
becomes. Society, nature, and geography are outcomes of these mobilizations, trans-
lations, and enrollments. An advanced collective, in contrast to a “primitive” one,
“translates, crosses over, enrolls, and mobilizes more elements which are more inti-
mately connected, with a more finely woven social fabric”—it makes more alliances
(Latour, 1999b: 195). So “facts” are “circulating entities. They are like a fluid flowing
through a complex network” (Latour, 2000: 365).?> The focus of ANT is therefore on
movement, but as Latour reminds us, “even a longer network remains local at all
points” (Latour, 1993: 117). Networks are, in a sense, summed up locally, so there is
no need to zoom between local and global scales.

There can be little doubt that the gestalt switch required in ANT has proven stim-
ulating and productive for science studies. But a sort of semiotic formalism often seems
to supervene on the analysis of local sites: the “local” can seem quite abstract, depleted
of historical and social specificity. The structural features of the network become clear,
but often it is hard to discern the relations and the politics engendered through it.
Law (1999: 6) has reflected that ANT “tends to ignore the hierarchies of distribution,
it is excessively strategic, and it colonizes . .. the Other.” Shapin (1998: 7) criticizes
“the militaristic and imperialistic language that is so characteristic of Latour’s work.”
Some have therefore called for more “complex” spatialities than smoothly colonizing
“network space.”*

Later versions of ANT have emphasized a more varied terrain, describing the adap-
tation and reconfiguration of objects and practices as they travel. Annemarie Mol and
Law (1994: 643) claim that the social “performs several kinds of space in which differ-
ent operations take place.” They describe regions, networks, and fluid topologies—in
the last, “boundaries come and go, allow leakage or disappear altogether, while rela-
tions transform themselves without fracture” (1994: 643). Interviewing Dutch tropi-
cal doctors about anemia, Mol and Law recognized a topological multiplicity, where
a network of hemoglobin measurement (with immutable mobiles held stable as they
travel) mixes with fluidity, which allows “invariant transformation” (1994: 658) in
clinical diagnosis. “In a fluid space,” they write, “it's not possible to determine iden-
tities nice and neatly, once and for all . . . They come, as it were, in varying shades and
colors” (1994: 660). Later, in a study of the Zimbabwean bush pump, Marianne de
Laet and Mol (2000) explain how the object changed shape and re-formed relations
from one village to the next, while staying identifiably a Zimbabwean bush pump.
Mol and her colleagues thus are able to recognize the displacement, transformation,
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and contestation that occur when technoscience travels, the proliferation of hybrid-
ity and the refashioning of places and identities that contact makes happen. They are
edging, it seems, toward a postcolonial spatiality, though their reluctance to acknowl-
edge this may limit the depth and scope of their analyses—that is, their ability to
decolonialize (and demasculinize) ANT. The essay on tropical anemia, for example,
assures readers that “least of all will we transport ourselves to Africa,” yet twice the
authors observe that “it is different in Africa” (Mol & Law, 1994: 643, 650, 656).%* If
only ANT could embrace its postcolonial condition, we might learn more about these
resisted differences—in the Netherlands as well as Africa.

Practices of science emerge as hegemonic and, while few would suggest that scien-
tific ideas are free-standing notions, external to the social practices that render them
visible. Few researchers take seriously the possibility of reading technoscience as a
contested practice of subjectivity and not simply “knowledge,” even though this
perspective takes precedence in postcolonial analytics. Pigg (2001), in contrast,
specifically probes this concern, asking what it means for a Nepali villager to use the
notion of AIDS or HIV in a language that has no foundation for understanding such
terms or the attendant “sciences” that enable them to make one kind of sense. Nikolas
Rose (1999) focuses specifically on this set of subject negotiations, which in at least
some contexts become the sine qua non of political modernity. Adriana Petryna (2002)
explains how a scientific subject is produced in a modern state that has learned to
articulate its governmental possibilities through the biological life of its citizens.*
Exploring the way apparatuses of science mediate state and subject in the Ukraine,
after Chernobyl, as Petryna does, suggests an ethnographic approach that is implic-
itly informed by postcolonial analytics. Technoscience becomes part of identity poli-
tics, a set of problems that require holding the state and subject within the same
analytical frame. While such an approach may have originated in an older tradition
of dialectical materialism, a postcolonial analytic recognizes novel (or hitherto
obscured) deployments of modernity and power. Postcolonial identity politics are
often negotiated in and through technoscientific imaginaries that create the space for
new kinds of political engagements (Cohen, 2005; Nguyen, 2005).

In part helped by ethnographic evidence of the complicated politics that emerge in
a blurry field of a multitude of local scientific practices, discussion of diffusion and
network construction has gradually given way to talk of contact zones (Pratt, 1992).
Recently, MacLeod (2000: 6) urged again the abandonment of center-periphery models
and proposed instead a study of the traffic of ideas and institutions, a recognition of
reciprocity, using “perspectives colored by the complexities of contact.” Secord (2004:
669) has called for the history of science to move beyond ANT to “a fully historical
understanding, often informed by anthropological perspectives, with divisions of
center and periphery replaced by new patterns of mutual interdependence.” Such post-
colonial sensitivity to contact zones might build on existing analyses of the coor-
dination and management of work across different social worlds. It would include
the material, literary, and social technologies used to stabilize facts at multiple
sites, whether “standardized packages,” the infrastructures of classification and
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standardization, or “heterogeneous engineering” (Fujimura, 1992; Bowker & Star,
2000; Law, 1986).% But it would also need to account for the dispersion of techno-
science, the generation of incoherence and fragmentation, which cannot be dismissed
as mere “noise” at the margins of the system (Jordan & Lynch, 1992). Moreover, a
rethinking of boundary objects, infrastructures, and implicated actors in relation to
postcolonial hybridity might thicken the political texture of social worlds analysis and
make its “topology” more nuanced (Star & Griesemer, 1989; Lowy, 1992; Clarke, 2005).

Some scholars in science studies have already begun drawing on postcolonial
anthropology to explain the interactions and transformations that take place in
contact zones. In a study of the practices of experimentation, instrumentation, and
theory in modern physics, Peter Galison (1997: 51, 52) has recognized the need for
an analysis of “trading zones” between scientific “sub-cultures.” He frames the activ-
ities of physicists in terms derived from Pacific sociolinguistics and ethnohistory, as
he tracks material exchanges across scientific cultures, and observes the construal of
“wordless pidgins” and “wordless creoles.” The languages of colonial contact thus help
explain the patterning of interactions among modern Euro-American physicists.
Warwick Anderson (2000) has employed anthropological studies of material exchange
to explore the shaping of identities and creation of scientific value in research into
kuru, a disease afflicting the Fore people in the highlands of New Guinea. He takes
studies of local New Guinea economic transactions and uses them to explain the inter-
actions of the scientists themselves and their methods of mobilizing Fore goods and
body parts as technoscience. Scientists, anthropologists, patrol officers, and Fore found
themselves performing dramas of alienability, reciprocity, valuation, commitment,
and identity formation. Anderson claims that his account of the discovery of the first
human “slow virus” challenges us to understand “global” technoscience as a series of
local economic accomplishments, each of them confused and contested. He concludes
(2000: 736):

We need multi-sited histories of science which study the bounding of sites of knowledge
production, the creation of value within such boundaries, the relations with other local social
circumstances, and the traffic of objects and careers between these sites, and in and out of them.
Such histories would help us to comprehend situatedness and mobility of scientists, and to
recognize the unstable economy of “scientific” transaction. If we are especially fortunate, these
histories will creatively complicate conventional distinctions between center and periphery,
modern and traditional, dominant and subordinate, civilized and primitive, global and local.

CONCLUSION: CATCHING PRAMOEDYA'S CHICKENS

Postcolonial studies of technoscience will benefit from recent efforts in anthropology
to theorize the “interface of local and global frames of analysis.” Anna L. Tsing (1994:
279, 280), for example, urges us to conjure up an “uncanny magic,” and imagine “the
local in the heart of the global.” We need to think about world-making flows not just
as interconnections or networks but also as “the re-carving of channels and the re-
mapping of the possibilities of geography” (Tsing, 2002: 453). This means becoming
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more sensitive to the culture and politics of “scale-making” and to emergent forms of
subjectivity and agency in “global projects.” Tsing (2002: 463, emphasis added) finds
circulation models are too often “closed to attention to struggles over the terrain of
circulation and the privileging of certain kinds of people as players.” She argues that
we should study the landscapes of circulation along with the flow, gauging how
people, cultures, and things are refashioned through travel. “The task of understand-
ing planet-wide interconnections,” she writes (2002: 456), “requires locating and spec-
ifying globalist projects and dreams, with their contradictory as well as charismatic
logics and their messy as well as effective encounters and translations.” Surely schol-
ars in science and technology studies are better prepared than ever before to locate
and specify in this way the globalist dreams of their own subject matter—that is, to
situate technoscience within differing global, or at least multi-sited, imaginaries, using
postcolonial perspectives.

In his disconcerting study of technological modernity in the Dutch East Indies,
Rudolf Mrazek (2002: 197) tells the story of Pramoedya Ananta Toer, a former politi-
cal prisoner and a forceful novelist, a “modern and apprehensive” Indonesian.
Mrazek surrounds him with hard and sticky technologies: radios, weapons, ships,
roads, medicines, clothes, toilets, photographs, typewriters, concrete, cigarette lighters,
gramophones, electricity, wristwatches, bicycles, and then more radios. Pramoedya
encounters colonial and nationalist sportsmen, dandies, jokers, and engineers. He
remembers attending radio school, when “in technical drawing, my assignment was
to make a sketch of a television, at the time not generally known, and I was not seri-
ously worried about the result of this particular test” (Pramoedya quoted in Mrazek,
2002: 209). Everything is switched on, and there is a constant buzzing in the air.
Indonesia has become a modern technological project. According to Mrazek,
Pramoedya “recalls himself living in technology. The rhythm of typing and the
principle of the typewriter appear to organize Pramoedya’s recollections of the time”
(2002: 210-11).

When a group of academics asked him how he obtained writing paper in
prison, Pramoedya—whose hearing is poor—replied: “I have eight chickens.” A
mistake? An odd turn of phrase? A joke? A figure of resistance? Or a suggestion of
otherwise hidden exchange? The opacity and disruptiveness of the chickens—their
haunting of technoscience—produces a postcolonial vertigo in Mrazek’s text, a sense
of the instability and precariousness of imagined Western discourses. How little we
know, how little we can assume, once Pramoedya’s modernist chickens appear on the
scene.

Following Pramoedya’s release, after ten years on Buru island, a steady stream of vis-
itors comes to his house in Jakarta. “There is an upgraded smoothness in the air,”
writes Mrazek, in typically allusive fashion. “What can we decently do,” he contin-
ues, “except to join in the trickle, now the stream, be patient, ask Pramoedya when
we get to him what he thinks about all this, and then just hope that he may switch
off his new Japanese hearing aids for a moment and answer our question, with the
wisest of his smiles: ‘I have eight chickens’” (2002: 233).
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No doubt Pramoedya’s chickens are hard to catch, and tough, but you can be sure
they are tastier than the old epistemological chicken (Collins & Yearley, 1992).

Notes

This essay builds on (and includes a few passages from) Warwick Anderson (2002) “Postcolonial techno-
science,” Social Studies of Science 32: 643-58. We are especially grateful to Adele Clarke, who commented
extensively on earlier drafts of the essay. David Arnold, Michael Fischer, Joan Fujimura, Sandra Harding,
Sheila Jasanoff, Michael Lynch, Amit Prasad, Chris Shepherd, and two anonymous reviewers also
provided helpful advice. Warwick Anderson drafted versions of the paper while in residence at the
Rockefeller Study and Conference Center, Bellagio, and the Institute for Advanced Study, Princeton. A
special issue of Science as Culture (2005,14[2]) on “Postcolonial Technoscience” appeared as this essay
was completed.

1. There is a particular risk that this is misread as a review of the anthropology of science; for such
reviews, see Franklin, 1995; Martin, 1998; Fischer, 2003, 2005.

2. On “situated knowledge,” see Haraway, 1988; although Haraway, of course, is arguing about stand-
point more than geography.

3. As early as 1991, Adi Ophir and Shapin were wondering: “How is it, if knowledge is indeed local,
that certain forms of it appear global in domain of application? ... If it is the case that some knowl-
edge spreads from one context to many, how is that spread achieved and what is the cause of its move-
ment?” (1991: 16). See also Shapin, 1995; Livingstone, 2005.

4. Secord (2004: 655) claims that the “key question” in history of science is “How and why does knowl-
edge circulate?”

5. See, for example, Hughes & Hunter, 1970; Good, 1994; Nichter & Nichter, 1996; Kaufert & O’Neill,
1990; Langford, 2002.

6. On capitalism arriving like a ship, see Ortner, 1984. One of the reasons we have chosen the term
technoscience is to link studies of science with investigations of the movements of other Western tech-
nologies and medicine. For a justification of the term, see Latour, 1987: 175.

7. None appears in Biagioli, 1999. See, for example, Escobar, 1995; Apffel-Marglin & Marglin, 1996;
Gupta, 1998; Moon, 1998; Thompson, 2002. For a helpful institutionalist survey, see Shrum & Shenhayv,
1995.

8. Latour (1993: 122, 100) criticizes the “perverse taste for the margins” and urges anthropology to
“come home from the Tropics.”

9. For an extensive review of postcolonial theories (including the work of Fanon, Said, Bhabha, Spivak,
and many others) as they relate to science studies, see Anderson, 2002. Instead of performing the usual
listing of theories, we have tried here a more subtle rereading of some of Said’s lesser known work. For
those wanting reviews of postcolonial studies we recommend Young, 1990; Thomas, 1994; Williams &
Chrisman, 1994; Barker et al., 1994; Moore-Gilbert, 1997; Loomba, 1998; Gandhi, 1998; Loomba et al.,
2005.

10. We use “Euro-American” as shorthand for people of European descent who happen to be in Western
Europe, North America, and Australasia, not in any typological “racial” sense.

11. See also Headrick, 1981; Reingold & Rothenberg, 1987; Crawford, 1990; Krige, 1990; Home &
Kohlstedt, 1991; Petitjean et al., 1992; Crawford et al., 1993; Drayton, 1995; Selin, 1997; Adas, 1997;
Kubicek, 1999; McClellan & Dorn, 1999. For a collection of useful reprints, see Storey, 1996. We have
omitted many of the excellent nationally circumscribed histories of colonial science, the majority of
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them pertaining to Australia, South Africa, India, and the Caribbean. Among the more arresting studies
of colonial botany, forestry, and geology are Brockway, 1979; Stafford, 1989; Grove, 1995; Gascoigne,
1998; Drayton, 2000; Schiebinger, 2004; Arnold 2005b.

12. A debt must also be acknowledged to historians of science who have attempted to identify and
legitimize science in other traditions. Work on science and medicine in China, for example, though
not framed explicitly as postcolonial, offers opportunity for such reinterpretation. See, for example,
Needham, 1954; Bray, 1997; Farquhar, 1996.

13. Later, Latour (1999a: 104) describes “the scientists themselves placing the discipline in a context.”
Compare Raffles, 2002.

14. See also Hess, 1995; Figueroa & Harding, 2003. For a more explicitly extractive model, see Goonati-
lake, 1998.

15. We are grateful to Amit Prasad for his contribution to this paragraph.

16. Verran emphasizes that this need not imply purification, compromise, synthesis, or conversion. See
also Agrawal, 1995; Grove, 1996; Nader, 1996; Smith, 1999; Bauschpies, 2000; Hayden, 2003. For a
collection of essays exploring Smith’s arguments, see Mutua & Swadener, 2004.

17. See also Raina, 1999. Adas (1989) shows how colonial regimes used technological accom-
plishment as a gauge of civilization and saw technology transfer as part of the “civilizing
mission.”

18. See also Schott, 1994; Ben-David, 1971; Shils, 1991. Good recent examples of such “institutional-
ist” studies are Drori et al., 2003; Schofer, 2004.

19. Much of this critique retained an implicit demarcation of center and periphery, and the economism
of diffusionist models: see Joseph, 1998.

20. For a critique of “technology transfer” theories, and the assumption of a passive role for receivers
of technology, see MacLeod & Kumar, 1995; Raina, 1996.

21. More recently, Chambers and Gillespie (2000: 231) have recommended investigation of the “con-
glomerate vectors of assemblage that form the local infrastructure of technoscience.”

22. See also Latour, 1999b. As Strathern (1999: 122) suggests, questions need to be asked not about the
boundedness of cultures but about the “length of networks.”

23. For example, Mol & Law, 1994. Lux and Cook (1998) have attempted to integrate sociological the-
ories of the strength of weak ties with ANT in their study of international scientific exchanges during
the late-seventeenth century.

24. That all the doctors they interviewed were Dutch and did not speak an African language is men-
tioned only in passing, and we find out nothing about the space in which they practiced. In contrast,
see Verran, 2001.

25. For other accounts of biomedical “citizenship,” see Anderson, 2006; Briggs with Mantini-Briggs,
2003.

26. In his essay on metrology, Schaffer (1992: 24) claims that physics laboratories in Victorian Britain
were “part of the imperial communication project.”
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