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Schiphol Airport, November 21, 1999. I’m checking in, heading home, 
answering questions. “Please step this way, I have a few things to ask you. . . .
Did you pack your own bags this morning? Has a stranger given you anything
to carry? Where were you staying in the Netherlands? I do need to see your
passport.” I decide to give straight answers, even if the smiling young woman—
officially, I suppose, with the full power of the Dutch nation-state behind her—
soon enough goes way beyond the script of ensuring safe travel. “How many
days did you stay? What were you doing here?” Stay calm, I think. This is no
concrete-and-barbed-wire interrogation, even if she still has my passport. I’m on
friendly and familiar terrain. Schiphol is an unmistakably human-made space,
beautiful in its way. Bright painted steel-framed ceilings high overhead, a wall of
windows spotless as only the Dutch can make them, the quiet hum of air condi-
tioning, the periodic clunk of baggage conveyors, the pleasant babble of a thou-
sand people on their journeys. Five minutes ago I arrived on a sleek electric
train, whose bulb-nosed profile still calls to mind the classic shape of a Boeing
747. So Claire’s next question—I’ve sneaked a peak at her name tag—takes me
off-guard. “This workshop you were at, I don’t understand, what exactly do
you mean by ‘modern’ and ‘technology’?” Well, I say, look around you.

Is there anything more assertively modern and more thoroughly techno-
logical than an airport? Airports—we might equally think of harbors,
subways, skyscrapers, automobiles, telephones, or the Internet—are
deeply implicated in the social and cultural formations deemed “modern”
by the founding fathers of social theory. Can you imagine an anthropolo-
gist of any “traditional” society doing his or her fieldwork on some exotic
ritual in which 300 strangers willingly line up to be crowded into a nar-
row cylinder-shaped space, placed in seats so close their shoulders touch,
and strapped down for hours on end? And they pay for this privilege!

Yet the airport ritual is a common experience of contemporary life, 
and more to the point, it embodies and enacts certain key features of
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modernity. It is not that airports are “new.” Airports provide a techno-
logically mediated instance of the increased interpersonal contact and
communication that Emile Durkheim deemed characteristic of modern
society. For his contemporary Max Weber, increasing rationalization
characterized modern society. Weber’s observations on German civil
servants ring surprisingly true for airports.1 Any sizable airport in the
world has check-in counters, boarding passes, security and surveillance
systems, indexical location schemes, English-language signs, and a high
degree of time consciousness. Checking in at Portland, Oregon, one
learns that Lagos, Nigeria, has failed its international safety inspection.
The sign might as well say: you are entering a space of global standards.

As theorists of modernity, Marx and Engels shared with Weber a
faith in the rationalization of society (in the sense of technological
“progress” as well as growing social awareness of the process of
change). Yet even though they misread the capacity of capitalism to
avoid the cataclysms of revolution, Marx and Engels grasped the crucial
point that modern economies, societies, and cultures are fundamentally
about unremitting and unceasing change—in their memorable image,
“all that is solid melts into air.”2 This insight historicizes the “great di-
vide” that theorists from Francis Bacon forward to Bruno Latour (1993)
have used to separate the modern world from the premodern world that
it supposedly supplanted.3 If you accept the divide and the terms used to
describe it—traditional and modern, Gemeinschaft and Gesellschaft,
lifeworld and system, Self and Net—you cannot help but put airports on
the “modern” side.4 “Those marvelous flights which furrow our skies”
were among the soul-inspiring “tangible miracles of contemporary life”
identified and celebrated by the Italian Futurists, the primordial theo-
rists of aesthetic modernism.5 Not bad for a painters’ manifesto penned
within a year of Louis Blériot’s first cross-channel flight in 1909.

If one goal of this volume is to examine modernist icons such as 
airports, harbors, train stations, mechanical clocks, automobiles, phar-
maceuticals, and surveillance and information technologies in the light
of social theory, another goal is to consider them at the same time 
explicitly as technologies. In popular discourse technologies often ap-
pear as “black boxes,” fixed entities that irresistibly change society and
culture. However, the contributors to this volume want to understand
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them instead as embodiments of human desires and ambitions, as solu-
tions to complex problems, and as interacting networks and systems.
Social theories that assume static categories of “technology” and “soci-
ety” or that presume technologies are always coercive structures are of
scant help.6 Technologies interact deeply with society and culture, but
the interactions involve mutual influence, substantial uncertainty, and
historical ambiguity, eliciting resistance, accommodation, acceptance,
and even enthusiasm. In an effort to capture these fluid relations, we
adopt the notion of co-construction.7

In compelling ways, airports combine transportation, production, and
consumption, activities that we usually think of as being conducted in
railroads, factories, and stores.8 Think for a moment of your favorite air-
port not merely as a way of leaving town but as a rational factory with
countercurrent flows of raw materials and products: departing and arriv-
ing passengers; food, beverages, and lavatory waste; jet fuel and pollu-
tion. Airports are in fact not only the location of electrical systems,
ventilating systems, water systems, and communication systems, among
others; they are also nodes in road and rail networks. Airports are created
by, and in their day-to-day functioning depend on, the integration of
these numerous systems. They are “systems of systems” or, as some theo-
rists put it, second-order technological systems (Braun and Joerges 1994).

Solutions to the unique spatial problems of airports and other systems
of systems often take novel forms and entail social and cultural changes.
Sometimes what is important is a physical coupling of technologies; you
can see this in the invention of jetways, which bridge the dangerous
space between the check-in counter and the airplane’s door, and which
emerged at Amsterdam’s Schiphol and Chicago’s O’Hare airports
around 1960. Equally important are the nonphysical couplings that
occur through a welter of communication and control systems guiding
the flow of passengers, ground traffic, and airplanes. One might say, on
an abstract level, that airports process information.9 Recently, as more
and more airports have become display sites for luxury goods, they have
displaced the shop windows of the metropolis and serve as a new site of
modernism as consumption.

These transport, communication, and merchandising technologies have
created a “modern” experience, and they serve as one long argument for 
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a technological framing of modernity. Airport authorities, like railroad
companies before them, seem to understand their culture-making power
intuitively and act on it instrumentally. The experience they create is not
always, as the founders of the modern movement in architecture had
hoped, spiritually satisfying. In our own time, what better display of a
banal and homogenized global economy is there than a quick stroll
through the enticements of “airport culture”? How can you decide (even
if you are merely going to Cincinnati) between Motorola cell phones, 
Komatsu earth-moving equipment, or Mannesmann engineering? Perhaps
you try to escape the blare of CNN by retreating to an authentic “local”
airport bar?

The impossibility of escaping this tangle of technology and modernity
is our volume’s point of departure.

Forget retreating to some mythical nontechnological past of small
farms and happy peasants. Modern society—whether aspiring East or
industrialized West, wealthy North or resentfully poor South—is consti-
tuted, in varied ways, through technological systems and networks.
These systems and networks not only are the “connective tissues and the
circulatory systems” of the modern economy,10 they also constrain and
enable social and cultural formations. Birthing babies, educating chil-
dren, exercising citizenship, going to work, eating and drinking, visiting
with distant friends and family, maintaining health or combating sick-
ness, even dying—these human experiences are all mediated by technol-
ogy. We cannot responsibly escape this condition of modernity, and we
need ways to confront it constructively.

In this respect most existing approaches to the “problem of technology”
leave much to be desired. Habermas’s elegant opposition of “lifeworld”
and “system,” and the legion of philosophers, critics, and commentators
who have followed his lead, takes you straight to dead ends or to despair.
As humans we identify deeply with lifeworld, but as inhabitants of a mod-
ern world we are enmeshed in systems. As scholars and citizens we have no
choice but to wrestle with the cultural formations and technological sys-
tems that together constitute modern society. “Our fate is worked out here
as surely as on Heidegger’s forest paths,” as Andrew Feenberg phrases our
contemporary dilemma (Feenberg 1999a: p. 197). Our volume takes up
this pressing task.
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Proposal One: The concepts “technology” and “modernity” have a
complex and tangled history.

For more than a century “modernity” has been a key theoretical con-
struct in interpreting and evaluating social and cultural formations.
What it means to be “modern,” however, is by no means clear. The
term is bound up with overlapping and controversial notions about 
the imperatives of change and progress, of rationality and purposeful 
action, of universal norms and the promise of a better life.

Let us start at the present and dig down through the layers of sedi-
mented meaning. In common speech, “modern” is often a synonym for
the latest, and it is assumed inevitably the best, in a triumphant progres-
sion to the present. Contemporary designers, as Herbert Muschamp has
recently observed, imaginatively draw a modernist veil over such varied
products as computers, personal organizers, so-called designer drugs,
cyber-prosthetics, and interior designs. “As expressions of The New,
these products have inherited the myth of progress, modernity’s defining
legend.”11 The legend of progress through a parade of technologies,
which has especially deep roots in American culture, forms a stock-in-
trade for contemporary advertising.

The tie between modern technology and social progress was much in
the minds of “modernists” in the early twentieth century. In Thomas
Hughes’s (1989) formulation, Americans invented modern technology
in the early twentieth century, while European artists and architects, in-
spired by Americans’ electric systems, automobile factories, and man-
agerial organizations, theorized the “modern” movement. For Walter
Gropius and Le Corbusier no less than for Frederick Taylor or Henry
Ford, the values of order, regularity, system, and control constituted
modernism. Inspired by the creative possibilities of new technologies
such as electricity, automobiles, and mass-produced steel and glass,
avant-garde artists and architects argued that modern forms were an au-
thentic expression of the new machine age, and a necessary agent for
progressive social change.

Among the well-known icons of modernism theorized by Europeans
were the Futurists’ city planning schemes and “dynamic” art, Le 
Corbusier’s rational “machine for living,” and the sleek rectilinear Inter-
national Style architecture of Mies van der Rohe and Walter Gropius.
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These early twentieth century modernists were “technological funda-
mentalists” who embraced a messianic vision of societal transformation
and spiritual redemption through the embrace of technology. In effect,
they floated their aesthetic modernism on the deeper currents of socio-
economic modernization (Banham 1986; Smith 1993; Trommler 1995).

Modernism in literature and poetry also drew on the technological 
dynamism of the age, especially the urban experience and the cinema, 
although its theorists were less likely to admit explicitly technical inspira-
tion (Berman 1982; Tichi 1987; Charney and Schwartz 1995; Charney
1998; Harootunian 2000b).12 Another expression of these mythic ideas
was modernization theory in social science, which posited a deterministic
link between technology, industrial growth, and desirable social and 
cultural changes (see later discussion).

Digging deeper, we can locate alternative and complementary concep-
tions in the various revolutions of the seventeenth and eighteenth cen-
turies that were deemed to have ushered in the modern age: the scientific
revolution, the Enlightenment, the consumer revolution, and the indus-
trial revolution.13 For Francis Bacon in 1620, it was printing, gunpow-
der, and the compass “which were unknown to the ancients” and which
had “changed the appearance and state of the whole world.”14 Along
with the physical embodiments of progress, rationality, and science in
iconic technologies such as steam engines, laboratories, factories, and
prisons, the habits of mind associated with mechanical metaphors are
key interpretive notions. In this vein Lewis Mumford (1934) famously
argued that the defining symbol of the industrial age was not the steam
engine but the mechanical clock, while Otto Mayr (1986) contrasted
continental Europeans’ preoccupation with clock metaphors with
British preferences for feedback mechanisms in politics and technolo-
gies. Recently, a small scholarly industry has grown up relating science,
standards, and state formation in early modern Europe.15 Some, delving
yet deeper, find a defining departure from traditional society in the 
acquisitive economy of the early modern town.16 For that matter, 
declaring a “modern” period in history was a polemical act that defined
who was “in” and who was “other.”

On balance, the single most influential touchstone for modernity the-
orists is the Enlightenment, with its affinity for rationality and social
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progress. Miles Ogborn, in Spaces of Modernity, writes: “[A]gainst the
backdrop of the Enlightenment, modernity is associated with the release
of the individual from the bonds of tradition, with the progressive dif-
ferentiation of society, with the emergence of civil society, with political
equality, with innovation and change. All of these accomplishments are
associated with capitalism, industrialism, secularisation, urbanisation
and rationalisation.”17 (In like measure, postmodern critics target these
very same articles of faith.) In various ways, to conjure up “modernity”
is to summon a noisy carnival of historical actors and images.

Technology also cannot be defined statically since its nature and
meaning have shifted over time. In etymology, “technology” refers to a
body of knowledge about the useful arts. It was this sense that pre-
vailed, in the physical form of handbooks and written knowledge about
the useful arts, from the Renaissance well into the industrial era. Even
Jacob Bigelow, the Harvard professor whose Elements of Technology
(1831 [1829]) is typically cited as introducing the term into popular
English, used “technology” mostly in the sense of the useful arts or ac-
cumulated knowledge. “We traverse the ocean in security, because the
arts [sic] have furnished us a more unfailing guide than the stars,” he
wrote, “We accomplish what the ancients only dreamt of in their fables;
we ascend above the clouds, and penetrate into the abysses of the
ocean.” (In his chapters Bigelow described such “useful arts” as writing,
printing, painting, sculpture, modeling, and casting as well as materials,
machines, and processes.)18 Technology, as a set of devices, a complex
of industries, or as an abstract force in itself, had yet to appear.

Other modernist key words, including “scientist,” “socialism,” and
“capitalism” were coined around the 1830s, and as Raymond Williams
has observed, such loaded terms as “industry,” “class,” and “culture”
emerged in the surrounding decades. Put another way, Karl Marx’s 
famous observation that the culture of the working class was a product
of modern technology and industry could not have been expressed, at
least in English, before the mid-ninteenth century. The word “technol-
ogy” took on something like its present meaning—abstract and culture-
changing, systemic and symbolic—only after midcentury. “Technology”
as Bigelow himself told his audience in 1865 at the newly founded 
and aptly named Massachusetts Institute of Technology (MIT), “in the
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present century and almost under our eyes . . . has advanced with greater
strides than any other agent of civilization.”19

Proposal Two: Technology may be the truly distinctive feature of
modernity.20

This volume takes up the task of reintegrating the close empirical
study of technology with broader theoretical reflections on modernity.
The drive to professionalize, itself a characteristic of the modern era,
helps account for the enormous gap between empirical studies of tech-
nology and theoretical reflections on modernity that has persisted for a
generation or more. No such gap can be found in writings by the found-
ing fathers of social theory and technology studies. Marx’s scathing 
critique of the orthodox political economists of his day focused on 
their blind ignorance of the social processes of industrialization. And in
Friedrich Engels, who for years actively managed and came to jointly
own his father’s Manchester cotton factory, Marx had an unusually
well-informed critical source on industrial capitalism. Weber similarly
argued for a historically and empirically grounded analysis of society.
Lewis Mumford, a founding father of technology studies, was deeply in-
formed by his philosophical commitment to organicism. For all these
authors, theoretical reflections are bound up with empirical studies.

Oddly enough, the “modern society” that has emerged in the writings
of social theorists and philosophers in the past several decades has been a
theoretical construct that is surprisingly devoid of technology. Theorists
of modernity frequently conjure a decontextualized image of scientific or
technological rationality that has little relation to the complex, messy,
collective, problem-solving activities of actual engineers and scientists.21

Technology, abstractly, dominates humans. In representative formula-
tions Heidegger writes of “enframing” (Gestell) and Horkheimer empha-
sizes “the domination of instrumental rationality.” Ellul in his work
floated the notion of a boundless, omnipotent, and deterministic “tech-
nique.” And Habermas, as Feenberg (chapter 3 in this volume) writes,
“has elaborated the most architectonically sophisticated theory of
modernity without any reference at all to technology.”

These theorists of modernity invariably posit “technology,” where
they deal with it at all, as an abstract, unitary, and totalizing entity, 
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and typically counterpose it against traditional formulations (such as
lifeworld, self, or focal practices). Heidegger followed such an abstract,
macro-level conception of technology and concluded that the rational-
ization of modern society (inescapably) leads to humans being caught in
technology’s grip. “Agriculture is now the mechanized food industry, in
essence the same as the manufacturing of corpses in gas chambers and
extermination camps, the same as the blockade and starvation of 
nations, the same as the production of hydrogen bombs,” he wrote in
1949. In the end, he famously despaired, “only a god can save us now”
from this technology-driven juggernaut.22

Yet one central finding of this volume is that such despair, however
elegantly arrived at, is certainly misplaced. Whether modernist or, as
discussed later, postmodernist, these overaggregated approaches cannot
help us discern the varieties of technologies we face and the ambiguities
in the technologies that we might exploit.23 Abstract, reified, and univer-
salistic conceptions of technology obscure the significant differences 
between birth control and hydrogen bombs, and blind us to the ways
different groups and cultures have appropriated the same technology
and used it to different ends. To constructively confront technology and
modernity, we must look more closely at individual technologies and 
inquire more carefully into social and cultural processes.

To be fair, empirical students of technology who have this detailed un-
derstanding have been instinctively antagonistic to the broad-scale inter-
pretive schemes offered by social theory and philosophy, including
reflections on modernity. The 1970s were something of a watershed. At
more or less the same historical moment that postmodern theorists boldly
asserted that information, media, and communication technologies had
brought about a new, postmodern society, most empirical students of tech-
nology took hostile aim at all such “technological determinist” schemes.

In their detailed empirical studies, historians, sociologists, and many
anthropologists of technology aimed to deconstruct the process by
which a given technology supposedly imposed its logic on society. An
early target was Marx’s famous line in The Poverty of Philosophy
(1847, chap. 2): “The hand-mill gives you society with the feudal lord;
the steam-mill society with the industrial capitalist.” In combating such
technological determinist arguments, the empirical students’ chosen
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method was to reconstruct in great detail the social and political choices
that conditioned how technologies were invented, chosen, or deployed.
The “logic of technology” invoked by modernist and postmodern theo-
rists alike simply vanishes in these detailed micro-level accounts.24

A concise way of making the same point is to say that while philoso-
phers and social theorists asserted the “technological shaping of soci-
ety,” historians and sociologists countered with the “social construction
of technology.” For years, these groups just talked past each other.25

One can see, of course, that these rival positions are not logically op-
posed ones. Modern social and cultural formations are technologically
shaped; try to think carefully about mobility or interpersonal relations
or a rational society without considering the technologies of harbors,
railroad stations, roads, telephones, and airports; and the communities
of scientists and engineers that make them possible. At the same time,
one must understand that technologies, in the modern era as in earlier
ones, are socially constructed; they embody varied and even contradic-
tory economic, social, professional, managerial, and military goals. In
many ways designers, engineers, managers, financiers, and users of tech-
nology all influence the course of technological developments. The de-
velopment of a technology is contested and controversial as well as
constrained and constraining.

The central aim of this volume is to grasp both perspectives—the so-
cial construction of technology and the technological shaping of soci-
ety—and to develop new intellectual frames by which to comprehend
them. Indeed, we argue that theories of modernity at the macro level
must engage the detail, ambiguity, and variety of technology evident at
the micro level of empirical analysis. Theories of modernity that lack a
reasonable and robust account of technology are hopelessly hollow. At
the same time, we take seriously the criticism that empirical work on
technology too often offers little more than instances of messy complex-
ity without a larger aim in sight.26 In proposing the co-construction 
of technology and modernity as our methodological point of departure,
we emphatically reject the idea that either technology or modernity
alone can be used as a template to “explain” the other. In different
ways, the chapters in this volume problematize both “modernity” and
“technology.”
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Proposal Three: Modernization theory missed what was modern
about technology.

Some readers may inadvertently assume that we wish to revive the 
social-scientific “modernization theory” that was popular in the 1950s
and 1960s. Quite the contrary. Advocates of modernization theory,
under the sway of rationalistic and universalistic models, sought to 
define and measure a single path leading from traditional societies to
modern ones. Modernization theorists with a flair for policy advice capi-
talized on the political context of the Cold War, as the two superpowers
competed for the hearts and minds of the developing world (recall that
Walt Rostow’s famous Stages of Economic Growth [1960] was sub-
titled A Non-Communist Manifesto). Historical indexes of industrial
production, education, literacy, and other “factors” deemed important
in the successful industrialization and modernization of North America
and western Europe were quickly transformed into policy targets for the
developing world. Unfortunately, what appeared to work for England in
the nineteenth century was often a disaster for many developing coun-
tries in Asia, Africa, and Latin America in the later twentieth century.
Modernization theory can be a compelling object of study, but it offers
few useful tools for understanding technology and modernity.27

As I noted earlier, the word “technology” took on its contemporary
meaning—in the twin sense of a complex of industrial systems and a 
dynamic force bringing about social change—well into the industrial
era. Leo Marx (1994) suggests that it was the railroad systems and the
elaboration of other complex mechanical and industrial systems in the
late nineteenth century that gave rise to something approximating our
contemporary understanding of technology. Ruth Oldenziel (1999) also
locates the emergence of our contemporary understanding of the term in
the two decades before and after 1900, focusing on the male identity of
the American engineering community. In these decades, it was continent-
spanning railroads; electric lighting and communications; immense
bridge, dam, and skyscraper constructions; and sprawling factory com-
plexes like Henry Ford’s that captured the public’s imagination and
seemed to change culture. In the middle of the twentieth century, syn-
thetic chemicals, mass automobility, and atomic power ushered in a new
era. Today, such heavily hyped visions as pervasive computing, wireless
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communication, genetic engineering, or nanotechnology capture the
imagination and, at least for their visionary promoters, promise an end-
lessly better future. These culture-changing technologies have been at
the core of modernity because their presence and their promoters’
promises have seemingly offered proof of the modernist storyline that
society is incessantly changing, ever progressing, transcending frontiers
without an end in sight.

Yet, then as now, the symbol-making technologies, and the set of 
culture-changing expectations their promoters create, are only part of
the modern story. Like the users of most technological systems, as trav-
elers we hardly notice the dozens of technologies knitted together at an
airport. They are unexamined black boxes whose internal characteristics
we notice only when they fail.28 This apparently smooth, silent function-
ing of networks of networks, or systems of systems, constitutes an infra-
structure of daily life, choreographing the members of modern societies
in an intricate routine. Technology, then, in its relations with modernity,
is not only symbol making and culture changing but also, in the infra-
structure of daily life, society constituting.29

Proposal Four: Postmodernism no less and no more than modernism is
tangled up with technology.

For many writers, modernity refers to a specific historical period, begin-
ning sometime during the succession of scientific, industrial, and political
revolutions considered to usher in the modern age, and which lasted
through at least the middle of the twentieth century. Some authors further-
more distinguish “classic,” “high,” “low,” or “late” modernity (Harvey
1989; Lash and Friedman 1993; Scott 1998). Although their terminology
is by no means clear, postmodern theorists argue that modern society has
been superseded by a postmodern one. Postmodernism in architecture can
be understood as a revolt from the formalism and minimalism of mod-
ernist, International Style architecture, and can be dated rather precisely
with the publication in 1966 of Robert Venturi’s Complexity and Contra-
diction in Architecture. While Mies van der Rohe preached that “less is
more,” Venturi’s postmodern stance is that “less is a bore.”

Postmodernism in social theory is similarly a revolt, from the project
of Enlightenment. As Michel Foucault (2000: p.273) phrased the
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dilemma, “the Enlightenment’s promise of attaining freedom through the
exercise of reason has been turned upside down, resulting in a domina-
tion by reason itself, which increasingly usurps the place of freedom.”
But while postmodern skyscrapers literally stand next to modernist ones,
modernist and postmodernist writings are not easily compared. Many
postmoderns deliberately deploy alternative narrative forms—rejecting as
a point of principle linear cause-and-effect relationships, formal logic,
and rational argument. Writers informed by poststructuralist sympathies,
while not adopting a specific postmodern theory of society, often utilize
nontraditional writing styles—rejecting the objective third person and
taking up multiple narrative voices.30

It is too little appreciated that most postmodern theorists repeat the
modernist mistake of conceiving technology as a universalistic force. A
defining distinction for many postmodern theorist-critics is that modern
society has changed into a postmodern society with distinctive cultural
forms. Yet looking closely at what brought about this cultural transfor-
mation, one finds a well-worn argument hinging on technology: post-
Fordist manufacturing technology, media technology, communication
technology, and especially computer and information technology. From
this volume’s viewpoint, these technologically determinist theories—com-
mon to many modernists and postmodernists alike—simply miss the the-
oretical salience of technology. It is in the details of technology, and not
its macro-level abstractions, that one can escape the (various) traps that
Heidegger, Ellul, Lyotard, Borgmann, and others have set for themselves.

Given our media-saturated culture, it is alarming to find so little em-
pirical discussion of modern media technologies. An apparent exception
to this pattern of neglect, Jürgen Habermas’s media studies, turns out
upon close inspection to be an analysis of an abstract concept of media.
The gap between theories of media and empirical studies of media tech-
nology is all the more unfortunate in that Susan Douglas (1987, 1995,
1999), Lisa Gitelman (1999), and others have demonstrated that the his-
tory of media technologies really matters, not least in who domi-
nated which media when—and where the media have served counter-
vailing, even oppositional social formations. Even Foucault’s famous
reading of Bentham’s Panopticon is hardly the last word on that historic
technology.31
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This volume is informed but not captured by the fractious debates in
recent decades between modernists and postmodernists. All contributors
take seriously the methodological problems raised by postmodernists
(such as essentialism, foundationalism, and determinism), and many
adopt poststructuralist sympathies. As noted earlier, however, the prob-
lematic of this volume—which departs from and extends this debate—is
a focus on relating theories of modernity (and postmodernity) to empiri-
cal studies of technology. Until now, the work done on this problem has
been suggestive but episodic.

Perhaps the most compelling use of postmodernist and modernist
themes in technology studies is Sherry Turkle’s exposition of rival com-
puter aesthetics.32 In the mid-1990s she found that users of IBM-DOS
personal computers (PCs) tended to use modernist images in their effort
to understand and relate to their machines (Turkle 1995). These users
wanted detailed understanding and absolute control over their ma-
chines. Far from being irritated by the need to set dozens of parameters
just to plug in a modem, they praised their machines’ operational trans-
parency and conceptual openness.

By contrast, users of Apple Macintoshes often used postmodernist im-
ages in describing their machines. Early Macs were literally factory-
sealed beige boxes that not only frustrated users eager to know what
was “going on inside” (you needed a special factory tool just to open
them) but also discouraged reductive understanding and detailed con-
trol. Whereas PC users found satisfaction in controlling their machines
directly, by typing inscrutable computer codes at the “command line,”
few Mac users ever experienced this level of their machines. Instead of
plumbing their machines’ conceptual depths, Mac users surfed the con-
ceptual “surface” of their machines with mouse clicks, windows, and
icons. (Needless to say, Turkle’s neat dichotomy is considerably clouded
by the rise of mouse-enabled and windows-savvy PCs as well as trans-
parent iMacs that show off their insides, not to mention the “command
line” to Unix within Macintosh’s latest operating system.)

Contributors to this volume come from several disciplines and theo-
retical traditions, but we all share a conviction that comprehending
technology and modernity is a compelling theoretical, practical, and 
political problem. In moving from the international workshop we held
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at the University of Twente, the Netherlands, in November 1999, to this
volume, the editors have selected eight essays, commissioned four new
ones, and asked each author to develop three levels of analysis. The vol-
ume as a whole, and nearly all the essays in it, suggests and exemplifies
relations between theory, methodology, and empirical research. Our
goal is not only to illuminate the co-construction of technology and
modernity but also to develop ways of moving across various levels of
understanding.

The papers in part I, “Modernity Theory and Technology Studies,”
are methodological pieces concerned with description and analysis.
Philip Brey, Andrew Feenberg, and Barbara Marshall take up various
disciplinary angles (respectively, technology studies, philosophy, and so-
ciology). Each of their essays reflects on the interactions between tech-
nology and either modern socioeconomic structures or modern notions
of culture, ideology, or identity. Brey and Feenberg have a predomi-
nantly methodological orientation in that they focus on the question of
how to combine modernity theory and technology studies, and how to
deal with different levels of analysis. Marshall exemplifies a way of inte-
grating feminist and critical theory with technology studies, while rais-
ing methodological issues.

Philip Brey’s chapter offers a wide-ranging interdisciplinary survey of
theoretical and methodological issues in bringing together modernity
studies (e.g. Marx, Weber, Habermas, Heidegger, Giddens, Beck, Latour,
Castells) and technology studies (sociology and history of technology),
including a perspective on postmodern theory (including Harvey, Jame-
son, Baudrillard, Lyotard). He develops the co-construction theme,
which jointly problematizes modernity and technology, first by dis-
cussing disciplinary and philosophical obstacles to analyzing technology
and modernity together, and then by developing methodological pro-
posals for surmounting these obstacles. Feenberg aims similarly at
“bridging the gap” by diagnosing the philosophical and methodological
gaps and overlaps between technology studies and modernity theory.
Using Thomas Kuhn and Karl Marx as exemplars of these two tradi-
tions, and gathering together complementary strands in their respective
bodies of work, he then develops a synthetic “instrumentalization” the-
ory, introduced in his recent Questioning Technology (Feenberg 1999a).
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Barbara Marshall’s chapter continues her work in combining critical
theory with feminist theory (Marshall 1994, 2000). She surveys these
theoretical constructs with an eye to developing methodological pre-
scriptions for the empirical analysis of technology. Even more so than
Feenberg and Brey, she combines her theoretical comments with detailed
empirical discussion. Her illustrations of what she terms the “gender-
technology-modernity nexus” include the feminist-inspired sexual 
assault evidence kit as a forensic technology and the pharmaceutical
framing of erectile dysfunction with Viagra. “[T]here is no point at
which technology and modernity are not joined in some way in the pro-
duction of sexual bodies,” she finds. While the conjunction of technol-
ogy and human might call to mind Donna Haraway’s postmodern
notion of cyborg bodies, Marshall finds more compelling the “distinc-
tively modernist framing shared by the scientists, pharmaceutical com-
panies, physicians, and consumers.”

Part II, “Technologies of Modernity,” continues the methodological
discussion with a focus on the co-construction theme. These essays, how-
ever, examine particular sociotechnical systems or technologies with
prominent symbolic and material relations to modernity. These include
the Internet, surveillance, infrastructures, and western technologies in
China and Japan. Don Slater’s essay deals with the Internet and its varied
uses by Trinidadians to grapple with global modernity, while David
Lyon’s deals with the technologies of surveillance and their relation to
modernist and postmodernist cultural formations. Paul Edwards, build-
ing on his work in computer history, proposes a wide-ranging interpreta-
tion of modernity and infrastructure technologies. Junichi Murata,
drawing on contemporary Japanese philosophy, revisits and interprets
the influx of western technologies into China and Japan during the late
nineteenth and early twentieth centuries.

Don Slater’s essay, drawing on his investigations of the Internet and
Trinidad (Miller and Slater 2000), illustrates perfectly the co-construction
theme. He insists that neither technology nor modernity can be taken as
global, totalizing, or unitary. Even “context,” if we assume it to be a fixed
entity, may mislead: “the context of a technology is also partly a conse-
quence of that technology; it is produced by the very ‘thing’ one is trying
to put into it.” As with much good ethnography, Slater’s work challenges
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and problematizes our conceptual categories. He asks, for instance, what
is constant about the categories “modernity” and “technology” when
Trinidadians use the Internet—itself an amalgam of email, chat rooms,
World Wide Web (WWW) sites, intranets, and e-commerce—to partici-
pate directly and actively in global modernity (by linking up and sharing
technical capabilities with world-leading North American technology
companies) but also use email to sustain traditional family functions (such
as mothers nagging daughters, often at a significant physical distance,
about staying out too late)?

Yet Slater’s chapter is not principally an exercise in category crashing,
since he proposes reconstructing the “big picture” from his theoretically
aware ethnography. To this end, he offers four “dynamics”—objectifica-
tion, mediation, normative freedom, and positioning—as methodological
heuristics which would make sense of both the Internet and modernity
“in a wide range of different places,” and which might “allow us to ask
intelligent questions about the similarities and differences in peoples’ re-
sponses to new communication possibilities.” His framework also has
the valuable feature of highlighting actors’ agency in and perceptions of
“modernity.”

“Modernity is in part constituted by surveillance practices and sur-
veillance technologies,” observes David Lyon in his chapter. Lyon is
concerned to show the deep historical relation of surveillance technolo-
gies and modern societies, with their functions of taxing, policing, and
providing welfare, as well as producing and consuming goods and ser-
vices linked to the state’s routine monitoring of individuals. Yet what
most intrigues him about surveillance is the shift he discerns beginning
in the 1960s with extensive computerization of surveillance in the capi-
talist workplace and modern nation-state. Equal in importance to new
hardware, he emphasizes, are the practices of data matching between
government departments as well as the outsourcing of government 
functions to private firms. These changes have brought about, not the
centralized “Big Brother” that haunts the Orwellian imagination, but
perhaps just as ominously, a decentralized network of databases that 
facilitates national and international flows of personal data.

For Lyon these shifts embody a shift away from classical modern soci-
ety and toward a condition of “postmodernity . . . where some aspects of
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modernity have been inflated to such an extent that modernity becomes
less recognizable as such.” People are still under scrutiny, he observes, but
less as citizens of the modern nation-state and more as workers and con-
sumers, often in a globalized economy. (He notes that the Internet com-
pany Engage tracks the Web-surfing patterns of more than 30 million
individuals.) Postmodernity as a social formation involves “widespread
and deepening reliance on computers and telecommunications as enabling
technologies, and an intensification of consumer enterprises and consumer
cultures.”

Finally, anticipating the normative bent of part III, Lyon considers
how co-construction itself is a technology-making process. Consider pri-
vacy advocates. “The ad hoc practices of organizations as well as the
self-conscious political stances of those who question and resist en-
croaching surveillance are inextricable elements of that co-construction
process,” he maintains. While lobbying the more-or-less centralized na-
tion-state on privacy concerns has been an effective way of changing
laws and thus altering surveillance technologies and practices, it is vastly
more difficult to exert meaningful influence when confronting contem-
porary surveillance that is “networked, polycentric, and multidimen-
sional.” In this way Lyon, while aware of practical limits to effecting
change in a polycentric world, echoes Feenberg’s advocacy of democra-
tic rationalization as a strategy for affecting sociotechnical change.33

In directing our attention from “new” to mature technologies, Paul
Edwards subtly enlarges the co-construction theme with his considera-
tion of infrastructures. The order, regularity, predictability, and stability
of modernity, he argues, “fundamentally depend on” the presence and
mostly silent functioning of mature technological systems—cars, roads,
municipal water supplies, sewers, telephones, railroads, weather fore-
casting, even most routine uses of computers. At the same time, he
writes, the “ideologies and discourses of modernism have helped define
the purposes, goals, and characteristics of those infrastructures.” Tech-
nology and modernity, to repeat the theme, are co-constructions.

Showing how these co-constructions occur, and developing a method-
ology for understanding these processes, are the goals of Edwards’ chap-
ter. Reviewing the SAGE early-warning military system in the 1950s and
the ARPANET/Internet system beginning in the 1970s, and retelling the
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narratives from several perspectives, he shows how these infrastructures
link varied scales of force, time, and social organization. Edwards, like
Slater, finds that the “same” technology can seemingly possess contra-
dictory characteristics, yet he goes beyond this telling observation by
providing a method to grasp the varied effects of technologies. Edwards
develops and illustrates a typology of scales ranging from the detailed
micro, through intermediate meso, to the aggregated macro level. Then,
to comprehend seemingly contradictory phenomena occurring at differ-
ent scales, Edwards offers the concept of “mutual orientation.”

Junichi Murata’s chapter is deeper and more subtle than it may 
appear at initial approach. At first, his essay appears to be a straightfor-
ward discussion of the technology studies literature, essentialism in 
philosophy, and a comparison of modernization processes in Japan and
China. One should appreciate, however, that Murata is seeking to en-
gage technology studies with modern Japanese philosophy—an effort
that Feenberg does for the critical theory tradition (see Feenberg 1986,
1995, 1999a, 2002). For both, as philosophers, the point is exploring
the overlaps, contradictions, and extensions of the two (once-separate)
literatures. To this end Murata offers an interpretation of the modern
Japanese philosopher Nishida, focusing on his notions of the “other-
ness” of technology, an exposition of “reverse determination,” and a
discussion of the natural and human worlds.

By embedding his discussion of empirical cases of modernization
within Japanese philosophy, Murata arrives at results that will be at
once familiar and fresh. The “otherness” of technology is not a takeoff
on the feminist Other, but rather an exploration of the unplanned, often
unforeseeable, noninstrumental and nonrational aspects of technology.
(These “creative” aspects of technology are also a concern in Khan’s
chapter.) The transformation of the Internet from a military tool to 
a commercial medium, or the reconception of automobiles as speed 
machines, are instances of creativity in the use of technology. Murata
suggests that this feature should be called “creative” because “a new
meaning for artifacts is realized.” That the results may go against 
the original intent of designers and producers agrees solidly with the
“user heuristic” in technology studies (see Fischer 1992; Borg 1999;
Oudshoorn and Pinch forthcoming).
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Murata further develops his ideas through examples drawn from the
wrenching modernization that Japan experienced in the years following
the Perry mission in 1853. On the one hand, Murata fully grasps that
Japanese elites saw little option but to import and master such western
technologies as telegraphs, railroads, and military equipment—and to
adopt western institutions and ways of life that were consonant with 
industrialization and modernization. All the same, as hinted by the 
slogans “Japanese spirit and western technology” and “Enrich the coun-
try, strengthen the army,” Japan thoroughly industrialized and modern-
ized in these years, but did not clearly westernize. Murata provides
tantalizing evidence for this proposition in a detailed comparison of
western, Chinese, and Japanese mechanical clocks and the persistence 
of indigenous conceptions of time.

While the essays in parts I and II are mostly concerned with descrip-
tion and analysis of existing or historical conditions, the essays in 
part III, “Changing Modernist Regimes,” shift attention to practical and
political matters. These chapters provide a normative critique of moder-
nity and technology as unitary, totalizing, and universal by suggesting
alternative modes of developing technology or, indeed, alternative
modernities.34 In their discussion of alternatives, the chapters in this 
section also offer original and substantial critiques of technology policy,
medicine, environmental technology, and international development.

In his chapter, Johan Schot accepts the broad framework of moderniza-
tion as a way to analyze the various structural changes in western societies
since the eighteenth century, but uses it to criticize the “modernist tech-
nology politics” that developed during this era. While a classic modernist
account might point at “progress” in dealing with social conflict about
technology, or the increasing acceptance of technical rationality, or the
emergence of an autonomous technical realm, Schot instead emphasizes
that a modernist technology politics emerged under a continual cloud of
contestation. In the early industrial era, there was little separation of
“technical” criteria from broader social and cultural considerations; the
Luddites in England, in his view, knew precisely that certain machines
embodied a dangerous worldview and moved to destroy them. By com-
parison, he finds the discourse of technology dissent much impoverished
by the early twentieth century. In a classic “men versus machines” set
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piece—a two-year conflict over mechanizing the unloading of grain at 
Rotterdam Harbor—the working-class critics of the machines failed to
find alternatives to mechanization while their socialist leaders even 
supported job-destroying mechanization.35 Schot’s diagnosis is that by 
accepting the terms of modernist technology politics, which has split a
unified problem into separate “promotion” and “regulation” realms that
are frequently are in conflict, we have lost the ability to have reasoned 
discussion and dialogue on these vital matters.

Drawing on Beck and Giddens, Schot is guardedly optimistic about
the prospects of a “reflexive modernization.” He presents a case study
of recent Dutch attempts to integrate technical and political decision
making, which should be compared with Hughes’s (1998) discussion of
Boston’s Central Artery project and Khan’s discussion of a positive feed-
back loop innovation structure (see chapter 12). Critics of the grandiose
expansion schemes of Schiphol Airport in the late twentieth century
have succeeded in slowing and shifting the airport’s grand march into
the future by preemptively buying needed land and forcing the airport to
build a state-of-the-art train station. However, a persistent divide be-
tween “promoters” and “critics” has poisoned dialogue between the
parties, led to substantial mistrust, and left both sides disillusioned and
angry. To go beyond this modernist stalemate, Schot proposes a funda-
mental reform of design processes using the criteria of anticipation, re-
flexivity, and social learning.36

David Hess develops a broad three-part framework to explore the
practical, political, and theoretical implications of the rise of “comple-
mentary and alternative” medical therapies. His long-term viewpoint,
informed by the anthropology-inspired frameworks of cultural ecology,
cultural values, and political economy, and his claim that the political
economy of technology and modernity needs to be situated far beyond
the past 500 years, will challenge readers presuming a “recent” view on
modernity. He contrasts orthodox allopathic, science-based medicine
with alternative therapies such as acupuncture, herbal remedies, and 
chiropractic, and finds a conceptually puzzling (if practically popular)
result. In a simple narrative of the “triumph” of modern science in med-
icine, bitter conflict “ought” to occur between alternative therapies,
which are often based on belief systems antithetical to “modern” 
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reductionist science, and orthodox medical practices. But something
more intriguing has happened. While orthodox medical doctors have
been “surprisingly” open to alternative therapies—after all, the thera-
pies frequently work, even if their underlying biomedical mechanisms
are unclear—at the same time the mainstreaming of alternative therapies
has brought about their acceptance through insurance payments and 
licensing rights.

Hess departs from a conventional technology-studies framing of these
issues (for instance as alternative rationalities) with his insistence on a
“broader terrain of shifts in environmental consciousness and disease
ecology.” As with Mol’s chapter that follows, Hess takes Beck’s “risk
society” seriously. He also considers the understudied notion of “tech-
nological pluralism,” a parallel to medical pluralism, as a way to con-
ceptualize the tensions between the local and the global, patterns of
domination and resistance, and relations between “normal” and “alter-
native” technologies.37 Yet these analytical or methodological observa-
tions, important in themselves, are a means for Hess to spotlight the
“deep normative question about the kind of global material-social
world that should be co-constructed.” These problems, he concludes,
“require both empirical research and normative debate.” He proposes
sustainability, equality, and community as “three major criteria that
provide viable points of reference for a general discussion of technologi-
cal and social redesign.”

Arthur Mol’s chapter on ecological modernization focuses attention
on how modernity is understood and deployed by actors in the realm of
politics and policy making. In the environmental field, the understand-
ings of modernity and the actions based on them are changing, he re-
ports. For decades, environmentalism was antimodern; to be an
environmentalist was to be against capitalism, industrialism, modern
science and technology, and the bureaucratic nation-state. In the past 
15 years, however, the landscape of “green” philosophical positions has
become far more complex and decidedly less hostile toward modernity.
Mol surveys four positions in these environmental debates—neo-
Marxists, demodernization or counterproductivity theorists, postmod-
ernists, and reflexive modernization advocates—but his underlying 
concern is to situate the rise of “ecological modernization” as both 
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a philosophy and a set of political and policy-making strategies (see Mol
1995; Hajer 1996).

As a theory, ecological modernization has deep affinities with Beck’s
and Giddens’ writings on reflexive modernization and the risk society
(see Beck 1992; Beck et al. 1994). Both ecological and reflexive modern-
ization are philosophies positing the imperative of fundamental change in
society (to deal with the environmental and risk crises, respectively) 
absent a requirement for radical social transformation. Specifically, the
advocates of ecological modernization view the “institutions of moder-
nity, not only as the main causes of environmental problems but also as
the principal instruments of ecological reform.” Scientific researchers,
technology developers, industrial corporations, and the nation-state are
at once part of the problem and part of the solution, and are themselves
changing in response to environmental problems. For example, in the
growing “autonomy” of the environmental sector (where environmental
functions are institutionalized within and across governments, busi-
nesses, and nongovernment organizations, or NGOs), itself a classic
symptom of modernization, the role of the nation-state is transformed.
And while changes in the content of the sciences, for instance “soft chem-
istry,” have thus far been more speculative than practical, changes in
business have been substantial, meaningful, and fundamental. Businesses,
especially in the European chemical sector Mol reviews, are using envi-
ronmental criteria to shape their business strategies, to prioritize techno-
logical choices, and to relate to environmentally conscious consumers.

Yet Mol’s objective is not to lay out a “global” theory, as Beck is
sometimes criticized for attempting. Rather, he uses ecological modern-
ization to evaluate both sectoral and regional variations in business and
society. Surveying how this highlights environment-induced transforma-
tions in modern social practices and institutions, Mol enumerates five
key heuristics of ecological modernization—for example, the contribu-
tions of science and technology to environmental reform, the increasing
importance of market dynamics and economic agents, and the transfor-
mations of the modern “environmental state,” along with the rise of
new ideologies, practices, and discourses for the environmental move-
ment. These heuristics, while valuable in framing research for analysts,
are also used by policy actors as “normative paths for change.” 
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Focusing principally on Europe, he reviews and evaluates changes in the
chemical industry over the past 15 years as the industry has introduced
new environmental management functions and activities, new products,
and new relationships among its members and with governments and
NGOs. As Mol observes, from the viewpoint of ecological modernization,
“all ways out of the ecological crisis will lead further into modernity.”

The entwined “path dependence” of modernity and technology is also
a central concern for Haider Khan. Khan’s chapter begins with a careful
and critical discussion of “methodological aspects of connecting theories
of modernity with empirical approaches in the context of technology
and development.” Yet for Khan, as for Schot, the principal concern is
to identify the limits imposed by a modernist framing of technology and
development and to explore a rigorous conceptual model for moving
forward and beyond the modernist impasse. Indeed, both of their chap-
ters use Beck and Giddens’ rather abstract notion of reflexive modern-
ization as an entry point for their real-world discussions.

Khan’s principal aim is to critique the modernist framing of develop-
ment policy and to develop his own, holistic model (a POLIS). Targeting
the modernist framing of development, especially the influential national
innovation systems (NIS) model, which has focused narrowly on eco-
nomic measures, he advocates instead a multidimensional “capabilities”
approach (drawing on the work of Amartya Sen and Martha Nussbaum),
insisting that human capabilities should be understood as enhancing a
“complex” notion of freedom and that technology developments are cen-
tral in realizing human capabilities. While “technology as freedom” is too
often loosely theorized,38 Khan’s specified criteria and constructive stance
make it clear that he is seeking a fundamental change in development
policies and practices. In a stance that resonates with Feenberg’s democra-
tic rationalization and Mol’s ecological modernization, Khan is embrac-
ing technology as a powerful means to enhance societal development.

Stories of development schemes gone awry are, alas, common enough.
Instead, Khan critically analyzes one of the “success” stories, Taiwan,
and especially its top-down, modernist, national-innovation-system
model of development. Even though the country succeeded beyond its
planners’ wildest dreams in the worldwide export of computer compo-
nents, Khan nonetheless finds Taiwan lacking in a range of fundamental
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human capabilities. The corporate economy boomed while democracy,
among other human capabilities, languished. The path-dependent para-
dox is that the country’s “very success in exports may have forced the
Taiwanese companies to seek a closure that largely excludes their do-
mestic constituencies.” In the end, Khan inquires into the conditions at
the national, regional, and city levels that might bring about an alterna-
tive POLIS model of development that is “cognizant of the complex in-
teractions among technology, economy and polity . . . [and] emphasizes
the teleological desideratum of equalizing social capabilities as the end
of development.”

Still at Schiphol Airport, my fellow travelers have long gone to their gates. “OK,
yes, I can see the point about technology and modernity now. I’ve been working
here at Schiphol only a few months, and it is quite a place. Sounds like a nice
workshop. Is there a chance you can send me the papers?” Yes, of course, I tell
Claire. At long last she explains that she is a Ph.D. student in medieval history,
and that she works part-time as a security guard in the airport to make ends meet.
Working in both a premodern field of history and a thoroughly modern airport,
she is making her own journey through the compelling tangle of modernity and
technology. Finally I see the point of her questions. “Can you give me your ad-
dress?” I ask. “I’ll send you the essays. But I need to go now, my flight home is
leaving soon.” “Of course. Have a pleasant journey. Here’s your passport.”
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Notes

1. For studies of technology and modernization processes directly inspired by
Durkheim and Weber, respectively, see Fischer (1992) and Hård (1994). For



26 Thomas J. Misa

studies adopting a loosely theorized “agents of modernity” approach, see Rose
(1995), Tobey (1996), and Kline (2000).

2. For expositions of modernity as change, see Berman (1982), Lash and 
Friedman (1993), and Charney (1998).

3. A parallel argument is made by Adas (1989), who observes that Europeans’
perceptions of cultural superiority over African, Indian, and Chinese peoples
were a product of the technical superiority they believed opened up in the course
of industrialization.

4. Similar binary opposites figure prominently in recent discussions on the latest
manifestation of “global modernity,” i.e., globalization: Jihad and McWorld
(Benjamin Barber), Lexus and olive tree (Thomas Friedman). Of course, one
need not accept any “great divide” and the modernist assumptions it entails. In
fields as diverse as science studies, history of technology, and the “new” (post-
Chandler) business history, scholars in the past two decades or so have adopted
a determinedly skeptical approach to the very core of the modernist paradigm:
facts and rationality. The solid “facts” of science, technology, and capitalist
business, it turns out, are not so solid and indeed are shot through with contin-
gencies and compromises. For this reason, these scholars tend to reject (or ignore)
any formulation (like Habermas’s) separating system and lifeworld, science and
society, rationality and practice. For examples of the “new” business history, see
Scranton (1997) and Sabel and Zeitlin (1997). The field of technology studies is
addressed later as well as by Brey and Feenberg in this volume.

5. Umberto Boccioni et al., “Manifesto of the Futurist Painters,” at <www.
futurism.org.uk/manifestos/manifesto 02.htm> (13 July 2002). On “technologi-
cal fundamentalism,” see Trommler (1995) and Todd (2001).

6. For criticism of social theorists’ approaches to technology that are essentialist,
reified, or deterministic, see Feenberg (chapter 3) and Brey (chapter 2). For so-
cial theories with a more interactive and fluid conception of technology and so-
ciety, see Bourdieu’s notion of dispositif and Giddens’ notion of the duality of
agency and structure: Bourdieu and Wacquant (1992) and Giddens (1979,
1984). I thank Mikael Hård for the latter suggestion.

7. For recent studies exploring the co-construction of technology and modern
culture in a variety of settings, see Mayr (1986), Overy (1990), Nye (1990),
Nolan (1994), Misa (1995), Edwards (1996), Alder (1997), Brooks (1997),
Charney (1998), Hecht (1998), Schatzberg (1999), Gitelman (1999), Slaton
(2001), and Allen (2001).

8. For the historical evolution and multifunctionality of Schiphol Airport, see
Mom et al. (1999).

9. As if to underscore its role as an information processor, Chicago’s O’Hare
Airport just retired a signature artifact of the mid twentieth century, a three-
bladed DC-6 propeller whose springiness and surface texture you could physi-
cally engage. The airport filled the space occupied by the propeller with a bank
of pay-by-the-minute Internet-linked computer workstations.
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10. See Edwards’ essay in this volume.

11. Herbert Muschamp, “A Happy, Scary New Day for Design,” New York
Times (15 Oct. 2000). �www.nytimes.com/2000/10/15/arts/15MUSC.html�
(17 Oct. 2000).

12. The modernity of cities, city life, and city planning, from St. Petersburg to
New York, and from Brasília to Chandigarh, is a prominent theme of Berman
(1982), Ward and Zunz (1997), Scott (1998), Driver and Gilbert (1999), and
many other authors.

13. There are varied approaches to modernity in the seventeenth and eighteenth
centuries; for science, see Whitney (1986), Toulmin (1990), and Iliffe (2000); on
consumption, see Clunas (1999); and for the economy, see de Vries and Woude
(1996).

14. Francis Bacon, Novum Organum (1620), aphorism 129, cited in Eisenstein
(1983: p. 12).

15. On science, standards, and state formation, see Porter (1995), Wise (1995),
Alder (1997), and Scott (1998).

16. Conceptions of modernity can be located much earlier in human history; see
Hess’s chapter in this volume.

17. Miles Ogborn, Spaces of Modernity (p. 10), quoted in Porter (2000: p. 488,
note 10).

18. I consulted Bigelow’s second edition of 1831 (Jacob Bigelow, Elements of
Technology, Boston: Hilliard, Gray, Little and Wilkins, 1831; 2nd ed., p. 4.)
First printed in 1829.

19. For discussions of Bigelow and “technology,” see Segal (1985: pp. 74–97,
quote on p. 81) and Oldenziel (1999: pp. 9–26). Oldenziel argues forcefully that
technology took on its modern sense, as an abstract and gender-bound concept,
only in the years after 1865. She cites (p. 195, note 8), for instance, the founding
of institutes and colleges of “technology” e.g., Massachusetts (1861), Stevens
(1870), Georgia (1885), Clarkson (1896), Carnegie-Mellon (1912), and Califor-
nia (1920).

20. I think this volume comes close to operationalizing Leo Marx’s call (in an
exchange with Mel Kranzberg in Technology and Culture, vol. 33 [1992]: 407),
“Why not start with the intuitively compelling idea that technology may be the
truly distinctive feature of modernity? . . . The aim would be to understand all of
the ways that technological knowledge, processes, and behaviors in fact distin-
guish modernity from other ages—other societies and cultures.”

21. For a recent evaluation of technological rationality by a well-informed histo-
rian of technology, see Constant (2000).

22. Heidegger, quoted in Feenberg (2000a: p. 297, note 3).

23. Discerning these varieties in technologies and exploiting their ambiguities
for alternative social formations is the goal of Feenberg’s “subversive” or “de-
mocratic” rationalization; see Feenberg (1995). Douglas Kellner (2000: p. 236)
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also appreciates the pressing need for theoretical approaches that can discern
“some of the more positive, but also more ambiguous and enduring features of
modernity” and technology.

24. For analysis of technological determinism, see MacKenzie (1984), Sherwood
(1985), Misa (1988), Adler (1990), Smith and Marx (1994), and Edgerton
(1998). For a well-regarded exemplar attacking technological determinism, see
Noble (1984). For Marx’s “handmill” quote �www.marxists.org/archive/marx/
works/1847/poverty-philosophy/ch02.htm#s2� (23 April 2002).

25. For apposite instances of Thomas Kuhn’s incommensurability thesis, com-
pare Russell (1986) with Pinch and Bijker (1986) and Winner (1993) with Pinch
(1999). In criticizing social constructivism, Langdon Winner (2001: p. 15) states
that “the scholarly community in STS is so inward looking that it seems not to
notice the glaring disconnect between its own favored theories and the visions of
run-away technology that prevail in society at large.”

26. “Putting on boots” is how one of my Dutch philosopher colleagues refers to
doing empirical work, which is something like wading through the muck in a
cow barn; for his work, he prefers a book-lined study.

27. For historical critiques of modernization theory and development, see Adas
(1989: pp. 402–418), Moon (1998), Scott (1998), and Engerman (2000).

28. When I wrote these lines some months before September 11, 2001, I had in
mind such “failures” as lost baggage and missed connections. The multiple sys-
tem failures evident on that day (airport security at Boston, Newark, and Dulles;
the tracking systems that lost American Airlines flight 77 en route to the Penta-
gon; the faulty antihijacking transponders), which substantially contributed to
the success of the attacks, have indeed forced the scrutiny of many technologies
and practices taken for granted. Conversely, we have heard far less about the
striking successes of the air traffic control system, which quickly and effectively
shut down U.S. airspace in short order on that date, or the stairwells of the
World Trade Center towers that enabled thousands to save themselves. Person-
ally, I can no longer forgive the Futurists’ architectural dictum that “the stairs—
now useless—must be abolished.”

29. See Edwards (chapter 7, this volume).

30. For this distinction I am indebted to Barb Marshall, who in her contribution
to this volume tries to sort out postmodernism and poststructuralism.

31. On Benthamite reforms in London, see Hamlin (1998) and Linebaugh
(1992: pp. 371–401).

32. For other suggestive modern and postmodern readings of technologies, see
Rosen (1993) on the global bicycle industry, Duncombe (1997) on IBM and
SONY, Marshall (chapter 4, this volume) on sexual technologies, and Lyon
(chapter 6, this volume) on surveillance.

33. Feenberg (1995) suggests the notion of a “subversive” or democratic 
rationalization to encourage would-be reformers to engage rationalization
processes, including technological change, and to strive to bend them toward
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more democratic outcomes. Rationalization, for Feenberg, can favor dominant
power structures and systems, but approached critically, rationalization
processes can also enhance nondominant values.

34. The generous notion of “alternative modernities” (see Feenberg 1995; Lash
and Friedman 1993; Lash 1999) is more complex than it first appears. While
Feenberg uses “alternative” in the specific sense of opposition to the dominant
(capitalist) rationalization processes (and in favor of a “subversive” rationaliza-
tion), Lash uses “alternative” in the sense of neither the “high” modernists’ em-
brace of the Enlightenment tradition nor the postmoderns’ rejection of the
Enlightenment (and in favor of a “reflexive” rationalization). Yet adopting a
loose notion of “alternative” drains modernity of its emancipatory and univer-
salizing potential; this has been a contentious issue within feminist scholarship,
human-rights debates, and development thinking, as well as in environmental
reform (see the chapters by Marshall and Mol in this volume). From a different
angle, Harootunian (2000a: p. 163, note 4) firmly declares his opposition to
“more fashionable descriptions, such as ‘alternative modernities,’ ‘divergent
modernities,’ ‘competing modernities,’ and ‘retroactive modernities,’ that imply
the existence of an ‘original’ that was formulated in the ‘West’ followed by a se-
ries of ‘copies’ and lesser inflections.” He demonstrates (Harootunian 2000b)
that intellectuals in interwar Japan, just as their western counterparts, wrestled
with the cultural implications of modern life, including capitalism, cities, and 
industrialization.

All the same, modernity as a totalizing force should not be overdrawn. Histo-
rians studying the industrial revolution have piled up a huge literature on alter-
native paths to industrial revolution (Sabel and Zeitlin 1985, 1997). Essays in
Hård and Jamison (1998) show empirically that in the formative years of the
early and mid twentieth century, Europeans did not experience modernity as a
single phenomenon; rather, each country absorbed and reinterpreted a global
notion of modernity in a nation-specific tradition of discourse.

35. For a detailed treatment of the Rotterdam conflict, see van Lente (1998a,b).

36. On reflexivity and social learning in technology, see Rip et al. (1995: chaps.
2, 7–10).

37. Hess hints at the prescriptive sense of “normal” (rather than in the “mun-
dane but deadly” sense used by organizational sociologist Charles Perrow
[1984]). A similar point has been argued by John Staudenmaier (1985: p. 200):
“A technological style can be defined as a set of congruent technologies that be-
come ‘normal’ (accepted as ordinary and at the same time as normative) within
a given culture. They are congruent in the sense that all of them embody the
same set of overarching values within their various technical domains. For ex-
ample, it can be argued that the United States, beginning with the U.S. Ordnance
Department’s 1816 commitment to the philosophical ideal of standardization
and interchangeability, gradually adopted a set of normal technologies that in-
corporate that ideal. From this point of view many distinct technological devel-
opments—the machine tool tradition, the growth of standardized and centrally
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controlled rail systems, the centralization and standardization of corporate re-
search and development, the use of consumer advertising to program individual
buying habits, the increasing centralization and complexity of electricity and
communications networks, etc.—can be interpreted as participating in a single
style, embodying a specific set of values within a specific world view.”

38. For a loose formulation of “technology as freedom,” see Tobey (1996). 
Sen (1999) provides a more rigorous formulation of “development as freedom.”
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The Need for Integrated Studies of Modernity and Technology

Technology made modernity possible. It has been the engine of moder-
nity, shaping it and propelling it forward. The Renaissance was made
possible by major fourteenth- and fifteenth-century inventions like the
mechanical clock, the full-rigged ship, fixed-viewpoint perspective,
global maps, and the printing press. The emergence of industrial society
in the eighteenth century was the result of an industrial revolution that
was made possible by technological innovations in metallurgy, chemical
technology, and mechanical engineering. The recent emergence of an in-
formation society is also the product of a largely technological revolu-
tion, in information technology. Technology has catalyzed the transition
to modernity and catalyzed major transitions within it. More than that,
technologies are and continue to be an integral part of the infrastructure
of modernity, being deeply implicated in its institutions, organizing and
reorganizing the industrial system of production, the capitalist economic
system, surveillance and military power; and shaping cultural symbols,
categories, and practices (see Lyon and Edwards, chapters 6 and 7 in
this volume).

If modernity is shaped by technology, then the converse also holds:
technology is a creation of modernity. The common wisdom of technol-
ogy studies, that technology is socially shaped or even socially con-
structed, that it is “society made durable,” implies that a full
understanding of modern technology and its evolution requires a con-
ception of modernity within which modern technology can be explained
as one of its products. If this holds for technology at large, it certainly
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also holds for particular technologies, technical artifacts, and systems.
These are also products of modernity and bear the imprint, not only of
the behaviors of actors immediately involved in their construction, but
also of the larger sociocultural and economic conditions within which
they are developed. To ignore this larger context is to leave out part of
the story that can be told about that technology. It would be like staging
Wagner’s Parsifal with only the actors on stage, without any settings,
costumes, or props.

In the current specialized academic landscape, modernity is the object
of study of modernity theory, and technology is studied in technology
studies. Few works exist that bridge these two fields and that study tech-
nology with extensive reference to modernity, or modernity with exten-
sive reference to technology, or that concentrate on both by studying the
way in which evolutions within modernity intersect with technological
changes. In modernity theory, technology is often treated as a “black
box” that is discussed, if at all, in abstract and often essentialist and
technological determinist terms. In technology studies, the black box of
technology is opened, and technologies and their development are stud-
ied in great empirical detail, yet technology studies generate their own
black box, which is society. The larger sociocultural and economic con-
text in which actors operate is either treated as a background phenome-
non to which some hand-waving references are made, or it is not treated
at all—a black box returned to sender, address unknown.

Undoubtedly, part of the reason that modernity theory has not ade-
quately come to grips with technology has been the lack of empirically
informed accounts of technology. It is only in the past few decades that
major progress has been made in our understanding of technology and
technological change, with the establishment of technology studies as a
mature field of study. The same reason cannot be given for the lack of
reference to modernity theory in technology studies because modernity
theory has been around a lot longer than technology studies. Here, this
lack of reference is more likely explained by the abstract and totalizing
character of many theories of modernity; their often inadequate ac-
counts of technology; the speculative, untested character of many of
their claims; and the difficulty of connecting the microlevel concepts of
technology studies to the macrolevel categories of modernity theory.
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These criticisms do not apply equally to all theories of modernity.
There is a world of difference between the abstract, totalizing theories of
modernity of classical critical theory, Marxism, and phenomenology,
and many recent theories of modernity, such as those of David Harvey
and Manuel Castells, that are empirically rich and mindful of hetero-
geneity and difference. So if the sociocultural and economic context that
is modernity ought to be considered in technology studies, then technol-
ogy studies should work to appropriate more adequate theories of moder-
nity, or start developing its own.1

It is time, then, to bridge the disciplinary gaps that now separate
modernity theory and technology studies and to work at empirically in-
formed and theoretically sophisticated accounts of technology, moder-
nity, and their mutual shaping. In this essay, I contribute to this task
through an analysis of the problems and misunderstanding that now
beset modernity theory and technology studies in their respective treat-
ment (or nontreatment) of technology and modernity.

A key conclusion is that the major obstacle to a future synthesis of
modernity theory and technology studies is that technology studies
mostly operate at the micro (and meso) level, whereas modernity theory
operates at the macrolevel, and it is difficult to link the two. I analyze
the micro-macro problem and ways in which it may be overcome in
technology studies and modernity theory. The next two sections provide
basic expositions of concepts, themes, and approaches in modernity the-
ory and technology studies. Their aim is to introduce these fields to
readers insufficiently familiar with them, as well as to set the stage for
the analysis that follows.

Modernity Theory: Understanding the Modern Condition

Structure and Aims
Modernity is the historical condition that characterizes modern soci-
eties, cultures, and human agents. Theories of modernity aim to describe
and analyze this historical condition. A distinction can be made between
cultural and epistemological theories of modernity, most of which are
found in the humanities, and institutional theories, which are common in
social theory—although in both traditions many theories of modernity
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can be found that blend cultural, institutional, and epistemological 
aspects.

Cultural and epistemological theories of modernity focus on the dis-
tinction between premodern and modern cultural forms and modes 
of knowledge. These theories usually place the transition from tradi-
tional society to modernity in the Renaissance period, in fifteenth- and
sixteenth-century Europe. The transition to modernity, in this concep-
tion, is characterized by the emergence of the notion of an autonomous
subject, the transition from an organic to a mechanistic world picture,
and the embrace of humanistic values and objective scientific inquiry.
Some theories date the transition to modernity later than this, as late as
the eighteenth century, during which Enlightenment thought had culmi-
nated in a genuine project of modernity, with universal pretensions to
progress, and with fully developed conceptions of objective science, uni-
versal morality and law, and autonomous art (e.g., Habermas 1983).
The cultural-epistemological approach to modernity dominates in phi-
losophy, with Hegel, Nietzsche, and Heidegger as early proponents, and
is also well represented in cultural history and cultural studies.

Many studies in the humanities that analyze modernity as a cultural
phenomenon also focus on modernism, which is a phenomenon distinct
from modernity. Modernism, or aesthetic modernism, as it is also called,
was a cultural movement that began in the mid-nineteenth century as a
reaction against the European realist tradition, in which works of art
were intended to “mirror” external nature or society, without any addi-
tions or subtractions by the artist. Modernist artists, in often quite dif-
ferent ways, rejected this realism and held that it is the form of works of
art, rather than their content, that guarantees authenticity and liberates
art from tradition. Modernism has been very influential in literature, in
the visual arts, and in architecture, with movements as diverse as natu-
ralism, expressionism, surrealism, and functionalism being collected
under it.

The emergence of modernism has often been explained by reference to
major social transformations in nineteenth- and early twentieth-century
modernity. David Harvey, for instance, has argued that modernism was
a cultural response to a crisis in the experience of space and time, 
which was the result of processes of time-space compression under late 
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nineteenth-century capitalism (Harvey 1989, chap. 8). The label “mod-
ernism” is also used in a broader sense, in which it does not refer to an
aesthetic movement, but to the culture and ideology of modernity at
large (e.g., Bell 1976). “Modernism,” in this sense, stands for positivism,
rationalism, the belief in linear progress and universal truth, the rational
planning of ideal social orders, and the standardization of knowledge
and production. When used in this latter sense, the notion of modernism
becomes almost interchangeable with the notion of modernity construed
as a cultural or epistemological condition (see Berman 1982).

Institutional theories of modernity focus on the social and institu-
tional structure of modern societies, and tend to locate the transition to
modernity in the eighteenth century, with the rise of industrial society in
Europe. Institutional theories of modernity are as old as social theory it-
self, with early proponents like Weber, Marx, and Durkheim outlining
key structural features of modern societies and theorizing major transi-
tions from traditional to modern society. Modernity, in the institutional
conception, is a mode of social life or organization rather than a cultural
or epistemological condition. It is characterized by institutional struc-
tures and processes, such as industrialism, capitalism, rationalization,
and reflexivity. It is with this institutional meaning of modernity that
one can correlate the notion of modernization, which is the transforma-
tion of traditional societies into industrial societies. Modernity used to
describe a condition that emerged in eighteenth-century European soci-
eties, but today it characterizes industrial societies around the globe.2

In my discussion of modernity theory, I give special emphasis to the
social theory tradition, with the understanding that much of this work
analyzes not only institutional aspects of modernity but cultural and
epistemological dimensions as well. Indeed, it is quite common to see
these aspects combined in social theories of modernity, even if institu-
tional features receive the most emphasis. This blending of traditions has
been particularly strong in critical theory, with authors like Habermas,
Marcuse, and Adorno referring to Hegel and Heidegger as liberally as to
Marx and Weber. However, it is also quite visible in more recent theo-
ries of modernity, such as those of Giddens, Harvey, Wagner, and
Castells, as well as in the early institutional theories of modernity devel-
oped by Weber and Marx.
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Theories of modernity in the social theory tradition present an ac-
count of the distinct structural features that characterize modern soci-
eties and the way these features came into being. Typically, they contain
most or all of the following elements:

• They draw the boundaries of modernity as a historical period, con-
trasting it with a premodern period and sometimes also with a postmod-
ern period.

• They describe and analyze the special features of modernity, with an
emphasis on institutional, cultural, or epistemological dimensions. They
almost invariably do this through macrolevel or “abstract” analysis.
However, they may contain various elaborations, case studies, or illustra-
tions of the macro theory.

• They (optionally) describe the dynamics of modernity, delineating 
(1) the historic changes that led to modern society, (2) various epochs
within modernity (e.g., early, high, and late modernity; classical and re-
flexive modernity), and (3) the transitions between these epochs.

• Some theories of modernity also contain normative evaluations or cri-
tiques of the condition of modernity. Some propose visions of an alter-
native society or speculate how present modernity may transform itself
into another type of social formation.

Next to grand theories of modernity, such as those of Marx, Weber,
Habermas, and Giddens, one can find studies of particular eras within
modernity, of major transitions and developments within the modern era,
and of particular features or structures of modernity. Theories of particular
eras within modernity attempt to characterize a particular historical epoch
and to analyze the transitions that led to it (Wagner 1994). Many contem-
porary social theorists focus on late modernity as a historical epoch emerg-
ing in the second half of the twentieth century, and attempt to characterize
its special features. Thus, one finds theories of “reflexive modernity” (Beck
et al. 1994), “the risk society” (Beck 1992), “postindustrial society” (Bell
1976; Touraine 1971), “the information age” and “the information soci-
ety” (Castells 1996; Schiller 1981), “the global age” (Albrow 1996), and
many others. Akin to these theories, one finds theories of postmodernity,
which hypothesize that we have already left (late) modernity and have 
recently entered a new postmodern era (e.g., Jameson 1991; Harvey 1989).
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Besides theories of particular eras in modernity, there are many stud-
ies of major sociocultural, technological, or economic transitions within
modernity. These range from studies of the scientific revolution and the
industrial revolution to studies of the control revolution (a revolution in
technologies of control that is claimed by Beniger [1989] to have paved
the way for the information society) or the emergence of Fordism, to
theories of the historical development of the modern subject and of new
modern forms of power (e.g., Foucault 1977). Not all these works ex-
plicitly situate the developments they analyze within the wider context
of modern social institutions and culture. Finally, one can find studies
that are concerned with particular aspects or structures of moder-
nity, such as modern identity (Lash and Friedman 1993; Giddens 
1991), capitalism (Sayer 1991), pornography (Hunt 1993), consumer
culture (Slater 1997), and gender (McGaw 1989; Marshall 1994; Felski
1995).

Not every work in social theory is a work in modernity theory. For it
to qualify as such, it would have to be centrally concerned with major
institutional, cultural, or epistemological aspects of or transformations
within modernity, such as capitalism, the autonomous self, modern
technology, and the Enlightenment. Alternatively, for phenomena that
are not inherently tied to modernity or at least do not define it, such as
pornography, adolescence, or the automobile, it would study these in re-
lation to the larger institutional, cultural, and epistemological context of
modernity. Thus, an analysis of adolescence would be a study in moder-
nity theory if it explicitly considered the historical, cultural, and institu-
tional constructions of adolescence in the modern era and changes in
these constructions over time, but not if it treated adolescence in a
largely ahistorical way (e.g., as a set of locally enacted constructions
with little historical continuity), or if it studied its historical treatment in
a particular country or setting without reference to its relation to mod-
ern social institutions and culture.3

Modernity and Social Theory
Theories of modernity have always held a prominent position in social
theory. What follows is a brief review. Any such review will have to
start with Karl Marx and Max Weber, who are often identified as the
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fathers of modernity theory. They are both known for their theories of
the transition between feudal and industrial society, and their theories of
(capitalist) industrial society. They are hence early proponents of institu-
tional theories of modernity and of the transition of the premodern to
the modern period.

In Marx’s historical materialist conception of modernity, the differ-
ence between the modern and the premodern era is characterized by
qualitative differences in the economic structure. The economic struc-
ture of a society is made up of production relations and it changes when
the development of the productive forces (means of production and
labor power) results in greater productive power. According to Marx,
the transition from feudal to capitalist society was caused by large in-
creases in productive power in feudal society. These increases caused
changes in production relations, and hence in the economic structure.
The resulting economic structure was capitalist in the late nineteenth
century, but Marx of course envisioned a transition to a post-class so-
cialist society, a transition that would occur when further increases in
production power made a socialist state possible. He hence envisioned
an early, capitalist, and a late, socialist state of modernity. Both are
characterized by an industrial system of production, but their social
form and culture are significantly different.

Weber (1958[1905]) did not see the transition from feudal to indus-
trial society as caused by the development of productive power. Instead,
he held that the capitalist economic system that made industrial society
possible was an outgrowth of the Protestant work ethic, which de-
manded hard work and the accumulation of wealth. Because capitalism
is profit based, it demanded rationalization so that results could be cal-
culated and so that efficiency and effectiveness could be increased. In
this way, rationalization became the distinguishing characteristic of
modern industrial societies. The rationalization of society is the wide-
spread acceptance of rules, efficiency, and practical results as the right
way to approach human affairs and the construction of a social organi-
zation around this notion. According to Weber, rationalization has a
dual face. On the one hand, it has enabled the liberation of humanity
from traditional constraints and has led to increased reason and free-
dom. On the other hand, it has also produced a new oppression, the
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“iron cage” of modern bureaucratic organizational forms that limit
human potential.4

Weber’s notion of rationalization as the hallmark of modernity has
been very influential in modernity theory. It has been particularly influ-
ential in critical theory, particularly with members of the Frankfurt
school such as Adorno, Horkheimer, Marcuse, and Habermas, who
built on Weberian notions as well as Marxist ideas in formulating their
sweeping critiques of modern society (see, e.g., Marcuse 1964 and
Horkheimer and Adorno 1972). Jürgen Habermas, without doubt the
most influential scholar in the critical theory tradition, has advanced a
theory of modernity with strong Weberian and Marxist influences, in
which he analyzes modernity as an “unfinished project” (Habermas
1983). He theorizes an early phase of modernity and a later phase. Early
modernity witnessed the rise of the “bourgeois public sphere,” which
mediated between the state and the public sphere. In late modernity, the
state and private corporations took over vital functions of the public
sphere, as a result of which the public sphere became a sphere of domi-
nation (Habermas 1989).

Although he is critical of late modernity, Habermas sees an emancipa-
tory potential in early modernity, with its still-intact bourgeois public
sphere. He hence sees modernity as an “unfinished project” and has at-
tempted to redeem some elements of modernity (the Enlightenment ideal
of a rational society, the modern differentiation of cultural spheres with
autonomous criteria of value, the ideal of democracy) while criticizing
others (the dominant role of scientific-technological rationality, the cul-
ture of experts and specialists). Central in this undertaking has been his
distinction between two types of rationality: purposive or instrumental
rationality, which is a means for exchange and control and which is
based on a subject-object relationship, and communicative or social ra-
tionality, which is geared toward understanding and is based on a 
subject-subject relationship that is the basis for communicative action.
Habermas claims that there has been a one-sided emphasis since the En-
lightenment on instrumental, scientific-technological rationality, which
has stifled possibilities for expression. The result has been a colonization
of the lifeworld by an amalgamated system of economy and state, tech-
nology and science, that carries out its functional laws in all spheres of



42 Philip Brey

life. Habermas regards communicative action as a means to put bound-
aries on this system and to develop the lifeworld as a sphere of enlight-
ened social integration and cultural expression.

Looking beyond critical theory, one cannot escape the powerful
analysis of modernity in the work of Anthony Giddens (1990, 1991,
1994b). Giddens analyzes modernity as resting on four major institu-
tions: industrialism, capitalism, surveillance, and military power. These
and other institutions in modernity moreover exhibit an extreme dy-
namism and globalizing scope. To account for this dynamism, Giddens
identifies three developments. The first is the separation of time and
space, through new time- and space-organizing devices and techniques,
from each other and from the contextual features of local places to
which they were tied. Time and space become separate, empty parame-
ters that can be used as structuring principles for large-scale social and
technical systems. The second development is the disembedding of social
life, the removal of social relations and institutions from local contexts
by disembedding mechanisms, such as money, timetables, organization
charts, and systems of expert knowledge. Disembedding mechanisms de-
fine social relations and guide social interactions without reference to
the peculiarities of place. The third development is the reflexive appro-
priation of knowledge, which is the production of systematic knowledge
about social life that is then reflexively applied to social activity. Jointly,
these developments create a social dynamic of displacement, impersonal-
ity, and risk. These can be overcome through reembedding (the manufac-
ture of familiarity), trust (in the reliability of disembedding mechanisms),
and intimacy (the establishment of relationships of trust with others
based on mutual processes of self-disclosure).

Risk, trust, and the reflexive appropriation of knowledge are also cen-
tral themes in Ulrich Beck’s theory of (late) modernity (Beck 1992).
Beck distinguishes two stages of modernization, the first of which is sim-
ple modernization: the transformation of agrarian society into industrial
society. The second stage, which began in the second half of the twenti-
eth century, is that of reflexive modernization. This is a process in which
modern society confronts itself with the negative consequences of (sim-
ple) modernization and moves from a conflict structure based on the dis-
tribution of goods to a model based on the distribution of risks. Our
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current society is the risk society, in which risks are manufactured by in-
stitutions and can be distributed in different ways. The distribution of
risk occurs with major social transformations at the backdrop, transfor-
mations in which traditional social forms such as family and gender
roles, which continued to play an important role in industrial society,
are in the risk society undergoing radical change, leading to a progres-
sive “individualization of inequality.”

The idea that modernity has recently entered a new phase is pervasive
in contemporary social theory, even among those authors that stop
short of claiming that we have entered or are entering a phase of post-
modernity. Intensifying globalization, the expansion and intensification
of social reflexivity, the proliferation of nontraditional social forms, the
fragmentation of authority, the fusion of political power and expertise,
the transition to a post-Fordist economy that is no longer focused on
mass production and consumption and in which the production of signs
and spaces becomes paramount—all have been mentioned as recent de-
velopments that point to a new stage of reflexive or radicalized moder-
nity (e.g., Lash and Urry 1994; Beck et al. 1994; Giddens 1990, 1994b;
Albrow 1996; Lipietz 1987), with most authors identifying the late
1970s as a transition period. Many authors point specifically to the rev-
olution in information technology in claiming that we have entered an
information age (or, equivalently, a postindustrial age) in which an
economy based on information, not goods, has become the organizing
principle of society (e.g., Bell 1976; see Webster 1995 for an overview).

In the transition from an industrial to an information society, the eco-
nomic system is transformed, and along with it the occupational struc-
ture, the structure of organizations, and social structure and culture at
large. According to Manuel Castells, who has presented the most com-
prehensive theory of the information society to date, the basic unit of
economic organization in the information age is the network, made up
of subjects and organizations, and continually modified as networks
adapt to their (market) environments. Castells argues that contemporary
society is characterized by a bipolar opposition between the Net (the ab-
stract universalism of global networks) and the Self (the strategies by
which people try to affirm their identities), which is the source of new
forms of social struggle (Castells 1996, 1997, 1998).
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Modernity and Postmodernity
Not all scholars agree that modernity is still the condition that we are
in. Theorists of postmodernity claim that we have recently entered an
era of postmodernity, which follows modernity. Postmodernity is often
considered, like modernity, to be a historical condition. Most theorists
who consider postmodernity in this way place the transition from mod-
ern to postmodern society somewhere in the 1960s or 1970s, although
some hold that we are still in the middle of a transition phase. They hold
that changes in society over the past century accumulated during these
decades to produce a society whose institutional, cultural, or epistemo-
logical condition is sufficiently different from that of modern society to
warrant the new label.

Many postmodern theorists point only to cultural changes to support
this claim. Some, however, emphasize technological and economic changes
and see changes in cultural and social forms as resulting from them.
David Harvey emphasizes the 1970s transition from a Fordist economy
of mass production and consumption to a global post-Fordist regime
characterized by greater product differentiation, intensified rates of tech-
nological and organizational innovation, and more flexible use of labor
power (Harvey 1989). Frederick Jameson has theorized a transition to
“late capitalism,” which is global and in which all realms of personal
and social life and spheres of knowledge are turned into commodities.
He claims that late capitalism comes with its own cultural logic, which
is postmodernism (Jameson 1991). Lash and Urry (1994) point to the
shift from an economy of goods to an economy of signs and spaces, as
does Jean Baudrillard (1995), who claims that information technology,
mass media, and cybernetics have effected a transition from an era of in-
dustrial production to an era of simulation, in which models, signs, and
codes determine new social orders. The culture of postmodernity is
often characterized by consumerism, commodification, the simulation of
knowledge and experience; the blurring if not disappearance of the dis-
tinction between representation and reality; and an orientation on the
present that erases both past history and a sense of a significantly differ-
ent future. The cultural shifts also include a decline in epistemic and po-
litical authority, the fragmentation of experience and personal identity,
and the emergence of a disorienting postmodern hyperspace.



Theorizing Modernity and Technology 45

Not all postmodern theorists hold postmodernity to be a historical
condition, however. For some, like Jean-François Lyotard, postmoder-
nity is rather a cultural or epistemological form that is not essentially
tied to a particular historical period. Lyotard holds that within contem-
porary society, one can find both modern and postmodern forms exist-
ing together.5 The characteristic of postmoderns like Lyotard is that
they resist the modern form. For Lyotard, modernity is equivalent to
reason, the Enlightenment, totalizing and universalizing thought, and
grand historical narratives. It is equivalent to what I identified earlier as
modernism in a broad sense, that is, the culture and ideology of moder-
nity. Lyotard criticizes the modern form of knowledge and calls for new
kinds of knowledge that do not impose a grid on reality, but that em-
phasize difference. Lyotard’s cultural critique is also a critique of schol-
arly method. He argues that postmodern scholars should not do theory.
They are also not to produce new grand narratives of society, but should
deconstruct and criticize modernist claims for universalistic knowledge
by doing local, microlevel studies that emphasize heterogeneity and plu-
rality (Lyotard 1984a). He rejects the old methodology of social theory,
along with any and all of its theoretical claims. This call for a postmod-
ernization of the social sciences and humanities has been echoed by
Richard Rorty, Jacques Derrida, and Zygmunt Bauman, and can be seen
in the profusion of postmodern case studies and analyses that uncover
difference and heterogeneity and celebrate cultural “others.”

Postmodern theorists thus range from writers like Jameson and Har-
vey, who study postmodernity as a historical era, to those like Lyotard
and Rorty, who criticize modernist ideology and develop and employ
postmodern methodologies for the humanities and social sciences. As a
critique of modernist thought, postmodernism is moreover an intellec-
tual orientation that is different from, even if it overlaps with, aesthetic
postmodernism, which has emerged in literature, architecture, and the
visual arts since the 1960s and 1970s as a response to aesthetic mod-
ernism. Critics of (academic) postmodernism, which include Habermas
and Giddens, criticize both the hypothesized transition from modernity
to postmodernity and the intellectual attitude of postmodern scholars. 
Giddens, for example, claims that in spite of the discontinuities cited by
postmodernists, the major institutions of modernity as it existed in the
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nineteenth century and the early twentieth century—industrialism, capi-
talism, surveillance, and military power—are still in place, and he there-
fore only wants to go as far as to theorize a late or “radicalized” stage
of modernity (Giddens 1990). He and Habermas have both criticized
postmodernism’s antitheoretical attitude, its epistemological and moral
relativism, its irrationalism, and its laissez-faire attitude to politics 
(Giddens 1990; Habermas 1987). Similar debates exist within postmod-
ern theory, with Harvey (1989) theorizing a transition to postmodernity
while criticizing postmodernist thought, and Lyotard (1984b) criticizing
Jameson’s “totalizing dogmas” and defense of master narratives.6

Technology Studies: New Visions of Technology

Technology Studies as a Field
“Technology studies” is the name for a loosely knit multidisciplinary
field with a wide variety of contributing disciplines, such as sociology,
history, cultural studies, anthropology, policy studies, urban studies,
and economics. Technology studies are concerned with the empirical
study of the development of technical artifacts, systems, and techniques
and their relation to society. Technology studies are part of science and
technology studies, or STS, a larger field that emerged in the 1970s and
that is based on studies of science and technology and their relation to
society that are both empirically informed and on sound theoretical
footing. STS is today an established discipline, with departments 
and programs around the world, as well as specialized conferences and
journals.7

A full review of theories and approaches in technology studies is well
beyond the scope of this paper and is complicated because of the relative
youth of the field and the diversity of its topics and approaches. In what
follows, I focus on two subfields of technology studies that are at the
core of many STS departments and programs. They are social studies of
technology, which look at social and cultural aspects of technology, and
the history of technology, which studies the historical development of
technologies and their relation to society.8 In discussing the history 
of technology, moreover, I focus on contextual approaches, which 
are dominant in STS, and which look at the historical development of
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technologies in relation to their social context, instead of taking an 
internalist approach that focuses on purely scientific and technological
contexts only.9 This selective choice means that I ignore, among other
studies, the important work that has been done in two distinct fields:
economics of technology and philosophy of technology.10

Contemporary technology studies, with their focus on social, cultural,
and historical dimensions, cover a wide variety of topics. Scholars rarely
consider “Technology-with-a-capital-T.” Instead, they examine specific
technologies, such as genetic engineering or nuclear technology; specific
engineering fields and approaches, such as mechanical engineering or
cold fusion research; specific techniques, such as rapid prototyping or
cerebral angiography; and technical artifacts, machines, materials, and
built structures, such as ceramic vases, Van de Graaff generators, poly-
styrene, and the Eiffel Tower. In addition, many scholars study large
technological systems, such as railroad systems or early warning systems
in missile defense, and the processes of technological change, such as the
development of the bicycle in the nineteenth century or the invention
and development of electric lighting.

Technology studies analyze these technological entities in relation to
their social context. Roughly, this is done in one of three ways. In one
set of studies, the focus is on the shaping of the technology itself and the
role of societal processes. How did the technology come into existence?
What (social) factors played a role in this process? What modifications
has it undergone since it first came into being, and why did these occur?
In other studies, the focus is on how a technology has shaped society,
or, alternatively, on the social changes that accompanied the introduc-
tion and use of the technology. In yet other studies, these processes are
considered together, emphasizing how a technology and its social con-
text co-evolve, or co-construct each other. A significant proportion of
work that takes up this co-construction theme even denies that there is a
meaningful distinction between technology and society, and attempts to
study “sociotechnology,” which consists of dynamic seamless webs of
entities that are only labeled as technological or social after they have
fully evolved (Bijker and Law 1992; Latour 1987; Callon 1987). There
is also a fourth category of studies in technology, which historian John
Staudenmaier (1985: p. 17) calls “externalist,” that do not focus on
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technology per se but only on contextual aspects, such as engineer-ing
communities, technological support networks, or public images of tech-
nology.

The core of contemporary technology studies consists of social studies
of technology and the history of technology, both of which have been
influenced by New Left critiques of science and technology. I discuss
these two subfields in order. In social studies of technology, the research
focus is on the social contexts in which technologies are developed and
used, such as engineering labs, factories, and homes. The research exam-
ines how elements in these contexts interact with each other and with
the technology in question. Such elements include individual agents and
social groups, along with their behaviors, interactions, identities, and
statuses (gender, race, class), as well as organizational structures, insti-
tutional settings, and cultural contexts.

Contemporary social studies of technology are in large part an out-
growth of social studies of science. The specific tradition of which it is
an outgrowth is sometimes called sociology of scientific knowledge
(SSK). The SSK approach to the sociology of science, which is the domi-
nant approach today, holds that scientific knowledge itself, and not just
the social and institutional context of scientific inquiry, ought to be the
key focus of the sociology of science. SSK holds that scientific knowl-
edge is not a rational process exempt from social influences, but a social
process, and that scientific truth is not objectively given but socially con-
structed. This SSK approach deviates from what was the dominant ap-
proach in the sociology of science until the late 1970s: the Mertonian
approach, named after Robert K. Merton, which focused only on the in-
stitutional context of scientific inquiry while assuming that scientific in-
quiry itself is by and large rational and objective. SSK also distinguishes
itself from traditional (positivist) philosophy of science and epistemol-
ogy, which also holds scientific inquiry and truth to be rational and 
objective. Instead, it takes its inspiration from philosopher of science
Thomas Kuhn’s work on the structure of scientific revolutions, which is
critical of images of science as a rational and cumulative process (Kuhn
1962).11

It was a founding principle of SSK that “nature” and “rationality”
and “truth” in science do not explain the process of scientific inquiry,
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but are themselves contingent social constructs that must be explained.
This central principle was extended in the early 1980s, when some
SSKers began to publish work in social studies of technology. The prin-
ciple is modified to read: the working of machines does not provide an
explanation of technological and social change, but is itself something
that must be explained, at least in part by investigating social agents,
their interactions, and their beliefs about technology.12 Technology is re-
garded, in part or wholly, as a social construction that must be ex-
plained by reference to social processes, and within which no appeal 
can be made to objective standards of truth, efficiency or technological
rationality.

Although some contemporary work in (contextual) history of technol-
ogy finds inspiration in social studies of technology, the history of tech-
nology is itself a much older field (Cutcliffe and Post 1989; Westrum
1991; Staudenmaier 1985; Fox 1999). Yet, although there has always
been an interest in the social context of technology in the history of
technology, approaches that put this social context at center stage have
only recently come to dominate. A typical study in a contextual history
of technology considers how a particular technology, such as electric
power transmission, the internal combustion engine, or the personal
computer, evolved historically and how the technology came to 
reflect the contexts in which it has been developed and used. The investi-
gation is often bounded in time (a particular historical era or develop-
ment stage of the technology) and space (a particular geographical area
or setting). Contextual elements that such historians consider may in-
clude organizational, policy, and legal settings, including relevant indi-
vidual actors, social groups, and organizations (engineers, firms,
industries, government bodies, activist groups) and their discourses and
behaviors. In sociohistorical studies of technology, in which social stud-
ies of technology intersect with the history of technology, the develop-
ment of technologies is studied with special reference to their social
contexts and uses (see Bijker 1995b for a review).

Most studies in social studies and the history of technology are case
studies that consider particular settings or events in which technologies
are developed and used.13 Others are what John Staudenmaier (1985: 
p. 206) calls “expanded studies,” which look more broadly at several
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types of technologies or several types of settings or historical episodes.
Yet other studies are primarily theoretical or methodological, focusing
on such issues as technological determinism or the interpretive flexibility
of technological artifacts, or on methodological issues within technology
studies. Most studies operate at a micro or mesolevel of analysis, focus-
ing on individual actors, social groups and organizations, and their in-
teractions, rather than on the macrolevel of institutions and cultural
frameworks. The research methods are diverse and include textual
analysis, discourse analysis, participant observation, ethnomethodology,
and quantitative analysis.

Theoretical Claims of Technology Studies
The strong empirical orientation of most work in social studies and the
history of technology is visible, not only in its case analyses, but also in
its theoretical and methodological assumptions, which have often been
inspired by, or modified as a result of, these case studies. As a conse-
quence of this, there has been a fair amount of agreement on a number
of theoretical assumptions. I will try to characterize some of these as-
sumptions, along with some others that are also salient but more 
controversial.

One of the most central theoretical assumptions in technology studies
is the assumption that technology is socially shaped. Technological
change is conditioned by social factors, and technological designs and
functions are the outcome of social processes rather than of internal
standards of scientific-technological rationality; technology is society
made durable.14 The social shaping thesis denies the technological deter-
minist idea that technological change follows a fixed, linear path, which
can be explained by reference to some inner technological “logic,” or
perhaps through economic laws. Instead, technological change is radi-
cally underdetermined by such constraint and involves technological con-
troversies, disagreements, and difficulties that engage different actors or
relevant social groups in strategies to shape technology according to their
own insights.

Some scholars may discern technological or scientific constraints 
on technological change, but others point out that such constraints, if
they exist at all, are themselves also socially shaped—for example, 
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expectations of growth within the business, engineering, or user com-
munities. Also, while some scholars recognize separate stages in the de-
velopment of technology (e.g., invention, development, innovation),
others, particularly in social studies of technology, analyze technological
change as an entirely contingent and messy process, in which heteroge-
neous factors affect technological outcomes, and in which the process of
invention continues after technologies leave the laboratory or factory.
These scholars emphasize that users, regulators, and others also affect
the design and operation of technologies and the way in which technolo-
gies are interpreted and used (Bijker 1992; Lie and Sørenson 1996; Oud-
shoorn and Pinch forthcoming). In contrast to a linear-path model of
technological change, proposals have been made for a variation and se-
lection model, according to which technological change is multidirec-
tional: there are always multiple varieties of particular design concepts,
of which some die, and others, which have a good fit with social con-
text, survive (e.g., Pinch and Bijker 1987; Ziman 2000).

The social-shaping thesis implies a weak constructivist claim that
technological configurations are variable and strongly conditioned by
social factors. Social constructivist approaches go beyond this claim to
arrive at the strong constructivist claim that technological change can be
entirely analyzed as the result of processes of social negotiation and in-
terpretation, and that the properties of technologies are not objective,
but are effectively read into the technologies by social groups. Social
constructivism is hence a contemporary form of idealism, denying the
possibility or desirability of a reference to any “real” structures or forces
beyond the representations of social groups. Whether a certain technol-
ogy works or is efficient or user-friendly, and the nature of its functions,
powers, and effects is not a pregiven, but the outcome of social processes
or negotiation and interpretation.15

Those social-shaping theorists who do not embrace social construc-
tivism also recognize that the meaning or use of technologies is not pre-
given. Most theorists agree that technology has interpretive flexibility,
meaning that technologies can be interpreted and used in different ways
(Pinch and Bijker 1987). When social negotiations surrounding techno-
logical change come to a close, interpretive flexibility is held to diminish
because the technology stabilizes, along with concomitant (co-produced)



52 Philip Brey

meanings and social relations. Stabilization implies the embedding of
the technology in a stable network consisting of humans and other tech-
nologies, and the acceptance of a dominant view on how to interpret
and use the technology. Stabilization of a technology implies that its
contents are “black-boxed” and are no longer a subject of controversy.
Its stabilized properties come to determine the way that the technology
functions in society. Yet, black boxes can be reopened. The history of
technology shows how technologies such as the telephone, the Internet,
or the automobile take on particular functions or societal roles that may
vary from time to time and place to place.

The flip side of the claim that technology is socially shaped is the
claim that society is technologically shaped, meaning that technologies
shape their social contexts. This goes considerably beyond the claim that
new technologies may open up new possibilities that change society, or
that technologies may have side effects. Obviously, the steam engine
changed society by making new types of industrial production possible,
and the printing press effected change by making written information
more available and easier to distribute. Obviously, also, technologies
may have side effects such as environmental pollution or unemploy-
ment. The technological-shaping thesis refers not just to such recognized
functions and side effects of technologies, but to the multiplicity of func-
tions, meanings, and effects that always, often quite subtly, accompany
the use of a technology. Technologies become part of the fabric of soci-
ety, part of its social structure and culture, transforming it in the process.
The idea of society as a network of social relations is false, because soci-
ety is made up of sociotechnical networks, consisting of arrangements of
linked human and nonhuman actors.

The notion of a sociotechnical network is a central notion in actor-
network theory (ANT), which is a third influential approach to technol-
ogy studies, next to the social-shaping and social-construction approaches.
It studies the stabilization processes of technical and scientific objects as
these result from the building of actor networks, which are networks of
human actors and natural and technical phenomena. Actor-network
theorists employ a principle of generalized symmetry, according to
which any element (social, natural, or technical) in a heterogeneous 
network of entities that participate in the stabilization of a technology
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has a similar explanatory role (Callon 1987; Latour 1987; Callon and
Latour 1992). Social constructivism is criticized by ANT for giving spe-
cial preference to social elements, such as social groups and interpreta-
tion processes, on which its explanations are based, whereas natural or
technical elements, such as natural forces and technical devices, are pro-
hibited from being explanatory elements. Actor-network theory allows
technical devices and natural forces to be actors (or “actants”) in net-
works through which technical or scientific objects are stabilized. By an
analysis of actor networks, any entity can be shown to be a post hoc
construction, but entities are not normally socially constructed because
stabilization is not the result of social factors alone.

The notion that society is technologically shaped means, according to
most scholars in technology studies, that technology seriously affects 
social roles and relations; political arrangements; organizational struc-
tures; and cultural beliefs, symbols, and experiences. Technology scholars
have claimed that technical artifacts sometimes have built-in political con-
sequences (Winner 1980), that they may contain gender biases (Wajcman
1991; Bray 1997), that they may subtly guide the behavior of their users
(Sclove 1995; Latour 1992), that they may presuppose certain types of
users and may fail to accommodate nonstandard users (Akrich 1992) and
that they may modify fundamental cultural categories used in human
thought (Turkle 1984, 1995).

Latour (1992), for example, discusses how mundane artifacts, such as
seat belts and hotel keys, may direct their users toward certain behav-
iors. Hotel keys in Europe often have heavy weights attached to compel
hotel guests to bring their key to the reception desk upon leaving their
room. Winner (1980) argues that nuclear power plants require central-
ized, hierarchical managerial control for their proper operation. They
cannot be safely operated in an egalitarian manner, unlike, for example,
solar energy technology. In this way, nuclear plants shape society by 
requiring a particular mode of social organization for their operation.
Sclove (1995) points out that modern sofas with two or three separate
seat cushions define distinct personal spaces, and thus work to both re-
spect and perpetuate the emphasis of modern western culture on individ-
uality and privacy, in contrast to, for example, Japanese futon sofa-beds.
Finally, Turkle (1984) discusses how computers and computer-operated
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toys affect conceptions of life. Because computer toys are capable of be-
haviors that inanimate objects are not normally capable of, they lead chil-
dren to reassess the traditional dividing lines between “alive” and “not
alive” and hence to develop a different concept of “alive.” Most authors
would not want to claim that technologies have inherent power to effect
such changes. Rather, it is technologies in use, technologies that are al-
ready embedded in a social context and that have been assigned an in-
terpretation, that may generate such consequences.

To conclude, the major insights of technology studies have been that
technologies are socially shaped and at the same time society is shaped
by technology, or, alternatively, that society and technology co-construct
each other. They are not separate structures or forces, but are deeply in-
terwoven. Moreover, technological change is not a linear process but
proceeds by variation and selection, and technologies have interpretive
flexibility, implying that their meanings and functions and even (accord-
ing to social constructivists) their contents are continually open to rene-
gotiation by users and others.

Technology Studies and Modernity Theory: Mutual Criticism

The Treatment of Technology in Modernity Theory
It is difficult to overlook the pervasive role of technology in the making
of modernity. As argued earlier, technology is a central means by which
modernity is made possible. It is a catalyst for change and a necessary
condition for the functioning of modern institutions. However, it is
more than that. What can be learned from technology studies is that the
institutions and culture of modernity are not just shaped or influenced
by technology, they are also formed by it. The social systems of moder-
nity are sociotechnical systems, with technology an integral part of the
workings of social institutions. Social institutions are societal structures
that regulate and coordinate behavior and in this way determine how
certain societal needs are met. In the modern age, however, their regula-
tive functions are no longer a direct outcome of collective actions, since
most collective actions have become thoroughly mediated and shaped by
modern technologies, which function as co-actors. For example, collec-
tive acts of voting are now thoroughly mediated by voting technologies
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that help determine whether people get to vote at all, how votes are de-
fined, and whether votes are counted. Modern culture is, likewise, a
technological culture, in which technologies are not just material sub-
strates of existing cultural patterns, but also have a major role in defin-
ing, shaping, and transforming cultural forms. Information technology,
for example, is transforming basic cultural concepts and experiences
such as those of time, space, reality, privacy, and community and is also
effecting fundamental shifts in cultural practices.

If this analysis of the role of technology in modernity is anywhere
near correct, then it is surprising, to say the least, to find that technology
is not a central topic in the vast literature in modernity theory. Indeed,
of the many hundreds of books that bear the word “modernity” in the
title, fewer than a handful also refer to technology or one of its major
synonyms or metonyms (e.g., technological, computers, biotechnology,
industrial).16 Many of the major works in modernity theory make only
passing reference to technology. For example, technology is referenced
only once in the recent edited volume, Theories of Modernity and Post-
modernity; it is not mentioned at all in Zygmunt Bauman’s Intimations
of Postmodernity; and there are only four or five brief references to it 
in Alain Touraine’s Critique of Modernity (see Turner 1990; Bauman
1992; Touraine 1995).

What can explain this apparent neglect of technology in modernity
theory? It is not denial that technology has an important role in the con-
stitution of modernity, for most authors would agree that its role is piv-
otal. A better explanation is that the dominant dimensions along which
modernity has traditionally been analyzed (institutional, cultural, and
epistemological) have not allowed technology to play a major identifi-
able role, but have instead assigned it the status of a background condi-
tion. Technology is often analyzed as a mere catalyst of institutional,
cultural, and epistemological change, or as a mere means through which
institutions, cultural forms, and knowledge structures are realized.

In institutional analyses, modernity is analyzed as being constituted
by institutions and their transformations. Technology is not usually rec-
ognized as an institution itself; it is not seen as a separate regulative
framework such as capitalism, government, or the family, but rather as
one of the means through which these frameworks operate. More often
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than not, institutions such as capitalism, industrialism, or military
power are discussed without specific reference to the technologies that
sustain them. The role of technology in transforming these institutions
(e.g., in the transition to an information society) is more difficult to ig-
nore. However, here one often finds technology subsumed as part of a
broader phenomenon, such as rationalization (Weber), productive
forces (Marx), or disembedding mechanisms (Giddens), of which it is
only a part. Even in Marxist theory, which assigns an important role to
production technology in the making of modernity, this technology still
only serves as an external constraint on economic structure, which ulti-
mately determines the social forms of society.

In most cultural and epistemological theories of modernity, technology
is either analyzed as a mere catalyst of cultural and epistemological
changes, or it is robbed of its materiality and reduced to knowledge, lan-
guage, or ideas. In Heidegger’s critique of modernity, in which technology
“enframes” us and turns the world into “standing reserves,” technology
turns out not to be defined as a material process or as a mode of action,
but as a particular mode of thinking (Heidegger 1977). The same ideal-
ism is also visible in much of critical theory, in spite of its greater em-
phasis on social institutions. There, technology is often identified with
technological or formal rationality, which is a mode of thinking that
characterizes not only modern technology but also modern thought and
economic and social processes. Habermas, moreover, has defined tech-
nology as “technological knowledge and ideas about technology”
(Habermas 1987: p. 228). Finally, in postmodern theory, technology is
often reduced to language, signs, or modes of knowledge, along with
everything else.

When technology is referred to in modernity theory without being re-
duced to something else, still other problems emerge. One is the level of
abstraction at which technology is discussed: technology is usually
treated as a monolith, as a macroscopic entity, Technology-with-a-
capital-T, about which broad generalizations are made that are sup-
posed to apply equally to nuclear technology and dental technology, to
vacuum cleaners and gene splicers. This abstract, undifferentiated treat-
ment leads to vagueness, obscures differences between technologies, and
fails to distinguish the varied ingredients that make up technology
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(knowledge, artifacts, systems, actions) and the way these relate to their
context.

Giddens, for example, employs the notion of an “expert system,”
which is a key mechanism for decontextualizing social relations. He de-
fines expert systems as “systems of technical accomplishment or profes-
sional expertise that organize large areas of the material and social
environments in which we live today” (Giddens 1990: p. 27). He dis-
cusses few examples of expert systems, but makes it clear that virtually
any system in which the knowledge of experts is integrated and that
contains relevant safety measures qualifies as an expert system, includ-
ing automobiles, intersections, buildings, and railroad systems. More-
over, Giddens goes into hardly any detail on the way in which expert
systems decontextualize social relations.

A monolithic treatment of technology easily leads to essentialism and
reification. In an essentialist conception, technology has fixed, context-
independent properties that apply to all technologies. As Andrew Feen-
berg (1999a: pp. viii–ix) has argued, technological essentialism usually
construes technology’s essence as its instrumental rationality and its
functionalism, which reduces everything to functions and raw materials.
This essentialism often correlates with a reified conception of technol-
ogy, according to which it is a “thing,” with static properties, that inter-
acts with other “things,” such as the economy and the state. Essentialism
and reification, in turn, have a tendency to promote technological deter-
minism, in which technology develops according to an internal logic,
uninfluenced by social factors, and operates as an autonomous force in
society, generating social consequences that are unavoidable.17 Techno-
logical determinism is evident in dystopian critiques of modernity, such
as those of Heidegger, Marcuse, and Ellul, in which technology engulfs
humanity and rationalizes society and culture. In many other theories of
modernity, it is also present, albeit in a more subtle way. Marx’s thesis
that the productive forces determine or constrain production relations
has often been interpreted as a form of technological determinism.
Daniel Bell (1976) presents a similar view in characterizing the transi-
tion to a postindustrial society as the result of economic changes that
are due to increased productivity, which is conditioned by information
technology. Baudrillard (1995) construes the transition from modernity
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to postmodernity in technological determinist terms by analyzing it as
the result of information technology and media, whose models and
codes yield a new social order. James Beniger’s (1989) detailed historical
study of the making of the information society is also built on techno-
logical determinist principles, with technological change being a cause
of social change, while itself remaining relatively independent of social
influences.

In conclusion, the treatment of technology in modernity theory is
problematic in several respects. Often, technology is not assigned a
major role in modernity; it is subsumed under broader or narrower phe-
nomena or one-dimensional phenomena; its treatment is often abstract,
leading to vagueness, overgeneralization, detachment from context, and
a failure to discern detailed mechanisms of change. In addition, technol-
ogy is often reified and essentialized, and the conceptions of it are often
deterministic. There is also the problem that modernity theory’s sweep-
ing generalizations about technologies do not normally rest on micro-
level elaborations of the macro theory or on case studies. Modernity
theory’s generalizations, it will be clear by now, tend to go against many
key ideas of technology studies (the social character of technology and
its interpretive flexibility, the path dependence of technological change,
etc.). Moreover, when theories of modernity provide inadequate ac-
counts of technology and its role in modernity, their accounts of social
institutions, culture, and the dynamics of modernity suffer as well.
There are theories that avoid many of the problems listed (e.g., Castells
1996), but they are exceptions to the rule.

The Treatment of Modernity in Technology Studies
Modernity theory must provide an account of technology because of its
major role in the shaping of modernity. Technology studies, on the con-
trary, do not seem to require a consideration of modernity in their
analyses of technology. It is not obvious that a historical study of the
telephone or an analysis of the development and advertisement of fluo-
rescent lighting must refer to macroscopic structures and events such as
disembedding mechanisms and changes in capitalist production modes.
And in fact, most work in technology studies does not refer to such
macro structures but instead remains at the micro (or meso) level. It
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studies actors (individuals, social groups, organizational units); their
values, beliefs, and interests; their relations and (inter)actions; and the
way in which these shape or are shaped by specific technologies. Case
studies and extended studies based on this approach contain rich de-
scriptions of complex dynamics that lead to social and technological
outcomes. However, the aim of many of these studies is not just to de-
scribe what happens, but also to explain why it happened. For example,
in analyzing the history of the Penny Farthing bicycle, Pinch and Bijker
(1987: p. 24) do not want to only describe various bicycle models and
the social groups involved in their manufacture and use; they want to
understand the factors that determine what models are successful and
the reasons social groups assign certain meanings to a model. I argue
that microlevel accounts cannot fully explain technological and social
change unless they are linked with macrolevel accounts.

The main reason for this is that a sufficiently rich account of actors
and their relationships, beliefs, and behaviors requires an analysis of the
wider sociocultural and economic context in which these actors are 
operating. This broader analysis is needed to explain why actors have
certain attitudes, values, beliefs, or relationships, and it may even be
necessary to infer their very existence. For example, an understanding of
why certain types of men were attracted to high-wheeled bicycles in late 
nineteenth-century England, and perhaps also the identification of social
groups with this attraction, is likely to require an account of masculine
culture in late nineteenth-century England. The failure to look at this
cultural context would result in superficial and possibly also unreliable
descriptions of actors. More generally, to base explanations of tech-
nological and social change merely on observations of actors and 
their behaviors would be to subscribe to a form of methodological indi-
vidualism, a questionable form of reductionism that holds that social 
explanations can be reduced to facts about individuals and hence that
no reference to supraindividual social structures is required (Lukes
1994).

Granted, the actors in technology studies also include more complex
entities, such as social groups and organizations, and nonhuman actors
such as machines, but these are still particular actors to which agency is
attributed, frequently along with beliefs and attitudes. If the actions, 
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beliefs, and attitudes of these actors are not related to wider sociocul-
tural contexts, then any explanation is likely to fall short. This is a recur-
ring problem in most approaches in technology studies that emphasize 
an actor perspective, including social-shaping and social-constructivist 
approaches and the actor-network approach of Bruno Latour, Michel
Callon, John Law, and their associates. This latter approach does relate
the properties of individual actors to a wider context, which is the net-
work of actors in which they are operating, and holds that this network
defines these properties. However, the networks are limited in scope, usu-
ally containing only the actors thought to have a direct role in the devel-
opment or functioning of a particular technology. Actor-network studies
rarely provide sufficiently complete accounts of the networks that shape
the behaviors or attitudes of the other actors in the network (e.g., engi-
neers, corporations, or politicians), who therefore tend to be analyzed in a
methodological individualist way.18

There is also another reason microlevel approaches have only limited
explanatory power. As Paul Edwards points out (chapter 7, this vol-
ume), a major distinguishing feature of modern societies is their reliance
on infrastructures, large sociotechnical systems such as information and
communications networks, energy infrastructures, and banking and 
finance institutions. As Edwards argues, these infrastructures mediate
among the actors that are studied in microlevel analysis. In this sense
they function as disembedding mechanisms, defining social relations and
guiding social interactions over large distances of time and space (Brey
1998). However, these infrastructures themselves are best studied at the
macrolevel. Microlevel approaches that ignore infrastructures run the
risk of providing an insufficient account of the relations between actors
in modernity (whereas accounts of social relations in premodern soci-
eties can more easily remain at the microlevel because they are not usu-
ally mediated by infrastructures). The recent transition to a post-Fordist,
global economy has heightened the inadequacy of microlevel analyses
by fragmenting industrial production and marketing and reorganizing it
on a global scale (Rosen 1993).

Social constructivists, while acknowledging the need to consider 
the societal context in which actors operate, have sometimes objected 
to an appeal to social theory because of its “realism,” which would be
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incompatible with (strong) social constructivism (see, e.g., Pickering
1995; Elam 1994) However, there is no inconsistency in invoking cate-
gories of social theory in social constructivist analyses. Social construc-
tivist explanations proceed by deconstructing entities in terms of the
activity of other entities, specifically social groups. These entities are
often not deconstructed themselves for pragmatic reasons because de-
construction has to stop somewhere. For instance, Bijker’s (1992) social
constructivist analysis of fluorescent lamps refers to the involvement of
General Electric as a “real” entity. As Bijker (1993) later explained, his
primary interest had been the social construction of fluorescent lamps,
and not the social construction of General Electric. Because of this spe-
cific interest, it was excusable to present some parts of the sociotechnical
world as fixed and as undeconstructed entities that function in the ex-
planation of the development of fluorescent lamps, even though these
entities are social constructions as well. But if reference can be made to
General Electric in social explanation, then surely reference can be make
to Fordism, disembedding mechanisms, and other socially constructed
entities of social theory.19

Another criticism of modernity theories, and a reason cited for avoid-
ing them, is their alleged tendency to totalization, universalization, func-
tionalism, rationalism, panopticism, and determinism, not just in their
treatment of technology, but in their treatment of society as a whole.
This mirrors the criticism by postmodernists of macrolevel metanarra-
tives. Tom Misa has argued, for instance, that macrolevel theories tend
to “impute rationality on actors’ behalfs or posit functionality for their
actions, and to be order-driven,” and that these tendencies quickly lead
to “technological, economic or ecological determinism.” Microlevel
studies, instead, focus on “historical contingency and variety of experi-
ence” and are “disorder-respecting” (Misa 1994: p. 119). While the 
former tendencies are clearly visible in the majority of theories of
modernity, I hold that they are not inherent to macrotheorizing. The
macrostructures postulated in macrotheories inevitably impose con-
straints on the actions of individuals, but this does not mean that they
must also determine these actions. Moreover, macrostructures can be
defined as contingent, heterogeneous, and context dependent, such as
Castells’ networks.
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A final objection to macrotheories is that they are often speculative
and not elaborated or tested empirically. While there are good excep-
tions (again, Castells), these virtuoso performances confirm the general
rule. My point is that this category of theorizing should not be rejected,
but instead that these theories should be developed, tested, and refined. I
conclude, tentatively, that there are no good reasons for scholars in
technology studies to avoid macrotheories of modernity and that there
are good reasons to employ them. Working toward integrated studies of
modernity and technology involves, then, developing and testing
macrotheories and working to bridge the micro-macro gap that now
often separates modernity theory from technology studies. These two
tasks are the topic of the next section.

Modernity, Technology, and Micro-Macro Linkages

The Problem of Micro and Macro
In large part, the problem of connecting the topics of modernity and
technology, and of connecting modernity theory with technology stud-
ies, is the problem of connecting the macro with the micro. Modernity
theory typically employs a macrolevel of analysis, analyzing macrolevel
phenomena, such as late modernity and globalization, in terms of other
macrolevel phenomena, such as time-space disembedding and the grad-
ual decline in Western global hegemony. Much work in technology
studies operates at the micro level, analyzing microlevel entities such as
fluorescent lighting or the advertising of a new daylight fluorescent lamp
by reference to other microlevel entities such as “the influence of Ward
Harrison of the incandescent lamp department of General Electric” or
“the writing of a report on daylight lighting by the Electrical Testing
Committees.” In addition, one could claim that modernity theory typi-
cally employs a structure perspective, focusing on social structures 
and their properties, whereas technology studies often employ an actor
perspective.

I assume that there is a mutual need in technology studies and moder-
nity theory to bridge the gap between the micro and the macro, and be-
tween structure and actor perspectives. Nevertheless, the problem of
micro and macro (not to mention the problem of structure and agency)
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remains one of the great unsolved problems in social science. In spite of
the attention this problem has generated, there is still no recipe, no
method, and few inspiring exemplars on how to connect macrolevel and
microlevel analyses. In the discussion that follows, I try to advance this
general issue by looking more analytically at the problem. I argue that
progress on the micro-macro problem has been hampered by a failure to
recognize the multiplicity of levels of analysis (micro and macro being
coarse distinctions only) and a failure to distinguish two distinct dimen-
sions within the micro-macro distinction: size and level of abstraction. I
then outline four principal ways in which levels of analysis may map
onto each other, and conclude by drawing implications for an integra-
tion of modernity theory with technology studies.

Size and Level of Abstraction
What makes a phenomenon studied in the social sciences or humanities
a macro phenomenon? And what makes a concept a microlevel concept?
Considerable confusion exists over this matter. Sometimes it is held that
macroanalysis is distinct from microanalysis because it focuses on larger
things. Social systems are large and individuals and their actions are
small; therefore social systems are the subject of macroanalysis and indi-
viduals the subject of microanalysis. Another claim sometimes made
about the micro-macro distinction is that macrolevel phenomena and
the concepts that refer to them are abstract and general, whereas mi-
crolevel phenomena tend to be concrete and specific.

Thus there are at least two parameters along which macroanalyses are
distinguished from microanalyses: the size of the units of analysis, and
their level of abstraction.20 Very few attempts exist in the literature to
further define or operationalize these parameters, or to study their inter-
relationships. It is usually assumed that they tend to interrelate; that the
units of macrolevel analysis are typically, if not invariably, large, ab-
stract, and general, whereas things in microlevel analysis tend to be
small, concrete, and specific. Yet there are many exceptions to this rule.
For example, the modern self is both smaller and more abstract than
protest marches during the inauguration of George W. Bush. The 
modern self is a smaller unit of analysis because protest marches involve
many modern selves. It is more abstract because it refers to a general
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type of phenomenon, whereas the protest marches denote a specific type
of phenomenon. Other units of analysis do not seem to have a definite
size at all. For example, reflexivity is a property that can apply to both
large things (e.g., social systems) and small things (e.g., the knowledge
processes of organizational units).

To understand the connections between the micro and the macro, we
must therefore first better understand the parameters by which these no-
tions are defined—the notions of level of abstraction and size. I discuss
these in order.

Level of Abstraction What does it mean to say that one phenomenon
is more abstract than another? Principally, I want to argue, this means
that the phenomenon is more general. For example, rationalization is a
more general process than the standardization of testing in aviation
schools (a form of rationalization), and that is why it is more abstract.
Starting from an abstract phenomenon, one can arrive at more concrete
phenomena by introducing additional properties that bound it. Starting
with the abstract phenomenon of industrial society, one can arrive at the
more specific and therefore more concrete phenomenon of late nine-
teenth-century British industrial society by adding properties that spec-
ify time period and nationality. Likewise, starting from the notion of a
parent, one can arrive at the somewhat more concrete notion of a
mother (a female parent) by adding a gender property (female). Con-
versely, when one starts with a concrete phenomenon, one can arrive at
a more abstract one by removing properties from it. One can go from
late nineteenth-century British industrial society to industrial society and
from mother to parent by subtracting properties, that is, by generalizing.

In this way it is possible to construct hierarchies of entities that range
from abstract to concrete, with the more concrete entities being species
(subtypes or instances) of the more abstract entities. For example, one
can construct a hierarchy going from transportation vehicle to bicycle 
to Penny Farthing bicycle to the Bayliss-Thomson Ordinary Penny Far-
thing bicycle to the specific Bayliss-Thomson Ordinary Penny Farthing
bicycle of which I have a picture. Notice, however, that concretization is
not just a matter of adding adjectives (or abstraction a matter of sub-
tracting them). The relation between more abstract and more concrete
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phenomena is not always linguistically transparent, and conceptual
analysis, if not empirical investigation, may be needed to observe the re-
lation (e.g., that a mother is a type of parent, or that a standard-setting
body in health care is a type of bureaucratic organization).

Size Units of analysis can often be ordered according to their size. For
example, a social system is obviously larger than a social group in that
system, and a social group is larger than an individual in that group. The
reference to size here does not imply a reference to absolute metric or nu-
merical properties. Rather, size is used here in a relative or comparative
sense. Phenomenon a is larger than phenomenon b if a can contain b, or b
is a part of a. For example, there are part-whole relations between the
economy and the individuals participating in it because an analysis of
economic processes ultimately reveals individuals engaged in economic
behavior. This is why economic systems are larger than individuals. Large
units of analysis are larger than small units of analysis because they are
able to stand in a part-whole relation or a relation of (partial) contain-
ment to these smaller units (Castells 1996: pp. 174–179). Because parts
may have parts themselves, hierarchies can be constructed of units of
analysis that range from large to small. For example, a social system may
include a market system that includes organizations that include organi-
zational units that include divisions that include employees. Likewise, the
British railway system includes train stations that include platforms and
station staff. Also, items may be parts of multiple wholes. For example,
pay-per-view virtual museums may be part of the post-Fordist economy,
but they are also part of postmodern culture. Notice that part-whole rela-
tions between units of analysis, which refer to their size, are clearly differ-
ent from the types of genus-species relations discussed earlier, which refer
to level of abstraction. For instance, Internet advertising is a species of ad-
vertising, but a part of the post-Fordist economy.

Levels of Analysis and Their Interrelationships
What the distinction between size and level of abstraction shows is that
the micro-macro distinction encompasses at least two hierarchies: a 
hierarchy from abstract to concrete and one from large to small. Things
can be simultaneously small and abstract (the modern self) or large and
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concrete (the locations of capital cities across the globe in the year
2001). In practice, however, there are correlations between these two hi-
erarchies. What should also be clear from the discussion is that the dis-
tinction between two levels of analysis (macro and micro) or even three
levels (macro, meso, and micro) is a gross oversimplification. Going
from abstract to concrete or from large to small, many levels may be en-
countered in between. So what is commonly called the “macrolevel” in
fact relates to multiple levels of analysis that may range from very large
or abstract phenomena such as modernity, western culture, and indus-
trial society to significantly smaller or more concrete entities such as the
Internet economy, gender in late nineteenth-century France, and the
Kansai region in Japan. Similarly, microlevel phenomena may range
from larger and more abstract entities such as advertising agencies,
hackers and local area networks, to smaller or more concrete entities
such as Bill Gates, Mary’s filing of a petition, and the software error in
Fred’s computer.

The terminology of micro and macro is therefore too coarse because it
does not distinguish between size and level of abstraction, and it does
not discriminate the different levels and hierarchies that exist within
macro- and microlevel analyses. The consequence of this is that it be-
comes difficult to see how various kinds of micro- and macrolevel analy-
ses may be integrated with each other. Yet, arriving at an adequate
integration of levels of analysis is the major problem faced by theories of
modernity and technology. How do you get from a discussion of late
modernity, rationalization, and the state to a consideration of the devel-
opment and use of specific technologies? Conversely, how do you get
from talk about Pentium computers, hacker culture, and virtual commu-
nities to talk about globalization, the modern self, and post-Fordist
economies? Any adequate study of modernity and technology requires
such a bridging of the micro and the macro, of the abstract and general
and the concrete and empirical, of the large and diffuse and the small
and singular.

The major question, then, for theories of modernity and technology,
is how the gaps that exist between different levels of analysis can be
bridged. My distinction between size and level of abstraction indicates
that gaps between levels occur in two ways: because the higher level
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refers to more abstract phenomena than the lower level (e.g., bureau-
cratic organizations versus standard-setting bodies in health care), or be-
cause it refers to larger phenomena (e.g., social systems versus markets).
But my discussion also suggests how these gaps may be bridged: by
identifying genus-species relationships (for phenomena at different levels
of abstraction) and part-whole relationships (for phenomena of different
sizes). For instance, an analysis of standard-setting bodies in health care
may be linked to an analysis of bureaucratic organizations by identify-
ing standard-setting bodies as species or instances of bureaucratic orga-
nizations. Similarly, an analysis of markets may be linked to an analysis
of social systems by identifying markets as subunits within social sys-
tems. Such matches provide the conceptual links that are necessary to
connect discourses that would otherwise remain disconnected.

However, in most studies in the social sciences and humanities that
involve the linking of levels of analysis, the aim of such linking is not
merely to connect disparate discourses. Most studies have a more spe-
cific aim; for instance, explaining events at the micro level, or analyzing
the structure of macrolevel phenomena. Most studies center on a specific
macro- or microlevel phenomenon that the study aims to analyze (e.g.,
late industrial society, or changes in the design of the bicycle in the late
twentieth century). Links created to levels of analyses that are either
higher or lower than that of the analysandum are hence asymmetrical:
the higher- or lower-level entities are invoked to explain or analyze the
analysandum.

Four Types of Interlevel Analysis
When something is analyzed in terms of phenomena at another level,
these phenomena may be from a lower or a higher level, and may differ
in their level of abstraction and their size. This implies that there are
four ways in which analysis may bridge levels. I call these “decomposi-
tion” (the analysis of a larger unit in terms of smaller units), “subsump-
tion” (the analysis of a smaller unit by reference to larger units),
“deduction” (the analysis of a more concrete unit by analyzing it as a
subclass of a more general phenomenon) and “specification” (con-
cretization; analyzing a more abstract unit by analyzing one or more of
its more concrete forms). I discuss these in order.
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• In decompositional analysis (or reductive analysis), a large phenome-
non is analyzed in terms of (much) smaller phenomena. For example,
the behavior of markets (at the macro level) is analyzed as the product
of the behavior of individuals (at the micro level).

• Subsumptive analysis is the opposite of decompositional analysis.
With it, one tries to account for smaller phenomena by (partially) sub-
suming them under a larger (structural, functional, or causal) pattern of
which they are a part. For example, given the macroevent of a transition
from Fordism to post-Fordism, in which the bicycle firm Raleigh (a mi-
croentity) is one of the players, there is a modest expectation that
Raleigh will invest in product differentiation, since product differentia-
tion is part of the transition to post-Fordism (see Rosen 1993).

• In deductive analysis, a phenomenon is identified as a species or token
of a more general phenomenon, and knowledge about this more general
phenomenon is subsequently applied to the more specific phenomenon.
That is, one deduces features from the general to the specific. For exam-
ple, a regulatory agency in health care is identified as a bureaucratic orga-
nization, and one’s theory of bureaucratic organizations is subsequently
applied to it.

• In specificatory analysis, finally, a phenomenon is studied by identify-
ing and studying one or more subtypes or tokens of it. Case analysis,
when used to elaborate a more abstract analysis, is one type of specifica-
tory analysis, one that makes reference to tokens. An example of specifi-
catory analysis is Castells’ analysis of East Asian business networks (a
meso unit). Castells analyzes them by distinguishing various kinds (at
meso- and microlevels of analysis) and studying their similarities and
differences (Castells 1996: pp. 174–179).

Implications for Studies of Technology and Modernity
This perspective on levels of analysis can be used to show how moder-
nity theory can incorporate lower-level analyses in technology studies
and how technology studies can make better use of higher-level analyses
in modernity theory. To begin with the former, macrolevel modernity
theory can benefit from microlevel work in technology studies by using
such work to elaborate its macrolevel descriptions in a way that makes
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the overall account more concrete and empirical. Such elaboration can
proceed through a process of decomposition and specification in which
macro units are decomposed into smaller parts and concretized through
the identification of species or subtypes. For example, in an elaboration
of the notion of the bureaucratic organization, decomposition would
specify the components of bureaucratic organizations, and specification
would aim to distinguish various sorts of bureaucratic organizations.
Both types of analysis may be repeated to arrive at levels of analysis that
refer to ever smaller and more concrete phenomena. Such elaboration
makes macrotheories both more easily testable and more capable of in-
forming microlevel analyses. Such elaboration ultimately makes it easy
to link up with the lower-level analyses of technology studies.

The incorporation of modernity theory into studies of technology can
be similarly clarified. Here, the required types of analysis are subsump-
tion and deduction. To illustrate, Paul Rosen (1993) has attempted to use
David Harvey’s theory of the shift from a Fordist mode of production to
flexible accumulation in the late 1960s and early 1970s in an explanation
of the constant shifts in the design of mountain bikes. Connecting this 
latter fact to Harvey’s theory requires deduction (e.g., identifying it as a
species of product differentiation, a process mentioned in Harvey’s 
theory) and subsumption (e.g., identifying accompanying advertisements
as part of the dialectic of fashion and function in post-Fordist economies).
To make an adequate connection, Rosen has to do a good deal of level
building, analyzing the cycle industry and advertising at various levels.
This not only involves bottom-up construction (building up levels from his
microlevel analyses of mountain bike design, firms, and advertisements)
but also top-down construction (elaborating Harvey’s theory). This makes
it possible for him to have the two analyses meet halfway.

I conclude that integrated analyses of technology and modernity,
which build on macrotheories of modernity and microtheories of tech-
nology, are possible, although they require hard work. Analysts have to
work at level building, engaging often in decomposition, subsumption,
deduction, and specification. This, I believe, is the responsibility of both
modernity theorists and scholars in technology studies. It is a joint pro-
ject that can begin to abolish the boundaries between two now all-too-
separate fields.
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Notes

1. For some recent attempts in technology studies to appropriate (and update)
existing theories of modernity, see Feenberg (1995, 1999a), Rosen (1993), and
Slevin (2000). For attempts at a theory of modernity from within technology
studies, see Latour (1993) and Law (1994).

2. For further discussion of the notions of modernity, modernism, and modern-
ization see Featherstone (1991), Turner (1990), and Harvey (1989).

3. What is and is not a defining aspect of modernity is, of course, a matter of de-
bate. Thus, whereas some would consider gender to be just a social form within
modernity, others have argued that it a major constitutive force, and that our
very conceptions of the modern are the result of a deeply gendered ontology
(e.g., Felski 1995; Marshall, chapter 4, this volume).

4. For an account of Marx’s theory of modernity, see Antonio (2001). For
Weber, see Scaff (1989) and Turner (1993). Sayer (1991) and Giddens (1973)
treat Marx’s and Weber’s accounts jointly.

5. Compare Lyotard and Thébaud (1985: p. 9): “Postmodern is not to be taken
in a periodizing sense.” At other times, Lyotard seems to endorse an epochal con-
ception of postmodernity in which postmodernity is the cultural condition that
has resulted from the information technology revolution (cf. Lyotard 1984: p. 3).

6. For reviews of postmodern theory, see Best and Kellner (1991) and Smart
(2000).

7. For surveys of STS as an academic field, see Jasanoff et al. (1995), Cutcliffe
and Mitcham (2001), and Cutcliffe (2000).

8. See MacKenzie and Wajcman (1999) for a representative anthology of social
studies of technology, and see its introduction for a survey. See Fox (1999) for a
review of themes and approaches in the history of technology.

9. See Staudenmaier (1985) for a review of the contextual approach and its history.

10. See the respective reviews by Dosi et al. (1988) and Mitcham (1994).
Achterhuis (2001) surveys contemporary American philosophy of technology.

11. Bloor (1976) is a seminal work in SSK. Other important works include those
by Latour and Woolgar (1979, 1986) and Latour (1987).

12. See Woolgar (1991, 1996) and Bijker (1993) for accounts of the turn 
to technology in social studies of science. The early classic that marked the 
beginning of contemporary social studies of technology is still Pinch and Bijker
(1987).

13. Staudenmaier (1985: p. 201) has surveyed this for the history of technology.
My own review of issues from the year 2000 of the journals Social Studies of
Science and Science, Technology and Human Values confirms that the same is
true for social studies of technology.

14. For one of the original statements of this position, see MacKenzie and 
Wajcman (1985).
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15. Pinch and Bijker (1987) give a classical statement of social constructivism in
technology studies, specifically of the influential social construction of technol-
ogy (SCOT) approach. For a recent review of social constructivist approaches,
see Pinch (1999).

16. Based on a search on title words at Amazon.com, January 2001.

17. See Smith and Marx (1994) for a historical and Winner (1977) for a philo-
sophical critique of technological determinism.

18. For critiques of the lack of attention of (constructivist) technology studies to
sociocultural contexts, see Rosen (1993) and Winner (1993).

19. Along the same lines, the rejection by actor-network theory of social theory
because it maintains artificial distinctions between society, nature, and technol-
ogy is also overstated because these distinctions are not evident in many con-
cepts in social theory. Such notions as disembedding mechanisms (Giddens),
rationalization (Weber), and the Net (Castells) are all defined as sociotechnical
phenomena.

20. Time scale is an often-mentioned third parameter (see Edwards, chapter 7 in
this volume). It is often claimed that macro-analysis typically analyzes processes
stretching over years or even centuries, whereas micro-analysis covers shorter
time spans, ranging from minutes to months.

21. My claim that large units of analysis may have smaller units of analysis as
parts does not imply the reductionist claim that larger units of analysis are
wholly composed of smaller units of analysis and therefore can be analyzed
without remainder in terms of these smaller units and their relation to one 
another. I am skeptical about this.





Posing the Problem

Theories of modernity and technology studies have both made great
strides in recent years, but remain quite disconnected despite the obvi-
ous overlap in their concerns. How can one expect to understand
modernity without an adequate account of the technological develop-
ments that make it possible, and how can one study specific technologies
without a theory of the larger society in which they develop? These
questions have not even been posed, much less answered persuasively,
by most leading contributors to the fields. The basic issue I would like to
address is the why and wherefore of this peculiar mutual ignorance.1

In the first half of this chapter I review the positions of some of the
major figures in each field. After posing the problem briefly in this sec-
tion, I sketch the background to the current impasse in the original con-
tributions of Marx and Kuhn, and then consider the obstacles each field
places in the way of encountering the other. In the second half of the chap-
ter I propose one possible resolution of the dilemma, bridging the gap
between the two fields through a synthesis of their main contributions.
Both modernity theory and technology studies employ hermeneutic ap-
proaches that I elaborate further in a loosely Heideggerian account of
innovation. In the concluding sections I summarize my own instrumen-
talization theory and show how it can be applied to the computerization
of society.

Modernity theory relies on the key notion of rationalization to ex-
plain the uniqueness of modern societies. Rationalization refers to the
generalization of technical rationality as a cultural form, specifically the
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introduction of calculation and control into social processes, with a con-
sequent increase in efficiency. Rationalization also reduces the norma-
tive and qualitative richness of the traditional social world, exposing
social reality to technical manipulation. Modernity theories often claim
that this reduction impoverishes our relation to the world. But, the theo-
rists argue, impoverished though it may be, technical rationality gives
power over nature, supports large-scale organization, and eliminates
many spatial constraints on social interaction. This view of modernity is
characteristic of a normative style of cultural critique that is anathema to
contemporary technology studies. Albert Borgmann’s theory of the “de-
vice paradigm” is a well-known example of this approach (Borgmann
1984; Higgs et al. 2000).

Rationalization depends on a broad pattern of modern development
described as the “differentiation” of society. This notion has obvious
applications to the separation of property and political power, offices
and persons, religion and the state, and so on. However, a rationality
differentiated from society as such appears to lie beyond the reach of so-
cial study. If technology is a product of such a rationality, it too would
escape sociocultural determination.

Technology studies reject this whole approach. They point out the so-
cial complexity of technology, the multiple actors involved with its cre-
ation, and the consequent richness of the values embedded in design.
The principles of symmetry embraced by technology studies undergird
rigorous case studies that persuasively refute the very idea of pure ratio-
nality. Thus modernity theory goes wrong when it claims that all of 
society operates under values somehow specific to a science and technol-
ogy differentiated from other spheres. However, if technology and 
society are not substantial “things” belonging to separate spheres, it
makes no sense to claim that technology dominates society and trans-
forms its values. Rather, technology is a social phenomenon through
and through, no more and no less significant than any other social 
phenomenon.

Technology studies lose part of the truth when they emphasize only
the social complexity and embeddedness of technology and minimize the
distinctive emphasis on top-down control that accompanies technical ra-
tionalization. This trend depends on the differentiation of institutions
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such as corporations that wield technical rationality in the interest of
control. Limited though that differentiation may be, it nevertheless
makes it possible to grasp any concrete value or thing as a manipulable
variable, and this includes human beings themselves. Where traditional
craft work expressed the vocational investment of the whole personal-
ity, the modern organization of work separates occupations from per-
sonal character and growth, the better to expose the worker to external
controls (deskilling). Similarly, whereas traditional architecture com-
bined historical and aesthetic expression with stability and durability,
today strictly “utilitarian” construction is the rule. True, other social
values fill the vacuum left by the differentiation of the technical sphere—
e.g., profit—but this differentiation process is a real characteristic of
modernity, and it has immense social consequences.

Is it possible to find some truth in both these positions or are they mu-
tually exclusive, as they certainly appear to be at first sight? I believe a
synthesis is possible, but only if the concept of technical rationality is re-
vised to free it from implicit positivistic assumptions. It is this implicit
positivism that leads modernity theory into the error of assuming that
differentiation imposes a purely rational form on social processes, when
in fact, as technology studies demonstrate, technology is social through
and through. Science and technology studies could thus help us to avoid
hypostatizing rationality as a substantial reality responsive only to its
own logic.

We must also find a way to preserve modernity theory’s insight into
the distinctiveness of modernity and its problems. We need to explain
how rationality operates as such even as it is intertwined with society
through internal relations that determine its concrete realizations. This
technology, that market, will always be socially specific and inexplicable
in the terms of a philosophically purified concept of reason.2 In the next
section I sketch the background to the two very different ways of under-
standing rationality in modernity theory and technology studies.

Science of Society and History of Science

The writings of Karl Marx are surely the single most influential source
of theories of modernity. His thought is usually identified with a 
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universalistic faith in progress. At its core there is an intuition he shared
with his century, the notion that a “great divide” forever separates pre-
modern from modern societies. All later contrasts of Gesellschaft versus
Gemeinschaft, organic versus mechanical solidarity, traditional versus
post-traditional society, and so on, owe something to Marx’s canonical
formulation of this idea in texts such as the Communist Manifesto and
Capital.3 After World War II, modernization theory emerged as the chief
competitor to Marxism, but it shared Marx’s progressive universalism.

The sense of radical discontinuity in these texts involves more than a
theory of society. Marx’s notion of what Max Weber later called “ratio-
nalization” covers not only the changes in economic and technical sys-
tems Weber identified, but a new form of individuality freed from
ideology and religion. This new form of individuality is plain to see in
the nineteenth-century novels contemporary with Marx’s work, and he
assumes its generalization to the lower classes under the conditions of
modern capitalism. Modern workers have no fixed abode and are not
subject to the paternalistic authority of nobles and clerics. As the tec-
tonic plates of culture are thrown into movement by the market, work-
ers are freed from naïve faith in their “betters” and acquire a rational
appreciation of the gaps between ideals and realities. Under these condi-
tions, they gain mental independence and become, in Engels’ phrase,
“free outlaw[s]” (Engels 1970: p. 23). Marx’s social theory is thus
founded not just on cognitive hypotheses but on the existential irony of
this modern individual. Its method is therefore fundamentally hermeneu-
tic and demystifying as well as analytical. This duality explains the con-
trast between the method in Marx’s critique of ideology and that in his
positive economic theory. It shows up in various guises in modernity
theory and is especially clear in Habermas who, as we will see later in
this chapter, employs both hermeneutic and analytical methods to study
modern society.

If there is any one figure who has played a comparable role for con-
temporary technology studies, it is Thomas Kuhn. It is true that the case
for Kuhn as a founding father is less clear. Many students of science and
technology, particularly historians, avoided the positivistic errors Kuhn
criticized in his famous book, The Structure of Scientific Revolutions
(Kuhn 1970). However, Kuhn’s overwhelming success lent philosophical



Modernity Theory and Technology Studies 77

legitimacy to these trends and encouraged others to follow their lead.
Nonpositivist historiographic methods triumphed in science studies and
subsequently influenced the new wave of technology studies that grew
out of science studies in the 1980s. Unlike Marx, Kuhn is perhaps less a
source than a symbol of a radically new approach.4

Of course neither Marx nor Kuhn are followed slavishly by contem-
porary scholars, but we should not be surprised to find that many of
their background assumptions are still at work in the most up-to-date
contributions to modernity theory and technology studies. I would like
to begin by considering several such assumptions that may help to ex-
plain the gap between these two fields.

Like all modern historians and social theorists, Kuhn writes some-
where in the long shadow cast by Marx, as can be deduced from the
place of “revolution” in the title of his major book, but his view of his-
torical discontinuities is quite different from Marx’s. Kuhn did not reject
the idea of radical discontinuities in history, which, on the contrary,
continue to shape his vision of the past. But where Marx took for
granted the existence of a rationality gradient underlying the concept of
modernity, Kuhn deconstructed the idea of a universal standard of ratio-
nality that was more or less identical with scientific reason and capable
of transcending particular cultures and ordering them in a developmen-
tal sequence. The demystifying impulse is still present, but it is directed
at the belief in a “great divide” that characterizes modernity itself. Now
the ironic glance turns back on itself, undermining the cognitive self-
assurance implied in the stance of the naïve ironist.

Kuhn’s method had momentous consequences for the wider reception
of science studies in the academic world. He showed that there is no one
continuous scientific tradition, but a succession of different traditions,
each with its own basic assumptions and standards of truth, its own
“paradigms.” The illusion of continuity arises from glossing over the
complexities and ambiguities of scientific change and reconstructing it
as an upwardly linear progression leading to the present. If we go back
to the decisive moments in the scientific revolution and examine what
actually occurred from the standpoint of the participants, their compet-
ing positions, their arguments and experimental results, we will discover
that the case for continuity is by no means so clear.
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This practice-oriented approach is neatly captured in Latour’s sugges-
tion that science resembles a Janus looking back on its past in an en-
tirely different spirit from that in which it looks forward to the future
(Latour 1987: p. 12). Science, Latour suggests, is a sum of results that
“hold” under certain conditions, such as repeated experimental tests.
While the backward glance shows nature confirming the results of sci-
ence, the forward glance presents a very different picture in which the
results that hold are called “nature.” Looking backward, one can say
that the conditions of truth were met because the hypotheses of science
were true. Looking forward, one must say rather that meeting the condi-
tions defines what scientists will use for truth. The backward glance tells
of an evolutionary progress of knowledge about the way things are, in-
dependent of science; the forward glance tells of the sheer contingency
of the process in which science decides on the way things are.

I doubt if Kuhn would have appreciated this Nietzschean twist to his
original contribution, from which he unfortunately retreated in subse-
quent writings. Kuhn himself never challenges the notion of modernity
or the material progress associated with it. But the point is really not so
much to offer an interpretation of Kuhn as of his significance on the
maps of theory. He certainly had no intention of commenting on issues
beyond his field, the history of science, but a critique of Marx is implied
in his notion of scientific revolution insofar as the latter did believe that
his own work was scientific and, more deeply, that rationality character-
izes the institutions and forms of modernity. Thus just because Kuhn
undermines the pretensions of science to access transhistorical truths,
his work also undercuts Marxism and the modernity theory which in-
herited many Marxist assumptions. From that standpoint, it is clear that
Kuhn is in some sense the nemesis of Marx and the harbinger of what
has come to be called “postmodernism.” To the extent that many con-
tributions to technology studies reflect Kuhn’s methodological innova-
tions, they too bear a certain elective affinity for postmodernism, or at
least for a “nonmodern” critique of Marx’s heritage.

The implicit conflict came to the surface in various formulations of
postmodernism, but it still seemed a mere disagreement between ab-
stract epistemological positions. Philosophers engaged in heated debates
over the nature of truth, but these debates had only a few echoes in 
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social theory, such as Habermas’s critique of Foucault. Things have
changed now that the conflict has emerged inside the ill-matched couple
we are considering here, modernity theory and technology studies. Since
no fully coherent account of modernity is possible without an approach
to technology, and vice versa, the philosophical disagreement now ap-
pears as a tension between fields. It is no longer just a matter of one’s
position on the great question of realism versus relativism, but concerns
basic analytical categories and research methods.

Consider the implications of technology studies for the notion of
progress. If Kuhnian relativism has the power to dissolve the self-
certainty of science and technology, then what becomes of the notion of
a rationalized society? In most modernity theories, rationalization ap-
pears as a spontaneous consequence of the pursuit of efficiency once
customary and ideological obstructions are removed. Technology stud-
ies, on the contrary, show that efficiency is not a uniquely constraining
objective of design and development, but that many social forces play a
role. The thesis of “underdetermination” holds that there is no one ra-
tional solution to technical problems, and this opens the technical
sphere to these various influences. Technical development is not an
arrow seeking its target, but a tree branching out in many directions.
But if the criteria of progress themselves are in flux, societies cannot be
located along a single continuum from the “less” to the “more” ad-
vanced. Like Kuhn’s theory of scientific revolutions, but on the scale of
society as a whole, constructivist technology studies complicate the no-
tion of progress at the risk of dissolving it altogether.

In Latour’s account, a contingent scientific-technical rationality can
only gain a grip on society at large through the social practices by which
it is actively “exported” out of the laboratory and into the farms,
streets, and factories (Latour 1987: pp. 249ff.). The constructivist theo-
rists export their relativistic method as they trace the movements of their
object of study. They dissolve all the stable patterns of progress into
contingent outcomes of “scaling up” or controversies. Institutional or
cultural phenomena no longer have stable identities, but must be grasped
through the process of their construction in the arguments and debates
of the day. This approach ends up eliminating the very categories of
modernity theory, such as universal and particular, reason and tradition,
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culture and class, which are transformed from explanations into ex-
plananda. One can neither rise above the level of case histories nor talk
meaningfully about the essence and future of modernity under these
conditions.

Modernity theory suffers disaster on its own ground once it encoun-
ters the new technology studies approach. If no fixed path of technical
evolution guides social development toward higher stages, if social
change can take different paths leading to different types of modern so-
ciety, then the old certainties of modernity theory collapse. One can no
longer be sure if such essential dimensions of modernity as rationaliza-
tion and democratization are actually universal, progressive tendencies
of modern societies or just local consequences of the peculiar path of re-
cent western development. Unless it squarely faces these difficulties,
modernity theory must become so abstract that this kind of objection no
longer troubles it, with a consequent loss of usefulness, or cease to be a
theory at all and transform itself into a descriptive and analytical study
of specific cases. Here are two examples that show the depth of the
problems.

System or Practice

Modernity as Differentiation
Modernity theory on the whole either continues to ignore technology or
acknowledges it in an outmoded deterministic framework. Most reveal-
ing is the extreme but instructive case of Jürgen Habermas. Habermas is
one of the major social theorists of our time. His influence is widespread
and the rigor of his thought admirable. Yet he has elaborated the most
architectonically sophisticated theory of modernity without any refer-
ence at all to technology. This blissful indifference to what should surely
be a focal concern of any adequate theory of modernity requires expla-
nation, especially since Habermas is strongly influenced by Marx, for
whom technology is of central importance.

Habermas’s approach is based to a considerable extent on Weberian
rationalization theory. According to Weber, modernity consists essen-
tially in the differentiation of the various “cultural spheres.” The state,
the market, religion, law, art, science, technology each become distinct
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social domains with their own logic and institutional identity. Under
these conditions, science and technology take on their familiar post-
traditional form as independent disciplines. Scientific-technical rational-
ity is purified of religious and customary elements. Similarly, markets
and administrations are liberated from the mixture of religious preju-
dices and family ties that bound them in the past. They emerge as what
Habermas calls “systems” governed by an internal logic of equivalent
exchange. Such systems organize an ever-increasing share of daily life in
modern societies (Habermas 1984–87). Where formerly individuals dis-
cussed how to act together for their mutual benefit or to maintain cus-
tomary rituals and roles, we moderns coordinate our actions with
minimal communication through the quasi-automatic functioning of
markets and administrations.

According to Habermas, the spread of such differentiated systems is
the foundation of a complex modern society. But differentiation also re-
leases everyday communicative interaction from the overwhelming bur-
den of coordinating all social action. The communicative sphere, which
Habermas calls the “lifeworld,” now emerges as a domain in its own
right as well. This lifeworld includes the family, the public sphere, educa-
tion, and all the various contexts in which individuals are shaped as rela-
tively autonomous members of society. It too, according to Habermas, is
subject to a specific rationalization consisting in the emergence of demo-
cratic institutions and personal freedoms. However contestable this ac-
count of modernity, something significant is captured in it. Modern
societies really are different from traditional ones, and the difference
seems closely related to the impersonal functioning of institutions such
as markets and administrations and the increase in personal and politi-
cal freedom that results from new possibilities of communication.

At first Habermas argued that system rationalization threatened to
create technocratic intrusions into the lifeworld of communicative inter-
action, and this reference to techno-cracy seemed to link his theory to
the theme of technology (Habermas 1970; Feenberg 1995: chap. 4).
However, his mature formulation of the theory ignores technology and
focuses exclusively on the spread of markets and administration. The ar-
bitrariness of this exclusion appears clearly in the following summary of
Habermas’s theory: “Because we are as fundamentally language-using
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as tool-using animals, the representation of reason as essentially instru-
mental and strategic is fatally one-sided. On the other hand, it is indeed
the case that those types of rationality have achieved a certain domi-
nance in our culture. The subsystems in which they are centrally institu-
tionalized, the economy and government administration, have increasingly
come to pervade other areas of life and make them over in their own
image and likeness. The resultant ‘monetarization’ and ‘bureaucratiza-
tion’ of life is what Habermas refers to as the ‘colonization of the life
world’” (McCarthy 1991: p. 52). What became of the “tool-using” ani-
mal of the first sentence of this passage? Are its only tools money and
power? How is it possible to elide technological tools in a society such
as ours? The failure of Habermasian critical theorists even to pose much
less respond to these questions indicates a fatal weakness in their ap-
proach. There is worse to come.

Habermas’s reformulation of Weber’s differentiation theory neutral-
izes rational systems by identifying them with nonsocial rationality as
such. This has conservative political implications. In many of Haber-
mas’s formulations, for example when he considers workers’ control, it
seems that radical demands would be irrational if they treated systems
as socially constructed and hence transformable barriers to full freedom
(Habermas 1986: pp. 45, 91, 187). He thus offers no concrete sugges-
tions, at least in The Theory of Communicative Action, for reforming
markets and administrations, and instead suggests limiting the range of
their social influence.

In the case of science and technology, this puzzling retreat from a so-
cial account is carried to the point of caricature. Habermas claims that
science and technology are based quite simply on a nonsocial “objecti-
vating attitude” toward the natural world (Habermas 1984–87: Vol. I,
p. 238). This would seem to leave no room at all for the social dimen-
sion of science and technology, which has been shown over and over to
shape the formulation of concepts and designs. Clearly, if scientists and
technologists stand in a purely objective relation to nature, there can be
no philosophical interest in studying the social background of their in-
sights. In Habermas’s view, it is difficult to see how a properly differen-
tiated rationality could incorporate social values and attitudes except as
sources of error or extrinsic goals governing “use.” This implies, too, a
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problematic methodological dualism in which phenomenological ac-
counts of the lifeworld coexist with objectivistic systems-theoretic expla-
nations of “systems” such as markets and administrations. No doubt
there are objects best analyzed by these different methods, but which
method is suited to analyzing the interactions between them? Habermas
has little to say on this score beyond his account of the boundary shifts
that preoccupy him.

The effect of this approach is to liberate social theory from all the de-
tails of sociological and historical study of actual instances of rational-
ity. No matter what story sociologists and historians have to tell about a
particular market, administration, or, a fortiori, technology, this is inci-
dental to the philosophically abstracted forms of differentiated rational-
ity. The real issue is not whether this or that contingent happening
might have led to different practical results, for all that matters to social
theory is the range of rational systems, the extent of their intrusions into
the proper terrain of communicative action (Feenberg 1999a: chap. 7).

Could it be that the most important differentiation for Habermas is
the one that separates social theory from certain sociological and histor-
ical disciplines, the material of which he feels he must ignore to pursue
his own path as a philosopher? When the results are compared with ear-
lier theories of modernity, it becomes clear what a tremendous price he
pays to win a space for philosophy. Marx had a concrete critique of the
revolutionary institutions of his epoch, the market and the factory sys-
tem, and later modernization theory foresaw a host of social and politi-
cal consequences of economic development. But Habermas’s complaints
about the boundaries of welfare state administration seem quite remote
from the main sources of social development today, the response to 
environmental crisis, the revolutions in global markets, planetary in-
equalities, the growth of the Internet, and other technologies that are
transforming the world. In his work the theory of modernity is no
longer concerned with these material issues, but operates at a higher
level, a level where, unfortunately, very little is going on.

Of course some social theorists have made contributions to the theory
of modernity that do touch on technology in an interesting way, some-
times under the influence of other aspects of Habermas’s theory.5 Ulrich
Beck has proposed a theory of “reflexive modernity” in which the role
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of technology is explicitly recognized and discussed in terms of transfor-
mations in the nature of rationality. Beck starts out from the same con-
cept of differentiation as Habermas, but he considers it to be only a
stage he calls “simple modernity.” Simple modernity creates a technol-
ogy that is both extremely powerful and totally fragmented. The uncon-
trolled interactions between the reified fragments have catastrophic
consequences.6 Beck argues that today a “risk society” is emerging and
is especially noticeable in the environmental domain. “Risk society . . .
arises in the continuity of autonomized modernization processes which
are blind and deaf to their own effects and threats. Cumulatively and la-
tently, the latter produce threats which call into question and eventually
destroy the foundations of industrial society” (Beck 1994: pp. 5–6).

The risk society is inherently reflexive in the sense that its conse-
quences contradict its premises. As it becomes conscious of the threat it
poses for its own survival, reflexivity becomes self-reflection, leading to
new kinds of political intervention aimed at transforming industrialism.
Beck places his hope for an alternative modernity in a radical mixing of
the differentiated spheres that overcomes their isolation and hence their
tendency to blunder into unforeseen crises. “The rigid theory of simple
modernity, which conceives of system codes as exclusive and assigns
each code to one and only one subsystem, blocks out the horizon of fu-
ture possibilities. . . . This reservoir is discovered and opened up only
when code combinations, code alloys and code syntheses are imagined,
understood, invented and tried out” (Beck 1994: p. 32).7

This revision of modernity theory is daring and suggestive, but it still
rests on a notion of differentiation that would surely be contested by
most contemporary students of science and technology. Their major
goal has been to show that “differentiation” (Latour calls something
similar “purification”) is an illusion, that the various forms of modern
rationality belong to the continuum of daily practice rather than to a
separate sphere (Latour 1991: p. 81).

Yet the main phenomena identified by the theory of modernity do 
certainly exist and require explanation. We have reached a puzzling 
impasse in the interdisciplinary relationship around this problem. Prac-
tice-oriented accounts of particular cases cannot be generalized to ex-
plain the systemic character of modernity, while differentiation theory
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appears to be invalidated by what we have learned about the social
character of rationality from science and technology studies. A large
part of the reason for this impasse, I believe, is the continuing power of
disciplinary boundaries which, even where they do not become a theo-
retical foundation as in Habermas, still divide theorists and researchers.
Far from weakening, these boundaries have become still more rigid in
the wake of the sharp empiricist turn in science and technology studies,
and the growing skepticism in these fields with regard to the theory of
modernity in all its forms (see Misa, chapter 1, this volume). I turn now
to two examples from technology studies to illustrate this point.

The Logic of Symmetry
The constructivist “principle of symmetry” is supposed to ensure that
the study of technological controversies is not biased by knowledge 
of the outcome (Bloor 1976: p. 7). Typically, the bias appears in popu-
lar understanding as an “asymmetrical” evaluation of the two sides of
the controversy, ascribing “reason” to the winners and “prejudice,”
“emotion,” “stubbornness,” “venality,” or some other irrational motive
to the losers. A similar bias is also presupposed by such basic concepts
of modernity theory as rationalization and ideology. These concepts ap-
pear to be cancelled by the principle of symmetry.

Social constructivists’ main concern is to achieve a balanced view of
controversies in which rationality is not awarded as a prize to one side
only, but recognized wherever it appears, and in which nontechnical
motives and methods are not dismissed as distortions, but are taken into
account right alongside technical ones as normal aspects of technologi-
cal debate. The losers often have excellent reasons for their beliefs, and
the winners sometimes prevail at least in part through dramatic demon-
strations or social advantage as well as rational arguments. The principle
of symmetry orients the researcher toward an even-handed evalua-
tion by contrast with the inevitable prejudice in favor of the winners
that colors the backward glance of methodologically unsophisticated 
observers.

However, there is a risk in such even-handedness where technology is
concerned: if the outcome cannot be invoked to judge the parties to the
controversy, and if all their various motives and rhetorical assets are
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evaluated without prejudice, how are we to criticize mistakes and assign
responsibility? Consider, for example, the analysis of the Challenger ac-
cident by Harry Collins and Trevor Pinch (Collins and Pinch 1998:
chap. 2). Recall that several engineers at Morton Thiokol, the company
that designed the space shuttles, at first refused to endorse a cold-
weather liftoff. They feared that the O-rings sealing the sections of the
launcher would not perform well at low temperatures. In the event they
were proven right, but management overruled them and the launch 
went ahead, with disastrous results. The standard account of this con-
troversy is asymmetrical, opposing reason—the engineers—to politics—
the managers.

Collins and Pinch think otherwise. They show that the O-rings were
simply one among many known problems in the Challenger’s design.
Since no solid evidence was available to justify canceling the fateful
flight, it was reasonable to go forward and not a heedless flaunting of a
prescient warning. Scheduling needs as well as engineering considera-
tions influenced the decision, not because of managerial irresponsibility,
but as a way of resolving a deadlocked engineering controversy. It ap-
pears that no one is to blame for the tragic accident that followed, at
least in the sense that this is a case where normally cautious people
would in the normal course of events have made the same bad decision.

However, the evidence Collins and Pinch offer could have supported a
rather different conclusion had they evaluated it in a broader context.
Their symmetrical account obscures the asymmetrical treatment of 
different types of evidence within the technical community they study. 
It is clear from their presentation that the controversy at Morton
Thiokol was irresolvable because of the systematic demand for quantita-
tive data and the denigration of observation, even that of an experienced
engineer. Can an analysis of the incident abstain from criticizing this
bias?

Roger Boisjoly, the engineer who was most vociferous in arguing for
the dangers of a cold-weather launch, based his warnings on the evi-
dence of his eyes. This did not meet what Collins and Pinch prissily de-
fine as “prevailing technical standards” (Collins and Pinch 1998: p. 55).
The fact that Boisjoly was probably right cannot be dismissed as a mere
accident. Rather, it says something about the limitations of a certain
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paradigm of knowledge, and suggests the existence of an ideological
bias masked by the principle of symmetry. Could it be that Boisjoly’s ob-
servations were dismissed—and quantitative data demanded—mainly to
keep the National Aeronautics and Space Administration (NASA) on
schedule? Or put another way, would the need for quantitative data
have seemed compelling in the absence of that pressure? By identifying
this case with every other known risk in the design, without regarding
Boisjoly’s observations as a legitimate reason for extra caution, Collins
and Pinch appear to surrender critical reason to so-called “prevailing
technical standards.”8

Now, I cannot claim to have made an independent study of the case,
and Collins and Pinch may well have stronger reasons for their views
than those that appear in their exposition. However, we know from ex-
perience that quantitative measures are all too easily manipulated to get
the answer demanded by the powers that be. For example, quantitative
studies were long thought to “prove” the irrelevance of classroom size
to learning outcomes, contrary to the testimony of professional teachers.
This “proof” was very convenient for state legislators anxious to cut
budgets, but it resulted in an educational disaster that, like the Chal-
lenger accident, could not be denied. Similar abuses of cost-benefit analy-
sis are all too familiar. How can critical reason be brought to bear on
cases such as these without applying sociological notions such as “ideol-
ogy,” which presuppose asymmetry?

A similar problem regarding the supposed opposition of local and
global analyses bedevils science studies. Science studies scholars some-
times claim that a purely local analysis extended to ever-wider reaches
suffices in the study of society without the need for empirically “un-
grounded” global categories. This is to be sure a puzzling dichotomy. If
the local analysis is sufficiently extended, does it not become nonlocal,
indeed global? Why not just generalize from local examples to macro
categories and theories, as modernity theory does?

For Bruno Latour, the analysis of contingent contests for power
within specific networks suffices, and the introduction of terms such as
“culture,” “society,” or “nature” would simply mask the activities that
establish these categories in the first place. “If I do not speak of ‘cul-
ture,’ that is because this word is reserved for only one of the units
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carved out by Westerners to define man. But forces can only be distrib-
uted between the ‘human’ and the ‘nonhuman’ locally and to reinforce
certain networks” (Latour 1984: pp. 222–223, my translation).9 Latour
continues in this passage to similarly reduce the terms “society” and
“nature” to local actions.

This “symmetry of humans and nonhumans” eliminates any funda-
mental difference between them. The “social” and the “natural” are to
be understood now in the same terms. Attributions of social and natural
status are contingent outcomes of processes operating at a more funda-
mental level. Then the distinctions we make between the social or 
natural status assigned to such things as a student protest in Paris and 
a dieoff of fish in the Mississippi, a politician’s representation of 
American farmers and a scientist’s representation of nuclear forces, 
are all products of the network to which we belong, not presuppositions
of it.

This stance appears to have conservative political implications since
in any conflictual situation the stronger party establishes the definition
of the basic terms, “culture,” “nature,” and “society,” and the defeated
cannot appeal to an objective “essence” to validate their claims quand
même. John Law’s well-known network analysis of Portuguese naviga-
tion is thus widely criticized for ignoring the fate of the conquered peo-
ples incorporated into the colonial network. And Hans Radder argues
that actor-network theory contains an implicit bias toward the victors
(Law 1987; Radder 1996: pp. 111–112).

Underlying Latour’s difficulty with resistance is the strict operational-
ism that works as an Ockham’s razor, stripping away generations of ac-
cumulated sociological and political conceptualization. If nature and
society are exhaustively defined by the procedures through which they
emerge as objects, it is unclear how unsuccessful competitors for the
defining role can gain any grip on reality at all, even the feeble grip of
ethical exigency. For example, the aspiring citizens of an aristocratic so-
ciety may appeal to “natural” equality against the caste distinctions im-
posed by the “collective” to which they belong. But if nature is defined
by the collective, not simply ideologically or theoretically but really,
how can an appeal to nature be invoked oppositionally to sanction 
demands for change? Or consider demands for justice for the weak 
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and dominated. The concept of justice stands here for an alternative 
organization of society, haunting the actual society as its better self.
What can ground the appeal to such transcendent principles if the very
meaning of society is defined by the forces that effectively organize and
dominate it?

I have argued elsewhere that without a global social theory, it is diffi-
cult to establish what I call the “symmetry of program and antipro-
gram,” i.e., the equal analytical value of the principal actors’ intentions,
more or less successfully realized in the structure of the network, and
those of the weaker parties they dominate (Feenberg 1999a: chap. 5). In
particular, the symmetry of humans and nonhumans blocks access to
the central insight of modernity theory, the extension of technical con-
trol from nature to humans themselves. I concluded that although the
empiricist preference for the local sounds innocent enough, in excluding
all explanations based on the traditional categories of social theory,
such as class, culture, ideology, and nature, truly rigorous localism
blocks even-handed study of social conflict.

Latour’s recent book on political ecology attempts to address criti-
cisms like these (Latour 1999a). He faces up to the challenge of explain-
ing oppositional agency, that is, resistance to the dominant definition of
the network in which the subject is enrolled. Political morality requires
that he find a place for such resistance in his theory. However, consis-
tency requires that he do this without reintroducing a transcendent na-
ture or morality. The following is a necessarily abbreviated account of
his provocative central argument.

The operational reduction of society and nature in earlier presenta-
tions of his theory seemed paradoxically to eliminate the contingency of
the phenomena he described. The case resembles artistic production. A
musical composition depends on the composer’s decisions, which might
have been different, yet once it has been completed, the composition is
perfectly self-defined. There is no higher authority to which one might
appeal against it. Beethoven’s Fifth is a necessary product of the contin-
gencies of its creation. Similarly, Latourian networks define themselves
as necessary in the course of their self-creation, with no higher authority
able to cast doubt on that definition. The contrary hypothesis, that na-
ture is not simply what the collective takes it to be, and that society
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overflows the bounds imposed on it by those with influence and power,
would seem to violate Latour’s operationalism. Yet without some such
hypothesis, one inevitably ends up in the most uncritical conformism.
Can Latour accept such a hypothesis without his theory cracking open
at the seams?

Latour finds a way of having his operationalist cake and eating it too.
He argues that the necessary conditions of opposition can be met with-
out positing transcendent principles. The solution is again operational:
look not to the transcendent objects but to the contestatory procedures
by which they are given a chance to emerge within the collective. These
procedures can prevent premature totalizations or closures that ignore
the weak and violate human rights. In sum, Latour substitutes a demo-
cratic doctrine of legitimate debate for nature and morality as the ulti-
mate ground of resistance (Latour 1999a: pp. 156, 172–173).

However, there is an ambiguity about this solution. Latour’s claim
might be interpreted as an antitechnocratic constitutional principle:
“Thou shalt not interrupt the collective conversation with authoritative
findings.” He might be saying that this is all that philosophy can persua-
sively claim without prejudging the content of democratic discourse. In
the terms of contemporary political philosophy, this would imply a dis-
tinction between the right and the good, the one universally valid, the
other contentious and rationally undecidable. That interpretation still
leaves open the possibility that ordinary actors could legitimately bring
forward appeals to a transcendent nature and society. But this does not
seem to satisfy Latour. He wants to expel the transcendent objects not
only from theory but from practice as well. This is a consequence of on-
tologizing the network, treating it as the actual foundation of the objects
it contains. Short of proposing a double discourse, a true one for the
theorist and a false one for the masses, Latour is obliged to introduce his
theoretical innovations into the collective conversation as an alternative
to the outmoded discourse of transcendence.

These theoretical innovations consist of techniques of local analysis
that trace the co-emergence of society and nature in the processes of so-
cial, scientific, and technological development. Since these processes are
historical, what we call “nature” now develops and changes much as
“society” does. Pasteur’s discovery of lactic acid yeast was a great event,
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not only in Pasteur’s life, but also in the life of the yeast. Latour refers to
Whitehead’s process philosophy for a metaphysical sanction for the 
effacement of the difference between nature and society to make room
for a third term out of which both emerge (Latour 1994: p. 212). This is
interesting and provocative as philosophy, but can these philosophical
innovations become generally available to ordinary people as a substi-
tute for the now disqualified appeal to transcendent grounds for resis-
tance? That promises to be difficult, requiring that common sense itself
become Latourian! Presumably, the traditional appeal to a preexisting
“nature” (e.g., natural equality) would give way in a Latourian society
to an appeal for a favorable evolution of nature itself. If I have under-
stood him, Latour is confident something like this will occur (Latour
1999a: pp. 32–33), but that seems quite unlikely. I conclude that his at-
tempt to evade the conformist implications of his position shows more
good will than practical plausibility.

Now, there is no intrinsic reason why science studies should seek to
explode the entire framework of social theory, and not all current ap-
proaches lead to such radical consequences. Yet the tendency to do so is
influential in science studies circles. I call attention to it because it takes
to the limit a consequence of certain original methodological choices ap-
plied to technology and through technology to modern social life. The
results, I have argued, are intriguing but ultimately unsatisfactory.

Splitting the Difference

Interpretation and Worldhood
I now want to suggest one of several possible lines of argument leading
to a partial resolution of the conflict between modernity theory and
technology studies. The key point on which I focus is the role of inter-
pretation in these two disciplines. Where society is not studied as a
realm of causal interactions governed by law, it is usually considered to
be a realm of meaning, engaging interacting subjects of some kind, for
example, subjects of consciousness or language. Interpretative under-
standing of society is thus an alternative to deterministic accounts, and
hermeneutics appears as an explanatory model better suited to society
than the nomological approach imitated from physical science.
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The place of interpretation in technology studies should be obvious
from the Kuhnian critique of the “myth of the given.” Data do not
speak unambiguously, but must be interpreted, and interpretation calls
into play the very theories the data are supposed to verify. This
hermeneutic circularity has social ontological implications when a
similar approach is applied to technology. Technologies serve needs
while also contributing to the emergence of the very needs they serve;
human beings make technologies that in turn shape what it means to be
human.

These circular relationships are familiar from hermeneutics. The fa-
mous “hermeneutic circle” describes the paradoxical nature of interpre-
tative understanding: we can only understand what, to some degree, we
already understand. A completely unfamiliar object would remain im-
penetrable. However, this circularity is not vicious since we can bootstrap
our way to fuller understanding, starting from a minimal “preunder-
standing,” “like using the pieces of a puzzle for its own understanding”
(Palmer 1969: p. 25).

Pinch and Bijker’s analysis of the bicycle highlights the role of “inter-
pretative flexibility” in the evolution of design (Pinch and Bijker 1987).
At its origin, the bicycle had two different meanings for two different
social groups. That difference in interpretation of a largely overlapping
assemblage of parts yielded designs with distinctive social significance
and consequences. Pinch and Bijker conclude that “different interpreta-
tions by social groups of the content of artifacts lead by means of differ-
ent chains of problems and solutions to different further developments”
(Pinch and Bijker 1987: p. 42). This means that there is no stable, pre-
given telos of technological development because goals are variables,
not constants, and technical devices themselves have no self-evident pur-
pose. Clearly, we are a long way here from the old deterministic concep-
tion of technology in which changes in design follow from the technical
logic of innovation. Meaning is now central.

Interpretation plays an equally important role for modernity theorists
such as Habermas and Heidegger. Both thinkers rely on a contrast be-
tween scientific-technical rationality and the phenomenological ap-
proach to the articulation of human experience. They see the everyday
“lifeworld” as an original realm within which human identity and the
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meaning of the real are first and most profoundly encountered. Interpre-
tation rather than law prevails in the study of this realm.

For Heidegger, worlds are realms of meaning and corresponding
practices rather than collections of objects as in conventional usage. 
A world is “disclosed” according to Heidegger in the sense that the ori-
entation of the subject opens up a coherent perspective on reality. 
Heideggerian worlds thus more nearly resemble our metaphoric concept
of a “world of the theatre,” or a “Chinese world” than the literal mean-
ing. Here interpretation is no specialized intellectual activity, but the
very basis of our existence as human beings (Spinosa et al. 1997: p. 17).

In his later work Heidegger developed a radical critique of technology
for its power to “deworld,” that is, to strip objects of their inherent 
potentialities and reduce them to mere raw materials. This turn in 
Heidegger’s analysis seems to cancel its hermeneutic import since the
message of technology is always the same, what Heidegger calls “en-
framing” (Heidegger 1977). Although his theory of technology is un-
remittingly negative, some of his followers have attempted to modify it
in interesting ways.

The early Heidegger’s concept of the lifeworld has been applied by
Charles Spinosa, Fernando Flores, and Hubert Dreyfus in a recent book
(Disclosing New Worlds). As we will see, their major focus is on leader-
ship rather than technology, but this turns out to be a correctable error
of emphasis. The authors’ starting point in any case is the notion of dis-
closure that lies at the center of Heidegger’s thought. They take up 
Heidegger’s basic concepts in the context of a theory of history. The
problem to which the book is addressed is how disclosive activities actu-
ally change the world we live in, opening us to new or different perspec-
tives and reorganizing our practices around a different sense of what is
real and important. The book reviews three main types of history-
making disclosive practices that correspond to three main types of his-
torical actors.

“Articulations” refocus a community on its core values and practices.
This is primarily the task of political leaders. As an example, the authors
cite John Kennedy’s ability to generate enthusiasm for the space race
around such themes as the new frontier. “Cross-appropriations” weave
together values and practices from diverse domains of social life in new
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patterns that alter the structure of our world. This is the work of suc-
cessful social movements, such as MADD (Mothers Against Drunk Dri-
ving), which transported ideas about responsible behavior from the
domain of work to the domain of leisure. Finally, and most significantly,
“reconfiguration” is the process by which a marginal practice is trans-
formed into a dominant one. Entrepreneurs are the agents of reconfigu-
ration, which they accomplish by introducing new products that suggest
a new style of life. The focus of Disclosing New Worlds is not on the
products but on the entrepreneurs. Yet the authors write explicitly, “it is
the product or service, not the virtuous life-style of the entrepreneur,
that makes the world change . . . ” (Spinosa et al. 1997: p. 45).

Although technology studies are not mentioned, the examples illus-
trate nicely the theme of interpretative flexibility. The Gillette com-
pany’s successful introduction of the disposable razor is a textbook case.
The traditional straight razor belonged to a world in which men cared
for and cherished finely made objects. Gillette sensed the possibility of a
redefinition of the masculine relation to objects in terms of control and
disposability and furthered that change with a new type of razor. In
other words, Gillette did not just serve a preexisting need for sharper ra-
zors. “The entrepreneurial question was, what did his annoyance at the
dullness mean? Did it mean that he just wanted a better-crafted straight-
edge razor that kept its edge longer? Or did he want a new way of deal-
ing with things? We shall argue that genuine entrepreneurs are sensitive
to the historical questions, not the pragmatic ones, and that what is in-
teresting about their innovations is that they change the style of our
practices as a whole in some domain” (Spinosa et al. 1997: pp. 42–43).
Style is a very general feature of worlds that is relevant to the design of
artifacts. In this case the change in style involved the transition from a
respectful to a controlling attitude toward objects.

We find more precise tools for discussing the reconfigurative work of
artifacts in the notions of “actors” and “scripts” in technology studies
(Akrich 1992; Latour 1992). In particular, the multiplicity of actors
identified in many case histories offers a useful corrective to the book’s
implicit individualism. The bias toward the heroic disclosive power of
poets, philosophers, and statesmen, who are presumed to be in touch
with “Being,” has been noted in Heidegger and his followers before.



Modernity Theory and Technology Studies 95

Perhaps the overemphasis on entrepreneurs is a modest expression of
that bias. In any case, the failure to deal adequately with technology
confirms the tendency of modernity theories to abstract from the world
of things. This time there is a difference: for once a theory lends itself to
a shift in emphasis to take technology into account because in fact tech-
nology is already there at its core. “A world, for Heidegger,” the au-
thors write, “is a totality of interrelated pieces of equipment, each used
to carry out a specific task such as hammering in a nail. These tasks are
undertaken so as to achieve certain purposes, such as building a house.
Finally, this activity enables those performing it to have identities, such
as being a carpenter” (Spinosa et al. 1997: p. 17).

Instrumentalization Theory
We now have two complementary premises drawn from the two theo-
retical traditions we are attempting to reconcile. On the one hand, the
evolution of technologies depends on the interpretative practices of their
users. On the other hand, human beings are essentially interpreters
shaped by world-disclosing technologies. Human beings and their 
technologies are involved in a co-construction without origin. Moder-
nity theory asks how this process operates when it is mediated by differ-
entiated technical disciplines and aims at the human control of human
beings. Technology studies keeps us focused on the essentially social na-
ture of the technical rationality deployed in those disciplines. 
The hermeneutic perspective builds a bridge between these different 
perspectives.

A synthesis must enable us to understand the central role of technol-
ogy in modern life as both technically rational in form and rich in so-
cially specific content. This then is the program: to explain the social
and cultural impact of technical rationality without losing track of the
concrete social embodiment of actual devices and systems. Here is where
the concept of world disclosure can be helpful, on the condition that the
analysis be pursued not just in terms of the question of style, but more
specifically in terms of the practical constitution of technical objects and
subjects.

I have proposed what I call “instrumentalization theory” to effect
such a synthesis (Feenberg 1999a, chap. 9). Instrumentalization theory
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holds that disclosing new worlds involves a complementary process of
deworlding inherent in technical action. The materials engaged in tech-
nical processes always already belong to a world that must be shattered
if they are to be released for technical employment. The specific de-
worlding effect of technical action touches not only the object but also
the subject. The technical actor stands in an insulated, external position
with respect to his or her objects. We thus distinguish technical manipu-
lation from the reciprocal relations of everyday communication. Philo-
sophical models of instrumental rationality are generally based on this
aspect of the technical. It is, for example, highlighted in Habermas’s 
system/lifeworld distinction and Heidegger’s critique of enframing.

Most modernity theory identifies deworlding with the essence of tech-
nology, without regard for the complexity of its disclosive dimension. I
suspect that this identification is due to two features of the modern tech-
nical sphere. On the one hand, technical disciplines themselves incorpo-
rate social factors only in a stripped-down, abstract form. The most
humane of values, for example compassion for the sick, is expressed
technically in objective specifications such as a medical treatment proto-
col. The fact that the protocol can be followed without compassion sug-
gests that the objective specifications are really self-sufficient, forming a
closed universe from which values are excluded. On the other hand,
modern technology has been structured around the extension of imper-
sonal domination to human beings and nature, in profound indifference
to their needs and interests. This line of technical development depends
on severely restricting the range of social considerations that can be
brought to bear on design. Thus deworlding looms especially large in
the worlds disclosed in modern societies. These worlds differ from those
of premodern societies in that they do not cover over the traces of their
founding violence.

In demonstrating the contingency of technical development, technol-
ogy studies encourage us to believe in the possibility of other ways of
designing and using technology that show more respect for human and
natural needs. However, an alternative technology is apparently unimag-
inable from the external perspective of modernity theorists, who are
generally innocent of any involvement with the messy and complex
process of actual technical development. The theorists simply fail to 
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recognize that the deworlding associated with technology is necessarily
and simultaneously entry into another world. The problems of our soci-
ety are not due to deworlding as such, but to the flaws and limitations of
the disclosure it supports under the social limitations of the existing
form of modernity.

The duality of technical processes is reflected in the split between
modernity theory and technology studies, each of which emphasizes one
half of the process. Deworlding is a salient feature of modern societies,
which are constantly engaged in disassembling natural objects and tradi-
tional ways of doing things and substituting new technically rational
ways. An exclusive focus on the negative aspect of this process yields the
dystopian critique we associate with thinkers like the later Heidegger.
However, deworlding is only the other side of a process of disclosure
that must be understood in social terms. Technology studies emphasize
this aspect of the process. The antinomy results from the inherently di-
alectical character of technical action, which is unilaterally misunder-
stood in each case.

Instrumentalization theory characterizes this dialectic at two levels.
Deworlding consists of a process of functionalization in which objects
are torn out of their original contexts and exposed to analysis and ma-
nipulation while subjects are positioned for distanced control. Modern
societies are unique in deworlding human beings in order to subject
them to technical action—we call it “management”—and in theoreti-
cally prolonging the basic gesture of deworlding in technical disciplines
that become the basis for complex technical networks. Disclosure in-
volves a complementary process of realization, which qualifies function-
alization by orienting it toward a new world containing those same
objects and subjects. The two processes are analytically distinguishable
but are essentially joined in practice.10

Terminal Subjects
I want to conclude these reflections with an example with which I am
personally familiar and which I hope will illustrate the fruitfulness of a
synthesis of modernity theory and technology studies. I have been in-
volved with the evolution of communication by computer since the early
1980s, both as an active participant in innovation and as a researcher. 
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I came to this technology with a background in modernity theory,
specifically Heidegger and Marcuse, whose student I was, but it quickly
became apparent that they offered little guidance in understanding com-
puterization. Their theories emphasized the role of technologies in dom-
inating nature and human beings. Heidegger dismissed the computer as
the pure type of modernity’s machinery of control. Its deworlding power
reaches language itself, which is reduced to the mere position of a switch
(Heidegger 1998: p. 140).

However, what we were witnessing in the early 1980s was something
quite different: the contested emergence of the new communication
practices of online community. Subsequently, we have seen cultural crit-
ics inspired by modernity theory recycle the old approach for this new
application, denouncing, for example, the supposed degradation of
human communication on the Internet. Albert Borgmann argues that
computer networks deworld the person, reducing human beings to a
flow of data the “user” can easily control (Borgmann 1992: p. 108). The
“terminal” subject is basically an asocial monster despite the appear-
ance of interaction online. That reaction presupposes that computers ac-
tually are a communication medium, if an inferior one, which was
precisely the issue 20 years ago. The prior question that must therefore
be posed concerns the emergence of the medium itself. Most recently the
debate over computerization has involved higher education, where pro-
posals for automated online learning have met determined faculty resis-
tance in the name of human values. Meanwhile, actual online education
is emerging as a new kind of communicative practice (Feenberg 2001:
chap. 5).

The pattern of these debates is suggestive. Approaches based on
modernity theory are uniformly negative and fail to explain the experi-
ence of participants in computer communication. This experience can be
analyzed in terms of instrumentalization theory. The computer reduces a
full-blown person to a “user” in order to incorporate him or her into
the network. Users are decontextualized in the sense that they are
stripped of body and community in front of the terminal and positioned
as detached technical subjects. At the same time, a highly simplified
world is disclosed to the user. This world is open to the initiatives of 
rational consumers, who are asked to exercise choice there. Positioning
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and initiative as described here are correlated as primary and second in-
strumentalizations, interventions that deworld and disclose.11

The poverty of this world appears to be a function of the very radical
deworlding involved in computing. However, we will see that this is not
the correct explanation of what actually occurs. Nevertheless, the cri-
tique is not entirely artificial; there are types of online activity that con-
firm it and certain powerful actors do seek enhanced control through
computerization. However, modernity theorists overlook the struggles
and innovations of those attempting to appropriate the medium to cre-
ate online communities or legitimate educational experiments. In ignor-
ing or dismissing these aspects of computerization, they fall back into a
more or less disguised determinism.

The posthumanist approach to the computer inspired by commenta-
tors in cultural studies suffers from related problems. This approach
often leads to a singular focus on the most “dehumanizing” aspects of
computerization, such as anonymous communication, online role play-
ing, and cybersex (Turkle 1995). Paradoxically, these aspects of the on-
line experience are interpreted in a positive light as the transcendence of
the “centered” self of modernity (Stone 1995). Such posthumanism is
ultimately complicit with the humanistic critique of computerization it
pretends to transcend in that it accepts a similar definition of the limits
of online interaction. Again, what is missing is any sense of the transfor-
mations the technology undergoes at the hands of users animated by
more traditional visions than one would suspect from this choice of
themes (Bakardjieva and Feenberg, forthcoming).

The effective synthesis of these various approaches would offer a
more complete picture of computerization than any one of them alone.
In my writings in this field I have tried to accomplish this. I did not set
out from a hypothesis about the essence of the computer, for example,
that it privileges control or communication, humanist or posthumanist
values, but rather from an analysis of the way in which such hypotheses
influence the actors themselves, shaping design and use.

The lifeworld of technology is the medium within which the actors
engage with the computer. In this lifeworld, processes of interpretation
are central. Technical resources are not simply pregiven but acquire
their meaning through these processes.12 In Latour’s language, the 
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“collective” is reformed around the contested constitution of the com-
puter as this or that type of mediation responsive to this or that actor’s
program. However, under the influence of theorists like Latour, technol-
ogy studies have become suspicious of the very terms of the actual de-
bates surrounding computerization. Indeed, Latour’s symmetry principle
makes it difficult to recognize the uniquely significant role of the con-
tests between control and communication, humanism and posthuman-
ism, that I argue must be the focus of the study of innovations such as
the Minitel and the Internet. As computers developed, communication
functions were often introduced by users rather than being provided as
normal affordances of the medium by their designers. To make sense of
this history, the competing visions of designers and users must be intro-
duced as a significant shaping force, not dismissed as irrelevant ideolo-
gies. How can one adopt the actors’ perspective if it contradicts the
premises of one’s own method?

Consider the case of the current struggle over the future of online edu-
cation (Feenberg 1999b,c). Over the past few years, corporate strate-
gists, state legislators, top university administrators, and “futurologists”
have lined up behind a vision of online education based on automation
and deskilling. Their goal is to replace (at least for the masses) face-to-
face teaching by professional faculty with an industrial product, infi-
nitely reproducible at decreasing unit cost, such as compact disks,
videos, or software. The overhead costs of education would decline
sharply and the education “business” would finally become profitable.
This is “modernization” with a vengeance.

In opposition to this vision, faculty have mobilized in defense of the
human touch. This humanistic opposition to computerization takes two
very different forms. There are those who are opposed in principle to any
electronic mediation of education. This position has no effect on the qual-
ity of computerization, only on its pace. There are also numerous faculty
who favor a model of online education that depends on human interaction
on computer networks. On this side of the debate, a very different concep-
tion of modernity prevails. In this alternative conception, to be modern is
to multiply opportunities for and modes of communication. The meaning
of the computer shifts; instead of being viewed as a coldly rational infor-
mation source, it becomes a communication medium, a support for human
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development and online community. This alternative can be traced down
to the level of technical design; for example, the conception of educational
software and the role of “asynchronous discussion forums.”

These approaches to online education can be analyzed in terms of the
model of deworlding and disclosure introduced earlier. Educational au-
tomation decontextualizes both the learner and the educational “prod-
uct” by removing them from the existing world of the university. In this
decontextualized world, the learner becomes a technical subject con-
fronted by menus, exercises, and questionnaires rather than with other
human beings engaged in a shared learning process.

The faculty’s model of online education involves a much more complex
secondary instrumentalization of the computer in the disclosure of a
much richer world. The original positioning of the user is similar: the per-
son facing a machine. However, the machine is not a window onto an in-
formation mall but rather opens up onto a social world. The user is
involved as a person in a new kind of social activity and is not limited to
the role of individual consumer by a set of canned menu options. The cor-
responding software opens the range of the subject’s initiative far more
widely than an automated design. This is a more democratic conception
of networking that extends it across a wider range of human needs.

The analysis of the dispute over educational networking reveals pat-
terns that appear throughout modern society. In the domain of commu-
nication media, these patterns involve playing off primary and secondary
instrumentalizations in different combinations that produce either a
technocratic model of control or a democratic model of communication.
Characteristically, a technocratic notion of modernity requires a posi-
tioning of the user that sharply restricts potential initiative, while a de-
mocratic conception enlarges initiative in more complex virtual worlds.
Parallel analyses of production technology or environmental problems
would reveal similar patterns that could be clarified by reference to the
actors’ perspectives in similar ways.

Conclusion: Toward Synthesis

Let me conclude now by returning briefly to my starting point. I began
by contrasting the theoretical revolutions of Marx and Kuhn and
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promising to bring them together with a method of analysis that would
reconcile modernity theory and technology studies. Can a phenomenol-
ogy of technical worlds do the job? Recall that Marx emphasized the
discontinuity introduced into history by what has come to be called “ra-
tionalization,” the emergence of modern societies based on markets, bu-
reaucracies, and technologies. This view seemed to imply a universalism
that erased all cultural difference. By contrast, Kuhn, or at least his fol-
lowers, subverted the notion of progress implied in Marx’s vision of an
increasingly rational social process and offered us a history subordinate
to culture.

I argue that rationalization describes the generalization of a particular
type of deworlding involved in technical action. That such deworlding
uproots nature and traditional ways is clear. In this account, rationaliza-
tion no longer stands opposed to culture as such, but appears as a more
or less creative expression of it, disclosing new worlds. In practice this
means that there may be many paths of rationalization, each relative to
a different cultural framework. Rationality is not an alternative to cul-
ture that can stand alone as the principle of a social order, for better or
worse. Rather, rationality in its modern technical form mediates cultural
expression in ways that can in principle realize a wide range of values in
the design of artifacts. The poverty of the actual technoculture must be
traced not to the essence of technology, but to other dimensions of our
society, such as the economic forces that dominate technical develop-
ment, design, and the media. This insight challenges us to engage in
what Terry Winograd and Fernando Flores have called “ontological de-
signing,” the conscious construction of technological worlds that sup-
port a desirable conception of what it is to be human (Winograd and
Flores 1987: p. 179).

We can fruitfully combine modernity theory and technology studies in
an empirically informed, critical approach to important social problems.
The triviality that threatens a strictly descriptive, empirical approach to
such humanly significant technical phenomena as genetic manipulation,
global warming, or online education, can be avoided without falling
into the opposite error of a priori theorizing. There are ways of recover-
ing some of the normative richness of the critique of modernity within a
more concrete sociological framework that does allow entry to a few
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facts. Concepts such as “rationality,” which technology studies have set
out to demystify, can be employed in a new way, and the implicit eman-
cipatory intent of that demystification can be brought to the surface as
an explicit goal. Perhaps someday soon the disciples of Marx and Kuhn
will be able to lie down together in the fields of the Lord.

Notes

1. Before I enter into my theme, I should add that I do not intend to survey all
the activity in these two very active fields. An overview of the huge literature
they have generated is a subject in itself, and not my subject here. In particular, I
am leaving out of my account the many scholars who work on concrete prob-
lems with a range of tools drawn from both. My justification for this oversight is
twofold: first, I have not yet found among these crossovers a satisfactory theo-
retical mediation between the two fields; and second, the most influential figures
writing theory in these fields are not seeking such a mediation, but on the con-
trary ignore or exclude each others’ contributions. Clearly, this situation de-
serves treatment on its own terms.

2. The notion of rationality as a cultural form is suggested by Weber’s concept
of rationalization. Lukács’s theory of reification refined that concept by identify-
ing the tensions between the type of rationality characteristic of capitalist society
and the lifeworld it enframes (see Feenberg 1986: chap. 3).

3. For explorations of the relation between Marxism and modernity theory, see
Berman (1982) and Frisby (1986).

4. There is an enormous literature on Kuhn. For an interesting recent critique,
see Fuller (2000).

5. I have tried to reformulate Habermas’s position to take technology into 
account (Feenberg 1999a: chap. 7).

6. The early Marxist Lukács already identified this plausible outcome of differ-
entiation as a consequence of “reification.” According to Lukács, capitalist soci-
ety is characterized by the rationality of the “parts”—individual enterprises 
for example—and the irrationality of the whole, leading to recurrent crises
(Feenberg 1986: pp. 69–70).

7. I have independently proposed something similar in Feenberg (1992) and
Feenberg (1991: pp. 191–198). What I call “subversive” or “democratic ratio-
nalization” resembles Beck’s “subpolitics,” and his “code syntheses” is similar
to the social interpretation of the theory of concretization I have developed.
There seems nevertheless to be a difference in our relation to the field of technol-
ogy studies, which should become clear to readers of Beck in what follows.

8. Richard Feynman defends the standard view of the accident, which he helped
to shape. His observations are based not on constructivist methods but on 
common sense. Feynman’s account is devastating for NASA management. 
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Consider, for example, the reaction of programmers to his praise for their very
thorough testing programs: “One guy muttered something about higher-ups in
NASA wanting to cut back on testing to save money: ‘They keep saying we 
always pass the tests, so what’s the use of having so many?’ ” (Feynman 1988: 
p. 194).

9. “[S]i je ne parle pas de ‘culture’, c’est parce que ce nom est réservé pour l’une
seulement des unités découpés par les Occidentaux pour définir l’homme. Or, les
forces ne peuvent être partagées en ‘humaines’ et ‘non-humaines’, sauf locale-
ment et pour renforcer certains réseaux.”

10. In a review of Questioning Technology, Douglas Kellner (2001) objects that
the term “instrumentalization theory” biases the analysis of technology toward
modern instrumentalist interpretations of technical practice. This was not my in-
tent. I do believe that peoples in all societies are capable of talking intelligently
about their own technical practice in ways we would consider “instrumental”
even if they do not routinely distinguish technique from other activities as we
do. Analyzing this aspect of their culture in an “instrumentalization theory”
does not necessarily imply that they share our conception of technique. I discuss
this problem in Feenberg (1995: pp. 225ff.) I hope that the introduction here of
the terminology of world-making helps to cancel the unfortunate connotation of
my earlier choice of terms.

11. In Feenberg (1999a) I break instrumentalization down into eight correlated
operations, including the primary instrumentalization of the subject, which I call
“positioning,” and the corresponding secondary instrumentalization, “initia-
tive.” Positioning is the general term for occupying the specific locus from which
technical action is possible: the “driver’s seat.” So located, the subject finds itself
before a “world” of affordances that invite initiatives of one sort or another.

12. I have developed this argument in relation to computerization in a detailed
analysis of the Minitel (Feenberg 1995: chap. 7).



All social life is essentially practical. All mysteries which mislead theory into
mysticism find their rational solution in human practice and the comprehension
of this practice.—Karl Marx, Theses on Feuerbach

The questions raised by the terms of reference of this volume reconstruct
some of the most enduring lines of debate in sociology. The counterpos-
ing of “modernity” and “technology”—more specifically of theories of
modernity and studies of technology—calls forth a series of dualisms
that are only too familiar to sociologists. Among these are the opposi-
tions of abstract and concrete, theory and fact, modern and postmod-
ern, universal and particular, and structure and agency. Any attempt to
develop methodological strategies for grasping the co-construction of
modernity and technology is thus thrust head on into a long-standing
sociological conversation that is far from over. This is a conversation
that has been enriched, in the past several decades, by a number of femi-
nist interventions.

The juxtaposition of feminist theory, technology studies, and theories
of modernity cuts to the heart of some critical debates. One thing that
feminist studies and technology studies share is the conviction that they
have something to say, not just about women or technology, but about
the “social” more generally.1 However, as Judy Wajcman suggests in
her recent state-of-the-art review of gender and technology studies, ob-
stacles remain to creating a more productive dialogue. Not the least of
these is that “despite the emphasis on the way innovations are socially
shaped” it remains “incumbent on feminists to demonstrate that this
‘social’ is also a matter of gender relations” (Wajcman 2000: p. 451).

4
Critical Theory, Feminist Theory, and
Technology Studies

Barbara L. Marshall
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One of the problems that theories of modernity and studies of tech-
nology seem to share is an inability to think about gender as more than
a categorical variable that describes some already manifest difference be-
tween men and women, and even then, only when women are visible
subjects. What I hope to demonstrate in this essay is that the insistence on
gender as a crucial analytical category—a task undertaken by feminist
scholars analyzing both theories of modernity and studies of technology—
introduces important disaggregative and normative considerations that
hold potential for pointing a way out of the theoretical and methodolog-
ical impasses that frame this volume. That is, I argue that the introduc-
tion of a third term—gender—into the modernity and technology nexus
makes clear the need to draw on richly empirical approaches that disag-
gregate all three terms while retaining the ability to produce limited gen-
eralizations. At the same time, the normative character of feminism
insists that we be able to envision alternatives, and such an exercise nec-
essarily invokes a focus on practice. Because feminist sociology has de-
veloped in the context of a broad-based social movement, theoretical
and methodological questions must always return to practical questions.
As the epigram from Marx suggests, this is the only antidote for theoret-
ical mysticism.

My overall aim in this essay is to clarify some methodological strate-
gies for grasping the co-construction of modernity, gender, and technol-
ogy that are often obscured by theoretical polemics. I first briefly review
some of the contours of the debates about modernity and the human sci-
ences from a feminist perspective. I then suggest how some methodolog-
ical criteria might be drawn out of critical theory’s engagement with
modernity and how these might be redeemed with particular reference
to the relationship between modernity, technology, and gender. Finally,
I briefly outline my own research on sexual technologies as an illustra-
tion of how some of the theoretical and methodological entanglements
of modernity, gender, and technology congeal in a concrete empirical
context.

I begin with some assumptions for which I do not provide a detailed
defense here. First, I assume, rather than make a detailed case for, the
general legitimacy of feminist scholarship. My specific concern here is to
argue that feminist theory has the potential to be a particularly robust
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form of critical theory with distinct methodological contributions. Sec-
ond, I assume general agreement that we are now in a postpositivist era
of social research, and do not need to rehearse the arguments against
positivism. Third, I take as a point of departure that it is both possible
and desirable to transcend the dualisms that structure theoretical and
methodological debates in both technology studies and social science
more generally. It is to this end that I suggest that modernity, technol-
ogy, and gender are all concepts that may be understood as having cur-
rency at a variety of levels of abstraction, and that a distinctly sociological
and feminist approach is instructive in grasping this.

Modernity in Crisis?

Modernity, as the central problematic of sociology, has metaphysical,
institutional, and normative dimensions. Against the backdrop of the
Enlightenment, modernity is associated with the release of the individual
from the bonds of tradition, with the progressive differentiation of soci-
ety, with the emergence of civil society, with innovation and change. As
a metaphysical attitude, modernity invokes the self-conscious modern
subject, the triumph of reason over passion, and mastery of nature. Its
institutional reconfigurations include the growth of capitalism, industri-
alization, urbanization, secularization, and separation of the public and
the private. The normative content of modernity has taken the sovereign
individual as its icon, confidently located within a discourse of material
progress and political potency.

Postmodernity too, is both a descriptor of social configuration and in-
tellectual orientation. What has been termed the “postmodern problem-
atic” (Felski 1989) in the humanities and social sciences includes a
nexus of social and philosophical-theoretical shifts. These include atten-
tion to the increasingly media-saturated and information-based nature
of postindustrial societies; assertion of dedifferentiation rather than dif-
ferentiation as a social logic; an analytical focus on language, discourse,
and representation; a skepticism toward grand narratives; and a critique
of essentialism and foundationalism.2

While these thumbnail sketches provide concise stories to tell our stu-
dents, and have considerable rhetorical force, neither holds up well
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under close scrutiny. Modernity has never existed in pure form, and
could be said to have been in crisis since its inception. Just as the lan-
guage of modernity has obscured the extent to which tradition has per-
sisted, so too does the language of postmodernity obscure the extent to
which the modern persists. The unhelpfulness of the language of moder-
nity versus postmodernity is particularly revealed by feminist work. Re-
examination of the sociological canon has revealed a skewed story,
which effaces the extent to which the changes associated with modernity
were profoundly gendered processes. The social differentiation so cen-
tral to the sociological account of modernity was a distinctly masculine
account, and several decades of feminist scholarship have unequivocally
put trousers on the “individual” who stars in the story (see, e.g., Bologh
1990; Kandal 1988; Marshall 1994, 2000; Sydie 1987; Witz 2000). His-
torians have demonstrated that some periods of supposedly progressive
change have been not so progressive for women, and feminist critiques
of science have contributed greatly to the more general crisis of faith in
scientific rationality. At the same time, feminist claims draw freely on
the idiom of the Enlightenment, speaking of rights, equality, and auton-
omy of the person.

Only beginning to be elaborated is the extent to which the distinction
between sex and gender is itself both a product of, and shaper of,
modernity. It is also a distinction that has always been, and continues to
be, technologically configured (Hausman 1995). The philosophical and
institutional transformations of modernity, including its technological
dimensions, were not just mapped onto already existing gender differ-
ences, but actively constructed and invoked difference. Technoscientific
reconfigurings of sex and gender are also taken as a harbinger of the
postmodern—of a new world of cyborgs (Haraway 1991), where bodies
themselves are only temporarily stabilized, “posthuman” technological
accomplishments. These divergent accounts signal an ambivalent rela-
tionship of feminism to both modernity and postmodernity that suggests
that we reject both as grand narratives.

In sum, the ongoing desire to tell a story of modernity (and I include
here those postmodern accounts whose sequel narrates “its” dissolu-
tion) perpetuates an inability to come to terms with particularity and
complexity. To adequately capture the varied and complex ways that
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men and women have been constructed in and through modernity re-
quires a relinquishing of any simple narrative—whether that be a story
of the modern that sees it as a progressive march toward a common hu-
manity, or as a totalizing logic of patriarchal and technological domina-
tion that can only be transcended by embracing the postmodern.
Modernity is not something to be categorically for or against; casting
the issues in this way only shores up some one-sided stories that accord
modernity far more coherence than is warranted.

Social Science in Crisis?

The debates about modernity versus postmodernity have, however, crys-
tallized a number of metatheoretical issues related to the forms and pos-
sibility of the social sciences and their “knowledge projects.” As Gill
and Grint (1995: pp. 2–3), among others, suggest, the “questions about
modernism and postmodernism” are integral to the debates about how
to get at the relationship between gender and technology.

Contemporary feminism has not been immune to the generalized cri-
sis of knowledge embodied in the modernity-postmodernity debates,
and feminists have contributed some of the most interesting interven-
tions. Yet some are struck with an overwhelming sense of déjà vu. As
one critique suggests, some of the supposedly cutting-edge insights read
like Europeans discovering the New World, in that they seem to have
perceived “a new and uninhabited space where, in fact, feminists have
long been at work” (Mascia-Lees et al. 1989: p. 14).3 After all, feminist
rejections of identity as an unproblematic reflection of some natural
essence long predate postmodern and poststructuralist deconstructions
of the subject.

A long history of feminist engagements with traditional disciplines ex-
emplifies a profound critique of disciplinary categories and the power-
knowledge nexus they embody.4 Within sociology, at least 30 years
worth of feminist work has illuminated the socially constructed and par-
tial nature of mainstream academic discourse through textual analysis.
Many of the recent debates seem to be treading well-worn feminist
ground, and have in the process tended to set up abstract oppositions—
modern and postmodern, material and discursive, essentialist and 
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constructivist—that do not accurately reflect the complexity of the logics
in use in feminist or sociological analyses. Abstractions such as gender
and technology (however precarious and unstable those categories may
be) have been muddied, not so much by the theoretical interventions of
postmodernism, but by their practical investigation. There is an analyti-
cal dynamic here that belies any simple narrative of a theoretical shift
from the material to the discursive, or from modern to postmodern. The
empirical always strikes back at the abstractions—whether modern or
postmodern—that we construct to tame it. Abstractions are simply
that—abstractions—and not ossified laws for which history or empirical
research can only provide illustration. Capitalism, patriarchy, scientific-
technical rationality—name your poison—exist only in and through
particular and concrete manifestations.

If the gap between theory and empirical research is taken to be indica-
tive of a crisis, then the social sciences have been in crisis for a long
time. More than 40 years ago, C. Wright Mills (1959) launched a sting-
ing critique of sociology’s retreat from the classical tradition, calling for
a renewal of its heritage as a critical public discourse. He advocated a
“sociological imagination” that eschewed both the fetishism of method
and the fetishism of concepts in favor of a deeply social and historical
approach, where neither system nor practice had an independent exis-
tence. It is a call that remains deeply relevant today, and that may find
its best chance for fulfillment in contemporary critical theory. Of all the
varieties of western Marxism, it is the tradition of critical theory that
has most explicitly recognized the political character of science and tech-
nology in modernity, even if this has not informed a strong program of
empirical research.

Critical Theory as an Orientation

While the term “critical theory” is traditionally associated with the
Frankfurt Institute for Social Research and with Jürgen Habermas, the
best-known heir of that tradition, it may be more broadly conceptual-
ized to include a variety of postpositivist and reconstructivist (as op-
posed to deconstructivist) approaches that retain a commitment to
social science as “the critical consciousness of modernity” (Delanty
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1997: p. 4). While critical theory today cannot properly be called a
“consensus,” there are enough family resemblances to at least justify
calling it an orientation. As Gerard Delanty suggests: “Perhaps conver-
gence is too strong a term, but we can detect in all of these intellectual
movements a recognition of the need to theorize new forms of media-
tion between agency and structure, culture and power, lifeworld and
system, experience and rationalization” (Delanty 1999: p. 180).5

Similarly, Craig Calhoun (1995: p. 11) suggests that it is not a school,
but an a “interpenetrating body of work which demands and produces
critique.”6 In elaborating what “critique” entails, Calhoun stresses the
significance of understanding historically the social conditions that per-
mit specific forms of practice, including intellectual practice.

Following Morrow (1994: p. 269) I define critical theory in an ecu-
menical sense, as a research program “with many rooms,” which includes
metatheoretical reflection, a substantive and historical theory of society,
and normative critique. Rather than engage in detailed explication and
comparison of the substantive theories of those I am including under this
rubric, I summarize what I see as some of the shared points of departure:

1. There is a continuing concern with modernity as a meaningful con-
cept, although with variation in how this is conceptualized (as late
modernity, a post-traditional order, radicalized modernity, and so on).7

A defining characteristic of modernity thus understood is some sort of
differentiation of spheres, most commonly formulated via a distinction
between system integration and social integration. This distinction is
identified as opening potentials for reflexive or communicative action,
and for new forms of identity formation, albeit in ways that are only se-
lectively institutionalized.

2. There is a commitment to understanding the duality of structure and
action, which is culturally mediated.

3. There is an incorporation of insights from a range of theoretical tra-
ditions (including, but not limited to, those identified with Marx,
Weber, Freud, Mead, linguistic philosophy, and hermeneutics)

4. They have a shared rejection of positivism and empiricism, while re-
taining some commitment to the Enlightenment belief in the possibility
of social scientific knowledge.
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5. There is an insistence that relativism is not the only alternative to 
objectivism.

Framing all of these dimensions of critical theory as I understand it is
a desire to recover “the promise” of the “sociological imagination” as
formulated by Mills. Making good on this promise requires a more
clearly elaborated methodological program.

One of the most frequently invoked characteristics of critical theory,
at least among its advocates, is its potential to ground politically progres-
sive, empirical research. Almost as frequently invoked by its critics—both
those who are sympathetic to the overall project, and those who are
not—is its failure in this respect. Despite a long list of promissory
notes,8 the relationship between the theoretical and the empirical in this
tradition has remained contentious. Critical theory continues to be re-
ceived, not as an orientation to research, but as a grand theory—rich in
abstraction, but with little application to empirical research or political
practice. Thus, while critical theory provides a useful point of departure,
it is a tradition that has on the whole failed to live up to its own
methodological criteria. However, I argue that an examination of femi-
nist theory in use shows it to be a useful application of the spirit of criti-
cal theory, albeit one that has incorporated methodological insights
from a broader range of theoretical traditions.

Elements of a Critical Methodology

Let me first clarify what I mean by “methodological” in this context. I
do not propose to specify any particular technique or form of “data”
collection as the definitive critical or feminist approach. The conflation
of methodology with technique, as represented by many mainstream so-
ciological texts on methods, is symptomatic of an impoverished concep-
tion of the relationship between the theoretical and the empirical. This
“conventional methods discourse,” as Morrow (1994: p. 24) terms it,
results in “a methodology that is not atheoretical, but theoretical in un-
declared ways.” Methodology, as I use the term here, refers to what
Gareth Morgan has termed “forms of engagement,” including the ways
in which we constitute and render subjects amenable to study (Morgan
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1983: p. 19), not just the techniques that we use to study them. Thus,
methodological questions are never, strictly speaking, just about meth-
ods. The familiar oppositions between inductive and deductive strate-
gies, and particularistic narratives and general theories are boundaries
determined by deeper assumptions about just what and why we study
what we do. Neither gender studies nor technology studies are unique in
crystallizing these issues, but they are illustrative of some of the substan-
tive contexts in which the methodological crisis outlined earlier has been
played out. In the remainder of this essay, I attempt to summarize some
of the ways we might move forward, loosely organized around the
themes of methodological strategies, levels of analysis, and contexts of
mediation.

Methodological Strategies
As Andrew Feenberg outlines in chapter 3 in this volume, the tension
between theories of modernity and studies of technology concerns basic
analytical categories and research methods. If modernity theories err on
the side of abstraction and overgeneralization of processes such as ratio-
nalization and progress, overly particularistic technology studies risk
being unable to rise above the level of case histories.

Within critical realist philosophies of social science, this problem has
been addressed through the distinction and relationship between inten-
sive and extensive research designs (Harre 1979; Sayer 1984; Morrow
1994). Extensive research designs, oriented toward nomothetic explana-
tion, are concerned with generalizable patterns. Intensive research de-
signs, by contrast, are oriented toward ideographic modes of explanation
and are more concerned with individual cases, taking into consideration
their particularity and uniqueness. As Morrow (1994: p. 252) notes, in-
tensive research designs are usually more appropriate to the questions
posed by critical theory, but he usefully stresses the “mutual necessity”
of “individual explication (an ostensibly ideographic exercise) and com-
parative generalization (a weakly nomothetic activity).” In other words,
“one cannot even begin to describe a ‘case’ without a sense of ‘types’ of
cases and their shared properties.” As he summarizes it: “Comparative
generalization is a logic complementary to intensive explication. Here
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the strategy is one of comparing the patterns disclosed through intensive
explication across a finite set of historically comparable cases” (Morrow
1994: p. 212). It is the mutually necessary character of these approaches
that tends to get lost in theoretical polemics that seek to dissolve, or just
ignore, the tension between the particular and the general, rather than
recognize it as intrinsic to critical inquiry.

Kathy Ferguson’s (1993) interrogation of strategies of interpretation
and genealogy as metanarratives in feminist theory provides another,
more politically grounded manifestation of this tension. Interpretation
searches for commonalities from which general categories or conceptual
unities can be constructed. Genealogy, on the other hand, wants to chal-
lenge those generalizations, drawing attention to idiosyncrasies and dif-
ferences. Interpretation rests on an “ontology of discovery”—that there
is some order and meaning to the world that can be uncovered—while
genealogy rests on a counter-ontology—that there is no order to be dis-
covered.9 Each strategy reveals some (incomplete) understanding, and
each represents a challenge to positivist conceptions of knowledge. As
Ferguson notes, it is possible to become “enframed” in either frame-
work, “seeing only the battles each practice names as worthy and miss-
ing the ways in which contending interpretations or rival deconstructions
cooperate on a metatheoretical level to articulate some possibilities and
silence others” (Ferguson 1993: p. 7). In methodological practice, we
can see a fluidity between interpretation and genealogy that belies this
opposition. Interpretation, as a strategy, always employs genealogical
strategies to ground its critique of dominant interpretations. By the same
token, genealogy depends on interpretation “to provide something to
deconstruct.” As she summarizes it:

genealogy and interpretation can . . . be seen as postures toward power and
knowledge that need one another . . . Interpretation produces the stories we tell
about ourselves and genealogy insists on interrogating those stories, on producing
stories about the stories. This interrogation could go on forever; “stories about the
stories about stories about . . . ”, the infinite regress of metatheory. But . . . one can
insist on (unstable) bridges between interpretation and genealogy, with a commit-
ment to continue, combined with a recognition of limits. (Ferguson 1993: p. 29).

The holding in tension of the interpretive and genealogical moments
in feminist theory has its corollary in the multivocal and coalitional 
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politics that have increasingly come to define feminism. Coalitional
strategies have been forged through recognition that our categories are
never absolute, never unproblematically linked to stable axes of power,
but shift temporally and in relation to materialized interests.10

The first methodological principle that I want to emphasize, then, is
that strategies of narrative and analysis, or intensive explication and
comparative generalization, are not only complementary, but continu-
ally invoke one another. To forswear macrolevel and comparative
analyses in the name of recognizing contingency is as mistaken as as-
suming that historicity and contingency immediately confer unintelligi-
bility. To put it bluntly, just as one need not become a full-fledged
determinist to identify certain objective conditions (however temporarily
stabilized) of the gender-technology relationship, neither need one em-
brace an unbridled indeterminacy to recognize the insights of construc-
tivist approaches.11

Perhaps it is the fact that many feminist analysts of technology have
come to their research, not from science studies, but from more practical
interests12—in the labor process, the domestic sphere, health and illness,
and so on—that grounds their pragmatic insistence on this mutuality.
Engaging science and technology for feminists has been more than an in-
teresting theoretical puzzle. Inquiry is rooted in the political project of
identifying and analyzing sites of the production and reproduction of
sex and gender divisions and inequalities. This practical grounding un-
derlies the insistence on moving beyond the particulars of a given in-
stance of technological innovation to some form of (however limited)
comparative generalization, and recognition that both moments are in-
tegral to an adequate analysis. For example, Adele Clarke’s (1998) re-
cent study of the development of the reproductive sciences originated in
her interest in the politics of conception. While she draws on the strate-
gies of intensive explication characteristic of constructivist approaches
to technology,13 the “social worlds” approach she elaborates owes much
to the traditions of symbolic interactionism and “grounded theory.”
Thus, she is able to relate the reproductive sciences as “communities of
practice and discourse” (Clarke 1998: p. 15) to broader contexts, in-
cluding institutional shifts in the organization of scientific disciplines;
philanthropic and birth control movements; and at the most general
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level, within modernity—industrialization, rationalization, professional-
ization, and specialization in terms of market value and effectiveness
(Clarke 1998: p. 259).

Instructive as well is the well-known study of the microwave oven by
Cynthia Cockburn and Susan Ormrod (1993). They, too, find ap-
proaches developed in social constructivist and actor-network studies
useful, but limited given their interest in generating insights beyond the
specific case. In seeking to understand gendering as integral to technol-
ogy—from invention through design, production, marketing, distribu-
tion, and use—their analysis required them to “maintain a distinction
between local action and individual agency on one hand, and on the
other, the longer-lived and more widely spread social structures, partic-
ularly those of class and gender, that shape probabilities and incline or
dispose our individual and collective choices of behavior and thought”
(Cockburn and Ormrod 1993: p. 10). Without some sense of those
“longer-lived and more widely spread social structures” which are the
stuff of feminist theories of modernity, technology studies are left with a
particularly anemic conception of power, have no way of opening to
critical analysis how the relevant social groups are constituted, who has
been left out of the analysis and why, and how case studies might gener-
ate insights that extend beyond that particular case.

Levels of Analysis
Clearly required is a willingness to work with constructs such as tech-
nology, rationality, and gender at different levels of abstraction, always
understanding that we are freezing complex and fluid social relation-
ships as we do so (compare Edwards, chapter 7, this volume). This ques-
tion of levels, however, leads us back to the more general problem of the
duality of subject and structure, or structure and agency, that critical
theory takes as a central problematic. This is also a problem that I think
has been muddied, rather than clarified, by some cul-de-sacs in the post-
modern turn.

The distinction between system and lifeworld that is integral to
modernity, as developed by theorists such as Giddens and Habermas, is
not identical to the micro-macro distinction as reiterated in mainstream
sociology. It is the duality, or their mutual constitution, that is central.
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While sympathetic critics such as Feenberg (from the perspective of tech-
nology) and Fraser (from the perspective of feminism) are correct to
problematize the manner in which Habermas has developed the distinc-
tion between system and lifeworld,14 the distinction itself is important in
holding in productive tension the relationship between system integra-
tion and social integration. It is also significant methodologically. As
Calhoun (1998: pp. 868–869) suggests, part of the value in the distinc-
tion is the ability to “distinguish dimensions of social life that could be
understood well in agent-centered accounts . . . and those that would be
missed or systematically distorted if only understood in such a way.”
Clearly both gender and technology are such dimensions of social life.

One of the analytical shifts identified as part of the postmodern turn
is a move from material to discursive modes of analysis, or from things
to words (Barrett 1992). This has been particularly contentious within
feminism (see, for example, Jackson 1999) because it is seen to block re-
flection on both material inequality and the systemic nature of inequali-
ties. The “turn to culture,” with its emphasis on discursive construction
and interpretation, also has a distinctive presence in constructivist ap-
proaches to technology. While feminists have certainly found this tack
useful, there are problems in fully extending its premises. By way of il-
lustration, we might look at a debate on constructivism and feminism
conducted in Science, Technology and Human Values (Grint and Wool-
gar 1995; Gill 1996; Woolgar and Grint 1996). Grint and Woolgar crit-
icize purportedly antiessentialist (and especially feminist) approaches to
technology for perpetuating essentialist assumptions.15 They challenge
antiessentialists to eradicate all conceptions of nondiscursive elements.
Technologies are not merely shaped or affected by social process, but
are fully constituted by them. Methodologically, textual interpretation is
all that counts. Gill (1996) objects to what she perceives as their as-
sumption of “semiotic democracy” in the interpretation of technology
and wants instead to permit a form of analysis that will admit to imbal-
ances of power and that will admit ethical considerations. This insis-
tence is the reason so few feminists are willing to do an antiessentialist
“full monty.”16 More important for our purposes here is the manner 
in which Grint and Woolgar phrase what they see as the important
question: “To ask whether an artifact is male or female or neutral is to



118 Barbara L. Marshall

miss the point; not only are these properties themselves socially con-
structed and therefore flexible, but the important question is how cer-
tain artifacts come to be interpreted (and this may well be disputed) as
male or female or as neutral” (Grint and Woolgar 1995: p. 292).

If “how artifacts come to be interpreted as male, female or neutral” is
what we are after, then analysis that takes as its focus the encoding and
decoding of technology as text might suffice.17 I would suggest, how-
ever, that this is not really the important question for feminists. Of pri-
mary concern is why artifacts come to be interpreted as male or female
or neutral, and this admits questions of larger social structures and
processes. I introduce the “why” here, not in a functionalist sense, but
in the sense of what makes this process—the gendering of artifacts—
intelligible in the first place. Then we might ask how technology is im-
plicated in configuring gender as a social relation, and how the social 
relations of gender configure technologies, not just how masculinity and
femininity are encoded or decoded in particular texts (whether those be
technological or anything else). A particular concern that Grint and
Woolgar have is debunking the determinism (here of a social character)
they see implied in asserting that technology has effects. A different ap-
proach might reframe this to see both technology and gender as having
effects, not in the causal sense in which they seem to use the term, but in
the sense of constraining or enabling forms of practice. This would in-
clude seeing gender, understood as a social relation, as constraining or
enabling certain forms of scientific or technical practices. Thus, the sort
of analysis that Grint and Woolgar advocate can best be seen as con-
tributing to, but not exhausting, a mediational level of analysis that ad-
mits that we do not (to poach one of Marx’s most enduring insights)
encode, decode, or otherwise construct things entirely under conditions
of our own choosing. How else are we to meet the demand to “not ef-
face real differences of power, access and control in relation to technol-
ogy along gender, class, ‘racial’, and other lines”? (Gill and Grint 1995:
pp. 25–26)

Morrow (1994) has identified three “moments” of inquiry: systemic,
actional, and mediational. The first includes macro-structural analysis of
open, historical social formations, and focuses on the level of system 
integration. The second is located at the level of social integration, 
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focusing on skilled actors constructing reality through praxis. The third
moment of sociocultural mediation seeks to identify those points of
dereification where ruptures are possible between systemic structure and
social action. As he suggests, “there are practical methodological
grounds for research designs that focus on one or other of these dimen-
sions, at least as long as their ultimate unity in mutual constitution is
never completely forgotten” (Morrow 1994: p. 269). That is, if we are
to preserve the potentials of the system and lifeworld distinction in iden-
tifying emancipatory potentials, then all three moments must be enacted
in research. Indeed, from a critical perspective, each of these modes of
analysis presupposes the other even though polemical priority disputes
often obscure this complementarity” (Morrow 1994: p. 277). This is the
second methodological principle that I want to suggest: that system, ac-
tion, and mediational levels of analysis be recognized not as discrete, but
as mutually constitutive moments of critical research.

Andrew Feenberg’s development of a critical theory of technology
(1995, 1999a) suggests the outlines of such an approach. Central to it
are his concepts of “implementation bias,” “technical code,” and the re-
lated framework he develops of different dimensions of “instrumental-
ization.” The concept of implementation bias builds on the notion of
interpretive flexibility as developed in the social construction of technol-
ogy literature, which suggests that there are alternative ways that tech-
nologies might be taken up. There is, however, a technical code,
reflecting the “cultural horizon” of a given social formation (such as
capitalist modernity) that mediates design and implementation. Feen-
berg argues that technology itself is a form of mediation of social activi-
ties (thus conceptualizing technology as analytically analogous to
markets or bureaucracies as forms of mediation). As he summarizes it:
“markets, administrations, technical devices are biased and embody spe-
cific value choices” (Feenberg 1999a: p. 174).

Feenberg offers a two-level theory of instrumentalization. Primary in-
strumentalization, or deworlding as he has more recently referred to this
process, is reifying and abstracting, and is similar to what earlier
dystopian analyses of the modernity-technology relation characterize 
as the embodiment of technological or instrumental rationality. Sec-
ondary instrumentalization, or reworlding, reembeds technology in 
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social context and introduces possibilities for reflexivity, action, and
dereification. Such a theory clearly lends itself to informing research
along the lines of the critical methodology sketched out earlier. More
important, Feenberg explicitly introduces the potential democratization
of technology as a central component of the model, by attending to
points of recontextualization and possibilities for change. This requires
a more sustained attention to the question of mediation.

Contexts of Mediation
While I am in broad agreement with the theoretical framework that
Feenberg develops, in several respects I find it requires further develop-
ment to be up to the task of understanding the gender-technology-
modernity nexus. Certainly, he is right to recognize the tension between
system and lifeworld as integral to a critical theory of technology, and
to identify the mediation of this tension as integral to opening up spaces
for transformation. This pushes us to think about technological democ-
ratization as something much more than access to technology. However,
I worry that posing the manner in which deworlding and reworlding get
played out as producing “either a technocratic model of control or a de-
mocratic model of communication” (emphasis added) might close off
some important questions (Feenberg, this volume). Feenberg appears to
use a fairly weak conception of democratization as “participation,”18

which lends itself to what might be seen from a feminist perspective as
an overly optimistic prognosis for the development of a “technical pub-
lic sphere.”

The notion of secondary instrumentalization needs to more explicitly
recognize that in the recontextualization of technology, the nontechno-
cratic participation of social interests and values may not always be pro-
gressive, in the sense of advancing the sort of technological democracy
that he advocates. Let me provide a brief example from research in
which one of my colleagues is involved, which has examined the devel-
opment and use of the Sexual Assault Evidence Kit (SAEK) as a forensic
technology (Parnis and Du Mont 1999, 2002; Du Mont and Parnis
2000).19 The SAEK was developed in the late 1970s, in part as a result
of pressure by feminists working politically and professionally in the
area of sexual assault. It was designed as a means of obtaining more



Critical Theory, Feminist Theory, and Technology Studies 121

standardized and reliable evidence in sexual assault cases, with one of
the desired ends being to help women attain more positive judicial out-
comes (Parnis and Du Mont, 1999: 76).20 So far, so good for participa-
tion. However, Parnis and Du Mont’s analysis of both the design and
utilization of the SAEK demonstrates multiple points of recontextualiza-
tion (including through various professional cultures) at which social in-
terests and values are inserted that perpetuate traditional biases rather
than eliminating them or opening them to critical scrutiny. For example,
the kit was not consistently administered in cases where the assault did
not involve full penetration or in cases of acquaintance or spousal as-
sault, reflecting long-standing myths about what constitutes “real” rape.
As Parnis and DuMont conclude (2002, in press), “the kit may carry a
legitimacy and a symbolic value which exceeds the capabilities of science
to objectively determine defining the ‘facts’ of a case.” This stands as a
cautionary example of how participation in technological innovation
and utilization may in fact contribute to the process of interpretation
being removed from political contestation via that symbolic value. Thus,
the third methodological point that I want to stress is that the level of
mediational analysis must attend to the complex construction of con-
texts for agency, including an awareness of ways in which hegemonic
codes may be both subverted and/or reproduced in the dynamic rela-
tionship of structure and agency. This requires more sustained attention
to the construction of both agents and contexts, particularly if the intent
is to identify and nurture emancipatory potentials.

While Feenberg acknowledges the feminist critique of abstract con-
structions of modernity (for example, via Nancy Fraser’s [1989] critique
of Habermas), he seems unwilling to more fully extend that acknowl-
edgment to the recognition that gender, like technology, may be under-
stood as a sort of code that has profound theoretical and methodological
significance.21 This reluctance, combined with the rather weak concep-
tion of democratization as participation, further complicates Feenberg’s
contention that democracy is something that can simply be extended to
technology,22 and this tends to weaken the potential of his framework
for really grasping co-construction. Thus, we see an imaginary concept
at work, which seems to assume that individuals enter into the democra-
tic public already formed in their identities, with already existing (if,
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perhaps, latent) interests.23 What a good deal of feminist work has
demonstrated, however, is that the very formation of those identities
and interests is at the heart of any political process. As Nancy Fraser
(1989: p. 172) notes, “groups of women have politicized and reinter-
preted various needs, have instituted new vocabularies and forms of ad-
dress, and so, have become ‘women in a different, though not
uncontested or univocal, sense’.”

Gender is not just taken as a political point of departure, but is ac-
tively constructed as an identity. It is only the explicit politicization of
gender—which always reflects the practices that work to exclude or sup-
press it—that makes gender relevant, and this will not necessarily occur
as an organic component of the democratic process, whether that be the
democratization of technology or anything else.24 In seeking to open
spaces for democratic transformation, the real challenge is undermine
the “grammar of liberalism” (Young 1997) that risks letting the system
versus lifeworld distinction be conflated with the public versus private
distinction, with identity formation occurring in the latter.25 It should
also be clear that if we need to retain a sense of active and ongoing 
formation in the construction of democratic agents, then we cannot ac-
cept less in our conception of the contexts in which they act. As Slater
(chapter 5, this volume) persuasively argues, we cannot just simply put
“things” (such as particular technologies, or specific forms of gender re-
lations) in context, because the latter is “produced by the very ‘thing’
one is trying to put into it.” The burden on the analyst is to grasp the
concrete situational dimensions of this process while keeping one’s eye
on the systemic ball.

Let me attempt to briefly summarize my argument to this point. I
have suggested that an adequate methodological approach to disentan-
gling the co-constructions of gender-technology-modernity requires a
more explicit grappling with the tension—conceived here as a produc-
tive tension—between system integration and social integration that is
central to theories of modernity. I have also suggested that in order to
engage in this sort of critical inquiry, we need to recognize that what
theoretical polemics tend to set up as oppositions are more fruitfully
conceived of as mutually constitutive. The interesting ground, I contend,
is at the mediational level—the level of practice—which recognizes how
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both abstract systemic logics and concrete situational factors join to
constrain or facilitate the development of particular identities, agency,
and contexts, including the fostering or blocking of democratic tenden-
cies. Furthermore, implicit in the framework I have outlined is that
modernity, technology, and gender are all concepts that can be instanti-
ated at multiple levels in this process. The next section briefly outlines
some of my current research on sexual technologies as a means of illus-
trating some of these ideas.

Sexual Technology and Heterogendered Bodies: Deworlding the Genitals?

My current research is investigating biotechnical remedies for sexual
dysfunction, and has its roots in the media frenzy over Viagra. Intro-
duced to the American market in 1998, Viagra (sildenafil citrate) was
lauded as the first effective treatment for erectile dysfunction. My inter-
est in this specific technology was piqued when, while researching an-
tifeminist interpretations of the concept of gender, I came across the
following assessment of Viagra’s potential from Bob Guccione (pub-
lisher of Penthouse magazine) in a Time magazine cover story: “Femi-
nism has emasculated the American male, and that emasculation has led
to physical problems. This pill will take the pressure off men. It will lead
to new relationships and undercut the feminist agenda” (cited in Handy
1998: p. 44).

I was fascinated by the manner in which a pharmaceutical product
was being granted causal agency to both counter a political movement
and to ground masculine identity. It seemed an extreme example of
technological determinism, and a manifestation of the tendency to locate
gender ever more deeply within the body, more resolutely presocial and
hence less open to contestation and reconstruction. Along with other
feminists, I had found myself problematizing rather than assuming the lin-
gering substrate of gender: sexed bodies. Their very construction through
sexual medicine, which both invents and seeks to remedy pathologies of
sex, seemed fertile ground indeed for pursuing this problematization.
My research to date26 suggests that there is no point at which technol-
ogy and modernity are not joined in some way in the production of 
sexual bodies. It is, in fact, only through attempting to disentangle the
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relationship between modernity and biotechnology in this concrete con-
text that the deep ontology of sexual difference that underpins both is il-
luminated. In other words, while the clinical and market success of
Viagra has prompted both the scientific and popular literatures to speak
of a “new age” in human sexual relations, assigning it a causal role in
social change (and in particular, in affecting gender relations), only a
deep ontology of gender and sexual difference made possible both the
scientific research and the technological development behind Viagra and
other sexual technologies.

The story behind Viagra is a complex history of the manner in which
sexual dysfunction has been constructed and reconstructed in relation to
a range of distinctly modern phenomena—including the rationalization
and medicalization of sexuality (Jackson and Scott 1997; Tiefer 1996),
the increased importance of expert systems and knowledge in managing
everyday life (Giddens 1991; Rose 1996), and the expansion of con-
sumer culture (Slater 1997). A historical analysis shows numerous junc-
tures where shifts in scientific and medical conceptions of the sexual
body have occurred, disease models of sexual dysfunction have been
constructed and revised, and users of (and markets for) sexual technolo-
gies have been configured. By examining the implicit social claims em-
bodied in this history, the extent to which biomedical anxieties over
sexual function reflect broader social anxieties about gender and sexual-
ity becomes apparent. I can only briefly allude to some of these themes
here,27 but I hope it will be sufficient to illustrate some of the analytical
themes suggested in earlier sections of this chapter.

Without recounting a detailed history of sexual science, two signifi-
cant shifts should be noted: first, the rise of science as the authenticating
voice on what constitutes the normal and the abnormal, and second, a
reframing of the abnormal to emphasize dysfunction rather than moral
danger (Hawkes 1996). What is the function that sexual dysfunction
threatens? Quite simply, it is penile–vaginal intercourse in the marital
(or at least stable heterosexual) unit. The function is successful 
intercourse, which is functional for the couple, which is functional for
society. It is not that this understanding of sexual function is overtly re-
pressive of other forms of sexual expression or behavior, but that it 
operates through an increasing valorization of, and eroticization of,
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marital intercourse. This has a long history, from classical sociology’s
emphasis on the function of marriage in regulating passion (Sydie 1994),
through the proliferation of “marriage guidance” that eroticized marital
sex in the first half of the twentieth century (McLaren 1999). The in-
creasingly scientific turn of sexology did not divest it of this normative
framing. Key contributors to the modern science of sex framed their
work as science in the service of the greater social good—as facilitating
successful “marital coitus” (Kinsey et al. 1953) and curing “sexual inad-
equacy in the marital unit” (Masters and Johnson 1966). As part of 
its concern to constitute itself as an authoritative voice on such mat-
ters, sexual science has increasingly asserted a physiological basis 
for sexual problems within a medical paradigm of diagnosis and 
treatment. The medicalization of sexuality has rendered it amenable to
intervention and management according to a biomedical model. That
biomedical model accepts scientific rationality as a basic premise, which
seeks universal truths about the body as a biochemical machine (Gordon
1988).

Nowhere is this more apparent than in the technologization of the
penis in the construction of erectile dysfunction. As one of the scientists
puts it:

Few fields in medicine can match the rapid progress that has been made in our
understanding of male erectile function. These changes have been profound, and
fundamental. Baseless speculation about the essential vascular mechanisms of
erection and the belief in a predominantly emotional etiology have given way to
the identification of the molecular events resulting in an erection and to effective
pharmacological treatment of their alterations. The current state of the art is a
pre-eminent example of what is achievable by systematic and conscientious ap-
plication of basic research and clinical observation. (Morales 1998: p. xv)

This neatly encapsulates the story told by the scientists—it is a narra-
tive of progressive discovery, assisted by new techniques of visualiza-
tion, which has allowed them to get at the truth about “the molecular
events resulting in an erection.” Erectile dysfunction becomes a simple
mechanical problem. As another scientist puts it, “The man needs a suf-
ficient axial rigidity so his penis can penetrate through labia, and he has
to sustain that in order to have sex. This is a mechanical structure, and
mechanical structures follow scientific principles” (Dr. Irwin Goldstein,
cited in Hitt 2000: p. 36).
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The penis, however, is only partially deworlded here; on the one hand
it is conceptualized as a fairly simple hydraulic mechanism, but on the
other hand it is never entirely decontextualized from the act of hetero-
sexual intercourse. This is what makes sexual technologies such a rich
site for exploring the issues I have tried to raise in this paper—the ab-
stract systemic logic of technical rationality as it is refracted through the
construction of functionally sexual bodies both depends on and shapes
the lifeworld, that locus of the concrete experience of intimate relation-
ships. While research and production related to sexual dysfunctions and
their biotechnical remedies occur within an international network of sci-
entists, not to mention a global biotechnology and pharmaceutical in-
dustry, distress or dissatisfaction with sexual experience and the search
for and/or consumption of technological expertise occur in very specific
contexts. Particularly interesting is the manner in which these different
worlds—of the scientist, the pharmaceutical company, the clinic, the
sufferer of erectile dysfunction and his sexual partner—are articulated.

The task of decoding these articulations has been facilitated by the
very public presence of the penis and its discontents in mass-media cov-
erage of advances in sexual medicine and the proliferation of mass-
market paperbacks on erectile dysfunction and its remedies. A critical
reading of these irreducibly cultural interpretations of technology
demonstrates the extent to which heterogendered sexual bodies are a
crucial link between abstract systems and concrete lifeworlds. As these
cultural products—television programs, newspaper and magazine arti-
cles, self-help books, advertising—consciously seek to act as translators
between the worlds of science and technology and intimate relations,
they not only mediate the relationship between them, but reveal much
about how actors in each understand the world of the other. For exam-
ple, in a segment introducing the topic of erectile dysfunction in an
episode of a popular Canadian science program devoted to the penis,28

we are introduced to an older man, his wife by his side, who tells us that
when “the erections just weren’t what they used to be” they decided to
“do something about it.” They proceeded to see what technologies were
out there to help, and a vacuum pump now “lives” on their bedside
table. Another couple is thrilled when, after unsuccessful results with
previous treatments, the husband is asked by his doctor to be part of an
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open-label trial of Viagra. He leaps at the opportunity, and they glee-
fully tell us how she just knows when he’s taken a pill because he gets a
special sparkle in his eye. Whatever the situational specifics of their rela-
tionships, and however the technologies were reembedded in those rela-
tionships, neither seriously questioned that there was a technological fix
either available or immanent, and should that one prove unsatisfactory,
another would come along in due course. Their faith in expert systems
and scientific and technological progress was clear. This theme is consis-
tently reiterated in case study after case study, as they are recounted in
both the popular and clinical literatures.

It is also clear that scientific and technological advances in the treat-
ment of sexual dysfunction do not proceed strictly on the basis of abstract
logics of rationalization or technological progress. The development of
sexual technologies is premised on socially rich conceptions—albeit
overly universalized and objectified conceptions—of who the potential
users of these technologies are and what their motivations are. Nothing,
we are told, “not even cancer or heart disease” (Melchiode and Sloan
1999: p. 17), can be as devastating to a man’s self-confidence or as dam-
aging to a relationship as a faulty erectile mechanism. Again, case study
after case study recounts the very tangible anxieties involved—worries
about aging, about the ability to satisfy one’s partner, about the conse-
quences to the relationship if they don’t.

As in earlier manifestations of sexual science, technologically oriented
sexual medicine has a clear sense of its social mission, which reaches far
beyond the amelioration of personal troubles. Erectile dysfunction is (es-
pecially given anxieties over aging populations in western societies) of
potentially epidemic proportions, and poses a serious public health con-
cern (Aytac et al. 1999; Hatzichristou 1998). It is not just a medically
manageable disease, but is increasingly framed as a progressive condi-
tion, with phases and early warning signs (Lamm and Couzens 1998).
Remedies such as Viagra are seen as part of a broader regime of bodily risk
management and “penile fitness” (Drew 1998; Seiden 1998; Whitehead
and Malloy 1999). The Human Genome Project is hailed as holding out
the hope of prevention through gene therapy (Christ 1998).

Science has more recently turned its attention to female sexual 
arousal disorder—the corollary of erectile dysfunction in men is vaginal



128 Barbara L. Marshall

engorgement and clitoral erectile insufficiency syndromes in women
(Goldstein and Berman 1998). While the initial clinical trials of vasoac-
tive drugs such as Viagra for women have been disappointing, the U.S.
Food and Drug Administration has recently approved the first mechani-
cal therapy,29 and clinical trials with various pharmaceutical products,
including hormonal therapies, continue. In reading the scientific and
clinical literature, one cannot help but be struck by the limitless horizon
envisioned.

One way of reading the bodily configurations being produced here is
suggested by postmodern analyses, whereby we might see technologi-
cally enhanced genitals as an illustration of “cyborg bodies” (Haraway
1991), or “hybrids” (Latour 1993). I find a different reading more com-
pelling. While academics may see the proliferation of sexual technolo-
gies as a harbinger of a postmodern age, where bodies have no limits,
and the nature-culture division is irreparably blurred, there is no reason
to suppose that those developing or availing themselves of these tech-
nologies share that interpretation. In the case of technologizing the geni-
tals, it is mastery over, not playful transformation of, the body that is at
stake. What is being sold in these technologies is not flexible, malleable
bodies—it is reliability, predictability, and calculability, all within the
context of rather rigidly heterogendered performance expectations.
What makes the whole enterprise intelligible is the distinctively mod-
ernist framing shared by the scientists, pharmaceutical companies,
physicians, and consumers: that the diligent application of scientific ra-
tionality will result in discoveries that will lead to technological innova-
tions that will solve objectively defined problems, that those with
problems will seek out the appropriate expertise to advise them and
products to help them, and that scientific progress will result in even
better solutions in the future.

We may, as Latour (1993) asserts, have never been modern, but we
certainly think and act as if we were. Certainly the effects of tech-
nologies produced and marketed within that frame are never foreclos-
able in advance, and may, in fact, reconfigure bodies, sexuality, and 
gender relations in ways that are unpredictable, and which belie the dis-
tinction between nature and culture. They may even contribute to de-
lightful erotic experiences and satisfying relationships. They may also
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retraditionalize and renaturalize, rather than radicalize, phallocentric
and gendered heterosex, and close off as many possibilities as they
open.30 The very possibility of such technologies presupposes certain as-
sumptions about both the bodily and cultural parameters of sexuality.
As Menser and Aronowitz (1996: p. 12) suggest, “pushing the bound-
aries” is not the same as eliminating the materiality of sexuality.

The sexual body is pivotal to processes of both system and social inte-
gration and to the tension between them.31 It is only at the mediational
level that we are able to unravel the entanglements of system and life-
world, and open space for a critique (and transformation) of the manner
in which an instrumentally rational logic is refracted through even our
most intimate experiences. This is not to suggest a straightforward colo-
nization of lifeworlds by strategic technical systems. This sort of one-
way thinking lingers, as Judy Wajcman has pointed out, in the residual
technological determinism that continues to shape empirical research on
gender and technology. As she suggests (Wajcman 2000: p. 460): “while
at the theoretical level, we all take for granted that gender and technol-
ogy are mutually constitutive, I would still argue that the weight of em-
pirical research is on how technology shapes gender relations, rather
than on how gender relations are shaping the design of technologies.”

To really get at co-construction, we need to look for the relationship
between system and lifeworld (and for potential points of transforma-
tion) by grasping its instantiation through grids of power that situate
bodies and subjectivities in particular (and analytically comprehensible)
ways. In the case of biotechnologies of sex, this instantiation is, to put it
bluntly, an extraordinarily profitable anatomization and renaturaliza-
tion of cultural heterogender. This is not to suggest, however, that things
could not be otherwise. It does suggest that opening possibilities for
transformation requires further inquiry into the ways in which discur-
sive closure on deep-rooted assumptions about sexuality and gender is
enacted through technology, and how these might be opened up to fos-
ter new forms of, and sites for, sexual agency.

If critical research on the gender-technology-modernity nexus is to be
able to envision alternative futures, then we need to be able to distin-
guish what is specific and contingent about the concrete entangle-
ments that we study, and what can be abstracted as more general and
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enduring. If we cannot do this, then we end up in either the postmodern
fantasy world of unbridled fluidity and flux, or in what Andrew Sayer
(2000: p. 722) has termed the fatalistic “nothing-can-change-until-
everything-has-changed dilemma.” Is it possible to envision technologi-
cal futures—including sexual technologies—that neither construct nor
reproduce deep ontologies of sex and asymmetries of gender? Only, I
think, if we take the technological present as an instantiation of both
historically and culturally produced lifeworlds and more abstract and
systemic forms of rationality that can only be analytically separated
from their concrete manifestations. It is in that analytical separation 
that the critical space for understanding and potential transformation
obtains.

Conclusions

The methodological principles that I have emphasized (the mutual ne-
cessity of intensive explication and comparative generalization; the mu-
tually constitutive moments of system, action, and mediational levels of
analysis; and attention to the complexity of both reproduction and dis-
ruption of hegemonic codes at the mediational level of recontextualiza-
tion) are in fact already the defining characteristics of good, critically
inclined research, including feminist research.32 Thus, my intent in sys-
tematically drawing them out here is not so much prescriptive as it is to
argue for their more general applicability in critical research on technol-
ogy. In suggesting this, I think that there is already much to agree on in
the various communities of critical theory, feminist theory, and technol-
ogy studies. That the technical is social, and the social is technical is
now widely accepted. That there is a discernible relationship between
gender and technology is not in dispute. To emphasize practice as the
point at which the social shaping of technology occurs seems noncontro-
versial. However, as MacKenzie and Wajcman (1999: p. xvi) suggest:
“If the idea of the social shaping of technology has intellectual or politi-
cal merit, this lies in the details: in the particular ways technology is 
socially shaped, in the light these throw on the nature both of ‘society’
and of ‘technology’; in the particular outcomes that result; and in the
opportunities for action to improve those outcomes.”
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In other words, the framework that I have outlined in this essay can-
not in itself generate knowledge about modernity, technology, gender,
or their mutual constitution. This remains the task of detailed empirical
and historical investigation that is able to enact the various moments of
critical research suggested here. Theory—whether of modernity, tech-
nology, gender, or anything else—is best advanced through engagement
with concrete problems, and these rarely present themselves in tidy
packages.

Notes

1. For an example of this argument from the perspective of science and technol-
ogy studies, see Woolgar (1996: p. 235), who suggests that “STS is no longer
merely concerned to convey substantive findings about science and about tech-
nology, but instead finds itself involved in attempts to ‘respecify’ key notions
such as ‘social,’ ‘society’ and ‘agency’.” As I have argued in an earlier work,
feminist theory is also centrally concerned with a rethinking of “the basic ana-
lytical categories of social theory” (Marshall 1994: p. 2).

2. I will not attempt to sort through the troublesome distinction between post-
modernism and poststructuralism. Maintaining a careful distinction is made dif-
ficult by their continual conflation in the literature. Briefly, postmodernism is a
theory of society and social change. It rejects the possibility or desirability of re-
suscitating the Enlightenment project of normatively grounding an emancipa-
tory practice, seeing these aspirations as historically passé. Poststructuralism is
an analytical stance grounded in a refusal of the coherent subject, and concerned
with language, discourse, and representation. I believe that poststructuralist in-
sights and methods of analysis may be usefully appropriated without accepting
the premises of postmodernism.

3. Stevi Jackson makes a similar argument on behalf of sociology in general: “So-
ciologists have long been aware, for example, that there is no essential pre-social
self, that language is not a transparent medium of communication, that meanings
shift as they are contested and re-negotiated, that knowledge is a social construct
rather than a revelation of absolute truth” (Jackson 1999, section 2.2).

4. For one of the most influential texts in this respect, see Smith (1974).

5. Here he is referring to the collective work of Jürgen Habermas, Alaine
Touraine, Zygmunt Bauman, Ulrich Beck, and Anthony Giddens.

6. Calhoun’s (1995: p. 34) list includes, in addition to Habermas and “more di-
rect heirs of Horkheimer and Adorno,” Pierre Bourdieu, Michel Foucault,
Donna Haraway, Dorothy Smith, and Charles Taylor.

7. There is justification here for including in this definition some sociological
conceptions of postmodernity which argue that the present social formation is
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significantly unique to justify a distinction from modernity, but do so in a way
that does not overexaggerate a radical break. In this category I would include
those of Zygmunt Bauman and David Lyon.

8. Here we might include Horkheimer’s distinction between traditional and crit-
ical theory, Adorno’s intervention in the “positivist dispute in German sociol-
ogy” (Adorno 1976), Habermas’s statement of the tasks of critical theory, and
Giddens’ confidence in the empirical applicability of structuration theory. For
assessments (mostly negative) of their success in informing research in different
substantive contexts, see Blaug (1997), Dryzek (1995), and Jahn (1998).

9. While this ontological opposition is certainly reflected in tensions within femi-
nist theory between the articulation of women’s experience on one hand, and ef-
forts to deconstruct the category of woman altogether on the other, it is not a
simple restatement of this tension. That it is frequently reduced to this, and the
related debates about voice and the authority to speak for women, reflects a slip-
page between ontological, epistemological, and political questions. For elabora-
tion, see Ferguson (1993), Hennessy (1993), and Marshall (2000).

10. I discuss this more fully in Marshall (2000). See also Young’s (1994) use of
Sartre’s notion of seriality, and Nicholson’s (1994) use of Wittgenstein’s con-
cepts of games and family resemblances.

11. Such a tack also avoids the tendency, displayed ironically by many of those
who reject such modernist arrogance, of positing a linear conception of theoreti-
cal and methodological progress, with postmodernism and deconstruction as its
apogee.

12. Hapnes and Sørensen (1995) make a similar observation, although for a
somewhat different purpose.

13. Specifically, she locates her work in relation to the constructivist approaches
represented by both actor-network theory and social construction of technology
(SCOT), citing those such as Bijker and Law (1992), Bijker et al. (1987), Law
(1991), and Latour and Woolgar (1986).

14. For a particularly valuable collection of feminist engagements with 
Habermas that constructively criticize the system-lifeworld distinction, see 
Meehan (1995).

15. The charge of essentialism has also become the j’accuse of many contempo-
rary feminist debates. While it is beyond the scope of this essay to more fully
discuss the debates around essentialism, a few words are in order regarding the
manner in which this has been taken up in the gender-technology literature.
Many of the theoretical objections to feminist essentialism in technology studies
are directed at the rather functionalist and ahistorical conceptions of patriarchy
and rigidly categorical conceptions of gender which have now been the subject
of at least two decades of sustained criticism within feminism. I have discussed
this at length in other publications (Marshall 1994, 2000). In short, rather than
“black-boxing” gender, as these critiques suggest, the unpacking of that box has
been one of the primary themes in feminist work for quite some time.
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16. This is reflected in the admission of, in even the most deconstructive femi-
nisms, concepts such as “strategic essentialism” or “contingent foundations.”

17. A somewhat analogous set of debates in media studies has highlighted the
extent to which the economic and political contexts in which texts are encoded
and decoded is obscured through purely textual readings. Stuart Hall’s work is a
useful point of reference here (Hall 1980).

18. I owe this phrasing to Andrew Light (2000), who has discussed this in rela-
tion to environmental politics. I thank him for sharing this paper with me prior
to publication. In contrast to Light, however, I maintain that a stronger concep-
tion of democratization is required to sustain Feenberg’s argument for alterna-
tive modernities.

19. Their research has analyzed the design of the kit, the medical and police
records of over 200 cases of women presenting for sexual assault treatment, sur-
veys of a range of professionals involved in the use of the Sexual Assault Evi-
dence Kit (nurses, nurse examiners, physicians, police officers), and interviews
with forensic scientists who analyze and interpret the physical findings. In addi-
tion to numerous instances of subjective bias that permeate the kit’s path
through the medical, scientific, and legal cultures, little or no relationship be-
tween medical forensic evidence collected through this technology and positive
legal outcomes has been found.

20. At least from the perspective of its feminist proponents, this was one of the
objectives. As Deborah Parnis has suggested to me in a personal communica-
tion, from the point of view of many (including Crown Attorneys and many
medical personnel), its purpose was viewed as getting at “the truth” about what
“really” happened.

21. This has been developed in Cohen and Arato’s critique of Habermas and
Fraser, especially chapter 10. As they suggest: “That power operates through
gender codes, reducing the free selectivity of some and expanding that of others,
is the most important and paradigmatic core of any theory that might be labeled
feminist” (Cohen and Arato 1992: p. 542).

22. While Feenberg implies this in several publications, the notion of democracy
expanding and advancing clearly frames his book, Questioning Technology, in
which he begins with the assertion that “technology is now about to enter the
expanding democratic circle” and concludes that technology can be “swept into
the democratic movement of history” (Feenberg 1999a, p. 225). As I have ar-
gued elsewhere (1994: p. 2000), the democratic public sphere is not an already
realized ideal, and thus cannot simply be extended to now include technology.

23. To be sure, this is not a problem unique to Feenberg. It is also haunts 
Habermas’s (1996) work on deliberative democracy.

24. Analyses of the “triumph” of democracy in post-Soviet eastern Europe are
instructive here. It was widely implied in both academic (including some femi-
nist accounts) and nonacademic commentary that the observed decline in rights
for women was a legacy of the association of gender equality with discredited
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policies of Communism, and would eventually be ironed out with the extension
of a democratic political culture. However, as Peggy Watson (1997: p. 156) has
argued, it was democratization itself that permitted gender to become a social
characteristic of political significance, which “engaged and mobilized” differ-
ence in the construction of political identities. Her analysis of Poland traces how
deep differences of sex had to be constructed and invoked to legitimate forms of
masculinist politics in the newly democratized public.

25. It is on this point that I see the greatest contribution of standpoint episte-
mologies, as developed, for example, by writers such as Harding (1996) and
Hartsock (1987) with reference to gender, and West (1988) with reference to
race. As Rosemary Hennessy (1993: pp. 95–99) argues in her excellent discus-
sion of standpoint theories, their import lies in “pushing on the boundaries of
Western individualism” by situating historical constructions of subjects in a sys-
tematic analysis of the social production of difference.

26. I am still in the relatively early stages of a long-term project on sexual medi-
cine and sexual technologies. The material reported here is based on a critical
reading of approximately 100 articles in medical and scientific journals, 9 mass-
market paperbacks, advertising materials from pharmaceutical manufacturers,
television programs, and numerous articles in newspapers and magazines. For
an overview of the research, see Marshall (2002).

27. A number of papers are currently in preparation that expand on this mater-
ial and develop lines of analysis that I cannot enter into here. These include (1)
explorations of the new focus of interest in female sexual dysfunction which has
emerged in urology, (2) a case study of resistance to the medicalization and
“technologization” of women’s sexuality, (3) how a distinction between tech-
nologies for the treatment of sexual dysfunctions and sex toys is constructed and
marketed, (4) historical and contemporary conceptions of sexual fitness and the
aging male body (with Stephen Katz), and (5) a historical account of the con-
struction of the heterogendered body in the late nineteenth-century development
of sexual medicine.

28. “Phallacies” was the 1999 season opener of “The Nature of Things,” a pop-
ular documentary series on science hosted by David Suzuki for the Canadian
Broadcasting Corporation. It originally aired on 4 October 1999, and has been
repeated several times since.

29. The EROS-CTD (clitoral therapy device) is a small, battery-powered suction
pump designed to stimulate blood flow to the clitoris. While one can imagine
that providing “gentle suction directly to the clitoris” (Urometrics 2000) may in-
deed be a good thing from the perspective of women’s sexual pleasure, concep-
tualizing this as clitoral therapy could only occur once female sexual arousal
disorder was constructed as a vasculogenic deficiency. See also Maines (1999)
on the history of the vibrator.

30. As Potts (2000: p. 99) suggests, “very few men might ever actually experi-
ment with the sensations of the non-erect penis due to the prioritization of the
erection in notions of healthy and satisfying male sex.”
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31. Crossley (1997) provides an interesting overview of embodiment and the
subject-body as providing a vantage point for understanding system, lifeworld,
and the relationship between them.

32. Thus, as Morrow (1994: p. 268) notes, “most social scientific definitions of
feminist methodology are clearly a species of critical methodology whose iden-
tity stems from its focus on gender/power issues as the object of inquiry.”





II
Technologies of Modernity





The perils of connecting modernity and technology include the danger
of replicating on the side of modernity the very same false objectivities
that have been so roundly deconstructed on the side of technology. That
is to say, if scholars are now comfortable with the social construction of
technology and the co-construction of social and technical relationships,
then they should be profoundly uncomfortable with presuming a global
and abstract notion of modernity. In particular, there would be painful
ironies if at the micro level we dissolve objects and contexts into a dy-
namic dialectic only to reassert at the macro level a pregiven and as-
sumed context, as if modernity could be conceptually established—using
quotes from Giddens or Habermas—as an overarching structure into
which technologies are inserted and in terms of which they are then 
to be understood. Surely modernity is itself a complex object which has
to be disaggregated, not only in the interest of revealing its heterogene-
ity, but also of establishing its nature ethnographically. Can we do an
ethnography of both technology and modernity, of the two together,
which grounds them in lived social relationships? And can we use
ethnography as a basis for moving from the particularities of technology
and modernity to more general theoretical formulations?

The dangers of objectifying and totalizing the terms “modernity” and
“technology” encompass issues of both presumption and homogeniza-
tion: how do we presume to know what either of these terms mean in
advance of a fine-grained engagement with a particular social configura-
tion? And why should we assume that either represents a uniform phe-
nomenon that can be easily generalized across cultures? This is not to
say that there are not essential levels of generalization—in the end these

5
Modernity under Construction: Building the
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Don Slater
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are what we aim at—but rather that ethnographic attention to particu-
larity and an ethnographic basis for comparison of different encounters
with modernity and technology might provide a sounder basis for arriv-
ing at them. If we should no longer be trying to ground an account of
Internet uses in a global definition of technology as such, why would we
presume to place a technology in a context of modernity, as globally de-
fined by a social theorist? Yet we find authors seeking to produce a gen-
eral theory of the Internet on the basis of such a general theory of
modernity (e.g., Slevin 2000).

The issue posed here clearly parallels the contradiction mapped out by
Feenberg (chapter 3 in this volume): modernity theories of various
brands point us toward an implacable modernist logic, whereas technol-
ogy studies point us, ethnographically, toward the socially complex,
local, and contingent construction of technical objects. In agreement
with Feenberg, the intention of this essay is not an ethnographic reduc-
tion of abstract modernity to particularistic contingency and relativism:
we certainly need an ability to generalize outward from the particular
and to identify globally shaping forces. But I want to suggest that we
need to arrive at a notion of modernity by a different route, and not by
assuming a particular logic for modernity. Above all—and especially
when wearing the hat of an empirical researcher—I am concerned that
concepts of modernity should be to some extent the outcomes of investi-
gation rather than of methodological presuppositions.

Modernity cannot be presumed as a ready-made context into which
we then fit the various phenomena, but must be a conceptualization that
is at the very least responsive to the different kinds of modern experi-
ences that we find empirically. This is partly for the obvious reason that
modernization and modernity take different forms and are experienced
differently in different social places. Modernity is not simply a mode of
existence that originated in the West and was then exported (practically
and intellectually) everywhere else. The quite different Trinidadian ex-
perience that is discussed in this chapter is just as much modernity as the
European one.

However, there is something much more important at stake than mere
difference: these different modernities are very definitely not contingent,
but are connected by histories of colonialism, emigration, industrialization,
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political revolutions, and so on. An ethnographic sense of modernity is
not simply a relativistic acceptance of heterogeneity. It is first a recogni-
tion of the role that Trinidadians and all the other Others have played in
constructing “our” (European) modernity, a modernity to which colo-
nial and other global histories are intrinsic and constitutive. Modernity
contains within itself European modernity’s encounters with its “oth-
ers,” including their resistances to and incorporations of modernity. I
need only cite the work of the Trinidadian C. L. R. James (2001), whose
Black Jacobins is foundational to this argument, and contemporary au-
thors such as Gilroy (1993). Modernity was (and is) produced “there”
as much as “here,” and in the relation between here and there.

It is second a recognition that more general accounts of modernity, 
insofar as they actually emerge from these diverse experiences, can be
offered as a dialogic framework, as an account of shared disruptions
and powers, experienced by many, but very differently. In brief, it is in-
tellectually and politically fundamental that the modernity we recognize
in our research is a clearly heterogeneous and emergent phenomenon,
something that can be traced to the diverse social contexts in which it is
actually produced. What we need is a methodological orientation that
studies modernity under construction.

An incisive example is provided by Daniel Miller’s (1994) Modernity:
An Ethnographic Approach, a book that in important respects forms the
backdrop to the study presented here. On the one hand, contemporary
accounts of modernity (and even more so, postmodernity) convention-
ally assume uniform experiences of dislocation, individualization, ratio-
nalization, and post-traditional culture and uniform strategies for
contending with them, such as Giddens’ (1991) “reflexive project of the
self.” These are theoretically projected onto the wider world as already
globalized structures, or as imminently universal. Miller’s ethnographic
encounter with Trinidad indicated quite other experiences and strategies,
most notably ontologies of the self and projects of individualization that
involved relationships to time, meaning, and morality that were in stark
contrast to those by which Giddens characterized modernity as such.

Trinidadians, as it were, responded to the dislocations we define as
modern through their particular circumstances and cultural filters.
Above all, close attention to mass consumption and the ways in which
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the appropriation of material culture mediated and articulated core con-
tradictions gave Miller access to the specific style and substance of
Trinidadian modernity and its relation to global modernity. On the
other hand, Miller was clear that while his account of Trinidad made
nonsense of those accounts of modernity that superimpose European in-
tellectual paths on a society of the periphery, there were nonetheless
higher-order accounts of modernity that could be brought into produc-
tive tension with Trinidadian experience.

At the most abstract level, Trinidadians and Europeans live in the
same modern world in the sense that they inhabit a time of such rupture
in material circumstances that modernity can be characterized by 
“a new temporal sense [that] has undermined the conventional grounds
for moral life” (Miller 1994: p. 76). In this account, modernity is not a
homogenizing process—on the contrary, the term is used to bring to
light a world of different experiences and responses—but it can be speci-
fied at a level that brings “us” and “them” within a single framework of
historical intelligibility. Indeed, Miller goes further to argue that while
most people assume that modernity is best exemplified by the metropoli-
tanism of Paris or New York, it is equally likely that the rupture from
traditional life brought about by Trinidadian experiences of slavery, in-
dentured labor, and forced migrations made this a place where one
might actually find a more exemplary or even “vanguard” form of
modernity.

In this chapter, I simply want to flesh out what this means for a very
particular encounter with a modernizing technology: the assimilation of
new Internet technologies within a range of Trinidadian social relations.
I am reporting on a project (Miller and Slater 2000) in which we at-
tempted to situate the Internet in relation to Trinidad and Trinidad in
relation to the Internet. This work was conducted over approximately
18 months. It involved first, interviews with diasporic Trinidadians in
London and New York, analysis of hundreds of Trinidadian websites,
and participation in Trinidadian online chat and email. Second, it in-
cluded fieldwork in Trinidad that consisted of a house-to-house survey
of four residential districts, followed by selective in-depth interviews;
participant observation in several cybercafes; and interviews with per-
sonal, commercial, and governmental users of Internet media. The goal
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was to accomplish the traditionally holistic aims of ethnography in
which phenomena (Internet uses) and contexts (the personal, the com-
mercial, political economy, global modernity) made sense of each other.

Disaggregating the Internet

Let us first start on familiar ground: technology. What seemed apparent
in starting this study was not only that much of the academic Internet
literature avoided a proper ethnographic engagement with the particu-
larities of Internet use, but also that this stemmed from a highly specific
relationship between that literature and the very question of modernity.
Specifically, because that literature was so obsessively engaged with
global notions of modernity, it projected onto the Internet, as its essen-
tial properties, equally global images of antimodernism. These were
above all poststructuralist and postmodern concepts of subjects, social-
ity, and globalization. The point here is not so much to contest the use-
fulness of these terms in themselves as to question the methodological
status they have been accorded. It appeared that the first generation of
Internet literature largely ignored all the lessons of the social construc-
tion of science and technology by starting research from the presump-
tion of inherent technical properties. This can be most readily grasped
through two of the buzzwords it persistently employed: “virtuality” and
“disembedding.” Both terms started from the presupposition that Inter-
net media inherently constitute forms of online sociality, with a convinc-
ing reality status, that transcend or replace their offline contexts.
Discussion then focused on whether this virtuality was a good or a bad
thing; on what kind of ontological status could be ascribed to its partici-
pants or their relationships (is a virtual relationship anything serious?);
and on describing the structures of the interactions that were carried 
out within the already methodologically bracketed space of the “vir-
tual” (e.g., accounts of netiquette, interaction orders, and conversa-
tional rules).

Virtuality had its correlate in the notion of disembedding. While the
former emphasized the separation between online and offline realities by
focusing on the self-constituting realities of Internet social interaction,
disembedding also assumed radical separations of Internet users from
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their immediate spatiotemporal location because of the technology’s
ability to connect dispersed people with a casual immediacy. Even more
insistently than virtuality, this term pointed to a continuous modernist
theme: the capacity of technologies to produce global connections that
marginalized both local and national identities and social orders.

Three issues emerge here: The first is that these presumptions of virtu-
ality and disembedding give a false unity to the new media themselves.
Examples could be given from anywhere in the world, but the Trinidad
study immediately indicated that it would be wrong to treat the Internet
as a single technology. Consider two cases. On the one hand is 
a Trinidadian school pupil who might typically use an online chatting
and paging system like ICQ to continue conversations started in the
schoolyard that will persist into a later meeting at a “liming spot” (place
to hang out), and who uses the World Wide Web (WWW) to research
school projects and locate scholarship sources for further education in
North America. On the other hand is a Trinidadian business for whom
the Internet ideally means intranet integration of departments and work
processes combined with web-based integration of consumers and sup-
pliers into the corporate operation through online ordering, order track-
ing, and customer relations. In what sense can both of these uses be
deemed “the Internet,” let alone be characterized in terms of such global
features as virtuality and disembedding? Does it not make more sense to
establish ethnographically how people assemble their own Internets
from the use of different technological potentials and features within
different projects, institutions, and constraints?

Second, virtuality and disembedding cannot be assumed at the level of
methodology without doing violence to the diversity of constructions 
of the media themselves. The virtuality of the Internet media is a matter
of ethnographic investigation, not of starting principles. For example,
my own first Internet ethnography—of “sexpics trading on IRC” (Rival
et al. 1998; Slater 1998)—conducted entirely online, indicated that vir-
tuality was not only a central issue but also was one topicalized by par-
ticipants. They invested a great deal of time in interrogating the reality
status of what they were doing online. Some of them were very con-
cerned to separate their online from their offline activities, others to ab-
sorb one into the other. Moreover, the interaction order online could 
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be highly variable, depending on whether participants were trying to 
constitute their activities as virtual or not. That is to say, I had to inves-
tigate virtuality as a potential social accomplishment of participants,
one they might or might not be seeking to achieve, rather than as a
methodological presumption about the nature of the technology.

In Trinidad, on the other hand, virtuality could only be raised as an
issue by imposing it upon what we encountered: it simply did not fea-
ture in our observations and interviews, and made little sense of what
we did observe. To the contrary, in almost every Internet use we dealt
with, the participants stressed continuities between online and offline
projects, generally understanding Internet media in terms of their poten-
tial to further activities that were firmly grounded in a concrete sense of
the everyday (Slater 2000a,b; Miller and Slater forthcoming). This ap-
plied, for example, to religious organizations which, while extremely ar-
ticulate about the revolutionary properties of online communication for
such encounters as confession and religious study, went to great lengths
to debate the appropriateness of these media in terms of long traditions
of theological debate. It also applied to young people who formed ro-
mantic attachments, through online chat, with people in other continents,
but who went to great lengths to integrate these encounters into their rela-
tionships with those physically around them. Virtuality, in the sense of
construing Internet activities and relationships as self-constituting and
sealed off from other spheres of life, was neither valued nor pursued.
This does not mean that virtuality is never a feature of Internet use, but
simply that it was not in Trinidad and that it would have meant doing
violence to our material if we had assumed that it was and hence a thing
to be investigated.

Third, the first two issues involving the centrality of virtuality as a
unifying concept of the Internet seemed clearly to have emerged from
the very particular relationship that many Internet researchers (and the
Euro-American netizens they studied) bore to western modernity. The
Internet was received as virtual within self-consciously antimodern intel-
lectual currents—postmodern, poststructural, postfeminist, postcolo-
nial—in which the desire to deconstruct modernist presumptions about
rationality, the subject, and the body into textual or performative ac-
complishments seemed to find their apotheosis and objective correlate 
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in a new social space that was disembodied, textual, and fluid. Again the
issue is not whether these theoretical trajectories are valid or fruitful 
(I could not be a responsible western intellectual today without engaging
them dialogically and hence accepting some common premises and lines
of thought). The issue is whether it is valid to project this problem, a
priori, onto the social actors and practices one is investigating so that
we start by looking for deconstructive or performative practices as con-
stitutive of Internet sociality. This was the case with much of the early
cyberutopian and cyberfeminist literature in which the Internet ap-
peared as the space in which the revolutionary subject of antimodernist
theory (cyborgs, hybrids, rhizomes, posthumans) could socially emerge,
constituting a model and stage for avant-garde subjectivity. This is sim-
ply to impose, in the guise of a methodological first principle, an agenda
arising from the encounter of a rather slim stratum of the western 
intelligentsia with their own modernity.

Trinidadian use of the Internet clearly could not be clarified by look-
ing through the lens of this relationship to modernity. In almost every
area we studied, as will be elaborated later, Trinidadians appropriated
the Internet within identity projects that emerged from a quite different
experience of and relationship to modernity. It was a relationship that
very strongly embraced a sense of themselves as modern in a proud and
positive sense, while at the same time centered on the ways in which
they were disrupted and marginalized by modernity. The Internet was
largely perceived as a modern means to be more modern, rather than a
means to deconstruct modernist identities. This could be no more clear
than in the centrality of national identity to Trinidadians’ use of the In-
ternet. It would be ludicrous to imagine an American or European
teenager decorating their personal website with the Northern equiva-
lents of Trinidadian flags, national anthem, core symbols of local culture
(Carnival, beaches, beer), prominently displaying links to the Trinida-
dian national industrial development and tourist agency, or actually
constructing their entire websites as encyclopedic guidebooks to
Trinidad (including history, dictionaries of dialectic, recipes, music, and
so on). Yet this is what Trinidadian teenagers routinely did.

It would therefore have been utterly misplaced to approach the
Trinidadian Internet through a relationship to modernity that emphasized
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the marginalizing of place and indeed nation and national culture, or the
transcendence of local identity through globalized neotribes (e.g.,
Trinidadian teenagers seemed to identify very little with a concept like
“HipHop Nation”). But it would have been positively outrageous to
treat such a relationship to modernity (disembedding) as if it were an in-
herent property of the Internet as such, as is regularly assumed in much
of the literature.

Finally, cyber versions of the Internet have piggybacked on the voices
of various social actors who are also theorists of (anti-)modernity, such
as hacker culture, postpunks, riot grrrls and cyberfeminism, new econ-
omy pundits (such as Wired magazine) and many others. In a very real
sense, we too had to attend to a range of Trinidadian social actors who
were highly articulate theorists of modernity, and who located and ap-
propriated the Internet within their own discourses of modernity. These
were as evident at the governmental level where we listened to modern-
ization discourses that linked new media to national and regional devel-
opment plans as it was in the conversations of young people thinking
through the art of gaining employment in a globalized labor market in
relation to which the new media seemed to reposition them. At the same
time, the same Trinidadian youth might be well aware of cyber dis-
courses. Their version of modernity might well include a response to
these themes (without sharing or adopting them).

Indeed, terms such as “Internet” and “modernity”—and above all,
the rhetorical connections that could be drawn between them—had in
the first instance to be studied as terms used strategically and politically
by participants, and as potent signifiers over which they contested or
mobilized ownership. Paradoxically, although I have stressed that the
Internet must be ethnographically disaggregated into specific assem-
blages of technology and use, nonetheless Trinidadians clearly did talk a
lot about “the Internet” as a single phenomenon: they experienced it as
a massive global development in terms of which they have to rethink
their own future development, and which plays a crucial role today in
redefining what modernization means at the level of the individual,
household, community, nation, region, and so on. As noted earlier, they
were aware of much of the global discourse on the Internet, including all
the hype. At this level of engagement they certainly encountered and
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used “the Internet” as a preeminent signifier of global modernity and as
a means of renegotiating their relationship to it. Indeed, it was virtually
a synonym for “the future,” and an active term in every discussion of
the future (personal, corporate, or national). Hence, the emergent and
heterogeneous character of both Internet and modernity must include
the theoretical and strategic practices of those who have to deal with
such terms in the first place.

Disaggregating Modernity

This is not the place for a full treatment of Trinidadian modernity.
However, I would like to sketch out broadly an account of why the In-
ternet might have particular uses and meanings in relation to their expe-
rience and construction of modernity. As a generalization we might say
that Trinidadians see the Internet as a modern means of overcoming the
dislocations and indeed catastrophes that modernity has inflicted upon
them. The country was largely assembled through a history of slavery
and indentured labor within the colonial projects of a modernizing 
Europe. The experience of disembedding is a historical one for Trinida-
dians—to put it rather mildly—and hardly postmodern. It is also an ex-
perience perpetuated through a twentieth-century history of diaspora
and mass emigration, in which Trinidadians in great numbers have been
further dispersed by modern economic and political forces, following
the tug of labor markets and educational opportunities to London,
Toronto, New York, and elsewhere.

Hence, some of the most notable Internet uses in Trinidad fit into 
a far longer-term relationship to modernity and were experienced less as
a ruptural development than one by which earlier ruptures of modernity
might be repaired. For example, Trinidadian families—the great major-
ity of which are diasporic at the nuclear level—have long had to deal
with their modern problem of how to be a family at a distance. The In-
ternet, specifically email, was taken up with alacrity simply as a cheap
and convenient alternative to traditional means of communication, such
as travel, letters, and telephone. What seemed quite specifically new and
valued in this new medium was its mundane character rather than its
virtual possibilities. For example, using email, a mother in Trinidad
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could nag her daughter in New York on a daily basis about what she
was wearing and how late she stayed out, demanding from her the fre-
quent replies that make for a sense of everyday contact and therefore
replicate a face-to-face family (we interviewed the beleaguered daughter
rather than the surveilling mother). Email was a modern means by
which the mother felt she could reconstitute a normative Trinidadian
parental role that had been disrupted by modernity. This relationship to
modernity permeated Trinidadian society and mediated people’s sense
of what the Internet was good for. Similar examples might include the
ways in which religious groups such as Hindus, Moslems, and Pente-
costals could reconnect with the global dispersed cultures from which
they had been sundered.

At the same time, the very notion of “being Trinidadian” was itself
defined, often very proudly, as a profoundly modern identity, indeed
one that had long been construed in cosmopolitan and global terms (by
which they also frequently distinguish themselves from other Caribbean
people, and certainly from any sense of being Third World). Trinidad is
not an agricultural or tourist-based island. Its relative wealth is based on
petrochemical industries arising from the oil fields it shares with Venezuela.
It therefore has a history of rapid, thorough, and often leading-edge in-
dustrialization going back to the 1930s. This combines with and sup-
ports near-universal literacy based on a very effective and highly valued
education system. On this basis, most Trinidadians feel themselves to be
both able and willing to be highly entrepreneurial in business and highly
accomplished in education and culture. That is to say, they feel they
should rightfully be considered full participants in global modernity, in
terms of their capabilities, orientations, and achievements. They readily
point to such indicators as their economic and political leadership in
their region, their disproportionate representation in top American uni-
versities, their Nobel Prize winners, and so on.

The contradiction articulated here is between their sense of being al-
most more modern than anyone else and their experience of being mar-
ginalized and kept off the international stage of global capitalism and
culture, an experience that is again historically continuous from colonial
to neoimperial and contemporary eras. The crystallizing example we en-
countered in fieldwork was that of a teenage Trinidadian who was
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asked during an online chat with a North American, not “Where is
Trinidad?”, but “What is Trinidad?” His bemusement was doubled by
his certainty that by virtue of his education and cosmopolitan moder-
nity, he knew far more about North America than the North American
he was chatting with. Again, this vignette is repeated in countless areas
of social life: the business people who feel they are capable of leading-
edge enterprise, but have been relegated to the margins; the musicians
who know that their highly accomplished musical traditions can absorb
all global influences, yet are ignored throughout the globe.

The Internet yet again does not appear as a rupture with the past or a
conduit to some new global identity as a modern or postmodern. Quite
the contrary: it was largely understood as offering a range of opportuni-
ties for Trinidadians finally to be as modern as they always thought they
were, and for this to be recognized by global modernity. Again, there
are deep continuities here. As Miller (1994) noted, if “being Trinida-
dian” was partly defined around being modern, being cosmopolitan,
and being where things are happening (a core identity replicated as
much through dress and music styles as through technology), then it has
not been uncommon for Trinidadians to feel that they could only be
properly Trinidadian if they were living in New York or Toronto rather
than back home. The Internet appeared to many as providing, at long
last, an opportunity to be properly modern—and therefore Trinidadian—
without having to leave Trinidad.

A central example of this arose during our fieldwork: the Miss Uni-
verse 1999 competition and website. A beauty contest was certainly a
politically paradoxical event with which to demonstrate modernity, but
that is precisely what it did for many different sectors of Trinidadian so-
ciety (although with some ambivalence). Trinidad, which also boasted a
disproportionate number of winners of such contests, was host to the
event and felt (probably wrongly) that the eyes of all the world were on
it. Moreover, being the home of Carnival, their national identity hinged
somewhat on their ability to throw world-class parties and festivals.

A local and highly ambitious new media and technology company
won the contract for the website from the international governing body
and did indeed produce far and away the most sophisticated use of 
Internet media yet seen in the region. The site was large, graphically



Modernity under Construction: Building the Internet in Trinilad 151

complex, and striking; it included chat facilities, considerable backoffice
integration, and multimedia. Moreover, the local company achieved this
by working in close collaboration with major North American corpora-
tions, by which they not only accomplished considerable technology and
skill transfer but also, more important, demonstrated themselves to be a
world-class business organization. They had placed themselves on a
world stage on which they felt they had a rightful place, but for once
they could do it from Trinidad. Because of Internet media, they could be
in close everyday contact with North American partners while carrying
out high-tech, high value-added, and leading-edge technological and
corporate projects that marshaled and developed the potentials of
Trinidadian labor and entrepreneurship. They did this both practically
and symbolically: the fact that the local company logo was on the same
web pages as Microsoft, Oracle, Real, and so on literally placed them in
the same global space.

The point here is not to promote undue optimism as to whether this is
a durable model for national development, and certainly not to argue
that the Internet will solve Trinidad’s marginality with respect to global
capitalism. The point is rather that this encounter shows how the Inter-
net could be widely seen as a technology that far from imposing a domi-
nant global modernity onto a peripheral region, might actually be the
vehicle by which Trinidadians could assert and accomplish the moder-
nity from which they have felt wrongfully excluded. They might well be
wrong in their hopes. They were certainly facing global structuring
agents and forces seeking to impose their own versions of moderniza-
tion, and these indeed have to be part of the picture. For example, there
were huge multinational interests taking such forms as the World Trade
Organization and huge pressures from telecommunications companies
attempting to open up and dominate the strategic Caribbean market.
Nonetheless, the Trinidadian framing of this situation and their re-
sponse to it also has to be an essential part of the story, and one of the
most common metaphors in which the Trinidadian Internet came
wrapped was that of “the level playing field,” a sense that the Internet
allowed them a direct access to global markets and forums by which they
could finally compete on equal terms and show their worth. The Internet
spoke to a kind of populist capitalism in which the vested privileges of
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the international giants might now count for much less against the 
abilities and energies of these other moderns.

Finally, we need to take up this complex relationship with modernity
at the level of nation and national modernization projects. The assumed
conjunction of the Internet, globalization, and disembedding in so much
contemporary academic literature, plus proper distrust of the entire his-
tory of nationalism, left us as researchers wholly unprepared for the ex-
tent to which the Internet in Trinidad was so embedded in a sense of
national project. We have argued elsewhere (Miller and Slater 2000:
chap. 4) that when Trinidadians, both home based and diasporic, went
online, their behavior had to be at least partly understood in terms of
both “being Trini” and “representing Trinidad.” That is to say, first,
their online activities were very largely mediated through a constant
awareness of a broad cultural identity (e.g., using Trinidadian terms to
describe Internet activities, engaging online in consciously Trinidadian
forms of sociality such as “liming” and “ole talk”); and second that they
persistently felt in their online presence the responsibility to be a good
representative of Trinidad, and to represent the country well through
their websites and chat. The Internet, again, was not understood as a
conduit to new identities that stood in contrast to their local one. 
On the contrary, it offered modern possibilities to ensure Trinidad’s 
representation in a global space.

Similarly, at an overtly political level, the Internet was widely under-
stood as the key to Trinidadian modernization in relation to which
many older battles between state and civil society were revived. For ex-
ample, the central public issue during the research period directly tied
the national development of Internet infrastructure to a whole history of
modernization. The local telecommunications monopoly, Telecommuni-
cation Services of Trinidad and Tobago (TSTT), jointly owned by the
Trinidadian government and by the multinational but also excolonial
company, Cable and Wireless, was construed as the preeminent bottle-
neck in establishing both infrastructure and cheap and abundant access.
TSTT was talked of as an almost treasonous force, as well as legacy of a
British colonial past, which would keep Trinidad from taking advantage
of the small window of opportunity by which the country could achieve
its rightful place on a North American axis of modernity.
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Ethnography, Generalization, and Comparison
It should be clear from the foregoing discussion that doing an “ethnog-
raphy of the Internet” is not a simple matter of putting the use of a spe-
cific technology in context. Above all, the idea of ethnographically
relating technology to modernity cannot be glossed as putting the Inter-
net in a social context. This is the case for at least two reasons: First,
context cannot be treated as a methodological given: the level at which
one defines it arises partly from the kinds of things that one is putting
into it. As the technology disaggregates into uses, so do the contexts. We
certainly did not expect, when we started the project as good European
netizens, that Trinidad as a nationalist project would turn out to be the
crucial context of Internet use, or that its relation to global modernity
would be so highly mediated by such contexts as the international
Hindu diaspora. In fact we did not recognize them as contexts at all
until the research was under way. Second, context is not substantively
given: the context of a technology is also partly a consequence of that
technology; it is produced by the very “thing” one is trying to put into
it. Ideas and manifestations of Trinidad as a modern society are not only
a context of Internet use, they are also precisely what people are often
trying to produce by using the Internet. It would be unwarranted (and
rather missing the interesting points) for us to define modern Trinidad in
terms of global notions imported from Euro-American social sciences,
instead of looking at what is being defined and produced through the
local Internet practices. Modern Trinidad—the context of Internet use—
is changed, extended, redefined, and indeed reinvigorated through the
ways in which Trinidadians make sense of Internet use.

However, the point of advocating an ethnographic approach to both
the Internet and modernity is definitely not to retreat into an extreme
particularism, relativism, or nominalism. The argument is not that
modernity can be reduced to what particular constituencies make of it,
to local definitions (whether they are Trinidadians or northern acade-
mics), but rather that modernity needs to be treated as a complex and
heterogeneous accomplishment, not as a fact or assumption. The ways
in which Trinidadians respond to constructions of modernity (their 
own and others), and the ways in which they pursue projects that aim 
to construct themselves as modern, have to be part of the story of
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modernity under construction. The issue of generalization remains, but
it is no longer posed as a contradiction between (an abstract, over-
whelming logic of) modernity and (a grounded, socially diverse) tech-
nology. Both are under construction, and at least partly in relation to
each other.

To be clear, I am not arguing against higher-order theories and mod-
els. The issue is simply the status accorded to such generalizations, their
responsiveness to the particular, and their ability to retain a sense of the
provisional and constructed character of modernity and technology. In
this spirit, my concern in this chapter is not to revise any particular no-
tion of modernity or to offer an alternative. Rather, let me conclude by
pointing toward a further mediating level of analysis and methodology:
the comparative. Between ethnographic particularity and higher-order
generalization, we can think about modernity as a global phenomenon
that nonetheless emerges from particular and divergent conditions. 
A comparative approach asks us to uncover and account for different
modernities, in the sense of different constructions of what it is to be
modern; different strategies for dealing with a modernity that is con-
strued by people as “out there” (in the West, the North, the East); dif-
ferent understandings of how technologies map out potential historical
paths, power relations, spatial imbalances. It is, moreover, through the
comparative mapping of differences that we might get a more grounded
sense of whether different localities are confronting the same global
forces, disruptions, and reconfigurations, so that they may be labeled as
“modernity” in a more encompassing way.

The task of comparative ethnography in relation to the Internet and
modernity is to identify some common themes, dilemmas, or dynamics
that would sensitize us to what is most important in making sense of
both terms in a wide range of different places. It should also allow us to
ask intelligent questions about the similarities and differences in peo-
ples’ responses to new communication possibilities. In the course of the
Trinidad fieldwork, we came up with four dynamics (Miller and Slater
2000: pp. 19–21), which retrospectively brought out what we consid-
ered to be the central features of the construction of Internet and
Trinidad. Each one seeks to focus on general social issues and transfor-
mations in a peoples’ encounter with the Internet, but without assuming
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any particular outcome. Our suggestion is that these dynamics can be
applied across a wide range of cultures, but they are expressly designed
to sensitize researchers to the very different ways in which each dynamic
will work out in different social settings. Their claim to generality stands
or falls on the grounds of their usefulness in making sense of Internet
use in places other than Trinidad. If they do bring out the important fea-
tures of Internet use that emerge in ethnographies conducted elsewhere,
then it is because we have identified common dilemmas and tasks that
affect people who are occupying a transforming communication envi-
ronment anywhere on the globe. In the context of this chapter, I am also
suggesting that the task of identifying this commonality has a close rela-
tionship, substantively and methodologically, to the task of characteriz-
ing modernity from an ethnographic perspective: can we build a sense of
modernity under construction from the ground up rather than from the
top down?

Dynamics of Objectification We might start by thinking about Internet
media as part of the material culture of particular places. People can use
the Internet to objectify different senses of themselves, or find particular
versions of themselves reflected back from these media. In the case of
Trinidad, as argued earlier, people largely viewed the Internet as afford-
ing possibilities for realizing and projecting a sense of themselves as
modern and even in the vanguard of global modernity, an identity from
which they felt themselves to have previously been excluded. In Miller
and Slater (2000) we discuss this as an example of “expansive realiza-
tion.” Internet presences and performances are objectifications of an
identity, so that people seem to “find themselves” or realize a sense of
who they think they are, though on an extended, indeed global, scale.
Hence the ability to use email to maintain mundane family relations at a
distance or to use chat facilities to enact Trinidadian forms of sociality
were experienced as means to be or to perform “Trini-ness.” This might
contrast with Euro-American cyberculture, which aims at the production
of potential identities rather than the realization of more continuous
ones, though even in this case it is interesting how the Internet can objec-
tify a tension between a discourse of transgression and a normatively
conventional performance of identity (Rival et al. 1998; Slater 2000b).
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Dynamics of Mediation Technologies are reconfigured in use (very lit-
erally in the case of information technologies that can be materially re-
configured by users reprogramming them). We therefore need to
investigate how people engage with new media as media. How do they
come to understand, frame, and make use of features, potentialities,
dangers, and metaphors that they perceive in these new media? This is a
dynamic that requires disaggregating the Internet into the processes of
making sense of media potentials within specific practices: the mother to
whom email represents a practical and mundane social connectedness
versus the local entrepreneur who sees, in the Miss Universe website, the
potential to link Trinidad to the core of capitalist modernity.

This also requires us to think about the overall media mix in people’s
practices. For example, many Trinidadians, in their family uses, seemed
to understand email more in relation to phones, mail, and personal
travel than in relation to the Internet as a totalized medium; similarly,
ICQ and other chat facilities (by the far the most popular use of the In-
ternet among teenagers) seemed to have very little to do with the
WWW, and everything to do with continuing specifically Trinidadian
modes of socializing, from face-to-face interaction through phone calls
to online media and back to physical meetings. From a completely dif-
ferent direction, we talked to religious groups who were attempting to
puzzle out the nature of various kinds of online communication in rela-
tion to older genres of communication (for example, the confessional)
and in relation to different modes of social organization. (For example,
how does networked communication affect older forms of hierarchy
and authoritative communications such as orthodoxy passed on in texts
and pronouncements?)

Once again we would expect fairly localized and divergent under-
standings and practices, although possibly in relation to similar issues.
For example, even within Trinidad itself, different religious groups ex-
hibited different understandings and different tensions in relation to the
issue of hierarchy. A young Moslem couple went online to find out what
marriage rituals could be authoritatively regarded as orthodox (only to
find that Islam was far more geographically diverse than they had real-
ized). A Pentecostal group believed that the diversity of Internet connec-
tions could provide for a more dynamic and decentralized spreading of



Modernity under Construction: Building the Internet in Trinilad 157

the word (and indeed that the networked structure of the Internet 
indicated God’s will in this regard).

Dynamics of Normative Freedom New communication technologies
and forms always involve new normative structures. What kinds of so-
ciality, ethics, and regulation are appropriate to these forms of commu-
nication? What kinds of sociality, ethics, and regulation are the new
media appropriate for? This kind of consideration often gets stalled at
the level of describing netiquette and other rules of interaction, or the
different values placed on offline and online relationships. And yet new
modes of communication point to profound questions about social 
relationships (as evidenced in continual moral panics).

A central issue in the emergence of the Internet has been “freedom.”
In Europe and America it certainly came wrapped in various libertarian
discourses, often radically contradictory ones. For example, the Internet
was embraced equally by far right libertarians, left-leaning anarchists,
free marketers, and free speech advocates as an exemplary space in
which to be “free.” And yet, freedom only makes sense in particular
contexts; it always takes particular normative forms that have to be in-
terpreted in their contexts. In Trinidad, for example, concepts of free-
dom often took a highly entrepreneurial, antistate, and even neoliberal
form, which was clearly articulated in the way people understood the
Internet. It was commonly seen in terms of the populist capitalism de-
scribed earlier, offering the aspiring individual leverage against vested
and conservative interests of states and large corporations, both at home
and abroad. It was very difficult to disentangle the Internet in Trinidad
from the rhetoric of the free market as the path to modernization.

These issues may play out rather differently in other places. Aside
from the obvious issue of how various states are dealing with issues of
privacy, government regulation, property, and so on (for example, by
attempting tight control over access), we can point to interesting and
characteristic contradictions within Europe and America. On the one
hand there is an exuberant discourse of freedom as definitive of the
modern citizen, but which in practice is restricted to commercial, con-
sumerist “freedom of choice.” On the other hand there is a profoundly
antimodern social conservatism that seeks to “protect” subjects from
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such effects of freedom as pornography, marginalization of nation or
family, fragmentation of traditional identities, and so on.

Dynamics of Positioning How do people engage with the ways in
which Internet media position them within networks that transcend
their immediate location and that comprise the mingled flows of cul-
tural, political, financial, and economic resources? This means looking
at the ways in which people understand the new “place” in which the
Internet puts them in relation to global modernity and global capitalism,
and the strategies they adopt to exploit or defend themselves in this new
context. As already indicated, it is misguided to reduce this entire theme
to a presumed disembedding effect of the technology, which is then
traced according to impacts predicted by various modernity theories
(decline of nation, neotribalism, glocalization, and so on).

In a more ethnographic approach, one starts from the way in which
people conceptualize not only how the Internet might reposition them
but also the kinds of strategies and opportunities for repositioning that
the Internet opens up for them. For example, it is a fairly common expe-
rience around the world that the introduction of the Internet threatens
the very idea of a “local price”: market boundaries, market information,
distribution relations, and so on change so that the entire economic ge-
ography is potentially reconfigured and experienced in different terms.
One could easily imagine a comparative analysis of the construction of
new economic geographies in different places, often taking the form of
different strategic responses to very similar social forces.

Cultural repositioning is equally important. For example, in terms of
music culture, many Trinidadians saw the Internet as a new (intensified)
means to develop the local “soca” music according to an older pattern:
it is the tradition of Trinidadian music to proceed by confidently assimi-
lating global flows of musical development (in taxis you could find your-
self listening to ear-splitting fusions of rap and soca, techno and soca,
ska, reggae and soca, or virtuoso arrangements of the European classical
music canon for steel band orchestras of over a hundred parts). 
The most common response to the Internet among Trinidadian youth
was excitement at immediate (and free) access to every manner of 
world music. This excitement certainly included participation in global
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cultures, but it always also involved an excitement at being able to 
incorporate that music and finally to be able to present the results to
wider audiences.

The point of these examples, again, is not to argue that what we have
learned from Trinidad can be easily generalized to anywhere else in the
world. On the contrary, it is to suggest that if these dynamics are applied
to other contexts, they are likely to bring into view the significant features
through which a local culture must confront what is indeed a global phe-
nomenon or potential. It may be the case, for example, that people in In-
donesia, in stark contrast to the Trinidadian case, encounter the Internet
as a means to deconstruct the repressive modernist national identity of In-
donesia into recovered ethnicities, that they focus on the media potentials
for highly local communication, and that they construe the liberating po-
tentials of the Internet in terms of state programs rather than commercial
enterprises and as a means to position themselves in relation to Pacific
markets rather than a North–South axis (this is all speculation). If so, by
pointing up these contrasts, we might well develop a solid foundation for
theorizing relations to both technology and modernity as a diverse, het-
erogeneous, and open-ended sociohistorical accomplishment.

Conclusion

The Trinidad research started from an intuition that the Internet litera-
ture of the 1990s—the literature of virtuality, cyberspace, and new
economy—was premised on a particularly Euro-American version of
(anti-)modernism, and therefore on a desire to find in these new media
the vehicle to deconstruct and escape an implacable logic of modernity.
Ironically, this way of framing the new media came to be generalized in
a rather characteristically modern way: the Internet was totalized, posi-
tivistically, as a “thing with properties,” a technology that promised (or
threatened) certain identities and experiences. The first step in moving
toward an ethnographic account was to disaggregate this technology
into something that emerged, in unpredictable and often unstable forms,
from complex local practices and appropriations. However, this is not
enough if it leaves an abstract notion of modernity as a context into
which the technology is placed. The crucial move was to look at how



160 Don Slater

Trinidadians used the Internet (both practically and discursively) to me-
diate their relationship to modernity. Neither Trinidad nor modernity
were given contexts; they emerged from developments such as new
media through which Trinidadians are redefining themselves and their
relationship to other places.



Surveillance is a distinctive product of the modern world. Indeed, sur-
veillance helps to constitute the world as modern. Detailed personal 
information—pursued by many organizations through requests to fill
out forms, to produce identification, or to undergo ordeals such as fin-
gerprinting or urine tests—was never routinely and systematically de-
manded of people before modern bureaucracies came into being. Today,
in the so-called advanced societies, people’s everyday lives are circum-
scribed by the record keeping, monitoring, and supervising of multifari-
ous agencies and organizations. Moreover, the ways that personal
details are collected, stored, processed, and retrieved are also very mod-
ern in the sense that they depend on rational techniques and, increas-
ingly, on relatively new technologies.

Personal experiences of life are shaped, among other things, by rela-
tionships with organized social life, and this includes how organizations
try to influence, manage, and control us through surveillance. Sociology
concerns itself with trying to understand these relationships as they de-
velop historically. Those relationships are “continuously constructed in
time” (Abrams 1982: p. 16), which is why any sociology worth the
name is historical. However, these relationships are also increasingly
mediated by new technologies. We cannot pretend, for instance, that the
television and the telephone have been somehow neutral in their effects.
Today, in addition to those older technologies, computers mediate more
and more between what was once thought of as “individuals” and “so-
ciety” and, as I argue, those computers do not have merely “social im-
pacts.” They are also, even in their personal data processing functions,
socially shaped as well as socially influential.

6
Surveillance Technology and Surveillance
Society

David Lyon
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Curiously enough, some of the ways in which those apparently very
rational machines—computers—have played a part in mediating be-
tween people in everyday life and large-scale social processes have had
less than predictable outcomes. The searchable databases that make bu-
reaucratic administration more manageable have also found a place in
corporations, for managing not only workers but also consumers. Data-
base marketing is a multi-billion dollar industry that seeks personal data
on consumers’ spending habits, preferences, and lifestyles in order to
profile and track current and potential customers in many distinct
realms of life. The result is not a neat pyramidlike structure of control,
such as the classic bureaucracy, but something much more like a creeping
plant that sends out shoots here and there, growing rhizomically. This
may be thought of as aspects of a “surveillant assemblage” (Haggerty
and Ericson 2000), a sort of postmodern mutation of earlier practices
that is decentralized, polycentric, and only very partially predictable.

However, that is only part of the story. In order to explain things, so-
ciology, like history, has to invoke theory. But theory, as Barb Marshall
reminds us (chapter 4, this volume) is best advanced through engage-
ment with concrete problems, and such problems do not come in tidy
packages. If anyone in North America was under any illusion that social
life involves “tidy packages,” that illusion was decisively shattered on
September 11, 2001, when the World Trade Center in New York, and
the Pentagon in Washington, D.C., were devastatingly attacked by sui-
cide pilots flying hijacked commercial aircraft. Even if it turns out that
the course of life in the twenty-first century is not shaped irreversibly by
those dramatic events, they certainly made a radical difference to the
ways in which ordinary people and politicians were prepared to think
about surveillance technologies. In the wake of those attacks, internal
domestic security measures were tightened as if for war.

Many proposals have been made—as I write in October 2001—for
the use of national identification cards and immigration cards, often
containing biometric devices such as digitally stored fingerprints; for
closed-circuit television surveillance at airports and in other public
places; and for the extension of wiretapping from telephones through
email to Internet clickstream monitoring. These techniques have already
been tested in either criminal or consumer contexts; what is new is their
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proposed use by law-enforcement agencies of the nation-state for cur-
tailing or preventing terrorist activity. This “big event,” in other words,
will play a part in deciding which technologies are adopted and in the
ways that they are technically shaped. In turn, the use of these technolo-
gies will likely alter the relationships between individual citizens and
those nation-states, making it easier for authoritarian control to appear
and reviving talk of “Big Brother.” They will also influence relationships
between consumers and large corporations because personal data
gleaned from more and more “innocent” commercial and entertainment
activities are now sought by the state.

In what follows, I start by looking a little more closely at the sets of
relationships that obtain among routine surveillance, technologies, and
everyday life, and I hint at the sorts of issues, both theoretical and ethi-
cal, that these relationships raise. In the central sections of the chapter 
I look first at modernity and surveillance, and show how new technolo-
gies were required for surveillance but also how they were influential in
shaping social development as they mediated social relationships. I then
argue that surveillance techniques help to constitute a postmodern con-
dition, just as earlier surveillance techniques helped to constitute moder-
nity (which is not, of course, to suggest that modernity has itself
disappeared!). Next, my focus is on the co-construction of surveillance
practices as a case in point of technologies both mediating social rela-
tionships and themselves being socially malleable. Finally, I turn to the
issues of ethics and politics which, it seems to me, cannot responsibly be
evaded in any discussion of surveillance and society.

Routine Surveillance, Technology, and Everyday Life

Technological developments and social processes mutually influence and
shape, or co-construct, each other. The case discussed here is the rapid
expansion of surveillance technologies in the later twentieth century,
which, I argue, illustrates some central aspects of modernity and a puta-
tive shift toward more postmodern conditions. Whereas the nation-state
and the capitalist workplace are the primary sites of surveillance in
modern times, computerization has not only augmented surveillance in
those sectors but also moved decisively into the consumer sphere.
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Boundaries between surveillance sectors have blurred, even as a shift is
under way from past records and present activities to the anticipation
and management of future behaviors through simulation. Small- and
medium-scale alterations in surveillance practices both reflect the
broader changes described as postmodern and contribute to them.

Surveillance is so much an intrinsic part of daily life today that it is
sometimes hard to explain exactly what it is and how much it has
changed in less than a generation. We unblinkingly produce passports
for scanners to read at airports, feed plastic cards with personal identi-
fiers into bank machines, fill out warranty forms when we buy appli-
ances, key confidential data into telephones or online transactions, drive
through automated toll sensors, make cell-phone calls, or use bar-coded
keys to enter offices and laboratories. How inefficient and inconvenient
it would be if we were obliged to pay cash for everything, or to be inter-
viewed by officials each time we crossed a border! Nonetheless, at each
encounter we leave a trail of personal data that is tracked and processed
in ways that influence our activities and our life chances. Surveillance is
always Janus faced.

Some surveillance practices have been a feature of modern life for a
long time, of course. Medical records, voting lists, housing registries, tax
files, and employee numbers are part of what living in the twentieth cen-
tury was all about, at least in urban industrial societies. Indeed, they fa-
cilitate modern life by providing evidence for eligibility and entitlement
to benefits and privileges, while placing power in the hands of those
who handle that information. The potentially totalitarian threat that ac-
companies the spread of surveillance was given sinister reality in various
state socialist and fascist regimes in the mid-twentieth century, sparking
rhetorical warnings, the best-known of which came from the novelist
George Orwell. Discourses of privacy have been a means of limiting,
and sometimes of resisting, surveillance power within legal and political
frameworks.

The major change that took place in the latter part of the twentieth
century was the wholesale computerization of surveillance. At first, this
simply made the processes of bureaucratic administration easier, thus re-
inforcing government and workplace surveillance as classic hallmarks of
modernity. You could say that Max Weber’s rational institutional 
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ordering of the office was upgraded from an iron cage to an electronic
cage, or that Frederick Taylor’s detailed work-task monitoring system
shifted from scientific to technological management. The top-down style
of management and administration, based on a rigid hierarchy of offi-
cials, was reinforced by computerization. This process made possible a
holding operation at just the moment when bureaucratic structures were
crumbling under their own unwieldy weight. It also facilitated a fresh
attention to the minutiae of workplace activities at a time when man-
agers had an increasing number of processes on their minds that were
harder to keep together.

However, as personal databases proliferated within government de-
partments, the very idea of centralized control became less plausible in
many sectors. And as capitalist enterprises turned their attention toward
managing consumption in addition to organizing workers, surveillance
spilled over into numerous other areas, further diffusing its patterns
within the social fabric. Numerous research studies have documented
the ways in which computerization actually permitted new surveil-
lance practices in the office and on the shop floor, thus adding the 
potential for qualitative as well as quantitative change to such settings
(Gill 1985).

At the same time, questions were raised whether “modernity” ade-
quately describes contemporary conditions. Leaving aside the debates
over aesthetics and architectures that often appear under the rubric of
postmodernism, and the discussions of antimodern tendencies that
sometimes enter the same arena, it can be argued sociologically that
postmodernity poses questions about novel social formations. In partic-
ular, postmodernity may be used to designate situations where some as-
pects of modernity have been inflated to such an extent that modernity
becomes less recognizable as such. The sociological debate over post-
modernity has leaned toward examining either the social aspects of new
technologies or the rise of consumerism, but a good case can be made
for combining these two forms of analysis to consider postmodernity as
an emergent social formation in its own right.

It has taken some time to appreciate that surveillance technologies are
vitally implicated in the processes of postmodernity. Analysts of con-
sumerism have tended to underestimate the extent to which surveillance
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is used for managing consumers, while analysts of technologies are just
now exploring the imperatives of consumer capitalism (see Strasser et al.
1998; Kline 2000; Blaszcyzk 2000). None of this means, of course, that
“postmodernity” should necessarily be preferred to “network society”
or “globalization.” Each of these concepts points up significant aspects
of contemporary social formations. However, postmodernity, under-
stood as the complementary development of communications technolo-
gies and consumer capitalism, does raise some important questions
about surveillance.

The question of surveillance systems is central to the tilt toward post-
modernity. There are pressing questions, not only of the role of surveil-
lance in constituting postmodernity, but also of how surveillance should
be conceived in ethical and political terms. While discourses of privacy
have become crucial to legislative and political efforts to deal with the
darker face of surveillance, they frequently fail to reveal the extent to
which surveillance is the site of larger social contests. If the following ar-
gument is correct, then surveillance practices and technologies are be-
coming a key means of marking and reinforcing social divisions, and
thus are an appropriate locus of political activity at several levels.

Modernity and Surveillance

Modernity is in part constituted by surveillance practices and surveil-
lance technologies. In order to establish the administrative web with
which all moderns are thoroughly familiar, personal details are col-
lected, stored on file, and retrieved to check credentials and eligibility.
This is a means of creating a clearly defined hierarchical management
order, of rational organization, in a variety of contexts. It lies behind
what has come to be called the information society (see Lyon 1988 and
Webster 1995) or, more recently, the network society (Castells 1996).
But it also lies behind their extension and alteration as electronic tech-
nologies have been adopted to enhance their capacities. As we will see,
in a technological environment the social practices of bureaucracy can-
not be separated from their technological mediation.

Theoretically, then, an approach deriving from the work of Max
Weber is entirely appropriate for discussing modern surveillance 
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(Dandeker 1990). In this approach, a rational bureaucracy is seen as an
effective and enduring mode of surveillance. It connects the daily and
ubiquitous processes of tax collection, defense, policing, welfare, and
the production and distribution of goods and services in all modern so-
cieties with issues of state and class power in a rapidly globalizing
world. Such an approach also characterized the first systematic study of
the shift from paper files to computer records, James Rule’s Private
Lives, Public Surveillance (1973). Indeed, one important finding from
Rule’s ongoing work is that the introduction of computers, particularly
in the workplace, has had unintended consequences for surveillance,
even though those consequences make sense in the context of capitalist
enterprise.

Rule et al. (1983: p. 223) suggested that surveillance be thought of as
“systematic attention to a person’s life aimed at exerting influence over
it,” and that this has become a standard feature of all modern societies.
The nation-state, with its bureaucratic apparatus, and the capitalistic
workplace, with its increasingly detailed modes of management, exem-
plify surveillance of this routine kind. Surveillance as intelligence gather-
ing on specific individuals to protect national security, or by police to
trace persons engaged in criminal activities also expanded, but it is the
routine, generalized surveillance of everyday life that became a peculiarly
modern aspect of social relations. As Anthony Giddens (1985) rightly
observes, modern societies were in this sense information societies from
their inception. One might equally say that modern societies had a ten-
dency from the start to become surveillance societies (Lyon 2001).

That tendency became increasingly marked as surveillance practices
and processes intensified from the 1960s onward, enabled by large-scale
computerization. Computerization was used at first primarily to add ef-
ficiency and manageability to existing systems, organized as they were in
discrete sectors—administrative, policing, productive, and so on. Cum-
bersome bureaucracies acquired the means to handle vastly larger vol-
umes of data at much greater speed. The routine processing of personal
data was increasingly automated, whether for welfare benefits, insur-
ance claims, payroll management, or tax calculation. Such generalized
surveillance, using computing machinery for the calculating and pro-
cessing of data, was described as dataveillance.
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For Roger Clarke (1988: p. 2) “dataveillance” referred to the “system-
atic monitoring of people’s actions or communications through the ap-
plication of information technology.” He concluded that the rapid
burgeoning of such dataveillance, given that it tends to feed on itself, de-
manded urgent political and policy attention. In the same year, Gary
Marx (1988) released his study of undercover police work in the United
States, which also warned of some broader social implications that he
dubbed the “new surveillance.” Among other things, he showed how
computer-based surveillance was increasingly powerful yet decreasingly
visible. He also noted the trend toward preemptive surveillance and “cat-
egorical suspicion.” This refers to the ways that the computer matching
of name lists generates categories of persons likely to violate some rule.
One’s data image could thus be tarnished without a basis in fact.

Other kinds of consequences of computerized surveillance became ev-
ident during the 1980s and 1990s, including particularly the increasing
tendency of personal data to flow across formerly less-porous bound-
aries. Data matching between government departments permitted un-
dreamed-of cross-checking, and the ineffective limits on such practices
permitted leakage even under routine conditions. The outsourcing of
services by more market-oriented government regimes and the growing
interplay between commercial and administrative sectors—in health
care, for instance—mean that the flow of personal data has grown to a
flood. And as Roger Clarke and others have remarked, a centralized sur-
veillance system—the archetypal modern fear—is unnecessary when data-
bases are networked. Any one of a number of identifiers will suffice to
trace your location or activities.

The “big event” of September 11, 2001, demonstrated that the U.S.
government’s surveillance at all levels was surprisingly loose and ill co-
ordinated. This can be seen dramatically in the mutual recriminations of
the Central Intelligence Agency and the Federal Bureau of Investigation,
which each argue that if only the other agency had cooperated in data
sharing the terrorists could have been apprehended beforehand. The in-
tensified quest for new security arrangements has led to deepened sur-
veillance in specific areas (airports, public sporting events, tall office
buildings), as well as more general antiterrorism legislation enacted in
the countries of Europe, the United States, and Canada. The pervasive
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enthusiasm for high-tech solutions, given the absence of clear evidence
that they actually had the capacity to prevent acts of terror, suggests
something about their cultural meanings. Surveillance technologies tend
to be trusted implicitly by government agencies as well as by their cor-
porate promoters. At the same time, populations vary widely in their re-
sponses to the new measures, with many seeing them as unnecessary and
irreversible applications of intrusive techniques. Despite its best efforts,
modernity does not always overcome ambivalence, but often creates it.

The primary questioning and criticism of surveillance has been carried
out very much along modern lines. From the start, “Orwellian” became
the preferred adjective used to condemn computerized administration
perceived as overstepping democratically established limits to govern-
ment power. Orwellian concerns are still the ones addressed most fre-
quently. Thus Orwellian arguments defeated the proposal for a national
electronic identification card in Australia in 1986, and similar initiatives
have met a similar fate elsewhere, such as in Britain, the United States,
and South Korea. More mundanely, “Big Brother” was found in the
“telescreens” of factory supervision or, by the 1980s, in stores and in
street-level video surveillance systems.

Until the 1990s—consistently with Orwell’s Nineteen Eighty-Four—
the greatest dangers of computerized surveillance appeared to be in the
augmented power of the nation-state, with the capitalist corporation as
a decidedly secondary source of risk. Thus the strategies for resisting
and limiting surveillance power were similarly modern in style. Legisla-
tion relating to data protection (in Europe) or privacy (North America)
muzzled the more threatening aspects or methods of surveillance. Pri-
vacy advocates were understandably slow to recognize the peculiar
traits that computerization had added to modern surveillance. Only in
the late 1990s, for instance, did Canadians (outside Quebec) start to
take seriously the privacy issues raised by the personal data-gathering
activities of private corporations. Orwell had no inkling of these!

Another notable feature of political life in the 1990s was the raised
profile of “risk.” This is relevant to surveillance in at least two ways. On
the one hand, as more and more organizations turned their attention to
the future, to capture market niches, to prevent crime, and so on, they
adopted the language of risk management. The events of September 11,
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2001, raised awareness of risk, including technologically generated risks
such as biological terrorism, and the risks that civilian populations face
from enhanced surveillance. Surveillance is increasingly seen as the
means of obtaining knowledge that would assist in risk management,
with the models and strategies of insurance companies taking the lead.
The growth of private security systems, noted later, is one example of
how risk management comes to the fore in stimulating the proliferation
of surveillance knowledge.

On the other hand, surveillance itself presents risks, an aspect of what
Ulrich Beck calls the “risk society” (see Brey and Mol, chapters 2 and
11, this volume). Beck has in mind the ways that the modern industrial
production of “goods” seems to carry with it a less obvious production
of “bads” in unforeseen side effects and in environmental despoliation.
His description of how the risk society arises in “autonomised modern-
ization processes which are blind and deaf to their own effects and
threats” (Beck et al. 1994: p. 6) certainly resonates with the expansion
of computerized surveillance since the 1960s, even if the risks appear in 
Orwellian terms. In his perspective, the two faces of surveillance may be
thought of as securing against, and unintentionally generating, risk.

At the same time, the scope of insurable or securable risks seems con-
stantly to expand. Video technologies, mentioned earlier, could be used
to monitor public as well as private spaces, especially through the appli-
cation of closed circuit television (CCTV). Most if not all of the world’s
wealthy societies today use surveillance cameras to guard against theft,
vandalism, or violence in shopping malls, streets, and sports stadiums.
Biometric methods such as thumbprints or retinal scans may be used to
check identities, or genetic tests could be introduced to exclude the po-
tentially diseased or disabled from the labor force. Risks may be man-
aged by a panoply of technological means, each of which represents a
fresh surveillance technique for collecting and communicating knowl-
edge of risk. What is particularly striking about each of these, however,
is their dependence on information and communication technologies.

In each case of technological scrutiny that goes beyond personal
checking and dataveillance, it is information technologies that provide
the means of collating and comparing records. Any video surveil-
lance that attempts to automatically identify persons will rely on digital
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methods to do so. Likewise, biometric and genetic surveillance methods
depend for their data-processing power on information technologies.
Computer power enables voice recognition to classify travelers on the
Saskatchewan–Montana border between the United States and Canada;
and computer power allows researchers to screen prospective employee
or insurance applicants for telltale sighs that indicate illicit drug use or
early pregnancy.

Information technologies are also at the heart of another surveillance
shift. Not only does surveillance now extend beyond the administrative
reach of the nation-state into corporate and especially consumer capital-
ist spheres, it also extends geographically. Once restricted to the admin-
istration of specific territories, surveillance is steadily experiencing
globalization. Of course, part of this relates to the activities of nation-
states acting in concert to protect their interests by enhancing their con-
ventional intelligence capacities, as seen in the Echelon system that
embraces the United Kingdom, the United States, Australia, and a num-
ber of other countries around the world. However, the globalization of
surveillance also relates to the stretching of social, and above all com-
mercial relations enabled by information and communication technolo-
gies. The partnerships between major world airlines, for instance,
stimulates the global circulation of personal data. Similarly, the advent
of electronic commerce entails huge surveillance consequences. One
major Internet company, Double-click, collects surfing data from 6400
locations on the web; and a rival, Engage, has detailed surfing profiles
on more than 30 million individuals in its database (Ellis 1999).

By the 1990s, then, surveillance had become both more intensive and
more extensive. Using biometric and genetic methods, it promises to by-
pass the communicating subject in the quest for identificatory and diag-
nostic data obtained directly from the body. Through video and CCTV,
the optical gaze is reinserted into surveillance practices, which for a
while seemed to rely mainly on the metaphor of “watching” to maintain
their power. So what is new about these developments? From one point
of view, they return us to classic sites of surveillance—the body and the
city—reminding us of some long-term continuities in the surveillance
practices of modernity. Even the projection of surveillance onto global
terrain could be viewed merely as a quantitative expansion, a logical
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and predictable extension of the quest for control that gave birth to
modern surveillance in the first place. But at what point do quantitative
changes cross the threshold to become qualitative alterations in social
formations and social experiences?

The situation at the turn of the twenty-first century resembles in some
respects the surveillance situations of the earlier twentieth century. The
surveillance technologies that helped constitute modernity are still pre-
sent, as is modernity itself. Persons find themselves subject to scrutiny by
agencies and organizations interested in influencing, guiding, or even
manipulating their daily lives. However, the widespread adoption of
new technologies for surveillance purposes has rendered that scrutiny
ever less direct. Physical presence has become less necessary to the main-
tenance of control or to keeping individuals within fields of influence.
Not only are many relationships of a tertiary nature, where interactions
occur between persons who never meet in the flesh; many are even of a
quaternary character, between persons and machines (see Calhoun 1994
and Lyon 1997a).

Moreover, those relationships occur increasingly on the basis of a
consumer identity rather than a citizen identity. The most rapidly grow-
ing sphere of surveillance is commercial, outstripping the surveillance
capacities of most nation-states. And even within nation-states, adminis-
trative surveillance is guided as much by the canons of consumption as
those of citizenship, classically construed. At the same time, administra-
tive records sought by the state increasingly include those gleaned 
from commercial sources—telephone call data, credit card transactions,
and so on. Thus is formed the “surveillant assemblage” (Haggerty and
Ericson 2000).

Enabled by new technologies, surveillance at the start of the new cen-
tury is networked, polycentric, and multidimensional, including biomet-
ric and video techniques as well as more conventional dataveillance.
These same information and communication technologies are the central
means of time-space compression, in which relationships are stretched in
fresh ways involving remoteness and speed, but are still sustained for
particular purposes, including those of influence and control. In some
respects, those influences and controls resemble modern conditions.
However, in the consumer dimensions of surveillance, the influences 
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involved are at once less coercive and more comprehensive. All of 
which leads one to ask: are we witnessing the postmodern power of
data-processing?

Postmodernity and Surveillance

Postmodernity, as understood here, refers to a substantive social trans-
formation in which some key features of modernity are amplified to
such an extent that modernity itself becomes less recognizable as such.
Postmodernity serves as a tentative, interim descriptor for an emergent
social formation. The key features in question include a widespread and
deepening reliance on computers and telecommunications as enabling
technologies, and an intensification of consumer enterprises and con-
sumer cultures. Both technological dependence and consumerism char-
acterize modernity, of course, as does surveillance. What is new is that
surveillance increasingly depends on information and communication
technologies and is driven by consumerism (Lyon 1999).

Postmodern surveillance raises questions of meaning and political is-
sues. Sociological accounts of the postmodern, with few exceptions, pay
scant attention to technological development as such (Lyon 1997b). Thus
while there is a robust literature on postmodernity, the technological
shifts that I argue are central to it, while often mentioned, are infre-
quently investigated in sufficient empirical detail. An examination of the
co-construction of these emergent social and technological formations,
as seen through the case of surveillance, promises to throw light on both
of them. In a significant sense, the postmodern modes of surveillance are
constitutive of postmodernity. This may be better understood by exam-
ining in turn surveillance networks, surveillance data, and surveillance
practices.

Surveillance networks operate in so many parts of daily life today that
they are practically impossible to evade, should one wish to do so. The
establishment of information infrastructures and of so-called informa-
tion superhighways means that many of our social encounters and most
of our economic transactions are subject to electronic recording, check-
ing, and authorization. From the electronic point-of-sale machine for
paying the supermarket bill or the request to show a bar-coded driver’s
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license, to the cell-phone call or the Internet search, numerous everyday
tasks trigger some surveillance device. In these cases, it would be a check
to determine that sufficient funds are available, a verification of car
ownership and past record, a timed locator for the phone call, and data
on sites visited drawn from the parasitical “cookie” on the hard drive
that targets advertising on your computer screen.

No one agency is behind this attention focused on our daily lives.
Centralized panoptic control is less an issue than polycentric networks
of surveillance, within which personal data flow fairly freely (Boyne
2000). In most countries the flows are more carefully channeled when
they are found in government systems, where “fair information princi-
ples” are practiced to varying degrees. By contrast, commercial data
move with less inhibition, as personal data gleaned from many sources
are collected, sold, and resold within the vast repositories of database
marketing. These polycentric surveillance flows are as much a part of
the so-called network society as the flows of finance capital or of mass
media signals that are taken to herald the information age or post-
modernity. Zygmunt Bauman’s stimulating analyses of postmodernity
(1992, 1993), which highlight its consumerist aspects, are remarkably
silent about the mushrooming surveillance technologies used to manage
consumer behavior.

The fact that a single agency does not direct the flows of surveillance
does not mean that the data gathered are random. The opportunities for
cross-checking and for indirect verification through third-party agencies
are increased when networks act as conduits for diverse data. Such net-
works make it easier for a prospective employer to learn about traits,
proclivities, and past records not included in a résumé; for taxation de-
partments to know about personal credit ratings; or for Internet mar-
keters to target advertising to each user’s screen. These surveillance flows
erode the dikes between different sectors and institutional areas, leading
to traffic between them that might not have been anticipated by the sub-
ject of the data. Enhanced efficiency of administrative and commercial
operations goes hand-in-hand with the greater transparency of individ-
ual persons. These surveillance flows also undermine any sense of cer-
tainty that data disclosed for one purpose, within one agency, will not
end up being used for other purposes in far-removed agencies. We are
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just beginning to think through the social and political implications of a
world in which personal data may be retrieved and collected through
networked systems even though no central agency may be involved.

The second area worth examining is that of surveillance data. Who or
what is included within the scrutiny of surveillance? Within modern sur-
veillance systems, some sort of symmetry exists between the record and
the individual person; the one represents the other for administrative
purposes. But with the proliferation of surveillance at all levels, enabled
by new technologies, the very notion of a fixed identity, to which
records correspond, has become more dubious. At one end of the social
spectrum, the carceral net has been spread more and more widely, al-
though not necessarily as coercively as analysts such as Stanley Cohen
(1985) or Gary Marx (1988) have argued. While prisons are extending
their surveillance capacities within their walls, their use of less overt
means of segregation and exclusion, from parole to electronic tagging,
diffuses surveillance systems throughout society. At the other end of 
the spectrum, the rising crescendo of calls for credentials, and other—
usually plastic—tokens of trustworthiness, means that another range of
discretionary and screening powers has grown up, largely distinct from
those of government.

The vast and growing array of means of identification and classifica-
tion that circulates within electronic databases has given rise to ques-
tions about how far the data image or the digital persona may be said to
correspond to the “real world” person. This is, you notice, a modernist
construal of the situation. Beyond this, however, Mark Poster (1996: 
n. 18) argues that in a Foucaldian sense, individuals are in a sense “made
up” by their digital classification (or more properly, “interpellation”).
Poster sees the world of electronic surveillance as a “superpanopticon”
in which the principles of Bentham’s original prison plan are expressed
within a virtual realm. Subjects are now reconstituted by computer lan-
guage, refuting the centered, rational, autonomous subject of modernity.
Now “individuals are plugged into the circuits of their own panoptic
control, making a mockery of theories of social actions, like Weber’s,
that privilege consciousness as the basis of self-interpretation, and liber-
als generally, who locate meaning in the intimate, subjective recesses be-
hind the shield of the skin” (Poster 1996: p. 184).
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The idolatrous dream of omniperception embodied in the panopticon,
however, may be connected with a yet more ambitious goal of perfect
knowledge, in which simulation steadily takes over from knowledge of
past records. This more Baudrillardian vision of simulated surveillance
is explored by William Bogard (1996) as “hypersurveillance.” Bogard
prophesies surveillance without limits, which aspires not only to see
everything, but to do so in advance. He connects this with the desire for
control as the long-term goal of many technologies, insisting that simula-
tion’s seductive claim is that “any image is observable, that any event is
programmable, and thus, in a sense, foreseeable” (Bogard 1996: p. 16).
Simulation is the “panoptic imaginary” that animates and impels con-
stant upgrading and extension of surveillance. This explains, for Bog-
ard, what Marx, Giddens, and others grope toward, but ultimately
misunderstand as “new”—the technical refining of surveillance strate-
gies. Rather, says Bogard (1996: p. 24), this is Baudrillard’s “control by
the code” in which the order of simulation transcends all previous refer-
ences and signs, becoming entirely self-referential. Supervision and mon-
itoring still exist, but are also “paradoxically inflated” to surpass and
complete them.

Much may be learned from accounts of the superpanopticon and sim-
ulated surveillance, but it does sometimes seem that theorists themselves
succumb to seduction, the allure of the metaphor. Bogard’s description
of surveillant simulation is essentialist to say the least. The fact that in-
dividuals may be made up by their digital image, or that self-referential
simulation seems to have intoxicated surveillance systems, should not be
taken to mean that the digital personae are somehow randomly con-
structed, or that all references have been removed from categories that
sift and sort one group from another.

Third, an examination of surveillance practices underscores the ways
in which modes of control and influence are connected with deeper de-
terminants of life chances and of social ordering. Such practices are the
nexus of co-construction, where technological potential meets social
pressure. While Mark Poster (1989), in particular, is sensitive to the
quest for a mutual dialogue between poststructural and critical theory
approaches, one wonders if others have not forsaken what they see per-
haps as an overly modern project, of “penetrating the visible forms of
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the present in search of the concealed mechanisms that organize contem-
porary life” (Boyne and Rattansi 1990: p. 8).

High-technology surveillance systems, however self-referential, are not
self-financing. They are set up by those with specific kinds of interests in
control and influence. As mentioned earlier, varieties of risk management
lie behind much expansion of surveillance facilitated by electronic tech-
nologies. Behind them, in both commercial and government sectors, one
frequently finds market values, so-called. Richard Ericson and Kevin Hag-
gerty (1997) show how contemporary policing practices are increasingly
preemptive and geared to risk communication. Police act as brokers of
knowledge—personal data—used to satisfy the demands of institutions,
especially those of insurance. Thus the making up of individuals accord-
ing to certain categories useful to those institutions produces databases
used in the effort to eliminate or at least to minimize criminal behavior.

Police and private security services today are concerned less to appre-
hend criminals after the fact than to anticipate criminal behaviors, clas-
sify them on a risk calculus, and contain or preempt them (Marquis
2000). Despite the “failure” of any surveillance techniques to predict
terrorist attacks in 2001, faith in those techniques seems undaunted.
Here in high profile may be seen just those processes of control by
codes, and of self-referentiality, discussed by Bogard, but now placed
within specific settings in which the interests of actors are more effec-
tively laid bare. In the setting of police work, the augmentation of sur-
veillance has meant the establishment of data-gathering and processing
systems cut loose from previous rationales and goals of policing. Moral
wrongdoing seems pushed to the edge of the picture as has, at least for
the majority of routine police work, the discovery and bringing to jus-
tice of lawbreakers. Yet this is not a function of the application of sur-
veillance technologies per se. The relentless drive for efficiency noted in
earlier studies, and now the quest for speed and simulation, is an atti-
tude, an obsession, perhaps even, as I noted above, an idolatry. That
such attitudes become embedded in technology-dependent surveillance
practices, thus giving the impression that the system produces these
amoral, self-referential effects, is not in question.

Similar traits—control by codes, self-referentiality, and so on—may
be noted within other surveillance sectors, and similar critiques may be
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mounted. Urban geographers, for instance Boyer (1996), have noted the
ways that Foucault-type disciplines are overlaid by pervasive webs of
electronic systems that assert control by distributing bodies and uses in
space, using road transport informatics, home communication and in-
formation technologies, or downtown CCTV systems. But as Stephen
Graham (1998: p. 486) effectively argues, essentialist accounts such as
Bogard’s lack “the degree of close empirical detail necessary to unravel
clearly the complex social practices and political economies through
which surveillance and simulation become interlinked in the production
of new material geographies.”

In specific ways, then, electronics-based surveillance, using databases
to enable and support a whole panoply of practices, may be complicit
within the peculiar emergent formations of postmodernity, hinting at
new conduits of power and new modes of control. Dependence on new
technologies, a basic trait of postmodernity, may contribute to what Fou-
cault calls “governmentality,” based on biopower, or intimate, everyday
knowledge of populations. Such governmentality is exercised increas-
ingly by agencies other than the welfare state, in which at first it was
most widely practiced. As we saw in the policing example, even agencies
that once were directly aligned with the legal power of such states are
now as answerable, if not more so, to commercial organizations such as
insurance companies. This governmentality is thus inherently connected
with the second major trait of postmodernity as understood here;
namely, consumer enterprises and consumer experiences.

Co-construction and Surveillance Practices

The case of surveillance illustrates well the mutual shaping and influence
of technological developments and social processes. It also shows how
that mutual shaping and influence may be imbricated within larger so-
ciocultural shifts such as that described between modernity and post-
modernity. Modernity is characterized by an increasing reliance on
bureaucratic apparatuses for social administration and control, but once
those systems are augmented by computerization, certain other fea-
tures appear and are amplified through greater technological capacity.
Surveillance practices that once relied on a generalized knowledge of
populations contained in paper documentation and classified within files
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now are capable of simulating future situations and behaviors. This suits
nicely the burgeoning enterprises of consumer capitalism, which now
have the means to more directly manage their markets rather than
merely the flows of raw materials or the activities of productive work-
ers. With enhanced simulation capabilities, market criteria become more
significant within decision making, not only within commercial agencies,
but also within government organizations and departments such as the
police. Thus, subtly and imperceptibly, the shape of modernity morphs
into the postmodern. This may be seen in several related contexts.

The large-scale social transformations referred to here under the
rubric of postmodernity may be considered in terms of the growing so-
cial centrality of surveillance. The accelerating speed of social transac-
tions and exchanges, which makes them all the more fleeting, generates
means of trying to keep track of those interactions. The increased geo-
graphical and electronically enabled mobility that characterizes the post-
modern requires more sophisticated surveillance practices in order to
ensure that rules are kept. It is not just on a macro level that the post-
modern is in a mutually augmenting relationship with surveillance 
technologies. The world of consumption and of information and com-
munication technologies not only generates surveillance but is itself
under scrutiny.

Take for example the case of Internet-based commerce. The new net-
works are themselves a means for discovering consumption practices
and may be used even when consumers are not actually shopping online.
“zBubbles,” for instance, is a program that works for Alexa, a sub-
sidiary of Amazon.com. Programs like this offer shopping advice (the
ostensible task of zBubbles) and simultaneously collect data about the
computer-user’s files and surfing habits to send back to profiling and
marketing companies. Even some games, such as the popular Everquest,
may include means of searching for hacker software on users’ hard dri-
ves (Cohen 2000). Other kinds of data—including personal medical
data—may also be sought by such web-based systems. Pharmatrak Inc.,
for example, places identifying codes on computers that visit its web
sites in order to follow similar transactions or just site hits relating to,
say, HIV, or prescription drugs (O’Harrow 2000).

This process by which data have become crucially valuable also stim-
ulates the development of private security in order to protect online
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communications. Indeed, one could argue that private security systems,
once used to protect spaces or goods, are now used above all to protect
information itself. So-called business intelligence systems are rapidly
burgeoning to counteract the dangers of interception of data, especially
within digital and biotechnology companies (Marquis 2000: p. 18). In
this case, then, the technology-enabled transmission of sensitive con-
sumer and industrial information—itself often the product of surveil-
lance practices—spurs security-oriented activities, which in turn require
yet more surveillance. While the data may not in every case be identifi-
able, systematic attention is nonetheless paid to those personal data that
ultimately affect the subject’s life chances, either directly or indirectly.

At the more local level, however, surveillance systems are still set up
with a view to making places and property secure. So-called information
society or network society features are simply superimposed on already ex-
isting social conditions, so that while they may well alter them, they do not
necessarily supplant them. At the same time, the alterations may contribute
to an accenting of certain aspects of social situations that render them
more postmodern than modern in character. So when it comes to making
property secure, for instance, the trend seems to be toward “protecting
profit” rather than “preventing crime” (Beck and Willis 1995: pp. 40–41).

Unlike the concerns of modern criminal justice systems, which might
still stress the moral wrongdoing of, say, shoplifting, security and sur-
veillance interests focus more mundanely on containing behaviors on
the basis of a profit-and-loss calculation. Surveillance cameras may ap-
pear in the workplace and in retailing premises because petty crime
raises insurance costs, thus threatening profitability (McCahill and 
Norris 1999: pp. 209–210). This is how insurance categories come to
feature so prominently in surveillance communication, but it is also how
what might be called actuarial justice becomes the norm. And actuarial
justice, lacking reference points in moral codes, also helps to propel so-
cieties more fully into postmodern modes.

In a final example, that of call centers, we may see again the ways that
surveillance technologies are woven into both local social arrangements
and struggles, and into major societal shifts. Call centers are themselves
the product of postmodern times, as understood here. They utilize the
new technologies to reduce overheads associated with commerce, and
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may be located wherever sources of labor are relatively cheap. They il-
lustrate well the shift toward consumer capitalism and the flexible labor
force. They may be established for a variety of reasons, including han-
dling customer call-in orders, service queries, data input, and account
verification and payment. However, call centers rely on a rapid turn-
around of incoming calls and workers are monitored to try to improve
performance and to punish dilatory styles.

In their study of computer-based monitoring systems in England, Ball
and Wilson (2000) found that how well surveillance worked depended on
a number of social factors and not just the supposedly inherent properties
of the technologies themselves. In a debt collection center, social relations
in the workplace differed with the gender of the workers and their (sup-
posed) knowledge of the performance monitoring technologies. Those
who were “in the know”—often younger, male workers—fared better than
older, female workers, and their relations with management were more co-
operative. By contrast, in a data input center, where workers were fired
for not meeting performance targets, relations were much more strained
and antagonistic. Impersonal management styles, using the computer
monitoring equipment, led to misunderstanding and resentment and to
different levels of compliance with the surveillance technologies.

Kirstie Ball (2000), one of the researchers, suggests that actor-network
theory allows the subject to return to a mediating role between the social
and the technological and that it also permits an understanding of how in-
formation categories both produce surveillance and are produced by sur-
veillance. Her comments facilitate a view of surveillance that once more
distances it from modern accounts, where “new technologies” play a mis-
leadingly determining role. Whether the results of this kind of research
lead in more postmodern directions remains to be seen, but they certainly
open the analytical door to more nuanced studies of surveillance in which
outcomes are not “read-off” allegedly panoptic or Orwellian technologies.

Surveillance, Ethics, and Politics

The co-construction of technologies and social relations does not occur
in a social or an ethical vacuum. The ad hoc practices of organizations
as well as the self-conscious political stances of those who question and
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resist encroaching surveillance are inextricable elements of that co-
construction process. Thus mere recognition of the social reality of the
co-constructive drama is inadequate. The role of valuing and of moral
positions within theoretical explanatory frameworks itself plays a part
in the sociotechnical outcomes that are the topic of analytical scrutiny.
The theorist is inevitably informed by a normative stance or stances in
addition to the empirical findings collated through systematic study. In
the case of surveillance technologies, just such implicit stances are re-
vealed in Weberian analyses of bureaucratic monitoring and supervi-
sion, along with a legal stress on privacy as having the potential to
mitigate the dangers of surveillance.

The Weberian approach laments the loss of substantive values as bu-
reaucratic efficiency takes over. In surveillance terms, the complex ac-
tions of self-conscious actors are stripped down to their basic behavioral
components, as that an amoral approach is ascendant, or “adiaphorized”
as Bauman (1993) would say. The modern response is classically consis-
tent; namely, to argue that concern for privacy is an antidote to such
technicized surveillance, so that the sacrosanct self can be sheltered be-
hind legal limits on personal data collection. This neatly answers the
problem as perceived by the subjects of the data collection and thus
should be treated seriously. It also resonates with deep philosophical
commitments, for example, to the self as communicative and as possess-
ing inherent dignity. Moreover, the development of privacy policies has
itself contributed at least tangentially to the shaping of surveillance sys-
tems, and this has to be recognized as a factor in co-construction.

Can this help us in postmodernizing contexts, where surveillance is an
increasingly powerful means of reinforcing social divisions, as the super-
panoptic sort relentlessly screens, monitors, and classifies to determine
eligibility and access, to include and to exclude? Today the social frac-
tures of modernity have not so much disappeared as softened, becoming
fluid and malleable. Surveillance has become much more significant as
an indirect but potent means of affecting life chances and social des-
tinies. Technological developments and social processes interact to pro-
duce outcomes which, although not necessarily as stark as the rigid class
divisions of early modernity, nevertheless raise analogous questions of
fairness, mutuality, and appropriate resistance.
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To say that electronic technologies and consumer cultures contribute
to the rise of postmodernity is not for a moment to say that the novelty
of the circumstance entirely displaces all earlier concerns for human dig-
nity or for social justice. Indeed, the inscribing of panoptic categories
and surveillant simulations on the practices and patterns of everyday life
is a challenge to redouble analytical and political efforts to ensure that
disadvantage is minimized, especially for the most vulnerable. At the
end of the day, to explore co-construction as the mutual shaping and in-
fluence of technological development and social process is to explore
possibilities as much as it is to discover patterns of determination. As
Judy Wajcman (1991) reminds us, if it is true that technology is socially
shaped—as, indeed, social situations are also technically shaped—then it
may also be reshaped for appropriate purposes.

However, while that notion of reshaping is good political rhetoric, a
reminder of human agency, and at least a partial antidote to technologi-
cal determinism, much more work must be done before it can become a
reality. That work involves exploring the grammar of contemporary so-
ciotechnological development, which as I have hinted, is a moral as well
as an analytically inscribed grammar (Barns 1999). Demonstrating how
the sociocultural and the technological interact on several different lev-
els to produce outcomes that both facilitate social life and foster caution
concerning postmodern surveillance processes is perhaps the more 
modest task and one that social analysts should undertake.





The most salient characteristic of technology in the modern (industrial
and postindustrial) world is the degree to which most technology is not
salient for most people, most of the time.

This is true despite modernity’s constitutive babble/Babel of dis-
courses about “technology.” Technology talk rarely concerns the full
suite of sociotechnical systems characteristic of modern societies. In-
stead, at any given moment most technology discourse is about high
tech, i.e., new or rapidly changing technologies. Today these include
hand-held computers, genetically modified foods, the Global Positioning
System (GPS), and the World Wide Web (WWW). Television, indoor
plumbing, and ordinary telephony—yesteryear’s Next Big Things—draw
little but yawns. Meanwhile, inventions of far larger historical signifi-
cance, such as ceramics, screws, basketry, and paper, no longer even
count as “technology.” Emerging markets in high-tech goods probably
account for a great deal of technodiscourse. Corporations, governments,
and advertisers devote vast resources to maintaining these goods at the
forefront of our awareness, frequently without our realizing that they
are doing so. Unsurprisingly, they often succeed.

Nevertheless, the fact is that mature technological systems—cars,
roads, municipal water supplies, sewers, telephones, railroads, weather
forecasting, buildings, even computers in the majority of their uses1—
reside in a naturalized background, as ordinary and unremarkable to us
as trees, daylight, and dirt. Our civilizations fundamentally depend on
them, yet we notice them mainly when they fail, which they rarely do.
They are the connective tissues and the circulatory systems of moder-
nity. In short, these systems have become infrastructures.

7
Infrastructure and Modernity: Force, Time,
and Social Organization in the History of
Sociotechnical Systems

Paul N. Edwards
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The argument of this essay is that infrastructures simultaneously shape
and are shaped by—in other words, co-construct—the condition of moder-
nity. By linking macro, meso, and micro scales of time, space, and social
organization, they form the stable foundation of modern social worlds.

To be modern is to live within and by means of infrastructures, and
therefore to inhabit, uneasily, the intersection of these multiple scales.
However, empirical studies of infrastructures also reveal deep tensions
surrounding what Latour recently named the “modernist settlement”:
the social contract to hold nature, society, and technology separate, as if
they were ontologically independent of each other (Latour 1999b). Close
study of these multiscalar linkages reveals not only co-construction, but
also co-deconstruction of supposedly dominant modernist ideologies.

To develop these arguments, I begin this chapter by exploring how in-
frastructures function for us, both conceptually and practically, as envi-
ronment, as social setting, and as the invisible, unremarked basis of
modernity itself. Next I turn to a methodological issue that affects all his-
toriography: the question of scale. How do infrastructures look when ex-
amined on different scales of force, time, and social organization? As
Phillip Brey notes in chapter 2, “the major obstacle to a synthesis of
modernity theory and technology studies is that technology studies mostly
operate at the micro (and meso) level, whereas modernity theory operates
at the macro level.” I argue that infrastructure, as both concept and prac-
tice, not only bridges these scales but also offers a way of comprehending
their relations. In the last part of the essay, I apply these methods and ar-
guments to several examples from the history of infrastructures, including
the Internet and the SAGE (Semi-Automatic Ground Environment) air de-
fense system. Ultimately, these reflections lead me to conclude (with Brey)
that social constructivism, as a core concept of technology studies, and the
notion of “modernity” as used in modernity theory, are strongly condi-
tioned by choices of analytical scale. A multiscalar approach based on the
idea of infrastructure might offer an antidote to blindness on both sides.

What Is Infrastructure?

The word “infrastructure” originated in military parlance, referring to
fixed facilities such as air bases. Today it has become a slippery term,
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often used to mean essentially any important, widely shared, human-
constructed resource. The American Heritage Dictionary defines the
term as (1) “an underlying base or foundation, especially for an organi-
zation or a system,” and (2) “the basic facilities, services, and installa-
tions needed for the functioning of a community or society, such as
transportation and communications systems, water and power lines,
and public institutions including schools, post offices, and prisons.”

In 1996–97 the U.S. President’s Commission on Critical Infrastruc-
ture Protection (PCCIP) chose the following functions and services as
fundamental to its own definition of infrastructure:

• transportation

• oil and gas production and storage

• water supply

• emergency services

• government services

• banking and finance

• electrical power

• information and communications

The Commission went on to explain: “By infrastructure . . . we mean a
network of independent, mostly privately-owned, man-made systems and
processes that function collaboratively and synergistically to produce and
distribute a continuous flow of essential goods and services” (President’s
Commission on Critical Infrastructure Protection 1997: p. 3).

The free-marketeering sloganism of this definition should not distract
our attention from its key concept: flow. Manuel Castells, one of the
few scholars to succeed in fully characterizing the close interplay among
sociotechnical infrastructures and the grand patterns of twentieth-
century cultural, economic, psychological, and historical change, calls
this relation the “space of flows” (Castells 1996). Given the heteroge-
neous character of systems and institutions referenced by the term, per-
haps “infrastructure” is best defined negatively, as those systems without
which contemporary societies cannot function.

It is interesting that although “infrastructure” is often used as if it
were synonymous with “hardware,” none of the definitions given here
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center on hardware characteristics. As historians, sociologists, and an-
thropologists of technology increasingly recognize, all infrastructures
(indeed, all “technologies”) are in fact sociotechnical in nature. Not
only hardware but organizations, socially communicated background
knowledge, general acceptance and reliance, and near-ubiquitous acces-
sibility are required for a system to be an infrastructure in the sense I am
using here.

An important caveat is in order here. This notion of infrastructure as
an invisible, smooth-functioning background “works” only in the devel-
oped world. In the global South (for lack of a better term), norms for in-
frastructure can be considerably different. Electric power and telephone
services routinely fail, often on a daily basis; highways may be clogged
beyond utility or may not exist; computer networks operate (when they
do) at a crawl. I will not attempt to integrate this very different—but
equally “modern”—set of infrastructural norms into this chapter, which
thus suffers from a form of idealism that might also be characterized as
a western bias. Instead, I simply indicate this bias where it occurs and
note that any adequate theory of modernity and technology would have
to come to grips with this additional level of complexity. Other chapters
in this volume, notably those by Slater and Khan, begin to move in this
direction.

Infrastructure and/as Environment

As I noted earlier, infrastructures are largely responsible for the sense of
stability of life in the developed world, the feeling that things work, and
will go on working, without the need for thought or action on the part
of users beyond paying the monthly bills. This stability has many dimen-
sions, most of them directly related to the specific nature of modernity.

Among these is systemic, societywide control over the variability in-
herent in the natural environment. Infrastructures make it possible to
(for example) regulate indoor temperatures, have light whenever and
wherever we want it, draw unlimited clean water from the tap, and buy
fresh fruits and vegetables in the middle of winter. They allow us to con-
trol time and space: to work, play, and sleep on schedules we design, to
communicate instantaneously with others almost regardless of their
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physical location, and to go wherever we want at speeds far beyond the
human body’s walking pace. These capacities permit us, and perhaps
compel us, to approach nature as a consumable good, something to be
experienced (or not), as and when we wish (Nye 1997).

Infrastructures constitute an artificial environment, channeling and/or
reproducing those properties of the natural environment that we find
most useful and comfortable; providing others that the natural environ-
ment cannot; and eliminating features we find dangerous, uncomfort-
able, or merely inconvenient. In doing so, they simultaneously constitute
our experience of the natural environment, as commodity, object of ro-
mantic or pastoralist emotions and aesthetic sensibilities, or occasional
impediment. They also structure nature as resource, fuel, or “raw mater-
ial,” which must be shaped and processed by technological means to
satisfy human ends.

Thus to construct infrastructures is simultaneously to construct a par-
ticular kind of nature, a Nature as Other to society and technology. 
This fundamental separation is one key aspect of Latour’s “modernist
settlement.”

Infrastructure and/as Society

In the same way, infrastructures can be said to co-construct society and
technology while holding them ontologically separate. As Leigh Star and
Karen Ruhleder (1996) observe, knowledge of infrastructures is “learned
as part of membership” in communities (quoted in Bowker and Star
1999: p. 35). By extension, such knowledge is in fact a prerequisite to
membership. In the case of the major infrastructures listed earlier, these
communities include almost all residents of societies in the developed
world. The degree to which such knowledge is shared accounts in large
part for the spectrum between familiarity and exoticism experienced in
travel. Societies whose infrastructures differ greatly from our own seem
more exotic than those whose infrastructures are similar to ours. Be-
longing to a given culture means, in part, having fluency in its infra-
structures. This is almost exactly like having fluency in a language: a
pragmatic knowing-how, rather than an intellectual knowing-that, so
that the bewildered questions of an outsider might strike one as not only
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hilarious but also unanswerable. Infrastructural knowledge is a Wittgen-
steinian “form of life,” a condition of contextuality in which under-
standing any part requires a grasp of the whole that comes only through
experience (Edwards 1996; Wittgenstein 1958). In this sense, infrastruc-
tures constitute society.

At the same time, we treat infrastructures and society as ontologically
separate. For example, the causes of infrastructural breakdowns such as
power blackouts or telephone outages are nearly always reported either as
“human error,” which codes the problem as individual and allows the as-
signment of blame, or as technological failure. Although most breakdowns
would in fact be better explained by complex relationships among opera-
tors, systems, natural conditions, and social expectations (Vaughan 1996),
social causes are rarely invoked. Power outages or traffic jams cause most
of us to think of downed power lines or inadequate roads, rather than to
question our society’s construction around them and our dependence on
them. As for those few people in the developed world who choose to live
without electricity or automobiles, we generally regard them as eccentrics
who have “moved backward” or “live in another era”; they have chosen,
as it were, not to be moderns (Kraybill and Olshan 1994).

Similarly, the notion of technological failure codes infrastructure as
hardware (Perrow 1984). But most such failures can be anticipated and
prevented through design and/or maintenance, which in turn require
highly organized social commitments (La Porte 1991; La Porte and 
Consolini 1991; Rochlin 1997; Sagan 1993). The remarkably low acci-
dent rates in commercial air transport, for example, reflect the success of
vigilant organizations, legal apparatus, and social learning about acci-
dents as much as they demonstrate the quality of aircraft design and
maintenance (La Porte 1988). Nevertheless, for most travelers, the social
components of safe air transport are even more transparent than the air-
planes in which they fly; people worry much more about the airplane
than about the ground crew, the Federal Aviation Administration, or air
traffic controllers. Thus while infrastructure in fact functions by seam-
lessly binding hardware and internal social organization to wider social
structures, our commonsense perspective on infrastructure creates a
“black box” that enables the rhetorical separation of society from tech-
nology in the modernist settlement (Latour 1999b).
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Infrastructure and/as Modernity

Thus infrastructure is the invisible background, the substrate or sup-
port, the technocultural/natural environment, of modernity. Therefore,
the question of infrastructure seems to me better posed than Heidegger’s
rather ill-formed “question concerning technology,” which he, like most
others, understood chiefly as “artifact” (Heidegger 1977). To para-
phrase Langdon Winner, infrastructures act like laws (Winner 1986).
They create both opportunities and limits; they promote some interests
at the expense of others. To live within the multiple, interlocking infra-
structures of modern societies is to know one’s place in gigantic systems
that both enable and constrain us. The automobile/road infrastructure,
for example, allows us to move around at great speed, but also defines
where it is possible to go; only a few modern people travel far on foot to
places where there are no roads. When they do, it is chiefly as recreation
(“being in nature”). Telephones, electric power, television, and other
basic infrastructures offer many services, but also ensnare subscribers in
webs of corporate bureaucracy, government regulation, and the con-
stant barrage of advertising. Control, regularity, order, system, techno-
culture as our nature: not only are all of these fundamental to
modernism as Weltanschauung, ideology, aesthetic, and design practice,
but they are also (I want to argue) basic to modernity as lived reality.

This combination of systemic, technologically supported social possi-
bilities and lawlike constraints leads to my first answer to the questions
that motivate this book: Building infrastructures has been constitutive of
the modern condition, in almost every conceivable sense. At the same
time, ideologies and discourses of modernism have helped define the
purposes, goals, and characteristics of those infrastructures. In other
words, the co-construction of technology and modernity can be seen
with exceptional clarity in the case of infrastructure.

Scale as Method

In the rest of this essay I want to explore a method for studying infra-
structures that may help to clarify their relation to modernity. At the
same time, this method draws attention to difficulties, contradictions,
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and fault lines within those concepts; thus it may help us further un-
tangle their complexity, question their utility, and perhaps lead to refor-
mulation of the question itself. The method involves looking at infra-
structures simultaneously from a variety of scales of force, time, and
social organization.

This technique was initially sparked by Misa’s ideas about the impor-
tance of scale in the history of technology (Misa 1988, 1994). It also has
something in common with Bowker and Star’s method of “infrastruc-
tural inversion,” which involves close attention to the normally invisible
“bottom” layers of infrastructure, the levels of basic standards, classifi-
cation schemes, and material bases (Bowker and Star 1999).2 The gen-
eral discussion in the rest of this section is followed by application to
some examples in my own field, information infrastructure studies.

Force
I begin by considering scales of force that run from the powers of the
human body (at the low end) to the geophysical. For most of human 
history, transportation and production systems depended primarily on
human and animal power. Many modern infrastructures, such as trans-
portation systems and electric power, create what appear on the human
scale as amplifications of natural energies, beyond what unaided human
beings or animals could achieve. “Modern” societies are practically syn-
onymous with those in which such amplification is generally available. So
(some) infrastructures can be characterized as force amplifiers, and the
modern condition as a Heideggerian ready-to-handness of these amplify-
ing powers. The sense of empowerment we gain from these is great indeed.

Many energy-based infrastructures thus occupy a scale of force inter-
mediate between the human body and the geophysical. They create reli-
able, invisible, socially useful capacities to contain and control energy.
Preindustrial infrastructures, of course, often relied directly on harness-
ing natural forces, such as water and wind, which also occupy this inter-
mediate scale. A less-noticed point is that many modern energy-based
infrastructures also rely, at least in part, on natural forces. Hydroelectric
dams and air travel’s use of the high-altitude jet stream are only two of
many possible examples. This much is relatively obvious.
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However, another, larger scale of force is usually ignored in discus-
sions of infrastructure. As the Dutch (for example) know only too well,
infrastructures function only within a particular range of natural vari-
ability; the system of dikes and pumping stations that keeps the ocean
from reclaiming much of the Netherlands is occasionally overcome by
unusual natural events. Similarly, floodplain residents across the globe
regularly see their homes destroyed, only to rebuild them again. Earth-
quakes, tornadoes, global climate change, and other natural events rep-
resent scales of force beyond the range for which most infrastructures
are, or even can be, designed.

At least in the United States, these events are known as “natural disas-
ters.” Among their social effects is to bring infrastructure suddenly and
painfully to our awareness. Hurricane Floyd ravaged North Carolina
and other East Coast states in September 1999; headlines about its after-
math frequently focused on the hardship, suffering, and even death re-
sulting from the failure of water and power supplies. Power failures in
major U.S. cities during the summer of 1999, when demand for air con-
ditioning soared because of “unusual” heat waves, were blamed for a
number of deaths and near-deaths. California telephone books warn
residents to stock a week’s worth of water, food, and cooking fuel, 
in case earthquakes take out electric power, water supplies, and/or gas
lines. The severe destruction wrought by earthquakes in Turkey and
India, in which many thousands perished, brought hand wringing about
building codes, an important politico-legal standard for infrastructure.
This list could be expanded indefinitely.

In the developed world, probably the large majority of “natural 
disaster”-related injuries and deaths are actually caused not directly by
the natural event itself, but indirectly by its effects on infrastructures. For
example, damage to roads, bridges, rails, and tunnels leads to automobile
and railroad accidents; or municipal water supplies contaminated by
flood waters and broken sewer mains cause disease. Flooding can result
as much from shattered dams and levees, or silt buildup actually caused
by flood-control systems, as from heavy rainfall. Edward Tenner calls
these “revenge effects” of technology (Tenner 1996). The effects of such
failures can be magnified by interdependencies among infrastructures. For
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example, natural cataclysms can cripple one infrastructure, such as the
emergency services system, by taking out others, such as the telephone
system and the roadway network. Indeed, we depend so heavily on these
infrastructures that the category of “natural disaster” really refers pri-
marily to this relationship between natural events and infrastructures.

Increasingly, modern societies are confronted with the forgotten rela-
tionship between built infrastructures and the assumed background of
natural forces and structures upon which the former rely. Long consid-
ered essentially static, this background is now regarded not only as nat-
urally variable, but also as subject to alteration by human activity.
Global climate change, for example, is altering the parameters within
which built infrastructures must function, in ways ranging from chang-
ing agricultural conditions to an increase in the frequency of severe
weather events. Because of its inherently forward-looking, long-term
perspective, the insurance industry—a fundamental financial component
of virtually all modern infrastructures—has begun to incorporate cli-
mate change in its analysis of vulnerabilities to “natural” disaster, espe-
cially in low-lying coastal regions. As a political issue, climate change
represents the dawning awareness that geophysical scales of force must
be included in any complete analysis of infrastructure. This recognition
could be understood as a fundamental, and fundamentally new, feature
of infrastructure in modernity.

Time
Another, related scalar dimension is time. I will discuss scales ranging
from the human (hours, days, years) through the historical (decades,
centuries) to the geophysical (millennia and beyond).

The specific character of human time is one reason infrastructures
fade into invisibility between moments of breakdown. Human time
scales are set by our natural (animal) characteristics: the horizon of
death; the salience of extremes; the fading and distortion of memory; the
slow, faltering process of learning; and our restless, present-centered,
single-focus attention, among many others.3 Outside rare moments of
creation or major transitions, infrastructures change too slowly for most
of us to notice; the stately pace of infrastructural change is part of their
reassuring stability. They exist, as it were, chiefly in historical time.
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Partly because of this, infrastructures possess the power to shape
human time, shaping the preconditions under which we experience
time’s structure and its passage. For example, the telegraph created a
sense of simultaneity across huge distances, prefiguring McLuhan’s
“global village,” while electric power extended working hours into the
night.4 Transportation infrastructure fixes the relationship of time to
space, transforming human experience of both. Societies build infra-
structures, of course, but because of their endurance in time, infrastruc-
tures then become the more important force in structuring society. This
point is similar to Giddens’ concept of “structuration,” which he once
defined as “how it comes about that social activities become ‘stretched’
across wide spans of time-space” (Giddens 1984: p. xxi).

Yet on geophysical, or even long-term historical, time scales, infra-
structures are fragile, ephemeral things. The Roman aqueducts still
stand, but most have carried no water for many centuries. The global
telegraph network, mainstay of world communications even into the
1960s, has been largely replaced by the telephone. On this long view,
time shapes infrastructures, rather than the other way round. In geo-
physical time, cataclysms far larger than anyone now living has experi-
enced have occurred with monotonous regularity, while even apparently
gentle forces, such as continuously dripping water, exceed the capacities
of technological control (for example, in the still-unsolved problem of
long-term storage of nuclear waste).

Thus, returning to my point in the preceding section, the irregularity
with which “natural disasters” occur can be seen (on human force and
time scales) as one vehicle for constructing properties of a modernist
“nature” (as dangerous, unpredictable, and/or inconvenient), thereby
separating nature from infrastructure and framing technology as con-
trol. Yet in geophysical time, this same irregularity becomes a funda-
mental, predictable property of nature, deconstructing the separation
between them by illustrating the permanent imbrication of infrastruc-
ture in nature.

In other words, we might say that infrastructures fail precisely be-
cause their developers approach nature as orderly, dependable, and sep-
arable from society and technology—an understanding that is in fact a
chief characteristic of modern life-within-infrastructures. Yet nature 
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recalcitrantly refuses to agree to this modernist settlement. Alternatively,
we could say that on long historical and geophysical time scales, break-
down is a natural property of infrastructures, or instead is a property of
nature as infrastructure (on which all human-built infrastructures ulti-
mately depend). Thus modernity can also be depicted as a condition of
systemic vulnerability.

Consciousness of this vulnerability runs deep in modern thought. It 
is no accident that modern apocalyptic fear stems chiefly from two
sources: nuclear war on the one hand, and ecological catastrophe on the
other. The former represents, in a sense, the ultimate scientific/techno-
logical force amplifier. At its height during the Cold War—an utterly
modern conflict of two gigantic systems whose military infrastructures
permeated entire societies—widespread (and well-justified) fear of acci-
dental nuclear war brought home the normality of breakdown, even in
an infrastructure built with essentially unlimited resources (Borning
1987; Bracken 1983).

More recently, fear of global warming represents the permanent im-
brication of industrial infrastructures within the planetary carbon me-
tabolism. This again drives home the falsity of the modernist settlement;
technological systems consume carbon, but they rely on nature to cycle
it out of the atmosphere and back into the soil (and to produce it 
in the first place). As a global infrastructure, the fossil-fuel economy is
simply a part of this larger process. Nature is thus in some sense the ulti-
mate infrastructure. Ecological awareness, especially in its planet-
management variants, explicitly recognizes this inseparability. We might
imagine Beck’s “risk society” (Beck 1992) as a description of an 
emerging postmodernist settlement, which functions by rendering the
natural and the sociotechnical commensurate via the omnipresent cate-
gory of risk.

Social Organization
To force and time, let me now add a third scalar dimension: social orga-
nization. In contrast to its relatively straightforward application to time
and force, the notion of “scale” applies to social organization only as a
heuristic; the size of organizations is only one of numerous, not neces-
sarily related, variables governing their relative importance. Still, for my
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purposes here it works as a rough, intuitive guide. The “scale” of social
organization runs from individual families and work groups to govern-
ments, economies, and multinational corporations. It is multiply and
crucially crosscut by categories such as gender, ethnicity, and other identity-
constituting social formations. Here I begin to introduce empirical stud-
ies (the purpose of this volume) directly.

As I noted earlier, infrastructures exist on historical time scales. Under
my definition, they also exist on large social and economic scales. Most
are built and maintained by very large organizations (e.g. telephone and
power companies, national and international regulatory bodies, etc.).
They may connect millions, even billions, of individual and corporate
users, who may employ them on a daily basis for a lifetime or more. Yet
from the perspective of these users, infrastructures also exist on much
smaller temporal and social scales. In some sense, every house is an indi-
vidually configured infrastructure for a family or small group, built 
primarily by selecting commercially available components whose con-
nectibility is ensured by standardized interfaces (e.g. wall outlets, tele-
phone jacks, and television cables). Small, ephemeral social groups, such
as those constituted by email lists or neighborhood telephone directories,
may function largely or entirely through large-scale infrastructures.

Scales of social organization require a different terminology than 
the ones I used to describe force and time, so I will adopt Misa’s useful
categories:

• micro: individuals, small groups; generally short-term5

• meso: institutions, e.g. corporations and standard-setting bodies, 
generally enduring over decades or longer

• macro: large systems and structures, such as political economies and
some governments, enduring over many decades or centuries

Here as earlier, I argue that a micro-scale approach to infrastructures
produces one view of their role in modernity, while a macro-scale ap-
proach produces a quite different one. Each scale tells us something
about the condition of modernity, yet the tensions among scalar views
simultaneously call into question the category of “modernity.” They
also suggest a serious problem with the currently popular social con-
structivist approach to science and technology studies.
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Meso Scales: Large Technical Systems

Let me begin with a meso-scale view. A number of empirical studies
have treated aspects of the history and sociology of individual infra-
structures, including highways (Goddard 1994; Lewis 1997; Seely
1987), the telegraph (Blondheim 1994; Standage 1998), radio (Douglas
1987), air traffic control (La Porte 1988; La Porte and Consolini 1991),
and more recently the Internet (Abbate 1999; Hauben and Hauben
1997; Segaller 1998). The best and most successful of these have exam-
ined railroads (Chandler 1977; Yates 1989), electric power (Hughes
1983), and telephone systems (Fischer 1992).6

However, only a few such studies seek to address issues of infrastruc-
ture formation and development per se. The most systematic attempts
began in the mid-1980s under the aegis of a loosely organized “large
technical systems” group of European and American sociologists and
historians (La Porte 1991; Mayntz and Hughes 1988; Summerton
1994). Hughes, the dean of American historians of technology and a
prominent figure in the large technical systems group, set the agenda by
arguing that on historical time scales, large technical systems tend to fol-
low a well-defined developmental path. Initially, an unorganized, diffuse
set of inventors and tinkerers create new technological possibilities. At
some point, “system builders” see a way to organize these possibilities
into a complete system with an important function, as Edison conceived
a lighting system from generator through cable to light bulb, or as
Morse imagined a transatlantic network made from telegraph keys, 
cables, and code. The vision of system builders must be simultaneously 
social and technical, since commercial success depends on understand-
ing not only how a system might be built, but also what it might 
be good for and what might make it attractive to customers or clients
(who usually already have some way of carrying out the function 
in question). In the terms I am using here, system builders imagine an 
infrastructure.

Following a diffusion stage, when variations on the original concept
emerge, networks begin to acquire “technological momentum,” charac-
terized by analogues to mass, velocity, and direction (Hughes 1987). 
In this phase, some particular version of the system acquires a critical
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mass of users. The latter’s collective financial and cognitive invest-
ment gradually acts to inhibit radical change in fundamental system
properties.

At this point, standards emerge that limit the possible configurations.
This is a critical stage, at which chaotic competition becomes organized
around a relatively stable system concept. Eventually, competing net-
works must convert to these standards, find ad hoc ways to connect
nonstandard equipment with them, or else die out. Standards reduce the
risk to manufacturers and the cost to consumers, thus increasing the
dominant system’s overall momentum. In a consolidation phase, any re-
maining independents convert to the established standard. This creates a
unified infrastructure, sometimes in the form of a public or quasi-public
monopoly (“public utility”). More recently, some major infrastructures
in the United States and Europe (especially Great Britain) have entered
another phase: deregulation, in which government reduces or removes
monopoly protection, recreating a (limited) free market for infrastruc-
tural services such as telephone and electric power.

Hughes also demonstrated that national infrastructures developed ac-
cording to different “technological styles.” Comparing the history of
electric power systems in the United States, Germany, and England, he
explained technical variations among systems through the influence of
particular histories and political economies, and sometimes through
more intangible factors, such as the desire to assert national identity
through a unique technological style (Hecht 1998).

The large technical systems group convincingly showed that these and
similar patterns can be found in the history of many major infrastruc-
tures. The lessons of these studies are twofold. First, individual infra-
structures follow a life cycle, a developmental pattern visible only on
historical time scales. Second, infrastructures consist not only of hard-
ware, but also of legal, corporate, and political-economic elements. For
example, the developmental pattern of the U.S. national railroad system
had as much to do with federal land grants, the regulatory activities of
the Interstate Commerce Commission, certain Supreme Court decisions,
and corporate defenses against stock market speculation as with innova-
tions in steam engines, railbed technology, and signaling systems.
“Technology” is not only socially shaped; it is social through and
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through. Understanding how it is shaped demands appropriate choices
of temporal and social scales of analysis. While individual system-
builders like Thomas Edison, Thomas Watson Sr., or Bill Gates can
matter greatly in the history of infrastructure, the real lesson of Hughes-
inspired histories has been the crucial role of large social institutions.

Most of the patterns discerned by the large technical systems group
apply directly to infrastructure development. However, the two con-
cepts are not quite identical. The idea of “large technical systems” fo-
cuses attention on growth around a technological core. By contrast,
infrastructures are not merely large systems, but sociotechnical institu-
tions. Some infrastructures (such as school systems and constitutional
legal systems) rely very little on technology, although I do not discuss
this form of infrastructure here. Furthermore, some kinds of infrastruc-
tures—particularly digital information infrastructures—can be extended,
interconnected, and “repurposed” almost infinitely, creating metalevel
webworks that no longer fit the mold of a technology-centered system.
A good example is contemporary “digital convergence,” in which radio,
television, recorded music, cellular telephony, and other media come 
together in new systems based on the Internet and World Wide Web
(Edwards 1998a,b; Hanseth and Monteiro 1998). Clearly these emerg-
ing, interconnected systems do not fit the mold of electric power grids or
telephone networks. As I use it, the notion of infrastructure invokes pos-
sibilities of extension in time, space, and technological linking that go
beyond individual systems.

This description of infrastructure development clearly situates it as a
modern phenomenon. Building regional- to world-scale infrastructures
requires large institutions with long lifespans; enormous political, eco-
nomic, and social power; and (on the private-sector side) great wealth.
Individuals and small social groups do affect their course, but chiefly in
earlier phases, before institutions have taken control. This understand-
ing is generally compatible with the widespread view of modernity as
the submergence of individuals and local communities beneath the 
imperatives of state and corporate power (Borgmann 1984, 1992; 
Foucault 1977; Vig 1988; Winner 1986). In this case, such imperatives
operate by means of generalized and pragmatically unavoidable enroll-
ment in the forms of life dictated by infrastructures.
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Micro Scales: The User Heuristic

Yet views of infrastructure at other social scales offer different lessons.
Under the rubric of the social construction of technology (SCOT), much
recent scholarship in science and technology studies has concentrated on
the micro scale of individuals and small social groups (Bijker and Law
1992; Bijker et al. 1987). Here I focus on Claude Fischer’s social history
of the telephone (Fischer 1992), which is among the most successful 
examples of this perspective.

Fischer studied telephone users in the years when the telephone was
still acquiring its infrastructural status. He argued that user innovation
shaped the social role of the telephone—more so than telephone com-
pany marketing. While early telephone companies thought of the phone
by analogy to the telegraph, which was chiefly a business instrument,
women (and others) rapidly adopted it for their own, nonbusiness-
related purposes, such as what Fischer called sociability. This was ini-
tially seen by the telephone companies as “idle chatter” that wasted the
system’s value; only after decades of spontaneous, user-driven telephone
sociability did telephone companies perceive the vast marketing oppor-
tunity this represented.

Working-class telephone users also innovated, creating sociotechnical
networks within their communities that allowed them full use of tele-
phone technology without subscribing to the system individually. For
example, in working-class neighborhoods, young boys would monitor
banks of public pay telephones, answering calls and then running off
(literally) to find whomever the caller requested. This kind of system
persisted for decades, even after the cost of telephone service made it
possible for even the very poor to afford a home telephone. By using
their own bodies and their existing community structures (neighbor-
hoods, gathering places) as components, these users created an impor-
tant variation on the infrastructure offered them by corporations and
governments.7

Rather than assume that users are powerless pawns of dominating
corporations or technological systems, Fischer argued, technology stud-
ies should adopt a “user heuristic.” In other words, analysts should always
determine empirically whether users are active agents of technological
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change. Fischer acknowledged important “system effects” on the micro
scale (for example, the large disadvantages of not having a telephone
once most people did). Nevertheless, he maintained, the empirical his-
tory of the telephone does not fit an a priori view of modernity as a 
condition of technological subjection and alienation. Instead, users ap-
propriated telephone technology to their own ends, and they employed
it for a decidedly pre-“modern” purpose: sociability.

Applying the User Heuristic to ARPANET/Internet history
Empirical studies of the ARPANET/Internet and the World Wide Web
have brought to light stories quite similar to Fischer’s account of the
telephone network. In 1968–69, the ARPANET’s designers imagined it
as an official communication channel for research groups sponsored by
the Defense Department’s Advanced Research Projects Agency (ARPA)
across the United States (but see the later discussion for another aspect
of the ARPANET’s design). The purpose was to allow ARPA computer
science researchers to share programs and data quickly, cutting down on
delays and inefficiencies in the existing channels, such as ordinary mail
and telephone.

By 1972, however, ARPANET users had composed simple electronic
mail programs that allowed them to use the system as an unofficial, general-
purpose communications medium. Just three years after the ARPANET’s
creation, 75 percent of network traffic was email (Hafner and Lyon
1996: p. 194). This spontaneous user takeover of an official medium for
unofficial purposes has many parallels in the history of information
technology. For example, corporations using email for so-called group-
work have sometimes felt it necessary to impose random surveillance to
prevent employees from using the medium to “socialize.” While their
(modernist) power to do this has been upheld by U.S. courts (in-house
email is legally considered official communication), the dampening ef-
fects of this strategy have often led corporations to remove surveillance
later (Zuboff 1988).

Similarly, Usenet newsgroups were an unforeseen, entirely user-
developed application of the ARPANET (Hauben 1996). Though ini-
tially many newsgroups were computer related, they, too, rapidly became
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a medium for general-purpose communication on a vast variety of 
topics. Today Usenet comprises tens of thousands of newsgroups, span-
ning subjects from scuba diving to Star Trek. This and similar phenom-
ena have been widely discussed under the rubric of “virtual
communities” (Rheingold 1993). Where telephone-supported sociability
occurred primarily between people who already knew each other, and
who continued to meet in person, these forms of Internet-supported so-
ciability frequently involve strangers who never meet face to face.

The World Wide Web originated at CERN, the European high-energy
physics laboratory at Geneva, in the late 1980s. Once again, its original
purpose was narrow and official. The title of the document proposing
what became the Web was simply “Information Management: A Pro-
posal”; its author, Tim Berners-Lee, sought a way to cut down on the
vast volume of CERN documents and data mailed around the world in
support of the many physicists who collaborate on CERN experiments.
Instead, he proposed a system by which such documents and data could
be accessed easily, through a hypertext interface, via the Internet using a
simple protocol (hypertext transfer protocol, or HTTP). Berners-Lee
named this system the “World Wide Web” in 1990.

Yet what this really described at the time was the World Wide High-
Energy Physics Web. Berners-Lee and Robert Cailliau wrote in their
1990 project proposal that

[A] universal hypertext system, once in place, will cover many areas such as doc-
ument registration, on-line help, project documentation, news schemes and so
on. It would be inappropriate for us (rather than those responsible) to suggest
specific areas, but experiment online help, accelerator online help, assistance for
computer center operators, and the dissemination of information by central 
services . . . are obvious candidates. WorldWideWeb (or W3) intends to cater
for these services across the high-energy physics community. (Berners-Lee and
Cailliau 1990, emphasis added)

Similar language characterized most of the early CERN project. Indeed,
until mid-1993, virtually all the computer servers running HTTP were
located at CERN and other high-energy physics laboratories around the
world.

Here too, however, users very quickly began to add features and to use
the system for general-purpose communication. Unlike the ARPANET’s
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designers, however, Berners-Lee and his colleagues had intentionally
built the system to allow users to add new material and expand the
transfer protocol. With the 1993 release of a graphical browser (Mo-
saic) by the U.S. National Center for Supercomputing Applications
(largely a support system for U.S. physics laboratories), the WWW
began its explosive growth into the emerging infrastructure we know
today.

These examples illustrate an important lesson of empirical studies for
theories of modernity. Selective attention to the specifically “modern”
aspects of infrastructures can produce blindness to other aspects that
may in fact be “antimodern” (as Fischer called the sociability aspects of
telephone systems). For example, modernity studies continually note the
anonymity and geographically dislocated character of Internet virtual
communities (Stratton 1997), but they tend to ignore, or to dismiss as
utopian illusion, their well-documented qualities of spontaneity, self-
organization, and sociability (Rheingold 1993, 1996; Sproull and
Kiesler 1991). They point to the panoptic power of corporate surveil-
lance in networked offices, but they fail to notice when employees find
ways to work around surveillance systems (Zuboff 1988).

The key point here is that infrastructures (like all sociotechnical sys-
tems) have many and sometimes contradictory aspects. At the micro
scale of social organization, “modernity”—as subjection, control, domi-
nance of systems, panopticism—becomes slippery and difficult to locate.

Macro Scales: Functional Approaches to Infrastructural Change

Empirical studies at the macro scale—entire societies and economic 
systems—reveal yet another set of patterns, especially when they also
employ a historical time scale. As Misa has noted, explanations on these
scales tend to be functional and systemic, rather than constructivist, in
character.

On societywide, historical time scales, infrastructures die. Gas light-
ing, the telegraph, the passenger railroad, and inner-city streetcars are
all examples of once-major infrastructures that are dead or radically di-
minished in the United States. Any complete explanation of why they
vanished requires a functional view of the reasons they came to exist in
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the first place. If we look at function rather than at the particular tech-
nology or infrastructure that fulfills it, we see not disappearance but
growth. Gas lighting may be dead, but artificial light illuminates the
world; the telegraph is gone, but far more intricate and capable long-
distance communication systems have replaced it.

On this scale, we see that new infrastructures at first supplement, then
sometimes replace existing ones. For example, the (expensive) telegraph
supplemented (inexpensive) postal services. The telephone at first sup-
plemented the telegraph, then replaced it.8 At present, email supple-
ments the telephone and is rapidly replacing postal services for personal,
letter-length messages. The infrastructures delivering these services
changed, but the fundamental functions they performed did not.9 This
perspective draws attention away from particular technologies, and it is
scale-dependent. On macro scales of time and social organization, func-
tion matters more than form.

Beniger, for example, developed a theory of industrial capitalism cen-
tered around the problem of control, a functional issue linking techno-
logical, social, institutional, and informational dimensions. He argued
that a generalized “crisis of control” resulted from the Industrial Revo-
lution. Mass production techniques created control problems at the
micro level of individual machines; such technologies as the steam en-
gine governor and the Jacquard loom represented solutions at this level.
But mass production also created a control crisis at the macro level of
the entire production-distribution-consumption system. It rapidly pro-
duced more goods than local markets could possibly absorb. Therefore,
finding new markets for this dramatically increased output soon became
an urgent imperative. Faster, higher-capacity transportation systems
could increase the flow rate of mass-produced goods to new, more dis-
tant markets (recalling the PCCIP definition of infrastructure). There-
fore, transportation became a Hughesian “reverse salient” in the
distribution system, overcome by technological innovations such as rail-
roads, trucking, and air freight.

In order to handle the new, higher flow rates, manufacturers and dis-
tributors required better, faster control mechanisms of a different type.
Information requirements—for inventories, orders, accounts, commis-
sions, clients, and so on—grew enormously with the increasing scale of
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the production and distribution system. Solutions to information-process-
ing and communication needs were both technological and social. Be-
niger argued that the rise of bureaucracies in the nineteenth century was
a direct response to information-handling demands. Like Chandler,
Yates, and others (Chandler 1977; Yates 1989), Beniger noted that rail-
roads—the nineteenth century’s largest and most complex infrastruc-
tures—deployed innovations in both human organizations and
information technology to administer and coordinate their far-flung net-
works. Problems of scheduling, optimizing loads, transferring shipments
from one railroad to another, technological standardization, and ac-
counting were severe in the rapidly expanding national and even conti-
nental networks. Railroads resolved these control problems through
both social innovation (complex administrative organizations, with mul-
tilayered managerial hierarchies and a high degree of functional special-
ization) and technological change (vertical files, standard reporting 
and accounting forms, etc.). These sociotechnical systems later became
models for the administration (control) of other emerging infrastruc-
tures, such as the telephone network, which adopted and adapted them
(Friedlander 1995a).

Control through information and communication was driven by two
additional imperatives deriving from the production-distribution prob-
lem described earlier. First, efficient distribution across expanding,
widely distributed sales networks required feedback; as flow rates in-
creased, speed became more critical. Communication innovations such as
the telegraph and telephone provided the possibility of near-instantaneous
feedback, vastly increasing the control capacity of the overall produc-
tion-distribution system. Second, Beniger argued, the problem eventu-
ally became one of creating new markets, as even distant markets
became saturated with mass-produced goods. Advertising, a way of gen-
erating demand, often by creating “needs” from thin air, and market re-
search, another form of feedback that acts to increase the efficiency of
sales and distribution, constituted responses to this new reverse salient.

The macro scale of this functional view offers several unique advan-
tages. First, it focuses attention not on “technology” but on sociotechni-
cal solutions to large problems. Paradoxically, while many read Beniger
as a technological or economic determinist, his functional view could
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also be seen as the ultimate in social constructivism, since it is fundamen-
tally indifferent to whether solutions come in the form of hardware, or-
ganizations, micro-scale user innovations, or some combination of these.

Beniger’s work is deeply problematic in many respects. In particular,
some scholars have challenged the idea that an inherent functional logic
drives industrial capitalism regardless of location or past history. The
existence of widely different production techniques and structures
across industrial sectors, nations, and time periods has been used to
argue that the macro view fails to account for (or even correctly to de-
scribe) the historical realities (Sabel and Zeitlin 1985, 1997).

This debate is far from closed, and I will not presume to resolve it
here. Yet something like Beniger’s macro-scale, evolutionary perspective
on industrial capitalism has been widely shared, most notably by Marx-
ist scholars and world systems theorists. Whether or not it is correct in
every detail, the macro-scale view is radically underappreciated. The
“control revolution” concept allows us to understand, not only the gen-
esis and growth of the many large infrastructures that characterize
modernity, but also the process of linking these infrastructures to each
other, beginning (perhaps) with the nineteenth-century co-development
of the telegraph and railway systems.

Explaining Information Infrastructure: A Macro Perspective

The macro scale perspective has important implications for understand-
ing the origins, evolution, and importance of modern information infra-
structures and has relevance for modernity studies as well. Among these
implications is that notions of a “computer revolution” or (more re-
cently) an “information revolution” crucially miss the continuity of in-
formation infrastructures over time. Seen as infrastructure, information
systems are ways to handle the functional problems of information stor-
age, transfer, access, and retrieval; books and libraries remain our most
important information infrastructures even today.

Ever since the vertical files, typewriters, and punch card tabulating
equipment of the late nineteenth century, information-processing tech-
niques and technologies have received enormous attention from innova-
tors (Campbell-Kelly and Aspray 1996; Cortada 1993, 1996). Beniger’s
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analysis explains why this should be so. The increasingly global markets
of the post-World War II world presented renewed control challenges,
as the speed and efficiency of transportation rose with air travel, inter-
modal freight, and other infrastructural innovations. Control requires
information; the increasing speeds and/or sizes of the systems to be 
controlled required, in turn, faster and more powerful information-
processing technologies. Better information processing is not a mere
convenience but a sine qua non of the increasing speeds and scales at
which the global material economy now operates.

Similarly, Manuel Castells’ monumental three-volume study, The In-
formation Age: Economy, Society and Culture, explored the functional
role of computers and telecommunications in a new “informational
mode of development,” defined as “the technological arrangements
through which labor acts upon matter to generate a product” (Castells
1989: p. 10). In the informational mode of development, information it-
self is both a raw material and a product. This feature generates an ever-
faster development cycle; since each new process or product consists
largely of information, it can instantly become input to a new round of
innovation (Castells 1996: pp. 32–65). Information infrastructure thus
plays a double, and doubly important, role as the fundamental basis,
not only of information products and processes, but also of the global
organization of material production and distribution. The informational
mode of development takes different forms in different world regions,
with material production concentrated in some areas and information
production focused elsewhere. But information technology, he argues,
creates everywhere a “networking logic” that integrates specific technolo-
gies into larger systems. I return to this point later.

The point here is not to make information technology the centerpiece
in an ideology of progress. Instead, I simply want to acknowledge that
for better or for worse, on macro scales of time and social organization,
the co-evolution of industrial capitalism and its infrastructures displays
a powerful, if never entirely determining, functional logic. As Hughes
observed, this logic accounts for such historical phenomena as simulta-
neous invention; to those who understand a system’s overall characteris-
tics and potentials, reverse salients can become quite obvious and 
can command extraordinary theoretical, practical (engineering), and 
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economic interest. The solutions adopted are not necessarily the “best”
ones, if such a term is even coherent; they are simply those that endure
in the market. The principles of technological change are frequently not
“survival of the fittest,” but merely “survival of the surviving.” Neither
Beniger nor Castells can explain why particular innovations occur, or
why one is ultimately successful while another is not; for this one needs
micro- and meso-scale views. Yet the macro perspective points to the
centrality of technologies of information and control and to the ways in
which overall system problems of industrial and postindustrial capital-
ism generate technological solutions which create, in turn, new system
problems requiring further sociotechnical innovation.

At the largest scales, principles of increasing speed, volume, and effi-
ciency drive the entire economy, with each increase in one area (e.g. pro-
duction capacity) creating a reverse salient in another (e.g. market
“development”). The overall system can be fruitfully described as pos-
ing a linked series of sociotechnical problems; the informational dimen-
sions of many of these fall under Beniger’s rubric of control. Just as
Hughes used reverse salients to explain the phenomenon of simultane-
ous invention in electric power and lighting, Beniger’s concept of the
macro-scale control problems of industrial capitalism helps account for
the massive investments in information infrastructure and in informa-
tion technology research and development throughout the nineteenth
and twentieth centuries.

Issues of Scale in the History of Information Technology

At this point I want to illustrate the implications of attention to scale in
some of my own work on the history of computers. Electronic digital
computers were developed for entirely modern purposes: code-breaking
and ballistics calculations for military forces, calculation and data pro-
cessing for giant corporations and governments, and numerical analysis
for “big science.” One of the most important episodes in early computer
history was the construction of the largest and most grandiose single-
purpose, centralized control system ever designed: the nuclear com-
mand-control system of the Cold War era. Few infrastructures could
serve better as icons of modernity.
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Ironically, within a few decades these same machines had evolved into
desktop devices and embedded computers that distributed and dispersed
control to a completely unprecedented degree. The present era, well
characterized by Castells’ phrase “the network society,” looks very little
like the subjection to large, panoptic systems characteristic of some con-
cepts of modernity. It is thoroughly postmodern, yet it is also, as I men-
tioned earlier, in many ways antimodern. Indeed, the tensions between
centralized, hierarchical forms of power on the one hand, and decentral-
ized, distributed, networked forms of power on the other, are funda-
mental characteristics of the present moment. A great deal of evidence
documents the relatively recent rise of networks as a major mode of so-
ciotechnical organization, strongly facilitated (though not determined) by
the availability of new information technologies (Arquilla and Ronfeldt
1997; Castells 1996; Held et al. 1999).

SAGE: The First Computerized Control System

The first important use of digital computers for control—as distinct
from calculation, the chief purpose for which they were invented—ar-
rived as a direct result of the Cold War. When the Soviet Union ex-
ploded its first nuclear weapon in 1949, well ahead of the schedule
predicted by U.S. intelligence analysts, a nervous Air Force suddenly
began to seek solutions to a problem it had until then been able to 
ignore: air defense of the continental United States.

Several different solutions were pursued simultaneously. All of them
faced an extremely difficult communication and control problem: how
to recognize and then to track an incoming Soviet bomber attack and
mount a coordinated response that might involve hundreds or even
thousands of aircraft. “Response,” in that era, primarily meant intercep-
tion by manned fighter aircraft. Limitations of radar systems, and the
speed of then-nascent jet bombers, meant that the response would have
to be mounted with only a few hours’ warning at most. One warning
system, the Ground Observer Corps, was labor-intensive; some 305,000
volunteers staffed observation towers along the entire Canadian border,
reporting what they saw by radio and telephone. A second, the Air De-
fense Integrated System, proposed to automate some of the calculation
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and communication functions of the existing air defense structure using
analog aids.

The third solution, proposed by engineers at the Massachusetts Institute
of Technology (MIT), was radical. It involved using electronic digital com-
puters to process radar signals, track incoming aircraft, calculate intercep-
tion vectors for defensive fighters, and coordinate the entire response
across the continent. The system concept included the abilities for the
computer to send guidance instructions directly to the interceptors’ auto-
pilots, and even to control directly the release of air-to-air missiles. (The
latter capability was never implemented.) All of these were real-time con-
trol functions; the computer, in other words, had to work at least as fast as
the weapon systems (jet aircraft and others) it would guide. When the pro-
posal was made in 1950, no digital computer could perform the required
calculations at the necessary speed. Worse, electronic digital computers
were extremely expensive, poorly understood, and highly unreliable. Con-
taining thousands of burnout-prone vacuum tubes, their failure rates were
enormous. In my book The Closed World (Edwards 1996), I argued that
these issues made the choice of a computerized command-control system
highly problematic, to say the least. Why did SAGE eventually win out?

With a colossal infusion of government cash, the technical problems
were more or less resolved. The social problems—including resistance
from some elements of the Air Force to a system that wrested control
from individual pilots and placed computers in charge of command
functions—were more difficult, but eventually they too were overcome.
In 1958–61, after 10 years of research and development, the Air Force
deployed the SAGE system across the United States. It was by far the
single most expensive computer project to date. IBM, which built the
system’s 56 duplexed vacuum-tube computers, grossed $500 million
from SAGE, its largest single contract of the 1950s. This was arguably
among the chief reasons IBM came to dominate the world computer
market by the early 1960s, since although it was not highly profitable,
the project gave IBM access to a great deal of advanced research at MIT
and elsewhere, much of which it introduced into its commercial prod-
ucts even before the SAGE computers were built.

SAGE consisted of 23 regional sectors. The computers at each sector’s
Direction Center communicated with neighboring sectors in order to be
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able to follow aircraft as they moved from one to another. Modems al-
lowed radar data to be sent to the Direction Centers from remote loca-
tions and computer data to be shared. In a rudimentary sense, then,
SAGE represented not only the first major computerized control system,
but also the first computer network. Yet it was designed to permit hier-
archically organized, central control of the nuclear defense system.

In a pattern entirely characteristic of infrastructure development
(Bowker and Star 1999), SAGE piggybacked on other, existing infra-
structures, relying on leased commercial telephone lines for intersector
communications. Upon implementation, SAGE immediately spawned a
host of follow-on projects with similar features. In the early 1960s, com-
puters had already achieved a nearly irresistible appeal, far beyond what
their actual capabilities then warranted. For example, intercontinental
ballistic missiles (ICBMs) made the SAGE system obsolete almost before
it was completed; the easily jammed system would probably never have
worked anyway, and the co-location of SAGE Direction Centers with
Strategic Air Command bases made them bonus targets.

Despite these glaringly obvious problems, literally dozens of comput-
erized command-control systems, including the Ballistic Missile Early
Warning System, the Strategic Air Command Control System, and the
North Atlantic Treaty Organization’s Air Defense Ground Environment
(NADGE), were constructed in the following decade. Among the most
ambitious of these was the World Wide Military Command Control
System (WWMCCS), developed to automate planning for large-scale
military operations across the globe.10

In short, computer-based command-control systems rapidly became a
kind of Holy Grail for the American military. In 1969, General William
Westmoreland, former commander-in-chief of U.S. forces in Vietnam,
labeled this the “automated battlefield.” The automated systems de-
ployed during the Persian Gulf War and the recent Afghanistan conflict,
though not nearly so perfect or so accurate as claimed, mark the near-
realization of Westmoreland’s vision.

Cold War–era nuclear command-control systems, all of them con-
structed on the model of SAGE, reflected the attempt to deal simultane-
ously with the imperatives of strategy, policy, technology, and culture. As
the warning window shrank from hours to minutes with the deployment
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of ICBMs, constraints on command structures became extremely severe.
The traditional hierarchical chain of command yielded to a “flattened,”
highly automated (but still hierarchical) version that reduced choices to a
set of preprogrammed war plans for various “contingencies.”

Military planners, attempting to reduce time delays inherent in the
human command system, increasingly integrated computerized warning
systems with weapons-release systems. Although the ultimate decision
to launch nuclear weapons always remained in human hands, fears of
nuclear war initiated by machine were far from groundless (Borning
1987). Soviet and American warning systems reacted to each other in an
extremely sensitive way, producing a ratchet effect in which even sober
analysts saw the possibility of “nuclear Sarajevos” (Bracken 1983).

Traversing Scales: “Mutual Orientation”

In The Closed World, I attempted an explanation of these developments
that moved frequently between the macro- and meso-level constraints
and enabling forces of strategy, policy, history, and culture on the one
hand, and the micro- and meso-level worlds of individual inventors,
work groups, and institutions on the other.

A process I call “mutual orientation” described the relationship be-
tween small groups of civilian engineers and scientists and their military
sponsors, large institutions whose goals derived from the kinds of
macro- and meso-scale imperatives discussed earlier.11 In the early Cold
War, most funding for research and development came directly or indi-
rectly from military agencies. Very often these agencies did not know
exactly what they were looking for. They could define general goals, but
not a new means of reaching them. Generally speaking, military institu-
tions of that era were inherently conservative, suspicious of innovation,
and worried about “egghead” scientists taking over their traditional re-
sponsibilities. At the same time, WWII was widely perceived as “the sci-
entists’ war” (Baxter 1948). In the wake of radar, the atomic bomb,
missiles, jet aircraft, and computers—all WWII products—American 
society credited scientists and engineers with almost superhuman pow-
ers. So, after the 1949 Soviet atomic test, the Air Force turned to them
for help.
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Here, as in very many other situations during the Cold War, the Air
Force offered a general problem—continental air defense—and a set of
existing weapons, such as airplanes. At the time, it was still integrating
radar-based ground control into the cowboy pilot culture it had inher-
ited from the days of dogfighting during World War I. It had no real
concept of how to conduct air defense on such a scale, nor did many be-
lieve such a goal was even feasible (see Edwards 1996, chap. 3). In fact,
the primary strategic policy of the period was “prompt use,” or preemp-
tive strike—one that left no role for a defensive force, since Soviet
bombers would in principle be destroyed before they left their runways
(Herken 1983).

The MIT engineers who designed the SAGE system, on the other
hand, saw air defense as just one system control problem among others,
solvable with the right equipment. Most of them had wartime experi-
ence with military problems (and sometimes with combat), but they
were not military officers and they took a fresh view of the situation.
The pieces of the puzzle as they imagined it were all in place—with the
sole exception of the unfinished Whirlwind computer, which they were
already building for other reasons and whose completion was their own
primary, overriding goal. Making the computer fast and reliable enough
to solve the Air Force’s problem would also solve their own. The large
implications of their concept were not lost on them.

In 1948, Jay Forrester and Robert Everett, later to become the chief
engineers behind SAGE, had produced a comprehensive, compelling vi-
sion of computers applied to virtually every arena of military activity,
from weapons research and logistics to fire control, air traffic control,
antiballistic missile defense, shipboard combat information centers, and
broad-based central command-control systems. They had written a plan
for a crash 15-year, $2 billion program leading to computerized, real-
time command-control systems throughout the armed forces, project-
ing development timetables and probable costs for each application
(Redmond and Smith 1980).

The question here is why civilian engineers would spend their time
working out a general systems concept for the military, which it had
never requested and to which it was hardly (at that time) even amenable?
The answer to this question requires understanding multiple factors and
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levels (for a full discussion see Edwards 1996, chapter 3). Among these
factors and levels are Forrester and Everett’s own backgrounds and inter-
ests; their personal relationships with foresighted specialists at the Navy
Special Devices Center, which funded Whirlwind during 1944–49; other
Navy elements which viewed Whirlwind as a white elephant and slashed
its budget in 1949; and MIT’s institutional response to this funding 
crisis. Seen in its full context, Forrester and Everett’s plan for military
computing represented not simply an engineering proposal, but more im-
portantly a fundraising maneuver for a threatened project. When mas-
sive Air Force funding suddenly became available after the Soviet atomic
test of 1949 and the outbreak of the Korean War in 1950, Forrester and
Everett suddenly found themselves uniquely situated to bring digital
computers to bear on a new kind of problem.

This multiscalar, many-dimensional history shows why a cowboy cul-
ture of pilots came to adopt a computer-based ground control infra-
structure which it saw (initially) as a useless nuisance and anathema to
the military ethos of battlefield responsibility. The civilian engineers ori-
ented the Air Force toward a systems concept involving computerized
control, while the Air Force oriented the engineers toward problems of
very large-scale, real-time, high-reliability command. The SAGE engi-
neers were system builders in the Hughesian sense: they perceived the
control problem as the reverse salient, and devised a general-purpose so-
lution that could be applied ad infinitum to other control problems.
That particular reverse salient emerged simultaneously from technical,
political, and cultural sources. Ultimately, U.S. geostrategic policies dic-
tated the speed, reliability, and scale of SAGE, while a few engineers fas-
cinated by then-nascent digital computers convinced the Air Force that
the latter could be forged into a possible solution. The consequences of
this interplay were profound indeed: a global command-control infra-
structure based centrally on digital computers.

The concept of mutual orientation, I argue, characterizes quite
broadly the general relationship between Cold War scientists and engi-
neers and their military sponsors. In that era of swollen military 
budgets, sponsors did not need to direct research and development in
detail. It was enough to orient scientists and engineers toward a general
problem area. If even a fraction of the results proved useful for military
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purposes, that was enough, since cost was not the dominant concern.
Even the most indirect value, such as pushing forward the high-tech
economy (a.k.a. the “defense industrial base”), could be counted among
the useful results of military R&D spending, within the totalizing vision
of Cold War military planners.

Yet this was no conspiracy. Military sponsors relied in turn on scien-
tists and engineers to generate applications concepts for new technolo-
gies. Grant writing—frequently viewed by scientists and engineers as a
kind of make-believe, in which they pretended to care about military
problems, while their sponsors pretended to believe in the military value
of their work—looked quite different to military sponsors, who often
took it quite seriously. This led to the weird (and often willful) near-
sightedness of the legions of American scientists and engineers who con-
sumed a steady diet of military money, yet claimed their research had
nothing to do with practical military goals. They could be right, on the
micro level, while being totally wrong about the meso-scale process in
which they were caught up.

ARPANET History as Mutual Orientation

Another example of this process at work can be seen in the history of
the ARPANET, which has developed a strange dual origin story. The
version I described earlier holds that ARPA simply wanted to make links
between its research centers more efficient and test some technically in-
teresting concepts. A compelling part of this legend concerns the re-
markable role of an anarchically organized group, consisting largely of
graduate students, that developed the protocols for ARPANET message
transmission. The nonhierarchical, contributory “request for com-
ments” (RFC) process by which these protocols developed looks nothing
like the hierarchical, specification-driven procedure held to characterize
military operations. Indeed, the supposedly meritocratic, otherwise egal-
itarian culture of the ARPANET protocol builders has become part of
the defining libertarian mythology of Internet culture.12 Computer scien-
tists themselves frequently recount this version of ARPANET history
(Hafner and Lyon 1996; Norberg and O’Neill 1996). Note that this is a
micro-scale story, both in time and in social organization: ARPA’s tiny
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staff promoted the ARPANET, of course, but they did so as fellow trav-
elers (most being computer scientists themselves, rather than military
bureaucrats). For their part, the scientists involved pursued packet
switching strictly for their own ends, and created their own, unofficial
processes, such as the RFCs, to do so. There is an unmistakably gleeful
tone in some of these recollections, a feeling that ARPA actually stood
between computer scientists and the military, allowing the former to do
exactly what they wanted while casting a smokescreen of military utility
before higher levels of the Pentagon.

An entirely different ARPANET origin story takes the meso-scale ap-
proach. On this view, U.S. military institutions, seeking a survivable
command-control system for nuclear war, were the driving force (see,
for one of many examples, the widely distributed account by Sterling
[1993]). This version begins in 1964, with a suite of RAND Corpora-
tion studies of military communications problems (Baran et al. 1964).
One RAND proposal involved a “packet-switched” network. Digital
messages would be carved up into small pieces, individually addressed,
and sent through a network of highly interconnnected nodes (routers).
Based on network load, every node would determine routing indepen-
dently for each packet; in an extreme case, each packet might take a dif-
ferent route through the network, passing through many nodes on the
way. Upon arrival, the message would be reassembled.

Packet switching meant that during a war, destruction of a few (or
even many) individual network nodes would not prevent the message
from reaching its final destination. This contrasted with the existing 
circuit-switched telephone network, in which two correspondents occu-
pied a single circuit whose communication would be interrupted imme-
diately upon destruction of any node in the circuit link. Packet switching
was an express response to nuclear strategy, with its very high levels of
expected destruction. In this second ARPANET origin story, the RAND
studies fed directly into the ARPANET project. ARPA sought to build a
packet-switched network for digital military communications. Whatever
the research scientists believed, it was all along a deliberate strategy to
build military applications.

Finally, a third, macro-scale story might also be told. This story
would place the ARPANET against a larger background of the many
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other computer networking experiments already underway, some (such
as Donald Davies’ 1967 network at the UK National Physical Labora-
tory) having quite different social goals. Or it might situate the Internet
against the long-term history of information and communication 
infrastructures, tracing it back at least to the telegraph, which used a
“store-and-forward” technique remarkably similar to packet switching.
Long-term studies of military command, control, and communication
can now be re-read, seeking similarities among problems and solutions
from historical periods predating the Internet (Bracken 1983; van Crev-
eld 1985). Predictably, as scholars begin to explore Internet history,
these macro-scale stories are rapidly emerging (Abbate 1999; Castells
1996; Rowland 1997; Standage 1998).

Multiscalar Analysis of ARPANET History

It is tempting to try to choose between micro-, meso- and macro-scale
analysis to ask the question: Which version of this story is correct? A 
social constructivist view might opt for the micro level, holding that the
actor perspective debunks the macro perspective. A modernity-studies
approach might do the reverse, taking the meso-scale story as “true”
and the micro as irrelevant or illusory. On this view, ARPANET history
would be a typically modern episode in which huge forces and 
systems dominated individuals and prevented bottom-up social self-
organization. Computer scientists and popular journalism frequently
take the macro-level, functional view of the ARPANET, seeing it as 
one step in the continuous evolution of better, faster information 
infrastructures.

The concept of mutual orientation allows us to move among these
scales and consider instead that all three stories are true. At the micro
scale, scientists rarely if ever thought about the military communications
problem; they had their own, private motivations for the work they did.
Yet at meso scales of time and social organization, a packet-switched
military communications network was a deliberate goal of military
agencies (Abbate 1999). At a recent conference, a former high ARPA of-
ficial told me: “We knew exactly what we were doing. We were building
a survivable command system for nuclear war.”13 And indeed, within a
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few years (and with heavy ARPA backing) packet-switched networks
had made their way into everyday military use (Norberg and O’Neill
1996). At this scale, the ARPANET’s military backing explains not so
much its particular structure as why it grew faster than other proto-
types. Finally, the macro-scale view reveals deep, repeated patterns in in-
frastructure development. Military needs for speed, survivability, and
remote coordination can be seen as ongoing functional demands that
have shaped the form of communication infrastructures under many
technological regimes; meanwhile, the constraints and enablements of
varied communication networks have clearly shaped military capabili-
ties (van Creveld 1985).

The subsequent history of the Internet also bears out all three stories.
On the micro level, as I pointed out earlier, by the early 1980s users

had turned the Internet into a general-purpose communication tool.
Hackers, largely working without pay and without a practical purpose
other than invention for its own sake, played major roles in the Inter-
net’s development. The legend of Internet culture as a libertarian 
meritocracy—“on the Internet, no one knows you’re a dog”14—is partly
legend, but also partly true. The astonishing growth of the World Wide
Web after 1993 was also strongly driven by the private purposes of indi-
viduals and small groups. The technical tools for website construction
and web browsing (HTTP, Mosaic, Netscape, etc.) were by design free
and open; the development model for HTTP was the Network Working
Group that designed and managed Internet protocols.

On the meso scale, digital packet-switched command-control systems
rapidly became the military norm, partly as a result of ARPA proselytiz-
ing (Norberg and O’Neill 1996; Reed et al. 1990; Van Atta et al. 1991).
Pursuit of Westmoreland’s (totally modern and modernist) centralized,
electronic “automated battlefield” continues into the present. At a con-
ference of the President’s Commission on Critical Infrastructure Protec-
tion at Stanford University in 1997, an Air Force general claimed that
“we are two years away from 24-hour, real-time surveillance and
weapons delivery of any place on the planet.” On a different meso-scale
plane, corporate adoption of the Internet and the advent of e-commerce—
especially pornography—were the decisive factors in turning the Web
from a curiosity into a genuine global infrastructure.15
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On the macro level, networking can be seen as a control problem
along the lines posed by Beniger. The Internet explosion of the late
1980s would not have happened without a development entirely unre-
lated to the ARPANET, namely, the spread of personal computers (PCs)
through the business world. As Gene Rochlin and James Cortada have
argued, desktop PCs were initially adopted piecemeal by individuals and
departments rather than by central corporate decisions. The effect of
this pattern was to decentralize data (and therefore power) within corpora-
tions. Networking these many machines represented an attempt to reestab-
lish central control, or at least coordination (Cortada 1996; Rochlin
1997). Until the later 1980s, most corporate networks were built with-
out a thought of Internet connectivity. Yet they could easily be con-
nected (because they generally used the same protocols), so that once the
Internet began to become popular, many thousands of computers could
be rapidly connected to it. This version of the story sees connectivity
and control as functional directions of the economic system as a whole.

But the macro scale also allows us to observe a fundamental transi-
tion, one frequently connected with the end of modernity and the arrival
of postmodernity. The distributed architecture of the ARPANET, Inter-
net, and World Wide Web, and the open design processes that became
their hallmark, made possible distributed networks of power and con-
trol. This effect is nearly opposite to the central-control purposes for
which the ARPANET was built. Elsewhere I have argued that the Inter-
net and other computer technologies have made possible “virtual infra-
structures” which can be created and dismantled at will by constructing
or destroying channels for information and control (Edwards 1998a).
These virtual infrastructures are the foundation of Castells’s “network
society” (1996): a postmodern world not of systems but of constantly
shifting constellations of heterogeneous actors of widely varying scale
and form.

Conclusion

In this chapter I have argued that studying infrastructures on different
scales of force, time, and social organization produces different pictures
of how they develop, as well as of their constraining and enabling effects
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on social and individual life. Different scalar views also lead to different
pictures of the solidity of the “modernist settlement” that separates na-
ture, society, and technology.

Modernity studies typically approach technology as fundamental to a
generalized modern (or postmodern) “condition,” i.e., on the meso scale
(Borgmann 1984, 1992; Harvey 1989). Meso-scale analysis typically
takes historical time scales (decades to centuries) as the relevant frame.
It describes large institutions—a typically modern form—as the domi-
nant actors in infrastructure development. As large, force-amplifying
systems that connect people and institutions across large scales of space
and time, infrastructures seem like paragons of modernity understood as
a condition of subjection to systems, bureaucracies, hardware, and
panoptic power. The empirically observed meso-scale phenomenon of
“technological momentum” explains the sense that infrastructures are
beyond the control of individuals, small groups, or even perhaps of any
form of social action, and that they exert power of their own. Infra-
structures constitute artificial environments, walling off modern lives
from nature and constructing the latter as commodity, resource, and ob-
ject of romantic utopianism, reinforcing the modernist settlement.

Yet both micro- and macro-scale analyses challenge these construc-
tions of technology and modernity. Macro-scale perspectives on force
see infrastructures as imbricated within, rather than separate from, na-
ture. The view from this scale emphasizes the role of infrastructure in
creating systemic vulnerabilities to, rather than separation from, nature.
It also underscores the metabolic connections between technology and
nature, through fuel and waste. Here problems such as anthropogenic
global climate change come into focus as the outcome of decade-to-
century scale carbon metabolism. Macro-scale perspectives on time and
social organization show infrastructures as solutions to systemic prob-
lems of flow in industrial capitalism: how to produce, transport, and sell
increasing volumes of goods; and how to control the overall production-
distribution-sale system (what Hughes might call the maximization of
“load factor”). At this scale, their structure and form shift constantly.
Particular technologies and systems are less important than the func-
tions they fulfill. Thus infrastructures become, not a rigid background of
overpowering technologies, but a constantly changing social response to
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problems of material production, communication, information, and
control.

Micro-scale, social-constructivist analyses, especially those that study
user activity, demonstrate that individuals and small, spontaneously or-
ganized social groups shape and alter infrastructures. In redeploying
emerging infrastructures to their own ends, users participate in creating
versions of modernity. Here too, the form and function of infrastruc-
tures shift and change over time, albeit for very different reasons than at
the macro scale.

Thus, if to be modern is to live within multiple, linked infrastructures,
then it is also to inhabit and traverse multiple scales of force, time, and
social organization. My concept of “mutual orientation” describes one
process by which micro-scale actors interact with meso-scale institu-
tions; doubtless many other such processes await discovery. As for inter-
action between meso and macro scales, I have advocated describing
infrastructures in terms of function rather than technology.

This multiscalar, empirical approach suggests problems with most
conceptions of “modernity” itself, stemming from modernity theory’s
typically meso-scale perspective. Is there really a single condition de-
scribable as “modern”? Or is this a contemporary form of idealism, an
abstraction to which reality corresponds only when viewed on a single
scale? Micro-level, user-oriented approaches suggest that subjection and
domination only partially describe actors’ complex (and active) relation-
ship to technology and institutions. Meanwhile, macro-scale approaches
suggest a general trend toward infrastructural integration, facilitated by
new information technology. But this integration seems to be leading,
not only toward a shoring up of modernist state and corporate power
and panopticism, but also toward a decentralized, rapidly reconfig-
urable “network society” whose postmodern dimensions are only begin-
ning to be visible. Perhaps, then, “modernity” is partly an artifact of
meso-scale analysis, to which the multiscalar approach recommended
here might be an antidote.

I will close, sotto voce, with two important asides. First, the social
constructivist approach currently popular in science and technology
studies cannot generally, in practice, be distinguished from a micro-scale
view (Misa 1988, 1994). Social constructivist approaches almost always
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explore the early phases of technological change, when technologies are
new, salient, and controversial. This is also the point at which individual
and small-group activity is most important. For example, user interven-
tion in network design becomes decreasingly important and effective as
standards are established and infrastructures become national or global
in scope. The typical social constructivist argument is that if a technol-
ogy was once controversial, it could become so again, and/or that on-
going social investment is required to maintain any given technical
system. Constructivists tend to be skeptical of macro-scale explanations
in any form, although they sometimes give attention to meso-scale actors.

My point here is that constructivist arguments not only depend upon,
but actually function by, reduction to micro scales of time and social or-
ganization. Social constructivism is a contemporary form of reductionism
analogous to the physicist’s claim that all higher-order phenomena must
ultimately be explained at the micro level of atoms and molecules. It is not
that constructivist explanations are false; they have added enormously to
our understanding of science and technology, and they offer a useful
counterpoint to modernity theory’s meso-scale view. But taken alone,
without attention to meso- and macro-scale analysis, constructivism cre-
ates a myopic view of relations among technology, society, and nature.

Second, my multiscalar approach suggests a complementary reflexive
conclusion. The present popularity of constructivism and other micro-
and meso-scale approaches among academics may stem (in part) from
meso- and macro-scale forces we too often ignore. As the academy’s
ranks swelled after WWII, institutions and disciplines responded by in-
creasing scholarly specialization, thus allowing the creation of new
niches (e.g. jobs and academic journals). This specialization (a modern
condition?) drives scholars to focus on ever-smaller chunks of time and
space. The discipline of history, for example, demands topics (and
archival sources) that a historian can hope to master within a few years.
Working typically alone or in small groups, historians are ill equipped
to explore broad patterns and multiple scales. Similar points could be
made about sociology, anthropology, and other empirical approaches to
modernity. Today’s scholars tend to sneer at genuinely macro-scale em-
pirical studies, likely as they are to contain mistakes at the level of detail
that occupies the forefront of specialists’ attention.
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Multiscalar analysis requires an enormous depth of knowledge—more
than can be expected of most individuals. Social and historical scholar-
ship has few precedents for genuine team-based approaches, which re-
quire a complex process of coordination, agreement on methods, and
division of intellectual labor. It may be too much to hope that our disci-
plines will evolve in this direction, particularly given the present reward
structures of most academic institutions. But if I am right that multi-
scalar analysis holds the key to an understanding of technology and
modernity, we must at least make the attempt.

Notes

1. Most users of “computers” confront them, not in their essence as general-
purpose programmable machines, but in their applications as special-purpose,
preprogrammed systems: grocery store cash registers, rental car return systems,
online library catalogs, Web browsers (Landauer 1995). Even more invisible to
ordinary users are the ubiquitous “embedded” microprocessors contained in
everything from automobiles to refrigerators.

2. Here I also want to acknowledge my friend and colleague Stephen Schneider,
whose insistence on the importance of scale in climate science first led me to
think about these issues.

3. Speed, which may be understood as the application of force amplification to
the problem of human time, is another aspect of modernity produced through
infrastructures. I lack the space to treat this here, but see, for example, Virilio
(1986) and Rabinbach (1990).

4. The epochal character of these changes led Marvin (1988) to the correct in-
sight that the perceived pace of technological change in the late nineteenth cen-
tury was in fact faster even than today’s (see also Kern 1983).

5. Small size does not always correlate with short duration. Families, for exam-
ple, are a basic social unit that can endure coherently in time over extremely
long periods. Nor does large size guarantee long survival.

6. For reviews of these literatures, see Friedlander (1995a,b; 1996).

7. In modern India and Bangladesh, microcredit programs are deliberately pro-
moting a similar, community-centered telecommunications strategy. Village
women receive cellular telephones from the Grameen Bank and other sponsors.
They then sell call time to local customers. They earn money, but in the process
they also become central to village life in a new and significant way.

8. Business users at first resisted general use of the telephone because it left no
written record. Fax machines, piggybacking on the telephone system, serve this
record-making function today.
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9. Micro-level studies would certainly reveal systematic though subtle changes in
the content and form of messages sent through each infrastructure for example,
McLuhan’s “hot” and “cold” media, or recent studies of differences between
email and other communication forms in business organizations (Sproull and
Kiesler 1991). Part of my overall argument is that these differences, too, could
be seen as a matter of scale.

10. First operational in 1972, WWMCCS was replaced in 1996 by an updated
version, the Global Command Control System.

11. This concept resembles, of course, other sociological ideas for relating actors
and contexts of widely varying sizes and capacities, such as Giddens’ dialectic of
agency and structure (Giddens 1979, 1981) and actor-network theory (Bijker
and Law 1992; Callon and Latour 1981; Callon et al. 1986; Latour 1987). I like
to think that “mutual orientation” is a more directly descriptive and hence more
useful term.

12. The term “mythology” here is intended in its full culture-defining sense, not
as a contrast to a “true” history.

13. Because this comment came during a casual conversation, I omit this offi-
cial’s name. Suffice it to say that no one could have been in a better position to
make this statement.

14. This was the punch line of a popular New Yorker cartoon, which shows two
dogs working at a home computer.

15. As of 1998, 84 percent of registered Internet domain names were in the .com
category, according to The Internet Index, vol. 24 (http://new-website.openmarket.
com/intindex/99-05.htm). This figure probably presents a radically inflated view
of the actual number of commercial websites, since many .com domain names
are registered by speculators hoping to sell them later (or corporations trying to
occupy a “name space”), and are not yet (and may never be) actually in use.
Still, commercial and economic activity clearly became the dominant use of the
Web in the late 1990s.





Technology studies are currently dominated by social constructivist 
approaches of many kinds: sociotechnical systems, social shaping, 
sociotechnical alignments, or actor-network approaches (see Grint and
Woolgar 1997, chap. 1). Despite their differences, these approaches
share a common stance against essentialist tendencies in one way or
other. This characteristic can be found very clearly in the so-called social
construction of technology (SCOT) approach (see Pinch and Bijker
1987 and Bijker 1995a), as well as in the actor-network approach of
Bruno Latour (1987, 1999b) and Michel Callon (1995). Advocates 
of these approaches also argue against any determinism, whether it is 
a technological or a social determinism. That is, they do not presup-
pose a naïve distinction between the “technical” and the “social.” 
They maintain that technological development is not determined by
technical or social factors. These approaches emphasize the unique, con-
tingent situation in which a sociotechnical network is developed and in
which technological artifacts are correspondingly interpreted. Techno-
logical artifacts and their ways of working are considered to have no 
inherent and essential attributes and are subject to “interpretative 
flexibility.”

While this nonessentialism makes discussions in technology studies in-
triguing, it also makes them at times very complicated and difficult, es-
pecially when the relationship between modernity and technology is
under analysis. It is difficult to retain a nonessentialist view of technol-
ogy when we consider technology to be one of the essential factors of
modernity; it seems that we cannot but assume that there is an essential
character of modern technology that marks it as different from traditional

8
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technologies. In fact, we have many conceptual schemes that orient our
thinking in an essentialist direction; for example, Heidegger’s concept of
“Gestell” or Horkheimer’s concept of “the domination of instrumental
rationality” (see Feenberg 1991).

The use of these concepts to formulate questions concerning moder-
nity and technology tends to presuppose that modern technology is es-
sentially different from traditional technology. However, when we
analyze concrete technological phenomena and search for criteria that
distinguish modern technologies from traditional ones, these concepts
are too abstract to be helpful. On the other hand, the newer approaches
in technology studies have so far ignored the question of modernity and
technology. While proponents of a social constructivist approach ana-
lyze how technological artifacts and their ways of working are consti-
tuted through sociotechnical networks, they seldom make any attempt
to differentiate modern technologies from premodern ones. Perhaps 
for them this problem seems burdened by too many metaphysical or ide-
ological factors that presuppose the essentialist way of thinking. We
thus find ourselves in a difficult position when we try to deal with the 
relationship between modernity and technology.

Is there a way to deal with this relationship without taking an essen-
tialist stance? How can we distinguish modern technologies from tradi-
tional ones while taking interpretative flexibility seriously? These are the
questions I wish to address in this chapter.

The following section addresses the creative character of technology,
which is rarely discussed in traditional philosophy of technology. In this
section I draw upon concepts developed and elaborated by Kitaro
Nishida, a preeminent modern Japanese philosopher. His philosophy
can be interpreted as an attempt to develop a nonessentialistic way of
thinking. According to Nishida, the creativity of technological phenom-
ena can be described as “reverse determination,” (Nishida 1949b) which
is realized spontaneously in each historical situation and sometimes
against the original intent of the designers and producers.

In the third section, I discuss case studies of technology transfer in late
nineteenth-century Japan to illustrate the creative character of technol-
ogy and to exemplify the idea of reverse determination. In the conclud-
ing section I suggest, based on several accounts of modernization in
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Japan, a characteristic that differentiates modern technologies from 
traditional ones. If we focus on the creative function of technology, we
could describe the distinguishing feature of modern technology as the in-
stitutionalization of creativity within a certain sociotechnical network,
in contrast to a traditional technology, in which creativity remains a
random phenomenon.

“Otherness” and Creativity of Technology

The Ambiguous Character of Technological Artifacts
One of the important and most general reasons we create technologies is
to free ourselves from various types of work. However, if we examine
this familiar aspect of technology more closely, its ambiguous character
becomes apparent.

According to cognitive theories of artifacts, artifacts are considered to
be not only the result of intelligent human work but also the cause of in-
telligent behavior by human beings. In order to solve a problem, such as
keeping out of the rain, we make an artifact, such as a roof. Once we
have made the roof, we can entrust the work of problem solving (keep-
ing the rain off our heads) to the roof without worrying again about
how to solve that problem. Gregory calls this role of an artifact “poten-
tial intelligence” (Gregory 1981: 311ff.).

From this cognitive view we can point out at least two features of ar-
tifacts and technology: (1) We use artifacts as instruments to solve cer-
tain problems. In this sense an artifact has a meaning only because
human beings use it for a certain purpose. (2) But sometimes we are en-
couraged or compelled to use a specific means for a certain purpose, if
we want to be intelligent and rational. Artifacts make our intelligent and
rational behavior possible. In this way we can find in the most general
characteristics of an instrument an ambiguous feature, which identifies a
means as something more than a simple means.

I would like to call this surplus component—that which is “more
than” a simple means—the “otherness” of technology, because it shows
a component that cannot be reduced to a pure instrumental means and
that sometimes motivates various interpretive activities corresponding to
each situation. How can this ambiguous character be made clearer? 
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I think this problem is at the crux of the philosophy of technology. The
kind of philosophy of technology we have depends on how we charac-
terize this “otherness” of technology, or on which facet of the “other-
ness” of technology we focus.

Gregory focuses on the positive and active roles of technological arti-
facts that inspire intelligent thought and rational action by human be-
ings. Gregory puts this role of instrument into a historical order by
saying “we are standing on our ancestor’s shoulders” (Gregory 1981: 
p. 312). When we emphasize the contemporaneous function of the an-
cestor’s accomplishment, utilized during the process of problem solving,
we could also say that artifacts play a role of “co-actor” in our intelli-
gent and rational behavior. This co-actor role of artifacts has been fo-
cused on and impressively described in actor-network theory (Latour
1992, 1999b; Pickering 1995). According to their symmetry thesis, that
is between humans and nonhumans, artifacts are regarded as hybrid ac-
tors or a material agency and play a fundamental role in constituting so-
ciety. When we think about an artifact in our society, we can never
neglect its actor element. In this sense the instrumental and co-actor
roles of artifacts are inseparable and they must be considered to be two
faces of one coin.

Surely it is important to characterize technological artifacts as co-
actors, and surely it is important to see that the intelligence and rational-
ity of human beings depends upon what kind of co-actors we have. It is
especially important when we consider how to avoid designing inhuman
environments and how to design “things that make us smart” (Norman
1993). On the other hand, it is also important to be aware that this ac-
tive role of artifacts is only one element of the “otherness” of technol-
ogy. In this perspective, artifacts are regarded as actors that function
only according to the intention of the original designer, and there seems
to remain no room for interpretative flexibility, which can be exercised
in the interactive process between users and artifacts. In this sense, when
we overemphasize this aspect of co-actor, there is a danger that we will
adopt a perspective that is too rational and sometimes too deterministic
concerning the relationship between human beings and technology.

For example, in principle it is possible not to use a roof in everyday
life. But once a roof is made and widely used, it will be regarded as 
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unintelligent, irrational, or even unhuman not to use it. Especially when
artifacts are designed to be convenient and easy to use, this way of see-
ing them becomes unavoidable. However, exactly this character of arti-
facts (i.e., that artifacts determine the rational path of human action)
constitutes the central core of theories embracing technological deter-
minism. In this way, we can find a common ground between an 
instrumentalist view or a co-actor view and a deterministic view in 
which interpretative flexibility is neither sufficiently focused on nor
highly prized. In either view, once the production process is fin-
ished, the artifact becomes a “black box” no longer open to various 
interpretations.

Creativity of Technology
We are frequently encouraged or even compelled to use a particular arti-
fact in a particular way in order to solve a problem when we want to be
rational beings. However, sometimes the situation is far from being well
defined and is ambiguous enough that there is an opportunity to develop
a new relationship between human beings and artifacts. For example, a
hammer can be used not only to build a house but also as a murder
weapon, a paper weight, or even an objet d’art (Ihde 1999: p. 46). Al-
though this case seems to be a little extreme, every artifact has this kind
of multidimensionality in some way or other, and the history of technol-
ogy is full of cases of this kind.

In fact, in the history of technology it sometimes happens that in-
vented artifacts bring us a new end-means relation in which problems
and artifacts are reinterpreted and redefined for purposes far removed
from the intent of the original designer. The Internet is a good example.
Although originally designed for military use, it has now become a new
form of communication in our everyday lives (see Edwards, chapter 7,
this volume). Automobiles are another example. Before automobiles
were invented, produced, and widely used, there was no urgent need to
travel down a road faster than the speed of a horse or a horse-drawn
carriage. In the beginning of the twentieth century, cars were not wel-
comed in the rural areas of America. They were called “devil wagons”
and met a hostile reception from farmers (Kline and Pinch 1996). 
However, after automobiles became popular, traveling at the pace of a
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horse-drawn carriage became a “problem.” In this sense new artifacts
can be seen not only as problem solvers but also as “problem makers.”

In addition to these cases, we can also find historical cases in which
technological products are interpreted “negatively,” contrary to the
original intents of designers. Edward Tenner discusses various cases of
this kind. Contrary to the prediction that making paper copies will be-
come unnecessary because of electronic networking, offices are still full
of paper. In another case, introducing cheaper security systems in a cer-
tain area caused malfunctions and user errors, which decreased the level
of security. “Things seemed to be fighting back” (Tenner 1996: ix).

These cases impressively demonstrate the “otherness” of technology,
which cannot be reduced to either a simple instrumental role or a co-
actor role. This feature could be called the creativity of technology, 
because a new meaning for artifacts is realized, whether the new mean-
ing is interpreted positively or negatively. What is characteristic in 
these cases is that the creativity is realized not in the design and produc-
tion process, but rather in the interactive process between users and 
artifacts.

When it comes to the creative character of technology, we are often
inclined to think mainly about the process of invention, design, innova-
tion, and production, and not about users’ reactions. Schumpeter (1961,
chapter 2; 1950, chapter 7) emphasized the role of entrepreneurs in
transforming technological changes into dramatic “innovations,” result-
ing in economic development. Even social constructivists have tended to
focus on the design and innovation process, in contrast to the process of
diffusion to users. It is only recently that a designer-user distinction has
been criticized along nonessentialist lines and the constructive role of
users in finding creative new uses for artifacts designed for other pur-
poses has been brought into focus (Fischer 1992; Kline and Pinch 1996;
Kline 2000).

In order to clarify this creative role of the interaction between users
and artifacts and also between producers and users, I would like to dis-
cuss Kitaro Nishida’s philosophy, since his writings foreshadow the cre-
ative character of this interactive process.

Nishida emphasizes the creative character of our historical world and
our experience of it. He describes the creative process of our historical
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world with the phrase “from that which is made to that which makes”
(tsukuraretamono kara tsukurumono e):

Our concrete real world is a world which is a self-contradictory identity of one
and many and moves from that which is made to that which makes. That
means, our concrete real world is a historical world.

“From that which is made to that which makes” means being productive. The
historical world is the world of biological lives. But in the world of biological
lives there is no process of production. There is no process “from that which is
made to that which makes.” In that world that which is made cannot be isolated
from the subject. That which is made does not become an objective reality. The
process is not that of active intuition.

There is no reverse determination there. It is not yet a world of true concrete
contradictory self-identity. (Nishida 1949b: p. 110)

According to Nishida, our real world has a feature that must be de-
scribed with contradictory concepts, such as subject and object, one 
and many, or motion and rest. Because our world always has contradic-
tory characteristics, it cannot be stable; it moves incessantly and is al-
ways in a transformational process. This transformational process
cannot be characterized as mechanical or teleological because it is not
determined causally or planned or produced purposely, but arises spon-
taneously through the interaction of subject and object, of one and
many. The process is creative because a new situation is always incom-
mensurable with the old one from which it was formed. Because of 
this transformational character, Nishida calls our world “historical”
and also “technological.” Our world is technological because it is a
world of poiesis, a self-formative act that moves from the created to the
creating.

This transformation is an interaction in which subject and object are
inseparably connected but at the same time strictly differentiated. For
animals, the interaction is teleologically determined and not as contra-
dictory as for human beings. In the case of human beings, the inter-
action is creative because the process has contradictory elements. The self
and the environment are so contradictory that the self is newly deter-
mined and produced complementarily by the object that the self makes,
and through it the self is brought to a new dimension. Cognition in this
process is called “active intuition” because the subject is not a passive
observer or a detached theoretician, but commits himself or herself to
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and is co-constructed with an object. This cognition can be found in our
daily experiences, or in the cognitive skills of artisans, artists, or experi-
mental scientists.

Although Nishida himself did not develop the philosophy of technol-
ogy in the strict sense of the word, I think we can develop his theses and
apply them to concrete technological phenomena. Provisionally we can
point out the following three features.

1. Nishida emphasized that the technological process does not end
when the technological artifacts are produced and handed to users.
When the products have left the hands of producers and become inde-
pendent from them, they have a chance to acquire a new meaning and a
new developmental direction through their interaction with users. In
this sense, Nishida’s view of technology is one in which interpretative
flexibility can be found not only in the processes of design and produc-
tion but also in diffusion and use. Nishida describes this creative process
as “reverse determination.” Perhaps this concept suggests that users in-
stead of producers determine the creative process. But what Nishida em-
phasizes is that neither producers nor users alone have a decisive role 
in determining technological developments. Indeed, a creative process 
is possible only through an interaction between producers and users,
both of whom stand in a contradictory relation. In this sense Nishida’s
philosophy of technology can be interpreted as a radical form of
nonessentialism.

2. Concerning technology, Nishida does not emphasize its familiar in-
strumental role, by which our life is made convenient and stable; in-
stead, he underscores the role of technology in radically transforming
our historical world. According to him, because of this characteristic of
technology, our life is always in the process of self-negating or self-creat-
ing and is therefore unstable. “Even in the simple process of building a
house, things are not given only as material but as something which has
a fateful significance for our action. In every action we stand on the
brink of crisis in some way or other. Our world of everyday life is a
world of true crisis” (Nishida 1949a: p. 70).

3. Nishida finds this self-negating creative structure in various levels of
the historical world. Especially in his later years, he tried to define 
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the dynamic and critical structure of the world in the twentieth 
century. In a problematical essay written during World War II, he used
the concept of “contradictory identity” to characterize the modern and
global structure of the twentieth-century world in contrast to the eigh-
teenth-century world. According to him, while nations and people in the
eighteenth century were relatively independent and the concept of the
world remained abstract, in the twentieth century the connections and
the antagonisms among nations and people are so strengthened in a uni-
fied world that every nation is forced to transcend itself to fulfill 
its “world historical mission.” “Today, as a result of scientific, techno-
logical and economic development, all nations and peoples have en-
tered into one compact global space. Solving this problem lies in no way
other than for each nation to awaken to its world-historical mission 
and for each to transcend itself while remaining thoroughly true to it-
self, and construct one ‘multi-world’ (sekaiteki sekai)” (Nishida 1950:
p. 428). Although his description of the modern world remains abstract
and problematical because of its political implications, it is certain that
Nishida tried to characterize the modernity of the historical world with
his idiosyncratic conceptual scheme (Feenberg 2000b).

Our next task is to explore the usefulness and the scope of Nishida’s
theses in the context of discussions concerning technology and moder-
nity. How can we develop his abstract insights to solve the problems
formulated earlier: dealing with the relationship between technology
and modernity without taking an essentialist stance, and distinguishing
modern technologies from traditional ones while taking interpretative
flexibility seriously? In order to address this task, I would like to take up
historical cases in which the relationship between technology and
modernity became a central problem. The following cases relate primar-
ily to the modernization of Japan, but I would like to compare this
process with other technology transfer processes in different historical
contexts. Through such a comparison it will become clear that western
technology is “interpreted” and “translated” in different ways that cor-
respond to different historical contexts. These are exactly the ways in
which various types of interpretative flexibility and in this sense various
“hermeneutical” experiences in the interaction of users and artifacts are
realized.
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Hermeneutics of Technology: Modernization of Japan

Radical Transformation
Impact of Civilization In 1853 and 1854, the American Commodore
Matthew C. Perry visited Japan on warships powered by steam engines;
in their wake, as it were, a once-isolated Japan was opened to commerce
with the western world. The Japanese called these warships “kurobune”
(black ships), because they were painted black and raised a dense cloud
of black smoke. These powerful technological machines greatly im-
pressed the Japanese people, who began to recognize, although reluc-
tantly, the necessity of cultural and technological exchange. Among the
presents from the U.S. president to the shogun, the magnetic telegraph
and a one-quarter-scale model of a locomotive engine especially stimu-
lated curiosity in Japan. However, it was the ships’ 10-inch cannons that
became the center of attention among Japanese officials, who fully un-
derstood the urgent need for introducing modern weapons in Japan to
prevent a third or fourth visit from Perry or other unwelcome visitors.
In fact, every effort to introduce and develop modern weapons was
made in the last days of the Edo period by the Tokugawa shogunate and
various feudal domains as well as after the Meiji restoration (1868) by
the new central government.

One of the main characteristics of the modernization of Japan in the
late nineteenth century was that the Japanese quickly understood that in
order to adopt modern western weapons, it was necessary to introduce
various industries connected with military technology. In order to build
and sustain those industries it would also be necessary to adopt the
western civilization that formed the background for those industries.

Even before the Meiji restoration, many samurai visited western
countries (illegally at first and then legally) and were greatly impressed
by the western world. Immediately after opening Japan to exchange
with foreign countries, the shogunate began to send various people to
America and Europe to study abroad and to negotiate treaties of com-
merce. In 1871, after the Restoration, a large mission was sent to Amer-
ica and Europe. The members of this mission consisted of 47 primary
officials of the new Meiji government. They spent more than 22 months
examining political, social, economic, and technological circumstances
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in developed countries. The result of these observations was summed up
in the famous political slogans of the new government: “Promoting en-
terprise and developing products”(Shokusan Kougyou) and “Enrich the
country, strengthen the army”(Fukoku Kyouhei). In 1874, Ohkubo, the
minister of home affairs, summarized the outlook of the new govern-
ment: “The strength of the country depends on the wealth of people and
the wealth of people depends on the amount of products. And while the
amount of products depends upon whether people develop industry or
not, its origin lies on whether the government leads and encourages the
development” (Ohkubo 1988[1874]: p. 16).

These statements have been interpreted to mean that the highest pur-
pose was in the (military) strength of the country, and in order to realize
this purpose, the development of industrial technology was indispens-
able. Certainly this meaning was included in the sentence. But if under-
stood in this way, the development of industry and technology can be
regarded as only one means among others, and it is not clear why the
Japanese wished to introduce the entire western civilization together
with many kinds of technology so hastily. This consideration brings us
to a slightly different interpretation.

I think the emphasis lay not on the military strength of the country
but rather on the development of industry, so that it was understood in
the following way: for the time being, the development of industry and
technology was most important, because only through them could the
wealth and strength of the country be realized. If we interpret the state-
ment in this way, it clearly expresses an ideology of technological deter-
minism, in that the development of industrial technology makes possible
the wealth and strength of a country. This was exactly the response of
the Japanese people to the challenges of western modern civilization.
They fully understood that the engine of western modernity was indus-
trial technology; from their viewpoint, technology and modernity were
inseparable. How could the Japanese people have acquired such a point
of view? In order to understand, we should look at how they arrived at
this insight.

Technology as Instrument and Demonstration of Civilization Stimu-
lated by a telegraph demonstrated by Perry’s crew, the Japanese began
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to introduce telegraph machines from various European countries, to
learn this technology for themselves, and to make their own machines.
As early as 1870, a public telegraph service began between Tokyo and
Yokohama. Railroad service with locomotive engines began between
these two cities two years later.

The rapid speed with which telegraph and railroad services were in-
troduced was not in response to an urgent demand for them. Indeed,
there was opposition to their hasty introduction because social and eco-
nomic conditions in Japan were insufficient to support them, and in fact
their economic results were disappointing. The many transplanted tech-
nologies, such as railways, telegraphs, shipbuilding, and iron manufac-
turing constituted a program of “industrialization from above” introduced
by initiatives from the ministry of engineering.

Even if the process was an “industrialization from above,” it did not
meet a strong rejection from the grassroots or common people. Most of
the people accepted and even welcomed with enthusiasm the moderniza-
tion brought by these various technologies. In this context, I would like
to focus on the demonstrative character of technological artifacts.

Although modern transplanted technologies such as steam locomo-
tives and railway systems did not always function successfully in the
sense of instrumental rationality, they had a great expressive meaning as
a demonstration of western civilization in the early Meiji era. Tetsurou
Nakaoka, a historian of technology, describes this characteristic of tech-
nology in the following way:

Enterprises of industrialization in the early Meiji era proved to be not directly
useful for the industrialization per se. In a sense they could be considered to be a
waste. But what I want to say is that they have played a significant role for the
industrialization in reproducing the “impact of civilization” in the mind of peo-
ple, although this role was indirect. Only when we take this role into considera-
tion, [can we] understand why grassroots people have shown such an extraordinary
active response to the industrialization. Through the understanding of this role,
we can also come to understand what an important role exhibitions have played
in the Meiji era. (Nakaoka 1999: p. 165)

In fact, during the Meiji era domestic industrial expositions were held
regularly, and when the fifth exposition was held in Osaka in 1903,
more than four million people visited it. This fact alone shows how
much interest people had in modern technologies. Modern technical 
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artifacts introduced into sociotechnical networks that were already pre-
sent played not only an instrumental role but also an expressive role. A
train pulled by steam locomotives could be viewed as a running adver-
tisement for modern western civilization; people could see the modern
western world “through” a train.

The situation was not radically different later in the twentieth cen-
tury. After the bitter defeat of Japan in World War II, cars imported from
America symbolized western civilization in Japan. Cars were seen as an
artifact embodying the American dream, and their acquisition and use
symbolized the acquisition of a most advanced civilization. Modern
technology was never considered to be a neutral instrument in modern
Japan, from grassroots people to government officials. Rather, it has
been considered something that is always value laden and cannot be de-
tached from its original sociotechnical network.

Contrast between Japan and China However, there is a famous proverb,
“Japanese spirit and Western technology” (Wakon yousai), that seem-
ingly contradicts this view. According to this proverb, western technol-
ogy can be detached from its original context and introduced without
changing Japanese culture. Sometimes the proverb is interpreted to
show the real characteristics of the modernization process of Japan, and
sometimes to explain its “success.” While some intellectuals in the Edo
and the early Meiji era emphasized the necessity of this thesis in order to
introduce western science and technology without conflict, others criti-
cized the one-sidedness and distortion of the “success” of the modern-
ization process in Japan. On the assumption that the Japanese successfully
introduced and developed science and technology detached from their
original contexts, Steve Fuller has recently maintained that their success
demonstrates that the “uniqueness” of western science is only a matter
of contingency. According to Fuller, “the Japanese were bemused that
modern Europeans could believe in such a superstitious sense of [Euro-
centric] historical destiny” (Fuller 1997: p. 127).

Considering science at the time, that assertion has limited validity.
During the nineteenth century, science experienced a “second revolu-
tion,” became more institutionalized, and the connection between sci-
ence and technology strengthened. But this does not mean that science
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became separable from its context, but rather that science was embed-
ded more fully in its sociotechnical network. In this sense it became even
more difficult to separate science from its context.

The proverb “Japanese spirit and Western technology” actually origi-
nated in China, where the Chinese followed more faithfully the thesis of
adopting western technology but not western culture. However, the re-
sult was disastrous for them, at least at the end of the nineteenth cen-
tury. Barton Hacker describes the contrast between the Chinese and the
Japanese responses to Western technology:

The crucial issue, and the point from which Chinese and Japanese response
sharply diverged in the 1860s and later, was how much of Western culture was
attached to the hardware. China and Japan found different answers. . . . 

In a deeper sense, China’s defeat [in the Sino-Japanese War of 1894–95] was
rooted in a fundamental miscalculation. Self-strengthening assumed that China
could defend its traditional society against the West with Western weapons, that
the West’s military technology could be detached from Western culture as a
whole. . . . 

The Meiji Restoration of 1868 was so named from the presumed return to 
the emperor of his former power, usurped in recent centuries by the shogun. 
The rhetoric of imperial rule and a return to time-honored forms disguised far-
reaching changes. Younger samurai had played key roles in toppling the Toku-
gawa regime. Deeply impressed by the West’s military technology, they assumed
their new government posts determined to sustain Japan’s independence with
Western weapons. But they accepted, as their Chinese counterparts did not, the
price of that technology, which involved not only a complete revamping of the
military system but also large-scale industrialization and all it implied. (Hacker
1997: pp. 283–286)

An important point is that the whole scale of modernization was not
regarded as a necessary price by most Japanese people but welcomed by
them. Perhaps the proverb “Japanese spirit, Western technology” also
played a certain role in Japan. But if we think it did, its function must be
considered to belong to an ideological dimension. If we pretend to be-
lieve it, it is possible to develop a radical cultural change under the guise
of this ideology, avoiding, or at least decreasing the conflict between tra-
ditional culture and modern technology. While in the ideological dimen-
sion the thesis that technology is a neutral instrument played a certain
role, in the material dimension everything was changed, continuously
responding to and accepting the modern technology.
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Radical Translation
The story about the hermeneutical process of modernization in Japan is
not yet complete. In order to highlight the characteristics of this process,
I would like to go back to another type of encounter that took place a
few centuries before the above-mentioned story.

Medieval and Early Modern Age of Europe “The clock, not the steam-
engine, is the key machine of the modern industrial age” (Mumford
1934: p. 14). This famous statement by Lewis Mumford identifies the
clock as the icon of modern machinery. Mumford did not tell a deter-
ministic story concerning the relationship between technology and
modernity. Rather, he emphasized social factors, such as the discipline
and regularity of the monastic life, which constituted the background of
the invention and diffusion of mechanical clocks.

Recently historians have suggested that we should not overemphasize
the mechanistic image of the monastery and that Mumford’s thesis has
only limited validity. Certainly it is misleading to talk about the ma-
chinelike rhythm of monastic life because “life according to the Rule
was bound in a very high degree to natural time givers, daylight and the
seasons, and was by no means marked by ascetic resistance to the nat-
ural environment” (Dohrn-van Rossum 1996: p. 38). Although the
Christian church played an important role in the growth of interest in
time measurement and timekeeping, and also in the development of me-
chanical clocks, it was only one factor among others. The new source of
demand for mechanical clocks came from “the numerous courts—royal,
princely, ducal, and episcopal” and “the rapidly growing urban centers
with their active, ambitious bourgeois patriciates” (Landes 1983: p. 70).

I wish here to emphasize the role of clocks that is essentially con-
nected with technical functions but includes more than these. For a long
time, clocks have been used as a metaphor for the mechanical world-
view. We find this even in the early history of clocks. “It is in the works
of the great ecclesiastic and mathematician Nicholas Oresmus, who died
in 1382 as Bishop of Lisieux, that we first find the metaphor of the uni-
verse as a vast mechanical clock created and set running by God so that
‘all the wheels move as harmoniously as possible’. It was a notion with 
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a future: eventually the metaphor became a metaphysics” (White 1962:
p. 125).

During the change from the medieval to the modern age, clocks influ-
enced (and were influenced by) dynamic changes in sociotechnical net-
works. But more than that, clocks also played a decisive role in the
radical change of the worldview. We could describe this as a creative
role of technology, although it does not have a direct relation to certain
technological innovations. What is different in the case of clocks is that
clocks had no strong social or technological networks by which their
creative function could be transferred and realized, so that they were
“interpreted” in radically different ways. We can clarify this point 
by contrasting the introduction of western mechanical clocks into 
China and Japan, which began in the late sixteenth and early seven-
teenth centuries.

China In the seventeenth century, many Christian missionaries from
Spain or France visited China to propagate their faith, and in the eigh-
teenth century, many Europeans rushed to establish commercial ties
with China, to meet the soaring demand in western markets for China’s
silk, porcelain, and especially tea. This cultural and commercial ex-
change between China and Europe remained unbalanced or even one-
sided for a long time because the Chinese found nothing interesting in
what Europeans brought, while Europeans wanted to import various
things from China.

One of few things in which people in China expressed an interest was
the mechanical clock. Chinese emperors showed great interest in mechani-
cal things and collected many kinds of western clocks. Father Valentin
wrote in the 1730s, “The Imperial palace is stuffed with clocks, . . .
watches, carillons, repeaters, organs, spheres, and astronomical clocks
of all kinds and descriptions—there are more than four thousand pieces
from the best masters of Paris and London, very many of which I have
had through my hands for repair or cleaning” (Landes 1983: p. 42;
Tsunoyama 1984: p. 42). Clocks were displayed together with pictures,
porcelains, pottery, and many kinds of playthings in palaces and enjoyed
by people in court. There was even a factory in which clocks were made
and repaired by artisans, instructed by Christian fathers who were 
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specialists in the technology. In spite of this interest in mechanical
clocks, the Chinese did not use them as an instrument for time measure-
ment and timekeeping.

Why didn’t the Chinese use mechanical clocks in their everyday life?
Why did they not develop the technology of mechanical clocks when in
the tenth century they had invented a splendid mechanical device that
expressed astronomical movement and was used for measuring time?
The simplest answer would be “because they were useless in a society in
which timekeeping had no decisive role.” A more insightful answer
would be the following: While the Jesuits wished to persuade the 
Chinese people that a civilization that could produce a manifestly supe-
rior science and technology must be superior in other respects, especially
in the spiritual realm, the Chinese had seen a dangerous element embod-
ied in the European mechanical clock, which made an assault on
China’s self-esteem and could not be reduced to a neutral instrument.
The Chinese people were deeply disappointed by the western world-
view, in which China was located not in the center but only in a small
and peripheral part of the world. In this sense, we could interpret the re-
sponse of the Chinese to western clocks as a deliberate rejection (Landes
1983: pp. 44–47). In any case, until the middle of the nineteenth cen-
tury, clocks were considered mainly to be interior decoration or play-
things for emperors and high officials.

If we say that aesthetic meaning is not the main function of a clock
and the use of a clock as an objet d’art is irrational, we presuppose what
the main purpose is and what the side effects are. However, this distinc-
tion between purpose and side effect is always constructed in a cultural
context, and side effects are well known to sometimes play a creative
role in the development of technology. When we remember the windmill
in the medieval age, the interpretation of clocks as aesthetic rather than
functional objects in seventeenth- and eighteenth-century China could
be recognized as a typical case of a hermeneutical experience concerning
technological artifacts. According to Lynn White, “In Tibet windmills
are used only thus, in the technology of prayer; in China they are ap-
plied solely to pumping or to hauling canal boats over lock-sides, but
not for grinding grain; in Afghanistan they are engaged chiefly in milling
flour” (White 1962: p. 86).
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Japan During the same period, very few western clocks were imported
into Japan. Japan used a variable-hour time system so Japanese artisans
adapted newly introduced western clock mechanisms to move according
to the Japanese time system. In adapting the original mechanisms, the
artisans invented complex mechanisms of their own to correspond to
the complexities of the Japanese time system, in which daytime hours
were longer than nighttime hours in summer and shorter in winter.
“Some clocks had several interchangeable face plates with different
spaces between the markings for the hours. On others there were sliding
weights which had to be adjusted manually at sunrise and sunset to slow
down or speed up the working of the mechanism. Others again had a
double verge-and-foliot system which marked and measured the elusive
flow of time” (Morris-Suzuki 1994: p. 52). In effect, Japanese artisans
developed many original types of clocks.

The development of these “traditional Japanese clocks” (wadokei) can
be seen as unique and original in the history of clocks, but as soon as 
the western time system was introduced after the Meiji Restoration,
these clocks became useless, abandoned, and forgotten. Sometimes the
Japanese pattern of clock development, adapting western technology to
a Japanese time system, is considered to be a degeneration of technology.

However, there is no need to regard this adaptive process as degenera-
tive and the western way as progressive. Rather, one could view tradi-
tional Japanese clocks as successful accomplishments of instrumental
rationality, which supports the thesis of social constructivism of tech-
nology. Japanese artisans opened the black box of a western clock
mechanism and redesigned it to correspond to the needs of Japanese so-
cial groups. In this way they showed the interpretative flexibility of tech-
nology across different cultures.

Thus we can find three types of interpretations of clocks. In the first
case, clocks were interpreted as something more than technical; in the
second as something other than technical; and in the third as something
simply technical. In this sense, the Japanese reaction could be considered
to be the most rational and enlightened on technological grounds in the
narrow sense of the word.

In contrast to Japan, in Europe clocks were seen as embodying a
metaphysical meaning, and people did not perceive clocks alone but 
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perceived the world “through” clocks (Ihde 1990: p. 61). Here we can
find a similar relationship between the artifacts and the meaning embod-
ied in them, as in the case of the introduction of modern technology into
Japan in the late nineteenth century. In both cases, modern technology
was not regarded as merely a neutral instrument, but as something
more. It is not the case that because modern machines are considered to
be useful in a pregiven society, they are introduced into it. Rather it is
because they attract people as something more than a simple instrument
that they are introduced and accepted as a useful instrument. The mean-
ing embodied in artifacts varies and depends on historical situations. In
any case, modern characteristics of artifacts cannot be reduced to their
instrumental or co-actor role, and they cannot be fully understood with-
out taking their surplus component into consideration, which is what
motivates people to accept them, whether it belongs to a metaphysical
or an ideological dimension.

Why did the Japanese show such an enthusiasm for western technolo-
gies in the late nineteenth century, while they were so “rational” about
western clocks earlier? In other words, why did the surplus component
embodied in modern machines in the late nineteenth century not remain
in the ideological dimension, but in fact have a material influence on
Japanese society? Why weren’t modern machines detached from their
(western) sociotechnical network, as in the case of the clocks in the sev-
enteenth or eighteenth century? Certainly there were many reasons that
must be clarified through empirical studies. But in order to find an an-
swer to this question, I would like to go back again to the moderniza-
tion of Japan.

Mediated Transformation: Continuity and Discontinuity
The Japanese cases demonstrate contrasting types of technology transfer
between cultures. In the case of clocks in the seventeenth and eighteenth
century, the new artifacts (western clocks) underwent a radical transla-
tion, as Japanese artisans developed an efficient instrumental rationality
to fit them into a traditional network. In contrast, the encounter be-
tween modern technology and the Japanese in the late nineteenth cen-
tury produced a radical transformation of the sociotechnical network,
and as we have seen, the conception of technological determinism 
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accompanying this transformation was the result of the interpretative
activities of Japanese people. Despite the striking contrast, there is an in-
teresting relation in the two types of technology transfer. In order to
clarify it, I would like to follow the story of the artisans who developed
Japanese traditional clocks.

The artisans who developed and produced a Japanese style of clock
were closely connected to another innovation in the Tokugawa Edo pe-
riod: the automaton (karakuri). The introduction of clockwork pro-
vided the opportunity to make a more realistic representation of human
behavior possible. One of the most famous artisans in this technolog-
ical tradition was Hisashige Tanaka (1799–1881), who built a very 
impressive astronomical instrument in the Edo period. Immediately 
after the arrival of Commodore Perry’s fleet of ships, Saga Domain 
invited Tanaka to advise on technological modernization of steam en-
gines of ships and guns, among other things. In 1875 Tanaka estab-
lished a private machine-making firm, which later became part of 
the twentieth-century manufacturing giant Toshiba (Morris-Suzuki
1994: p. 53).

The connection between Japanese clocks, automatons, and advanced
technology was not direct, but was rather complicated. The gap between
traditional Japanese technology and more advanced western technology
was huge at the time. In the iron or railroad industries, for example, al-
most every machine part was imported during the early adoption phase
in Japan, and many foreign engineers and artisans (Oyatoi gaikokujin,
literally “hired foreigners”) were invited to build factories and teach and
advise Japanese engineers and artisans. However, few of the transferred
technologies took root easily in the new context; only after Japanese en-
gineers and artisans worked hard to translate those technologies into
local terms did they function successfully in the Japanese context. In this
sense we must confirm that the rapid and radical transformation of the
Japanese technological network depended on the support work of Japanese
technicians. This was a decisive point in the modernization of Japan, as
it is in many other cases: skilled artisans and domestic engineers played
a critical role. I would like to especially emphasize the role of traditional
artisans in adapting the new technology to the environment and prepar-
ing a suitable environment for the new technology. While machines and
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factory systems introduced during the industrial revolution are often
thought of as deskilling laborers and leading to the disappearance of 
traditional artisans, many economic historians emphasize the impor-
tant role of artisans in the innovation and development of industrial
technology.

As for the role of artisans and skilled workers in the process of indus-
trial revolution and the modernization of industry, there continues a de-
bate (Sabel and Zeitlin 1985, 1997; Odaka 1993). The concept of
artisans itself is sometimes ambiguous, and the situation around artisans
and skilled workers is different in different countries and dependent on
historical conditions. But at least in the case of Japan, almost all histori-
ans seem to agree that traditional artisans played an important role in
the early phase of the industrial revolution in Japan.

According to Rosenberg (1970), for example, a capital goods industry
plays an important role in the development and transfer of a technology,
by creating an appropriate environment for repair and maintenance and
successful performance of the machines. Rosenberg also emphasizes the
aspects of technology that are incorporated by skilled personnel and are
not explicitly codified. The transfer of these people played a decisive role
in the process of technology transfer in many kinds of machine-making
industry in the nineteenth century.

But in making new products and processes practicable, there is a long adjust-
ment process during which the invention is improved, bugs ironed out, the tech-
nique modified to suit the specific needs of users, and the “tooling up” and
numerous adaptations made so that the new product (process) can not only be
produced but can be produced at low cost. The idea that an invention reaches a
stage of commercial profitability first and is then “introduced” is, as a matter of
fact, simple-minded. It is during a (frequently protracted) shakedown period in
early introduction that it becomes obviously worthwhile to bother making the
improvement. Improvements in the production of a new product occur during
the commercial introduction.

Alternatively put, there has been a tendency to think of a long pre-commercial
period when an invention is treated as somehow shaped and modified by exoge-
nous factors until it is ready for commercial introduction. This is not only unre-
alistic; it is a view which has also been responsible for the neglect of the critical
role of capital goods firms in the innovation process. (Rosenberg 1970: p. 569)

In the capital goods industry, various machines and parts for ma-
chines are invented, designed, and produced in order to solve problems
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that occur in the interactive process between producers and consumers.
In this sense, the capital goods industry plays a necessary role in prepar-
ing an environment in which a new technology can be realized or 
transferred. We could also say that capital goods industries are an insti-
tutional foundation that constantly makes possible technological inno-
vation and transfer by mediating between the producer of machines and
their users.

We can find many parallels between the capital goods industries cited
in Rosenberg’s cases and the roles Japanese artisans played in the mod-
ernization process in Japan. Surprisingly, after the Restoration, the cen-
tral Japanese government took into consideration this role for skilled
personnel. When the new government sent a mission of artisans and high
officials to the international exhibition held in Vienna in 1873, several of
them remained for two years after the exhibition to continue learning
various technologies. Most of the technologies that they brought back
were not directly connected to advanced technologies, but to traditional
ones. These were more readily accepted and this allowed them to intro-
duce new inventions and innovations very rapidly. In addition to the in-
ternational exhibition, regularly held domestic exhibitions provided
occasions for the rapid and wide exchange of information about new in-
ventions and technical know-how (Nakaoka 1999: 169ff.). In this case,
exhibitions played a role in an instrumental dimension, rather than in an
ideological or demonstrative dimension. Within the radical technological
change in the realm of advanced technology, there was a relatively con-
tinuous and gradual transformation in the field of traditional technology.

Thus we find a material background for the rapid introduction of
many types of Western technology in the late nineteenth century and a
technological foundation for the enthusiastic response of Japanese peo-
ple at that time. Without this, the ideology of modern civilization incor-
porated in various machines would have remained only an ideology.
The ideology of technological determinism at the core of Ohkubo’s pro-
posal for the government to promote enterprise and industrialization
would also have remained merely ideology. A number of historians of
technology support this view of modernization in Japan.

Rosenberg indicates that the subcontract structure common in Japan
contributed to the success of modern Japan. Traditional technology,
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constituting a lower level of this dual structure, played the role of a cap-
ital goods industry, making possible the interaction between producers
(in this case, European advanced industry) and users (the Japanese in-
dustrial system). In addition, Rosenberg attributes many unsuccessful
technology transfer projects to the absence of such appropriate condi-
tions (Rosenberg 1970: pp. 565, 570).

Jun Suzuki indicates the importance of gun smithery, which remained
at a certain developmental level during the Edo period. Guns were intro-
duced into Japan in the mid-sixteenth century, adopted very quickly
(with innovations), and used widely for the next 100 years. After the es-
tablishment of the Tokugawa Shogunate, there were few occasions
when guns were used in war, but guns have been produced on a limited
scale ever since. According to Suzuki, traditional gunsmiths played an
important role in the effort to modernize guns and cannons in the last
days of the Tokugawa shogunate, and after the Meiji Restoration these
gunsmiths moved into manufacturing industries just as the clock-artisan
Tanaka did (Suzuki 1996: chap. 1).

Konosuke Odaka indicates the difficulty that Japan would have had
in promoting an iron and machine industry if there had been no skilled
mechanics at the beginning phase of industrialization. “If there had not
been these artisans and their tradition, the process of iron manufactur-
ing and machine making would have remained a ‘black box’ for Japan-
ese people, which could not be understood for a longer time and the
domestication of this process would have proceeded (even if it should
succeed) much more slowly” (Odaka 1993: pp. 239–240).

Tessa Morris-Suzuki emphasizes more clearly the role of the tradi-
tional technology developed before the Meiji Restoration and describes
the course of development of industry and technology with the concept
of a social network:

The upheavals accompanying the transition from the Tokugawa political order
to the centralized Meiji state resulted in reshaping of this network. The new sys-
tem bore traces of its pre-Meiji heritage, but was at the same time distinctively
different both in its structure and in its implicit objectives. In the first years of 
the Meiji era, the technological initiatives of local, grassroots groups were rela-
tively far removed from the ambitious modernization schemes of the central
state. While central government laid the foundations of a modern industrial 
infrastructure, with railways, telegraph and imported mining, factory, and military
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technologies, regional institutions encouraged incremental innovation and the
incorporation of simple foreign techniques into existing production system. By
the end of the century, however, center and periphery were beginning to be
woven together into a multiple-layered hierarchy of connected institu-
tions which proved an effective means of spreading technological information.
(Morris-Suzuki 1994: pp. 103–104)

The characteristics of modern technology are sometimes considered to
be universal and context independent, in contrast to traditional technol-
ogy, which is considered to be embedded in a local cultural context.
However, without an environment provided by traditional technologies,
modern technologies cannot be transferred and introduced into other
contexts. In this sense, we could say that it is the developmental
processes, mediated translation, and transformation processes of tradi-
tional technology that make the modernity of technology possible.
Without support from traditional technologies, the ideological character
of modern technology could not be transformed into reality. Modernity
without the help of tradition would remain only an ideology.

Conclusions

What can we conclude from these stories about the modernization
process in Japan? One of the most conspicuous characteristics of this
process in Japan is the dual structure of its sociotechnical network, with
an advanced sector of modern technology and a parallel domestic sector
of traditional technology. The advanced sector functions as if trans-
ferred technology guides and determines the direction of modernization.
In reality, however, the advanced sector interacts with the domestic sec-
tor, where traditional technology plays a role of instrumental rationality,
decreasing the gap between the two sectors sufficiently that advanced
technology is adapted to local circumstances. Through this interaction,
the scope of possibilities is restricted; the process is channeled in a cer-
tain direction; and rapid and continuous adaptation and development of
technology becomes possible.

What made the modernization process in Japan possible were these
seemingly contradictory yet inseparably connected technology sectors. If
these factors had been too contradictory, there would have been no 
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successful process, as was the case during an encounter between China
and western civilization in the late nineteenth century. If they had not
been contradictory enough, there would have been no radical transfor-
mation, as happened in the encounter between Japanese artisans and
western clocks in the early seventeenth century. The encounter between
the Chinese people and western clocks in the seventeenth and eighteenth
century can be considered to belong to the latter kind of case because
the two sectors remained indifferent and no contradiction developed 
between them. In this sense, the manner in which the creativity of tech-
nology is realized depends on each historical context; it is thoroughly
contingent, and we cannot generalize the lessons of the Japanese experi-
ence. What we can say is that modernity does not exist in a universal
sense, but in modernity there is always a dual structure of modern fac-
tors and traditional factors. In this sense there are always various
modernities (in plural) together with various transformational processes
of tradition.

On the other hand, we have developed a relatively general and formal
structure of modern technology in which the capital goods industry
plays a decisive role. In this structure, a capital goods industry is an en-
vironment in which the interaction between producer and user is con-
stantly made possible and the “reverse determination” initiated by users
can be realized. What about the role of artisans, which we have con-
firmed in the case of the early stage of the industrialization of Japan?
Does the argument still hold concerning the later stage of industrializa-
tion? Even scholars who emphasize the role of skilled workers who
made flexible industrialization possible, confirm that by the 1920s (by
the 1960s in Japan) the dominance of mass production became irre-
versible and the role of artisans declined.

Surely artisanal skills have changed greatly and most traditional arti-
sans disappeared by the middle of the twentieth century. Especially after
computer-operated machine tools were introduced, many types of
knowledge became obsolete and disappeared. However, we cannot ne-
glect the fact that while old skills might disappear with the introduction
of new machines, new skills become indispensable in adapting new ma-
chines to new circumstances. With advanced technologies, these trans-
lating and mediating roles are no longer filled by traditional artisans,
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but by engineers who have academic training. In spite of these circum-
stances, the knowledge necessary for accomplishing the work cannot be
reduced to codified scientific knowledge, but still requires skill and intu-
ition gained through experience, just as the knowledge of traditional ar-
tisans did (Ferguson 1992: chap. 2). Only through the application of
this kind of knowledge by skilled people is flexible and rapid mediating
work possible.

We find a similar structure in many twentieth-century technologies as
well. Paul Rosen, for example, finds a flexible feature of technology in
the development of mountain bikes in the United States and England
since the 1970s (Rosen 1993). In contrast to the design of the standard
bicycle, which has been mostly stable for the past hundred years, the de-
sign of mountain bikes has changed constantly since their invention.

Stabilization in mountain bikes has occurred, at a certain level. The features that
distinguish mountain bikes from road bikes [ . . . ] continue to hold true. How-
ever, closer investigation of the technological details shows constant shifting in
the design of frames and components, which means that since their inception,
mountain bikes have been moving further and further away from being a stable
artefact. They are in a constant and irresolvable state of interpretive flexibility
(Rosen 1993: p. 505).

Rosen calls this type of industry post-Fordist and labels mountain
bikes as “a technological artefact of postmodern society” (Rosen 1993:
p. 494). This kind of continual innovation of mountain bikes has be-
come possible because the base of production has been transferred and
almost all components are produced in Taiwan. Taiwanese companies
have the capacity to fulfill continually changing requirements from trad-
ing companies in England and the United States. These trading compa-
nies only assemble the imported components. In this sense, Taiwanese
companies play the role of a capital goods industry.

In the history of many technologies there is a reciprocal interaction
between producer and user on the one hand, and the capital goods tech-
nology that supports such an interaction on the other hand. Through
the processes supported by this institutional structure, new values and
new problems are constantly created. This type of creation is held in
high esteem in “our” modern society, while it was not in premodern tra-
ditional society. If we can think in this way, and include the concept of
“postmodern” in the concept of “modern” in the broad sense of the
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word, we can arrive at a distinction between “traditional” and “mod-
ern” in the realm of technology.

This distinction, then, lies in the way in which creativity is realized
differently in modern and traditional technologies. The creative process
can be found in any course of technological development since the be-
ginning of the history of human technology. What is distinctive in the
modern age is that this process is not a random phenomenon, but is in-
stitutionalized in a sociotechnical network that has a particular dynamic
in which technologies are continually transformed. Since the latter half
of the nineteenth century the international connections between differ-
ent counties and different cultures have strengthened, and the global
character of the world has begun to become conspicuous. While capital
goods industries support this global tendency by accelerating the inter-
actions between producers and users in various fields, they are also sup-
ported and oriented by this tendency (Feenberg 2000b). Different and
heterogeneous parts of the sociotechnical network of the modern world
are not indifferent to each other and are always involved in a contradic-
tory, interactive process that occurs between them. In this way, the inter-
action between producers and users does not remain stable, but is always
part of a transformational activity where, in the words of Nishida, “re-
verse determination” leads to conspicuously “creative” results.





III
Changing Modernist Regimes





This chapter explores the idea that as part of a modernization process
that gained speed in the nineteenth and twentieth century in the western
world, a typical modernist practice of technology politics emerged.1 The
concepts of modernization and modernity need to be handled with care,
of course, since their use may easily lead to an identification with mod-
ernizers, actors who have invented and used these labels to advance
their cause. In addition, using these concepts for analysis might lead to
finalism, as if past developments have led right up to the present. When
these two pitfalls are avoided, the concepts of modernization and
modernity are useful categories to discuss various structural changes in
western societies since the eighteenth century. The concept of modern-
ization refers to a new mode of social organization, a new social order,
and a discontinuity in history (Wehler 1975; Giddens 1990). It is best
understood as a process associated with a specific time period (eigh-
teenth century to the twentieth century) and geographical location (the
western world). The concept of modernity furthermore refers to a spe-
cific mode of thinking in which technology is identified as the main way
of advancing the modernization process. Technology has been far more
central to the making of modernity than is usually recognized (Brey,
chapter 2, this volume; Hård and Jamison 1998; Latour 1993).

The modernist politics that slowly emerged consists of separating the
promotion of technology from the regulation of technology. In this
practice, technology development is perceived as a neutral, value-free
process that needs to be protected and nurtured (because it creates
progress, material wealth, health, etc.). Special “free places,” often
called laboratories, are created where engineers, inventors, and other
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technology developers can focus on solving technical problems. If these
problems are solved, technologies begin their journey to the “real
world.” Fitting technologies into a market is the business of entrepre-
neurs (innovators).

Sometimes, as the modernist politics recognizes, these technologies
will have undesirable impacts for society. To help societies deal with
these impacts, government or other bodies put into place regulations to
protect and if necessary compensate citizens. These undesirable impacts,
in the modernist view, are unrelated to the choice of a technology. The
modernist view does not recognize an important feature of technical
change, the co-production of technology and its effects. The social ef-
fects of any technology depend crucially on the way impacts are actively
sought or avoided by the actors involved in its development. In the mod-
ernist view, impacts are perceived as acceptance problems. Hence, tech-
nology promoters devote substantial resources to persuading the public
to adopt a “better understanding” of the issues at stake. Technology
promoters do test their innovations and if necessary modify them to fit
with the regulatory system and the worldviews of the public. However,
the modernist style of regulation does not require technology developers
to consider impacts and “impact” constituencies systematically, let
alone at an early stage, while technologies are undergoing development
and taking on their durable forms. The emergence of this modernist
technology politics went hand in hand with the development of a di-
chotomized discourse on technology. Reinforcing the modernist practice
of promoting and regulating new technologies was the emergence of two
dominant perspectives: an instrumental one in which technology is a
neutral means toward an end, to be defined outside the technical area
and, by contrast, a strong critique asking for (regulatory) limitations on
technical action.2

This essay first explores the rise of this modernist technology politics,
spotlighting key turning points from the early nineteenth to the mid-
twentieth centuries, and then suggests ways to go beyond such a di-
chotomous politics. My ultimate aim is to identify ways to open up
space for the actual shaping of technology and for discourses on how to
manage technology in society. In my discussion of the rise of the mod-
ernist technology politics, I particularly focus on episodes of resistance
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to technology. There are both substantial and methodological reasons
for doing so. The emergence of the modernist regime of technology
management was highly contested and it is important to make this con-
tested process visible, particularly because the notion of modernization
can easily lead the author (and reader) to the pitfall of finalism and the
writing of whiggish history. Resistance is also interesting for method-
ological reasons because various kinds of positions can be more easily
found in source material.

This essay is an attempt to construct a plausible account of a mod-
ernist regime of technology management. It is a broad-ranging and 
interpretative attempt to bring together diverse material to form a mean-
ingful and coherent story. It can also be read as an attempt to bring to-
gether my background in social history, sociology of technology, and
policy studies, together with my practical experience in several technol-
ogy-policy networks.3 It draws on systematic reflections resulting from
circulating in various networks and disciplines. The argument is, there-
fore, speculative, but a starting point for further research and discussion
on the relation between modernity and technology.

Politics and Innovation in Early Modern Europe

In the early modern period, a distinct technological domain did not
exist. Technological development was embedded in religious, economic,
and social practices, and it was assessed against social norms. The as-
sessment processes, which were often informal, took place in guilds, for
example. While guilds often slowed down specific innovations, they
were not against all forms of technological development; they hindered
only those technologies that were contrary to their ideas about the
“good society,” for example, machines that would threaten skill or em-
ployment. Technological development was heavily influenced by the reg-
ulatory (and evaluative) practices of guilds (Mokyr 1990: pp. 258–289).
It was also shaped by a variety of protests, such as organized demon-
strations, petitions, threats to inventors and entrepreneurs, and breaking
machines (Rule 1986).

The destruction of machines is associated with the acts of the Lud-
dites, the English workers who destroyed textile machines in the early
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nineteenth century.4 For decades, the Luddites were held up as irrespon-
sible if unwitting technophobes. Historians once viewed them as the vic-
tims of progress, who saw no other recourse than taking out their
aggression on the machine. Often, it was added, every new technology is
resisted because of vested interests, but that resistance eventually sub-
sides. Hobsbawm (1952), Thompson (1963), Rule (1986), and Randall
(1991) have corrected this mistaken image of the Luddites. According to
their research, organized machine breaking had been a rather popular
and successful form of protest since the seventeenth century. It was
more effective than striking because employers could not employ scabs
to keep the machines in operation. Hobsbawm called it “collective bar-
gaining by riot.” In saving the Luddites from modernistic criticisms,
these revisionist historians have sometimes argued that the Luddites’
protests were not directed against technical change or machines. I would
like to argue, however, that their protest did entail a strong criticism of
technology. Their critical stance was not based, however, on disdain for
technology in general. On the contrary, it was directed at particular ma-
chines. The only machines the Luddites destroyed were the ones against
which the workers had particular grievances. Other machines, even in
the same factory, were left unscathed. A crucial point that is often lost in
the popular image of the Luddites as an uninformed antimachine mob is
that most Luddites were skilled machine operators in their own shops.

Moreover, I would like to emphasize that the Luddites’ resistance ran
much deeper than the rejection of particular machines. It concerned the
rise of a new kind of society, embodied in a new set of specific machines,
in which employers had the right to introduce machines that made
workers redundant, produced unemployment, and lowered the quality
of the products and the quality of society. Randall, who carefully ana-
lyzed the discourses used by various workers, argues, rightfully, that the
workers were not just trying to restore an old situation (Randall 1991).
Rather, they acted proactively to develop their own view of the future, a
future that in their time was a genuine and feasible alternative. It was a
struggle between rival models of how to organize society. The Luddites
demanded that those who introduced new machines should anticipate
their social effects. One of the Luddites’ proposals was a machine tax in-
tended to create fair competition between the power loom and the hand
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loom (see Berg 1980). In other cases, workers asked for a negotiated in-
troduction of machinery. They proposed an experimental period to as-
sess social costs and social benefits (Randall 1991: pp. 72–74). Some
evidence exists that attempts were made to construct “intermediate”
machines, which would need more hands and skills; in addition, certain
machines were available for small-scale domestic manufacture. Two
such cases from the cotton textile sector, which would benefit from
economies of scale, are James Hargreaves’s “jenny” and Richard Ark-
wright’s water frame, which was deployed on a large factory scale be-
cause of patent-law considerations even though it had been developed
initially for small-scale domestic use.5

To the employers and entrepreneurs, as well as the politically domi-
nant classes in Britain, the Luddites were criminals. Labeling machine
breaking a criminal act was, however, part of the struggle of developing
a specific kind of industrial society. Initially the Luddites had English
law on their side, for machine breaking as a form of protest was legiti-
mated by the common law. Only in 1769 did the Parliament pass a new
law against machine breaking. Luddites were not alone in their dissent.
They were supported by craftsmen, small-time entrepreneurs, and con-
servative politicians (Randall 1991), the last of whom were strongly in-
fluenced by early Romantic authors such as Carlyle and Southey (Berg
1980: chap. 11). Finally, Luddite resistance must be seen against the
background of the national debate on the “machinery question.” This
debate centered on the sources of technical progress and the impact of
new technologies on the economy and society. It spurred the develop-
ment of a new discipline, political economy (Berg 1980).

The Luddites lost their battle in the end, partly as a result of strong
state intervention. During a wave of protests in 1811–13, some 12,000
soldiers—a force much larger than Wellington’s army then fighting
Napoleon at Waterloo—were sent against the workers to “restore
order” in the textile regions of England. While the Luddite movement
was destroyed, it can be argued that it slowed the introduction of a
number of machines, particularly in the woolen industry, and the
threshing machine in agriculture (through the so-called Swing riots). In
this way the workers bought time to adjust to the changes.6 However,
the main outcome was the emergence of a new ideology and practice
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that granted inventors and entrepreneurs near-complete freedom to in-
troduce new machines into society without having to think about their
effects.

The replacement of the early-modern order by a new industrial order,
including a new relationship between politics and technology, was an in-
tegral part of industrialization in many western European countries.
Ken Alder has argued that in France during the French Revolution engi-
neers pioneered and founded new institutional structures to control and
discipline the productive order (Alder 1997, see especially the introduc-
tion and chap. 8; for the French case see also Rosenband 20007). The
French Revolution was not initiated in the name of the factory, but it
was supported by engineers seeking to create institutional forms to regu-
late production, especially to enforce forms of industrial and factory
production. As in the case of England, these attempts met fierce resis-
tance from labor and petty commodity producers. For example, in
Saint-Etienne in 1789 a crowd of armorers, with the municipality’s con-
sent, destroyed a factory that aimed at mechanized barrel forging with
trip-hammers (Alder 1997: pp. 214–215). When the Revolution turned
violent, engineers, to keep their heads attached to their bodies, learned
to position themselves as neutral, not involved in politics.8 (Historians
largely accepted this view in subsequent decades, obscuring the relation-
ship between the industrial and political revolutions in France.) This
neutral position led to the development of a new strategy, one in which
engineers became licensed experts of the state responsible for controlling
the productive order.

In many European countries persistent resistance to new technologies
became obsolete, condemned, and perceived as reactionary. Romantic
thinkers, who had struggled to construct a political vision that allowed
innovation while protecting society against some of the impacts of new
machinery, made a utopian turn after the French Revolution and the
dreadful experience of the English industrialization (Sieferle 1984). The
machinery question was “solved” through the gradual acceptance of the
instrumental vision by all parties during the course of the nineteenth
century. Leading spokesmen of all major political parties and most in-
terest groups agreed on a consensus in which technological innovation
was acclaimed as a progressive force. Even radical reformers (such as
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Owen), and later Marxists and socialists, came to share this instrumen-
tal vision. These radicals argued that social problems must not be asso-
ciated with the machine itself, but with the machine’s use in a capitalist
context. Owenites argued, for example, that machinery used in a coop-
erative social context would benefit labor since the productivity gains
following mechanization could be redistributed to the working class
(Berg 1980: p. 270).9 By the end of the nineteenth century, modernist
technology politics was firmly in place. The elite (the right wing as well
as the left wing, employers as well as unions and intellectuals) almost
automatically condemned resistance to new technology as reactionary.

Testing and Celebrating Modernization

One of the few violent outbursts of resistance to the machine in the
early twentieth century took place in the Netherlands. In 1905 grain ele-
vators (unloaders) were introduced at Rotterdam harbor. These eleva-
tors were large suction devices that conveyed grain from one ship to
another almost without human intervention. Thousands of dockwork-
ers, who had worked carrying sacks of grain, were to lose their jobs.
When the first grain ships were unloaded, the automatic weighing did
not work; its indications were too high. In the 6 weeks it took to repair
this, the dockworkers organized themselves. When the unloaders were
ready to start working again, they called a strike. This strike was a great
success, blocking almost the entire grain transshipment. When the Ger-
man grain importers heard about the strike, they negotiated a contract
with the labor leaders and the factors, the importers’ local representa-
tives in the harbor, to accept only grain that had been weighed by hand.
As a result, the unloader company could not find enough work for their
two unloaders. For two years the elevators remained dormant.

In 1907 the unloader company began once again unloading grain
ships with the elevators, provoking another strike, but this time the
workers, with their strike funds depleted, could not win. The employers,
including the factors, had united and had recruited strikebreaking scabs
from all over the Netherlands and from Germany. Rotterdam’s ma-
yor proclaimed a state of siege; warships appeared in the harbor; and
military troops were called out to preserve order. More elevators were
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introduced and many jobs were lost. By 1912 sixteen unloaders were on
duty, handling 90 percent of the harbor’s flow of grain.10

In this pitched conflict, conducted not only by striking workers but
also in a wide public debate, it is curious that the obvious technology
choices involved in elevator design did not come under discussion.11

Union and socialist leaders embraced the new technology and argued it
would bring progress to the harbor. Machine breaking, condemned as
Luddism, was not on the agenda. The union and socialist leaders end-
lessly repeated the message, familiar from Marx and Owen, that any
problems were not due to technology but to its uses under capitalism. In
the new socialist society, the tremendous productive forces built up
under capitalism would be employed for the benefit of all: “our watch-
word should not be ‘away with machinery’ but ‘away with the capital-
ists and capital to the workers’ ” (see van Lente 1998a: pp. 93–94). One
prominent socialist leader even argued that losing strikes against new
machinery was in the best interest of the working classes.

Representatives of the broad-based anarchist movement, probably
representing a larger part of the laborers, however, denounced the tech-
nological determinism implied in the views of the union and socialist
leaders. Much like the Luddites a century before in England, the anar-
chist movement viewed the harbor as a community in which the em-
ployers had no right to impose, without negotiation, a machine that
would deprive hundreds of workers of their daily bread. They also de-
nied the economic necessity of the unloaders, without rejecting labor-
saving machinery in general. Research in the minutes of the meetings of
grain traders has proven that this view was, remarkably enough, shared
initially by a number of grain traders and employers (see van Driel and
Schot 2001). However, when the conflict hardened, the grain traders re-
defined the conflict into one about who controls the harbor and the in-
troduction of new machinery, and closed ranks with those arguing for
the economic necessity of elevators.

The consensus among the Dutch elite and part of the labor force on
the instrumental role of technology in society was certainly challenged
by labor in the elevator conflict during 1905–7. Yet the instrumental
view emerged stronger than ever. In this period, the instrumental vision
was also challenged in different ways in a number of European countries
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and the United States (Hård and Jamison 1998). After 1870 in a number
of European countries it was impossible to ignore some of the problems
associated with the introduction of new machines, such as bad hygiene
in cities, child labor, and accidents involving machinery. “New liberals”
started to write extensively about the social consequences of industrial-
ization. They argued that these problems should not be attributed to in-
dustrialization itself, but to human ignorance and immorality, obsolete
institutions, and outmoded laws. Social legislation could solve these
problems. These issues were part of the “social question,” which would
dominate discussions.

In Germany the social question took the form of a machinery ques-
tion, partly as a result of the dreadful experience of World War I. In
Germany, one had to come to grips with wartime chaos and postwar de-
pression. Technology became a much-debated issue (see Hård 1998;
Dierkes et al. 1990; Herf 1984). To summarize, technology was seen as
important for creating order and control, but only in a modified form.
Technical change needed organization and control and regulation by the
state, and the creation of domestic monopolies to guide its implementa-
tion. For example, Sombart argued that the government must appoint a
body to decide what new inventions should be developed. He also ar-
gued that the police must prohibit the use of technologies with negative
consequences for citizens and workers. He approved the decision of the
Swiss canton of Graubünden to ban the use of automobiles and motor-
cycles (Hård 1998: p. 62). These modifications would make technology
part of the German Kultur. Whereas U.S. technology was part of cor-
rupt western Zivilisation, German appropriation would transform tech-
nology into an order-bringing and Kultur-enhancing mechanism. A
number of influential authors (Schweitzer, Sombart, Rathenau, and
Spengler) argued, in various ways, for a German Sonderweg (loosely,
“alternative path”) in technical change.

Generally, participants in the German debates considered moderniza-
tion to be desirable, but thought that its consequences should be con-
trolled and regulated, either by engineers or sociologists. Modernization
could thus become controlled modernization. In the debates, it is clear
that for Sombart and others, technology was not an autonomous realm
of society; it could be shaped and fitted into the German context. 
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Sombart used the notion of “cultural carpet” to analyze the relationship
between technology and other spheres of society, suggesting that Ger-
many could develop its own style and combination of technology and
society (Hård 1998: p. 58).

Even though some figures proposed a new kind of technology politics
(Dessauer 1958) that would exert more control over technology, the
outcome of the German debates reconfirmed the modernistic technology
politics: state intervention might accommodate the embedding of tech-
nologies in society (for example, with safety regulations), but there
could be no direct intervention in the innovation process itself. Even
Sombart eventually accepted the instrumental view. He argued in 1934
that “technology is always culturally neutral and morally indifferent; 
it may serve either the good or the bad,” a definition that, rather jar-
ringly, does not fit his earlier use of the notion of cultural carpet (Hård
1998: p. 63).12

A wave of technological enthusiasm in the early twentieth century
stiffened the modernistic consensus about the apolitical role of technol-
ogy in society. People started to refer to “technology” in the singular—
an independent and abstract phenomenon that transcended its many
individual fields of application (Marx 1994; Oldenziel 1999). Technol-
ogy became the very symbol of modern society. The belief in the techni-
cal fix, in shaping a new society by means of modern technology, assumed
unprecedented proportions. Social and cultural advances through tech-
nology appeared limitless. This belief became visible in several techno-
cratic movements in many western European countries and the United
States. Their objective was to promote the prosperity of the people,
through the use and implementation of technology. In art and architec-
ture, the new belief in technology led to the emergence of new move-
ments, such as Futurism and De Stijl. These movements celebrated the
coming of the machine as a new joyful age. Theo van Doesburg, one of
the leading figures in De Stijl, heralded the new age as follows:

You long for wildernesses and fairy tales? I will show you the order of engine
rooms and the fairy tale of modern production methods. Each product is a real
miracle. You long for heaven? I will show you the ascension of the aeroplane
with its quiet pilot. You long for nature? Her dead body is at your feet. You
have beaten her yourself. Your high mountains have changed into skyscrapers.
Your windmill is no longer turning—a chimney has taken its place. Across the
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place once occupied by your stage-coach, now an automobile is zooming along.
(Quoted in Anbeek 1994: p. 123)

Technological enthusiasm was pervasive in this period (Hughes 1989:
chap. 7). This enthusiasm was not only widespread among the elite of
engineers, scientists, architects, and artists, but also in the world of busi-
ness, social organizations, and among citizens. The enthusiasm was em-
bodied most clearly at the New York World’s Fair of 1939, which
presented “The World of Tomorrow” (see Nye 1990: pp. 368–379). In
this world technology was presented as the key instrument of a better
society. The fair was explicitly and consciously concerned with selling
the vision of a technology-driven and technology-based future. Technol-
ogy would fix many of the world’s problems, including hunger, disease,
scarcity, and war. That 45 million people attended this fair indicated
how much the instrumental (and enthusiastic) view of technology had
captured the feelings of a larger part of the American people.

The Coming of Reflexive Modernization

Although World War II showed again that death could be efficiently
mass produced by technology, technological enthusiasm prevailed for at
least two decades after 1945, in Europe as well as in the United States.
These were the decades of Big Science, and after two decades of hard-
ship during depression and war, consumer society finally became a real-
ity for all, including labor and Europe. Science and technology were
seen as the key to American prosperity, the rebuilding of Europe, and
the future of the world. In the 1960s, however, people began to find,
somewhat to their surprise, that new products can have serious prob-
lems, so-called unintended consequences. Various citizens’ groups, non-
government organizations (NGOs), and intellectuals, such as Commoner,
Ellul, Mumford, Nader, Marcuse, and Roszak, started to challenge the
promise that science and technology could solve any problem (see, for
example, Nelkin 1979; Hughes 1989: chap. 9; Eyerman and Jamison
1991; Bauer 1995).

Overt resistance against new technologies, especially nuclear energy,
flourished, effectively frustrating its further development in the 1970s.
New social movements reversed modernism’s trust in technology by 
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issuing critical calls for values such as quality of life, wholeness, small-
ness, care for nature, and concern for future generations. The attempts
by governments and companies to improve “public understanding”
were seen as defensive and self-serving. This distrust was not only fueled
by accidents and other impacts of technology that became visible, but
also by a critique of centralized large-scale technologies. The various
controversies and disputes were not merely about the impacts them-
selves, but also were about wider social and moral preferences and val-
ues (see Irwin 1995; Irwin and Wynne 1996).

Not only was resistance against new technologies reinvented, the idea
of developing alternative systems and technologies consonant with the
new value system became popular. In 1973 E. F. Schumacher published
Small Is Beautiful: Economics As if People Matter, in which he advo-
cated a latter-day “intermediate technology.” In 1977 appropriate tech-
nology in the United States received official sanction in a new National
Center for Appropriate Technology. The Army Corps of Engineers was
ordered to identify dams that might be retrofitted to low-head 
hydroelectric production. Many programs for research and development
on renewable energy were set up (Pursell 1995: chap. 13, 1993). 
Particularly in Denmark, small-scale wind energy was developed and
used successfully (Jørgensen and Karnøe 1995). Many examples of so-
called clean technologies emerged during these years (Green and Irwin
1996).

In addition to the development of more appropriate and cleaner tech-
nologies, western societies since the 1970s have witnessed an explosion
of new governmental regulations as well as a huge increase in knowl-
edge about environmental problems and solutions. The consequences of
new technologies have been increasingly assessed, monitored, and regu-
lated. Also, these consequences (dangers, risks, impacts) began to domi-
nate public and political debates. For this reason Ulrich Beck has argued
that we have entered a new phase in the modernization process, a phase
of reflexive modernization in which industrial society confronts its own
problems (Beck 1992, 1994). Thus “reflexive” does not refer merely to
reflection, but foremost to self-confrontation.

Still, although western societies seem to recognize their problems, a
solution to them is not at hand. Alternative technologies, such as wind
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energy, organic farming, and electric vehicles occupy only small market
niches, while many “clean” technologies, from the chimney filter to the
catalytic converter, do not solve the problem, but only displace it and
create new problems elsewhere. Regulation is often not very effective,
while the promotion of new, risky technologies such as genetic engineer-
ing continues, and many problematic old technologies such as gasoline-
fueled automobiles flourish. No clear picture has emerged on how to
effectively handle even widely recognized problems. This leads for some
to an uneasiness; for example, people still drive automobiles but feel a
bit guilty about it. For others, the intractability of these problems leads
to apathy and indifference.

The case of the expansion of the Amsterdam Schiphol Airport serves
here to illustrate the strains of reflexive modernization and the persis-
tence and limitations of modernist technology politics. In this case the
dual-track approach of separating promotion and regulation was clearly
articulated and codified in official policy, even as the defects of this pol-
icy became clear to many parties involved.

In 1969 the director of Schiphol Airport made a plea for a large ex-
pansion of the airport, particularly the construction of a fifth runway.13

A long battle ensued between the national government, the provincial
government, and various local municipalities, against a background of
organized resistance by a variety of local communities and environmen-
tal groups. During this battle, the number of flights at Schiphol in-
creased dramatically and the airport itself was expanded, but permission
to build a new runaway was repeatedly delayed until February 1995. In
these years, many studies—including a so-called integral environmental
impact statement—were done to explore, determine, and calculate all
the impacts. The national government’s decision to allow the construc-
tion of a fifth runway was part of a broader policy for the airport. Ac-
cording to this policy, Schiphol would be allowed to grow, albeit within
certain limits set by noise standards. The number of residences to be af-
fected by serious noise pollution was set at a maximum of ten thousand.
This policy was labeled a “dual decision,” and defended as a policy that
would achieve competing economic and environmental goals.

This “dual decision” was developed by a project group that included
the airport managers, municipal administrators, and various national
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ministries, who arrived at that consensus before commencement of the
formal decision-making procedures, including a public inquiry. Conse-
quently, citizens’ groups and various NGOs distrusted the ensuing
process of public participation from the start. The “dual decision” has
dominated the political debate since 1995. Discussions range from such
issues as how to measure noise effects to which types of runway configu-
ration would allow steady growth with the least noise. Resistance also
continued, as citizens and NGOs tried to slow down the process of
building a fifth runway. These efforts have met with some successes;
namely, court appeals and other actions such as the refusal to sell land
needed for the expansion of the airport (which was preemptively bought
up by activists before the airport started to buy the needed land).

The drive to expand the airport cannot be understood merely in terms
of a growing need for air travel. The expansion of Schiphol is a part of
the story of the Netherlands as “the Gateway to Europe,” distributing
goods and people. This story is particularly forceful in the Dutch con-
text because it reconnects the present to the Golden Age of the seven-
teenth century, when Holland and especially Amsterdam was the hub of
international trade. In this storyline, resistance to growth and a growing
transport sector is viewed as resistance to progress, a sound economy,
and to a core cause of Dutch prosperity.

In the debates since the end of the 1960s, environmental groups and
local communities have hammered home the adverse environmental ef-
fects of expansion and trivialized the appeal to national economic inter-
est. These critics pointed at airplanes contributing to the greenhouse
effect, overuse of space, noise production, congestion of automobiles
around the airport, and safety problems. (In 1992 an airplane crashed
into an Amsterdam neighborhood, killing 47 people.) They called for
stricter norms and limits to growth. At the same time, they attempted to
develop alternatives. For example, they proposed a much smaller airport
that would not accommodate so many transit passengers flying to the
rest of Europe (such transit passengers, it was argued, contribute little
added value to the Netherlands). A fierce debate among economists has
persisted over the calculations of the added value of the airport expan-
sion. NGOs developed the idea of a “railport,” whereby passengers
bound for Frankfurt, Paris, and other European cities would be forced
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to continue travel by rail. They also hinted at options for integrating air
transport into a broader, multimodal transport policy.

Other critics argued that the only way out is not to start with technol-
ogy. Real solutions will only come from social and cultural change, to
be enforced through regulation. The way forward, in this view, is
through restricting mobility (through price mechanisms that make jet
fuel much more expensive, creating a new tax on flying, or enforcing
mobility quotas). The management of Schiphol Airport hardly re-
sponded to these ideas, other than by pointing at the growth in the num-
ber of flights and the competition among European airports, forcing
Schiphol to grow as fast as possible. At the same time, airport planners
did incorporate a train station in the construction plans for an expanded
airport. Also, a number of successful measures were taken to reduce the
airport’s energy use.

In the prolonged Schiphol controversy, economic growth was dis-
cussed simultaneously with risk production and risk distribution. Risks
were made visible, and attempts were made to measure and predict
them; this is a key element of reflexive modernization. Also, the two
tracks of promotion and regulation—identified in this essay as the mod-
ernist way of handling technology in society—were explicitly labeled in
the “dual decision” governmental policy. However, the attempts to inte-
grate the risks into a policy did not lead to a viable solution that was ac-
ceptable to the range of actors. This suggests limits to the modernist
technology politics. How can we explain this lack of room for negotiat-
ing a solution?

The Schiphol case is an exemplar for many other “risk issues” (BSE
[so-called mad cow disease], food toxins, nuclear threats, global warm-
ing). The failure to resolve these issues, it seems, deepens the distrust
and alienation experienced by many citizens. Following my analysis of
the rise of a modernistic technology politics, we can see two phenomena
at play. First, no space or arena for collaboration, discussion, and medi-
ation on how to deal with the impacts of technology was available.14

Second, no discourse was readily available to the participants so they
could understand the relationships between technology choice and tech-
nology impact. A feeling of shared responsibility between producers of
new systems and those who use or are affected by them cannot emerge
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in such a situation. Typically, only those acting to promote it have any
access to decision making about a future technology, system develop-
ment, and the attendant impacts, leaving ample room for viewing pro-
moters as the “bad guys” seeking only profit.

In the Schiphol case, public participation, which is often held out as a
robust solution to such conflicts, did not result in any substantial access
or choice of technology. The national government tried several times to
create a “roundtable” to discuss the future of the airport with varied ac-
tors, but these attempts failed because of the airport’s low institutional
credibility and the lack of common ground for discussion. The airport
management continued to perceive a binary choice—Schiphol could re-
main a regional airport or it could become a huge international one,
which would require a fifth runway. Opponents of the airport expan-
sion viewed airport growth and the construction of a fifth runway as the
problem. For them, system growth needed to be curtailed through strict
regulation that might change the travel patterns of passengers.

Solutions to the Schiphol impasse were thus sought in either a “tech-
nology” fix or a “regulation” fix. As I have argued, both approaches are
deeply embedded in our culture and dominate the debate about many
technological systems. The key issue my analysis raises is whether mod-
ern societies are indeed trapped within these two conflicting positions.
Would it be possible to conceive of a modern culture able to discuss
contending social and cultural issues in relation to technology? This
leads to the related question of what conditions would encourage and
allow actors to work on both the technical and the social simultane-
ously, in a related way.

Contours of a Constructive Technology Politics

The core of modernist technology politics, as I have argued, lies in the
separation of technology from its social effects. The separation emerged
in the early modern period and was a defining characteristic of moder-
nity. I have interpreted resistance by the Luddites in the eighteenth and
nineteenth centuries as resistance to that separation. They demanded
that those who introduced new technology anticipate its social effects.
To the Luddites and their sympathizers, technology did not inhabit a
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realm separate from its social, cultural, and political effects. This was
also the case for a larger part of the Rotterdam dockworkers at the turn
of the twentieth century. The socialist leaders and other members of the
elite, however, viewed technological developments as unavoidable and
could not perceive viable alternatives. Environmental groups and other
protesters against the prospective expansion of Schiphol were more am-
bivalent. By attempting to formulate alternatives, they did not define the
contemporary plans for Schiphol’s expansion as unavoidable. But their
efforts were hampered by the absence of a language and space to create
alternative designs for Schiphol.

These social, cultural, and institutional liabilities make it clear why,
under the modernist regime, the technical is kept separate from the po-
litical. No wonder that it is so difficult to develop a new relationship be-
tween technology and the political realm. In this last section of my
chapter, I develop some ideas about how to overcome the bias of mod-
ernist technology politics that separates the technical and the social. In
doing so, my tone will become less descriptive (aiming at diagnosis) and
more prescriptive. Indeed, I aim to prepare intellectual ground for a new
kind of modernist technology politics, one that could be called “con-
structive technology politics.”15

To achieve such a constructive technology politics, it will be necessary
to nurture a new set of institutions and discourses that aim at broaden-
ing the design of new technologies to include societal actors and factors.
When such institutions proliferate, design processes will happen in new
networks and circumstances. Ultimately such a development would
allow for the constructive experimentation of technology and society.16

It is not constructive in the sense of avoiding conflict. Power games will
still be played; however, these will be partly displaced to other arenas,
and here affected persons and institutions will be in a position to take
responsibility for the construction of technology and its effects. By insti-
tutionalizing negotiation spaces (or nexus), both proponents and oppo-
nents will become responsible for giving meaning to technology and its
effects.

The view that design processes must be broadened is not based on any
presumption that social effects play no role in present design processes.
On the contrary, they are present in the form of (sometimes implicit) 
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assumptions about the world in which the product will function (Akrich
1992, 1995). The effect of broadening is that the designers’ assumptions
or “scripts” concerning their technologies17 are articulated as early as
possible to the users, governments, and other parties who will feel the
effects of the technology, and have their own scripts. At present, there is
no space for such an early exchange of contending scripts.

If the design process is broadened, it could acquire three beneficial
features: anticipation, reflexivity, and symmetrical social learning.18 In
the first feature, actors would organize the anticipated impacts on a con-
tinuous basis. Through reflexivity19 they would have the ability to con-
sider technology design and social design as an integrated process and to
act upon that premise. Finally, through symmetrical social learning, the
actors would learn about all aspects of a new technology simultane-
ously. The vision is of new technologies evolving through a mutual
learning process: technological options, user preferences, and necessary
institutional changes are not given ex ante, but are created and modified
along the way. Many historical and sociological studies have shown
how user demands and regulatory requirements are articulated and ex-
pressed during the development process itself, in interaction with the
technological options (Clark 1985; Green 1992). Producers gain new
perspectives on their technologies from their customers and in response
modify their designs.

In current design processes, mutual learning rarely takes place be-
cause of a prevailing tendency to optimize technology first, then check
for user acceptance, and finally examine regulatory fit. Of course, no de-
sign process is strictly linear, and most design schemes include planned
feedback. Feedback also arrives unexpectedly as problems discovered
during application force redesign. However, such adjustments rarely
change the pervasive assumption that design and development have to
focus first on optimizing a technology before specifying markets and 
detailing social effects.

Incorporating reflexivity, symmetrical learning, and anticipation in
design is not directed at substantive goals such as the reduction of envi-
ronmental pollution or the creation of more privacy. It does not even
lead to an argument about the desirability of such goals. The purpose 
of incorporating these features in design processes should be to shape



The Contested Rise of a Modernist Technology Politics 275

technological development processes in such a way that social and tech-
nical aspects are symmetrically considered. However, it can be argued
that when design processes assume these features, fewer undesired (and
more desired) effects will result. By incorporating anticipation, reflexiv-
ity, and social learning, technology development becomes more trans-
parent and more responsive to the wishes of various social actors. They
will address the social effects that are relevant to them. Furthermore, in
a society where these new development processes have become the
norm, technology developers and those likely to be affected by the tech-
nology will be in a position to negotiate about the technology. An abil-
ity to formulate sociotechnical critique and contribute to design will
become widespread. Resistance to specific social aspects will not be
viewed as “technophobia,” but as an opportunity to optimize the design
to achieve a better fit in society.

The effect of breaking away from modernist management patterns
will not be to bring technology “under control” so that it plays a less
dominant role in society. Technology is not out of control. What will
change is the form of control and how technology development is
played out. The goal is to anticipate effects earlier and more frequently,
to set up design processes to stimulate reflexivity and learning, and thus
to create greater scope for experimentation. Winner (1977) asked for
more space for experimentation. His concrete proposals are a bit disap-
pointing, however; they consist of negative experimentation, that is, not
using a number of technologies. My proposal is for constructive experi-
mentation. Technologies need to be nurtured, but in a design process
that allows various actors to become engaged (see Smits 1997).20

Eventually this change will make technologies more open and more
flexible so users can easily control them. Technological development
will also become more complex. The variety of technological designs
probably will increase, for more groups will be addressed in their capac-
ity as knowledge producer and technology developer (Verheul and 
Vergragt 1995). More coordination and new competencies will be re-
quired. In some cases technical change processes will slow down. New
institutions will emerge to encourage negotiation among developers,
users, and third parties. Should design processes acquire the features of
learning, anticipation, and reflexivity, technologists will not suddenly
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see their work disappear or have it constantly evaluated by all sorts of
commissions. Most of the incremental design changes will not require
special negotiation at all, since social aspects will be included on a rou-
tine basis. They will be part of the technological “regimes” that orient
design and use (Rip 1995; Rip and Kemp 1998).

My call for new design practices extends beyond changing and/or im-
proving the design processes surrounding individual technologies. The
point is ultimately to change the way design is done in our modern soci-
ety. This change does not imply that the design activity itself needs to be
put up for discussion. Modern society—a society where there is room to
innovate and to create stable artifacts and networks—is accepted. Only
the design process is the object of change. To make that change, inspira-
tion can be sought in early Romantic thought, in which technology and
society are not pulled apart and in which individual autonomy and the
relevance of different rationalities held by different groups is accepted
and used as a resource (Blechmann 1999; Schwarz and Thompson
1990). The design process must make way for confrontation, power
struggles, ideological criticism, and the exchange of various rationalities.
Only then will anticipation, reflexivity, and social learning be well served.

Notes

1. I would like to thank Mikael Hård for his comments on an earlier version of
this paper and Tom Misa for his suggestions on revisions.

2. In recent philosophy of technology, it is common to make a distinction be-
tween instrumental and substantive positions; both result, however, in an analy-
sis that emphasizes that technical change is ruled by itself, that is, by norms of
efficiency and gradual and linear improvements to better systems (see Feenberg
1999a and Achterhuis et al. 1997.)

3. My technology-policy activities include working as an analyst for the Nether-
lands Organisation for Applied Scientific Research – Centre for Technology and
Policy Studies (TNO-STB), many consulting jobs for government agencies and
NGOs, as well as founding (along with Kurt Fischer in 1991) and participating
in the Greening of Industry network �www.greeningofindustry.org�.

4. The workers later were given the name “Luddites” after their legendary
leader Ned Ludd, who signed messages in the name of the workers. My interpre-
tation of the Luddites was first formulated in my thesis (Schot 1991). Recently, a
similar argument has been put forward by Nuvolari (1997). His paper has
helped me sharpen my arguments and views.
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5. See Nuvolari (1999), who cites R. L. Hills, “Hargreaves, Arkwright and
Crompton: Why Three Innovators?” Textile History 10 (1979) 114–126; com-
pare Berg (1985: pp. 236–239, 243).

6. Nuvolari (1999: p. 7) cites Randall (1991: pp. 82–83) and Rule (1986: 
p. 365) for the woolen case and the seminal work of Hobsbawm and Rude
(1969) on the Swing riot, Captain Swing.

7. See, for example, Rosenband (2000: p. 50): “Put another way, the state tech-
nicians’ and the entrepreneurs’ search for unfettered space, in which they could
manipulate technique freely, placed them on a collision course with the workers’
custom and the skills that undergirded it.”

8. Alder (1997: p. 302) even calls the decision to become neutral “the ur-event
in the relations between science and politics in the modern era. As many histori-
ans have noted, science as a profession and politics as a public activity both
came of age in France at the end of the eighteenth century. Yet after a brief pe-
riod of intense involvement, scientists (with very few exceptions) have generally
shied away from formal party politics.”

9. Notwithstanding the emerging consensus on an instrumental vision of techni-
cal change, various countries, regions, and industrial sectors did not follow an
identical industrialization path; industrialization was a varied and complicated
experience. In Britain and elsewhere craft production was highly innovative and
contributed to economic growth (Berg 1985). France followed a specific route
toward industrialization that was based more on skilled flexible small-scale in-
dustries producing a varied assortment of goods for large but constantly shifting
markets. This other route was thus a result of technology choices (see Sabel and
Zeitlin 1985; Mokyr 1990: pp. 113–148, 256–261). The same thing happened
in the Netherlands, where in a number of industries small-scale solutions were
preferred above mass-production technology. The Netherlands followed its own
distinct path too, mixing craft and mass production in a Dutch blend (Schot
1995, 1998). For the United States, typically cited as the Mecca of mass produc-
tion, Phil Scranton (1997) has emphasized the importance of smaller and
medium-scale enterprises (over mass-production formats).

10. For sources on the elevator controversy, see van Lente (1998a,b) and van
Driel and de Goey (2000, pp. 38–42).

11. Examples of such choices were elevators that would permit trade in sacks of
grain instead of large “bulk” grain loads; smaller elevators that allowed slower
discharge; elevators that allowed manual instead of automatic weighing. In ad-
dition, combinations of an elevator regime and a manual transshipment regime
were conceivable.

12. The notion of the need to regulate technology, albeit in a different way, is
also visible in the work of a number of philosophers who developed a substan-
tivist critique of technology: Adorno, Horkheimer, and Habermas. They do not
question the instrumental definition of technology, but only want to limit its 
application.
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13. For a detailed history of the Schiphol expansion, see Schot (1995) and
Bouwens and Dierikx (1996).

14. Such mediation forums are available for integrating constructed user needs
into design (see Schot and de la Bruhèze, forthcoming.)

15. In other publications, this kind of politics of technology is labeled “construc-
tive technology assessment” (Rip et al. 1995; Schot and Rip 1998).

16. See Weber et al. (1999) and Hoogma et al. (2002) for ideas on how to de-
sign constructive experiments.

17. I use a broad definition of designers, namely, technicians, managers, and
workers who are directly involved in the design process. In this respect Stauden-
maier (1989) has termed it a “design constituency.”

18. Note that these three features can also be transformed into management cri-
teria; that is, particular agencies could use them proactively in assessing and up-
grading design processes. For a elaboration of these criteria, see Schot (2001).

19. My notion of reflexivity is very different from the one used by Beck.

20. Such constructive experimentation is a form of neo-Luddism, but the nature
of this action is quite different from that implied in its use by a number of other
authors. Kirkpatrick Sale (1995) invites individuals to scrutinize any new tech-
nology for possible harm and if needed, reject it. No proposals are made to
change the nature of the design process itself. It is my conviction that this is pre-
cisely what the Luddites were after, while individual technologies per se were
not their main concern.



The problem of technology and modernity is both analytical and norma-
tive: as researchers we seek not only to understand dramatic social and
ecological changes but also to channel the changes into more sustainable,
just, and democratic pathways. The medical field provides a particularly
important site for the problem because biomedical conflicts tend to mag-
nify some of the issues of technology and modernity, and also because
health policy occupies a central place in the political and normative dis-
course of late modernity. As biomedicine has become increasingly driven
by science, technology, and industry on a global scale, it has also en-
countered growing countermovements that pose fundamental questions
about technology, modernity, and the nature of health.

Three frameworks, drawn in part from anthropology, for analyzing
the problem of technology and modernity are utilized here: cultural
ecology, cultural values, and political economy. The three frameworks
stand somewhat outside the body of technology studies literature that
focuses on networks, technological systems, and micro-meso levels of
analysis. As in many of the essays in this volume, the frameworks here
bring into play macrostructural categories of analysis, in this case the
environment, cultural values, and global capital. Furthermore, as dis-
cussed in other essays in this volume (e.g., Brey, Slater), the macrostruc-
tural categories are assumed, pace technology studies, to be mutually
shaped by technology.

In each of the three framings of the problem, the analysis assumes a
broad definition of technology as material objects that are used to mod-
ify the social and/or material world.1 Specifically, in the medical field,
technology will be understood as more than diagnostic and treatment
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equipment; medical technologies are assumed here to include therapeu-
tic and preventive interventions such as drugs and nutritional supple-
ments. However, mind-body techniques will be classified as a somewhat
separate category of “psychotechnologies.” The empirical materials pre-
sented here regarding medicine and technology are based on fieldwork
and semistructured interviews in various alternative scientific, medical,
and religious communities in Brazil (Hess 1991) and North America
(Hess 1993, 1999) during the 1980s and 1990s.2

The introductory essays in this volume point to the vagueness of the
concept of “modernity,” which has been located as far back as techno-
logical developments in the fourteenth century and as far forward as the
Enlightenment, French Revolution, and industrial revolution. Although
the choice of centuries varies, most discussions of modernity share a
common ground in their analysis of major political, scientific, religious,
intellectual, and other events that (1) were located primarily in western
Europe, (2) took place during the last half-millennium, and (3) continue
to ramify and be modified in a continuing process of modernization
through the present era of informational capitalism, globalization, and
“development.” Technology studies sharpen the importance of the role
of material culture in modernity and add an analysis of mutual shaping
that questions architectonic formulations of modernity. Although the
problem of modernity has obviously generated a rich literature and deep
insights into the present era, this essay places the problem of modernity
and its relationship to technology in a somewhat wider framework, both
temporally and comparatively.

Cultural Ecology

In the long-term perspective of human history and cultural evolution, it
is potentially valuable to compare the technological and social changes
of the modernizing West with other major shifts in material and social
culture, beginning with the first major technological revolution, the do-
mestication of plants and animals. With technological innovation, the
natural ecologies to which human societies must adapt became increas-
ingly modified; indeed, much of the recent work in cultural ecology has
documented the extent to which societal adaptation involves modifying
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an already modified natural environment.3 Resource depletion and other
adaptational problems probably played a significant role in the collapse
of civilizations such as the Mayan, Roman, and those of the Indus 
Valley (Tainter 1988). As such, the ruins of at least some of the major
human civilizations stand as an ominous warning to the emergent glob-
alized world system (Price 1995). One may speak today of designing
“green” technologies and sustainable industry, but from a long-term
perspective, “sustainability” is an elusive concept. It can be argued that
no type of human society is sustainable, with the possible exception of a
hunting-and-gathering mode of production. However, few moderns
would voluntarily return to a hunter-gatherer existence, and over the
millennia even hunter-gatherers apparently produced substantial envi-
ronmental changes, mainly through overhunting (Alroy 2001).

If one thinks of the first major technological revolution as the trans-
formation of hunter-gatherer societies into pastoral, horticultural, or
agricultural societies, some of the problems of modernity are already ev-
ident in incipient form. Plant and animal domestication allowed soci-
eties to adapt to the nexus of population and resource pressures, but the
technological innovations also created a new scale for such problems as
malnutrition, starvation, epidemic disease, social inequality, and envi-
ronmental degradation. Indeed, in the anthropological literature one can
find characterizations of the so-called neolithic revolution as “the worst
mistake in the history of the human race” (Diamond 1995: p. 114).

A long-term evolutionary perspective offers other, more usable lessons.
Johnson and Earle (1987: pp. 16–18) suggest that responses to resource
depletion, population growth, or both, include warfare, technological
innovation, trade, and stockpiling resources. That all four processes
characterize the current world system raises the question of the ade-
quacy of such responses, given the size of the world’s population today,
its rate of consumption of resources, its increasing levels of environmen-
tal degradation, and the parallels between these problems and those en-
countered by other civilizations. In other words, within this theoretical
framework, the question of the long-term viability of the human species
emerges as a central issue in a study of technology and modernity. This
central issue is relatively absent from much of the history and sociology
of technology, particularly the constructivist variants.
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The emergence of environmental consciousness today can be viewed
in ecological terms as a response to a crisis of culture and ecology, pace
the “risk society” hypothesis (Beck 1995). Viewing the environmental
crisis as an ecological problem—that is, as both a numerator problem of
population size and a denominator problem of resource availability—
one finds that medical science and public health measures occupy an im-
portant place in the history of the crisis. Large portions of the world’s
population, especially in the developed countries but increasingly in the
less-developed countries, benefit by living in a postepidemiological tran-
sition world of chronic disease. (The term “epidemiological transition”
can refer to various kinds of changes in health—morbidity, mortality,
nutrition, etc.—that characterize modernity and modernization.) The
technologies of food production (allowing nutritional improvements),
public health (vaccinations, sewerage and water systems, quarantines)
and, to a lesser extent, biomedical therapies (antibiotics, surgery) have
played a crucial role in the high levels of global population and urban-
ization that are characteristic of modernity (McKeown 1976, 1979).

Ironically, the successes of the biomedical sciences, agricultural and
food-processing technologies, and public health measures have also led
to an impasse for biomedicine. Modernization of the disease ecology, to-
gether with alterations in food and nutrition, have meant that people are
less likely to die from influenza, pneumonia, or tuberculosis than from
cancer, cardiovascular disease, or diabetes. The diseases of modernity
are largely of a different type; that is, they are the result of genetic pre-
disposition interacting with noninfectious risk factors such as environ-
mental toxins, stress, poor diet, and lifestyle.4 Biomedicine has been
much less successful at treating the “new” diseases than the older, infec-
tious ones.

In the world of chronic disease, general ecological concerns with soci-
etal sustainability intersect with individual concerns of health and
longevity. As people recognize the personal health risks of exposure to
toxic substances, Beck’s risk society thesis becomes both individualized
and medicalized. However, the problem of health in the risk society goes
well beyond concern with the negative health effects of environmental
pollutants and toxicities resulting from lifestyle, such as smoking. In our
interviews with leaders of the social movement for complementary and
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alternative medicine (CAM) for cancer treatment, “toxicity” was a cen-
tral concern, not just for the etiology of diseases, but also for the thera-
pies (Hess 1999; Wooddell and Hess 1998). In the United States, the
chemotherapy industry has historical links to biological warfare; the
first generation of chemotherapy drugs was developed from the biologi-
cal warfare programs of World War II (Moss 1996). Over the decades, a
global social movement has developed that seeks greater availability of
“nontoxic” therapies for chronic diseases. In a sense CAM activists call
for “greener” therapies; that is, therapies based primarily on dietary
programs; supplements and herbs; nontoxic, immunity-enhancing drugs;
and mind-body techniques.

The movement toward nontoxic therapies involves a transformation
in the way of thinking about chronic disease—as reversible rather than
degenerative. The term “chronic, degenerative disease,” especially when
based on genetic explanations, puts patients in a hopeless downward
frame in which toxic interventions can only slow the progression of dis-
ease or mitigate its symptoms. In contrast, the CAM literature and its
conferences are populated by case studies and testimonials of patients
who have reversed chronic disease by using nutritional, mind-body, and
other nontoxic therapies. The political implications of the testimonials
are enormous: to the extent that a significant percentage of patients take
the reversibility principle as a prescription for their own chronic disease,
they challenge many of the high-tech therapies that assume nonre-
versibility (e.g., surgery, angioplasty, cytotoxic chemotherapy, gene
therapies, symptom-masking drugs), as well as the industries and profes-
sions that are affiliated with those therapies. A conventional technology
studies analysis might frame such conflicts as a clash of heterogeneous
networks of patients, clinicians, disease knowledge claims, therapies,
equipment, and insurers, but I am suggesting here that the analysis
would miss the broader terrain of shifts in environmental consciousness
and disease ecology that is both shaping and being shaped by the net-
work clashes.

Furthermore, in the case of mind-body therapies, there is an addi-
tional shift of terrain from the problems of exposure and detoxification
to a general critique of the lifestyle of contemporary society and culture.
Often the critique centers on “stress” and the diseases generated by the
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lifestyle of modern society. Stress itself can become linked to toxicity.
Listen, for example, to Charlotte Louise, an actress and long-term sur-
vivor of ovarian and lung cancer who became a leader in the CAM can-
cer therapy movement. Upon discovering that scientific medicine offered
no solutions for her advanced disease, she turned to Eastern religion as a
source of inspiration:

I knew that I wasn’t dependent on science; I was dependent on my source of
health, the divine power of the universe that I’m connected to . . . . So I started
receiving clear signals about how I was supposed to be living my life, how I can
get rid of toxicity, and how I’ve allowed it to enter my life on every level—
spiritually, culturally, matrimonially—and in every relationship: my child, my
mother, with my home environment, with my physical being, and my health . . . .
I had to look at every way I was making my life toxic—at the emotional level,
the spiritual level. That’s how I did it. (Wooddell and Hess 1998: p. 172)

The passage suggests an extension of the problem of environmental
risk to a generalized toxicity that is related to a modern lifestyle of rapid
pace, impoverished social relations, stressful workplaces, and alienation.
The passage also suggests a link between the environmental movement
and alternative health and spiritual movements that secular, academic
researchers and environmentalist leaders tend to underplay. In this cul-
tural context, the spiritual becomes an antidote to the toxicities of
modernity: carcinogens, chemotherapy, bad relationships, and general-
ized stress.

The mixture is too easily dismissed as antimodern. The embrace of a
spiritual alternative does not necessarily come at the expense of rational-
ity. Rather, the patients we interviewed seemed to hold the two together
in a productive tension. One patient, a holder of an advanced degree 
in education, consulted with spirit guides, but checked her intuitions
with medical research. As she commented, “I was trying to reconcile 
the educated and spiritual parts of me. I was trying to reconcile two 
different systems. If I made a mistake, I was putting my life on the 
line. This wasn’t just a philosophical exercise” (Wooddell and Hess
1998: p. 214).

Rather than viewing such hybridity as antimodern or irrational, it
seems better to accept it as characteristic of modernity (Harding 2000)
and indeed as having a long history within western modernity (Hess
1991). There is no denial that within the countercultural formulations
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of the alternative spiritual, environmental, and health movements, rela-
tions between the secular, scientific strands and the religious, traditional
strands can be tense. Yet, viewing the latter as antimodern, atavistic,
and romantically reactionary misses the ways in which the two strands
are actively engaged. Over time, nutritional science and mind-body re-
search slowly grows around CAM, just as environmental science grows
around green lifestyles and technology, bringing about the integration of
the strands (see Mol, chapter 11 this volume).

More generally, the analysis of technology and modernity from the
perspective of a cultural ecology of alternative health movements sug-
gests that much more is going on in the risk society than an institutional
response to hazards and risks. Rather, the issues of risk and sustainabil-
ity are interwoven in the individualization of the environmental crisis in
bodies and personal health histories that leads to a broader cultural
questioning of the stresses of modern lifestyles. Technological alterna-
tives such as organic food serve as crucial junctures between the alterna-
tive health and environmental movements, which suggests why the
politics of food (such as genetically modified organisms or supplement
regulation) can become galvanizing political issues.

However, the countermovements themselves are changing as they
change understandings of technology and modernity. As the politics of
alternative health, urban greening, sustainable agriculture, and other
countermovements gain currency, the movements become increasingly
integrated into mainstream practices. That integration process also in-
volves selection, which in turn involves the values problem of defining
legitimate grounds for selection. This leads to the second framework.

Cultural Values

As a problem of cultural values, modernity can be viewed as the contin-
uing transformation of particularistic social relations and institutions
into relatively universalistic ones. Here the focus of modernity studies is
not so much industrial society with its hazards, environmental crises,
and death of nature, but rather a group of interwoven institutions that
includes constitutional democracy and a public sphere, market capitalism
and legal universalism, nuclear families and social mobility, and religious
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pluralism and secular, empirical science. The institutional matrix is char-
acterized by a continual transformation from ascribed status groups that
are related hierarchically and particularistically toward a more modern
institutional order and value system founded on the individual as moral
actor. More than the political creature of constitutional elections or the
consumer of neoclassical economies, the modern individual in this sense
is any social unit (a biological individual or a corporate group) that is re-
lated to other, similar units through rules that apply, at least in theory,
equally and universally to the units in the system.5

Although it is tempting to describe modernity in this sense as an event
or series of events that occurred in northwestern Europe between 1500
and 1700, it has long been recognized that the characteristically modern
matrix of values and institutions has a long history stretching back at
least to the ancient world (Dumont 1986; Weber 1978). Just as the eco-
logical framework situated the problem of modernity on a broader tem-
poral scale, so the modernization of cultural values is better seen as a
process that stretches back beyond the last half-millennium into antiq-
uity and continues to evolve today. For example, in the case of legal univer-
salism, which Weber (1978) traced back partly to the ritual commensality
of the ancient world, modern political democracy has gradually ex-
tended the franchise from propertied white males to increasingly
broader segments of society that were previously excluded on particu-
laristic grounds, such as wealth, gender, race, ethnicity, and age. The
continuing process of modernization is the product of historical struggle
by excluded groups to extend the principle of equality of rights through-
out their society.

Within this framework, technological change is understood less in an
ecological-biological-health framework and more in terms of a legal-
moral framework of individual rights and general social equality. As
rights are extended, laws are made to decrease exposure to less desirable
technologies and their side effects (as in not-in-my-backyard efforts to
exclude industrial waste; privacy challenges to surveillance technologies;
and consumer efforts for protection against unsafe devices, food, and
drugs) and conversely to increase access to the more desirable technolo-
gies and technological design features. Within the medical field, access
to health care, and especially its latest technologies, is a burning political
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issue that is characteristic of advanced or late modernity. Access to both
conventional and CAM therapies tends to be framed as a discourse of
rights. However, access to conventional therapies tends to emphasize
the “equality” aspect of rights to material resources, whereas the politics
of legalization of CAM therapy have tended to be contained in a politi-
cal discourse of “medical freedom” and the patient’s right to therapeutic
choice. Listen, for example, to the depiction of the social movement by
Michael Culbert, one of its leaders, who also flags the left-right amal-
gams that are characteristic of other new social movements:

What stimulated me to write my book Vitamin B17: A Forbidden Weapon
Against Cancer (1974)—I was still a newspaper editor—was that I would go to
the Berkeley municipal court to cover the Richardson trial, and there were 
McGovern-for-president left-wing hippies in the audience who were in favor of this
John Birch doctor who had been arrested for using laetrile. This was incredible.
Here was an issue that was far beyond left and right, and yet it certainly does have
hotheads on both sides. The freedom-of-choice movement was a populist revolu-
tion that I participated in and helped foment. It was tremendous. We went across
the country, and we never knew who was going to pop up. (Hess 1999: p. 103)

The CAM social movement in the United States has generated numer-
ous legislative reforms at the state level, including the legalization of
laetrile in twenty-four states and passage of more general “access to
medical treatment” laws in many states. Those reforms were a counter-
part of the more well-known reforms at the national level achieved by
the AIDS movement, but by the late 1990s CAM issues were also
achieving prominence at the national level.

In addition to legislative reforms, the access issue also emerged in the
doctor-patient relationship, which has been transformed from a pater-
nalistic model into more of an adult-adult partnership, thus bringing
egalitarian values into the clinical encounter. The change was recog-
nized for the chronic disease patient as early as the 1950s (Szasz and
Hollender 1956), but the modernization of the doctor-patient relation-
ship has increased in the wake of the social movements of the 1960s and
1970s. In a spillover effect from the women’s health movement, women
patients have tended to be the leaders in this dimension of medical mod-
ernization in the CAM field through their individualized, therapeutic
programs (Wooddell and Hess 1998). Although there is always some in-
dividualization of therapy in conventional medicine (such as the tailoring
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of dose to age, size, and gender), CAM providers and their patients have
pushed the rhetoric and practice of individualization to new levels. In
the world of CAM cancer therapies, the older, Fordist therapeutic
regimes are being replaced with individualized and flexible programs,
that is, therapeutic packages that change over time and with the pa-
tient’s health.6 Furthermore, CAM therapies emphasize patient “adher-
ence” rather than “compliance,” that is, they accentuate the partnership
between the patient and the health-care team, in which older hierarchi-
cal and paternalistic relationships are replaced with more egalitarian
and individualistic ones.

The attempts to replace patented drugs with dietary regimes, high-
dose vitamin supplements, herbs, mind-body techniques, and other in-
terventions of the CAM programs also bear on a different type of
equality issue in ways that are similar to “universal” design initiatives in
other fields of technology.7 The high cost of drugs for cancer, cardiovas-
cular disease, AIDS, and other chronic diseases, together with the cost of
maintaining an infrastructure to monitor the toxicities of the drugs,
have made it difficult for many of the less-developed countries or even
poorer strata of developed countries to gain access to such drugs. In
contrast, CAM therapies are not only less toxic but also potentially less
expensive, making possible greater access on a social, rather than an in-
dividual, scale.

Notwithstanding the alignments of access to CAM therapies with en-
hanced equality and the extension of individual rights in the medical
field, the medical world has not rushed headlong into CAM therapies
for chronic disease. The medical profession often employs another vari-
ant of the discourse on modernity values to block access to alternative
therapies: their efficacy remains largely undocumented by conventional
research methods, so why should CAM therapies be treated any differ-
ently from untested drugs? (Although the resonances with other pressing
debates of late modernity around terms of “undocumented” status and
“differential” treatment may sound conservative, one should keep in
mind that the counterargument rests on the same set of universalistic
values, only applied differently; hence its rhetorical power.)

The problem of evaluating efficacy involves another, higher-level po-
litical issue: the modernization of methodology. In clinical research
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today the top of the methodological hierarchy is occupied by clinical tri-
als. In the United States a company generally cannot obtain Food and
Drug Administration (FDA) approval for a proposed drug unless the
substance has passed through a rigorous series of clinical trials. Clinical
trials are seen as a universalistic solution to the problem of drug selec-
tion, because in theory they constitute a “level playing field” for com-
peting drugs. In this sense clinical trials are a quintessentially modern
institution; like the old figures of Justice, they are double-masked to re-
duce bias.

However, CAM advocates reply with their own critique, which sug-
gests that the research methodology is not as modern as conventional
medical researchers claim. In practice, the quality of information ob-
tained from clinical trials is not substantially better than that obtained
by other methods, such as retrospective cohort studies or, in some cases,
even best-case series, a point that CAM researchers emphasize (Hess
1999). Yet the high cost of clinical trials means that only well-funded
players (especially private capital with an interest in patentable drugs)
will invest in the research. The political-economic inequalities of this
method result in a problem of unfunded research on unpatentable natural
substances (food supplements, herbs). Consequently, CAM researchers
tend to be driven down the ladder of the methodological hierarchy to
methods that are less expensive and, within the research and regulatory
worlds, are considered less universalistic because of their vulnerability
to biases engendered by their nonexperimental design.8 As I move
through the worlds of CAM conferences and informal discussions, I
hear retorts such as: “the gold standard is well named because it takes a
lot of gold to set the standard.” The methods need to be modernized to
take into account the new citizens of the therapeutic world: unpatented
natural substances.

Legislation intended to remedy the problem of orphaned therapies
represents another dimension of the modernization process as a ques-
tion of health-care access. The legislation attempts to bring a greater de-
gree of universalism into the regulatory process in light of the kinds of
criticism raised here. In the United States, government research funding
for CAM therapies gradually increased during the 1990s; legislation for
orphaned drugs has relaxed some of the regulatory hurdles and expenses
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for drug approval; and dietary supplements are currently protected as
food and therefore below the regulatory hurdle of drug approval. How-
ever, the marketing of supplements can only be linked to general struc-
ture and function claims (e.g., promoting prostate health) rather than
disease claims (e.g., treating prostate cancer). As a result, although sup-
plements are protected as food equivalents, they are also condemned to
a second-class status with respect to drugs. Notwithstanding the charges
of inequality and unfairness from both sides, the political discourse
around regulatory reform in this arena takes place with reference to the
value of universalism: how can fair standards be used to evaluate a tech-
nology when one form is protected by patents and supported by private
capital investment, and the other is in the public domain and excluded
from private interest?

To summarize, in this framework modernization largely means a uni-
versalization or democratization process. Technology constructs moder-
nity by providing new sites for the politics of modernization, which
must grapple with the paradoxes that new technologies create for existing
laws (e.g., are supplements food or drugs?). Legitimate political action
(which is not always the action taken) moves toward the equalization of
rights of access to desirable new technologies and, conversely, avoidance
for undesirable technologies or their side effects (such as pollution, safety
risks, or the invasion of privacy). In the medical field, access and avoid-
ance generally go together, because access to desirable new therapies en-
tails avoiding undesirable, old therapies. Thus, much of health-care
policy focuses on access to conventional health care as a key progressive
issue.

The CAM movement throws a wrench into the politics of definitions. It
challenges the desirability of the latest technology-based interventions by
proposing less toxic and potentially more efficacious alternatives: chela-
tion therapy instead of angioplasty, dietary programs and megadose sup-
plements instead of chemotherapy, and so on. As has been recognized for
AIDS patients, the clinical encounter becomes a subpolitical site (Beck
1997; Epstein 1996; Feenberg 1995), but in the case of CAM cancer ther-
apies, patients demand access to a wide range of alternative therapies.

Arguments about how to extend the basic principles of individual
rights become wrapped up in the problems of funding and resources.
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For those who have no gold, the gold standard becomes a double stan-
dard. Political solutions must move between the principles of rights and
the realities of resources. Here is one point of contact between the prob-
lem of cultural values and the framework of modernization as a universal-
ization process, and the problem of political economy and the framework
of modernization as capitalist expansion.

Political Economy

The political economy framework selects modern capitalism as its cen-
tral object of analysis, rather than a toxic society or a family of univer-
salizing institutions. As in the other frameworks, there is some value to
situating the political economy of technology and modernity beyond the
past 500 years and the birth of modern western capitalism, and even be-
yond a Weberian analysis of its roots in the empires and state societies
of the ancient western world. (As in other sections, this argument should
not be misinterpreted to claim that these premodern societies were in
some sense “modern,” but only to show that the problems of modernity
are deeper than the history of Europe during the last half-millennium.)
For example, the dominant groups of chiefdoms in early societies exhib-
ited patterns of accumulation and conquest (Earle 1997) that, even if
their economies did not have a form of monetary accounting, neverthe-
less bore some similarities to the patterns of production for profit and
globalizing expansion that are characteristic of modern capitalism. The
problem of technology and modernity therefore again needs to be
framed as an intensification and scaling up of processes found in other,
premodern societies. To the extent that there is a distinguishing feature
for modernity in a political economy framework, it is the emergence of a
rationalized, monetary form of capitalism that has “the globe as its bat-
tlefield” (Marx 1977: p. 915).

The expansion of capitalist political and economic relations is a multi-
layered phenomenon that includes the following: absorbing older modes
of production, such as indigenous societies and peasant economies; dis-
placing small-scale capitalism, such as family businesses and regional
coops, with multinational corporations and chain stores; taking over the
economic functions of neighborhoods and families, such as child care,
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elder care, home care, and insurance; privatizing the functions that were
once located mostly in the church and state, such as education, health
care, insurance, and urban services; and incorporating the work of so-
cial movements, such as corporate affirmative action programs, greening
initiatives, and worker participation plans.

The common thread in capitalist expansion is the displacement of 
various types of community. As with “sustainability” and “equality,”
the term “community” is slippery and requires some qualification. A
first point is that the distinction between community-oriented social re-
lations and capitalist ones cannot be reduced to simple formulas such as
gift versus commodity, monetary versus nonmonetary exchange, or al-
truistic versus self-interested behavior, as several social scientists have
demonstrated (e.g., Appadurai 1986; Bourdieu 1977; Parry and Bloch
1989). Rather, the term “community” needs to be understood loosely as
the production and exchange of goods and services based on a legitimat-
ing factor other than monetary profit, even if profitability concerns are
simultaneously present. The other concerns include kin and residential
obligations as well as the values that speak to humanitarian, ecological,
or other types of orientation toward the general good.

The definition suggested here has the advantage of encompassing a
wide range of community types. Some are relatively archaic, where
membership is based on residential or kin ties; others are more modern,
where membership is based more on a willingness to assume an identity
or to work for a general good. Given the variety of types of community,
globalization can be progressive in terms of the other frameworks. In
other words, archaic communities and the lifeworld can be havens for
particularistic, hierarchical relationships, so their displacement by capi-
talist expansion can be liberating for subaltern social groups (Fraser
1989). Likewise, closing a highly toxic family business in the wake of a
less toxic multinational’s market expansion may be bad for a family
community or even a residential one, but it may be a step toward a more
sustainable industry.

Communities in the sense used here are not simply evolutionary sur-
vivals, a Gemeinschaft that is giving way before the inevitable expansion
of a Gesellschaft. Rather, new communities emerge even as old ones are
displaced. A tribe may disappear, but an indigenous social movement
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will often spring up in its place. A church may close its doors, but a
community technology center may open down the block. Even well-run
large corporations produce a sense of community for employees by de-
veloping a common mission that extends beyond profitability (Collins
and Porras 1994) or by encouraging friendships and informal exchanges
among members of a subunit. In other words, capitalist expansion both
displaces existing communities and creates the conditions for new ones.

Because archaic community structures and older forms of capitalist
production die slowly, and because new forms of community emerge in
their place, the result of capitalist expansion is not a wiping out of other
forms of social order, but a pluralization or diversification of the other
forms. As modernity in the form of capitalist expansion proceeds, layers
of older social roles and technologies come to coexist alongside more re-
cent ones that are defined by the expansion of markets. For this reason 
I prefer to focus the analysis on pluralistic technological “fields” rather
than single technological systems such as electric power or railroads. A
visual metaphor of technology in this frame is a road in a developing
country where ox carts and pedestrians vie for space alongside bicycles
and automobiles, with subsequent generations of transportation tech-
nology usually offering greater options of speed and scale (see Edwards,
chapter 7 in this volume). Although the transformation process is dra-
matically evident in developing countries, even the developed centers of
the world system exhibit technological pluralism. For example, within a
20-mile radius of the region where I live, there are a highway system, an
airport, a train station, a seaport, a bicycle trail, sidewalks, and even a
functioning lock along the old Erie Canal. New modes of transportation
have displaced older ones, but with a few exceptions they have not re-
placed them completely, and in some American cities there has even
been a return of the suppressed form (such as urban rail transportation).

The increasingly complex system formed by the historical process is
not a mere syncretism of historical layers; rather, it is a selectively struc-
tured whole based on the dynamics of changing markets and emergent
communities. Materially, the rich have access to most, if not all, layers
of technology, whereas the poor often live in the past, or at least with
past generations of a technology. Here is another point of contact with
the values framework: even as access within a society becomes more or
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less universal for one technology or one generation of a technology
(penicillin, telephones), technological innovation ensures that there are
always new technological inequalities (gene therapies, digital divides).
Innovation therefore casts the incessant processes of modernization as
equalization of rights of access by producing a diversification of the po-
tentially accessible. For example, whereas access to telephones may be
nearly universal in some developed countries, the subsequent innova-
tions in communication technologies (wireless phones, Internet devices)
ensure that the equalization of access is a continuing process.

The diversification process leads to a major political problem that exists
alongside the problems of environmental risk and social injustice raised
by the other two frameworks. What are the legitimate grounds for direct-
ing a system of technological innovation? Because most technological in-
novation is produced or developed in the private sector, pace Bourdieu
(1991) the system’s overall development is tilted toward the profitability
concerns of the dominant producers in the field. Those concerns are often
in conflict with the perspectives and interests of geographically localized
communities or nongovernmental organizations (NGOs) that speak for
broader communities. States and international harmonization bodies,
with their regulatory role, become the primary arena for sorting out the
clashes of what should be produced and how it should be produced.

Again, attention to the medical field provides insights of general value
to a study of technology and modernity as well as the regulatory prob-
lems that this framework helps elucidate. The complex relations among
various healing systems that have different historical and ethnic back-
grounds are known in the literature as “medical pluralism”; perhaps
technology studies could benefit from a parallel analysis of technological
pluralism. Conventional technology studies have been good at demon-
strating battles between technological systems, but they have paid rela-
tively little attention to the structures of technological pluralism that
emerge from those battles.9

As studies of medical pluralism have progressed (e.g., Baer 1989,
1995), several major conclusions have emerged and they have some rele-
vance for the general study of technology and modernity. First, medical
pluralism is not restricted to poorer countries, where support for biomedi-
cine is weak, or even to nonwestern countries, where cultural traditions
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support long-standing indigenous medical systems. Alternative health-
care practitioners and other healers usually have a well-defined cultural
address in a particular ethnic group or nation-state, and consequently
they appeal to various levels of community loyalties. Even where the 
appeal of the social address is not evident—such as the recourse of 
European-American middle-class patients to acupuncture or Chinese
herbal medicine—one finds that CAM practitioners often attract pa-
tients because they treat the whole person, rather than a body part or a
disease. Office visits are frequently longer and more personalized; the
practitioners return to the health-care setting the sense of community
that has been lost as insurers have increasingly commodified and stan-
dardized the doctor-patient relationship. In short, partly because the al-
ternative therapies and techniques are anchored in various types of
community relationships and identities, medical pluralism is increasingly
a phenomenon of all countries. More generally, the phenomenon should
encourage us to look for a similar dynamic of growth in technological
fields, which have been marked by an increasing diversification of both
conventional technologies and various alternative designs.

Second, although CAM systems such as chiropractic (U.S. origin),
Ayurveda (Indian), acupuncture (Chinese), macrobiotic (Japanese), and
anthroposophy (central European) have a cultural address and a cul-
tural appeal within their local setting and diasporas, a second dimension
of medical pluralism involves the fact that CAM systems have them-
selves become globalized. One might conceive of the process as a coun-
tercolonial or counterhegemonic development, but from the perspective
of local communities, the globalized CAM systems constitute yet another
threat to the local healing traditions. When CAM systems are exported
outside their locale, they become transnational communities or social
movements, but their products—the therapies they offer—also tend to
become commodities that compete with both biomedicine and local
healing traditions in a pluralistic medical marketplace. More generally,
the globalization of CAM suggests that even when one begins to discuss
sustainable technologies or a universal design for alternative technolo-
gies, the new products soon become caught up in the logic of commod-
ity exchange that will separate the products from the meanings and
practices in which they were originally produced.
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Third, although medical pluralism has become globalized, it is not
everywhere the same. Each country has its own portfolio of biomedical
and CAM therapies and practitioners based on its historical and cultural
traditions. For example, chiropractic medicine is relatively large in the
United States, and spiritualist and spiritist therapies are relatively small,
whereas in Brazil the opposite is the case (Hess 1991). The shape of the
pluralistic systems is not simply a product of the “market penetration”
of global capital and biomedicine; rather, the robustness of local cul-
tural traditions and their ecologies shape patient demand and political
action for regulatory protection of the CAM systems. This point re-
minds us that any discussion of technology and modernity needs to take
national and local variation into account, particularly when the discus-
sion moves into policy solutions.

More generally, the existence and growth of medical pluralism points
to a broader problem of the emergence of technological pluralism. The
fossil fuel–based energy industry has had to come to terms with alterna-
tive energies, the transportation industry with the reemergence of bicy-
cling or public transportation, the building industry with green design,
the software industry with open source codes, and so on. Neither med-
ical pluralism nor technological pluralism in general is well predicted by
a simplistic model of political economy. Vulgar Marxism would predict
the obvious: that health care is big business; that pharmaceutical compa-
nies, hospitals, insurers, and other health-care sectors constitute a major
industry; and that both are globalizing and expanding into domains that
were previously outside market relationships. A simplistic model of the
globalization of capital would merely draw attention to the globaliza-
tion of biomedicine and its hegemony, but it would have trouble theo-
rizing the countermovements that I am pointing to here.

A good political economy model of globalization needs to take into
account the resistances that emerge from various types of communities
to protect practices and material entities that are threatened by the expan-
sion of markets. Furthermore, a good model needs to take into account
the attempts of globalizing capital to absorb and incorporate those resis-
tances. Again, the expansion of biomedicine is a good case in point. The
process of incorporation of alternatives is more complex than the mere
extraction of local capital that occurs when, for example, medicinal
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herbs are taken to laboratories, analyzed for pharmaceutically active
agents, and converted into drugs, usually with no royalties to the local
medical tradition. Rather, biomedicine has moved more directly to in-
corporate whole CAM systems.

A somewhat more detailed discussion of the incorporation of CAM
may provide a clearer picture of the process that the third framework
brings to attention. As I have found out in my long-term fieldwork in the
CAM cancer community, in the late 1990s several of the major conven-
tional cancer hospitals in the United States opened CAM clinics in order
to meet patient demand for CAM cancer therapies. Likewise, some of the
major oncology practices have moved to offer “integrated” or “compre-
hensive” cancer care. On the one hand, the event of integration represents
a victory for the social movement that called for more access to the less
toxic cancer treatments associated with nutritional and mind-body thera-
pies. Likewise, CAM providers have become increasingly mainstream as
they have won licensing rights and insurance reimbursement, and with the
advent of CAM clinics in conventional cancer hospitals, CAM providers
are even gaining a foothold within the establishment. However, the appar-
ent victories are also accompanied by limits on the scope of practice and
status deprivation to the level of auxiliary health-care providers similar to
nurses, dietitians, or physical therapists. Furthermore, the integration
process selects CAM therapies that complement conventional medicine
rather than provide alternatives to it; indeed, one major American cancer
center now offers “CIM” therapies (complementary and integrative medi-
cine) because it rejects “alternatives” to conventional therapies.

The colonization of a social movement that I have witnessed during the
past five years is familiar to students of the other science and technology-
oriented social movements (see, e.g., Mol’s essay in chapter 11). Over
time, grassroots activism has become increasingly institutionalized, and
the social movement has fragmented as sectors have become increasingly
integrated into the frameworks of former opponents. In the environmen-
tal movement, some organizations have become increasingly moderate,
while the corporate sector has moved toward corporate greening ini-
tiatives (Jamison et al. 1990; Hajer 1996). In the AIDS movement, 
pharmaceutical companies have increasingly influenced patient advo-
cacy organizations, which themselves have undergone a fragmented 
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“expertification” process (Epstein 1996), and in the alternative energy
movement, corporate resistance gave way to a strategy of incorporation
and integration (Jørgensen and Karnøe 1995). In those and other cases,
capital has played a strong hand in selecting which aspects of the social
movement will grow and become prominent.

Regarding the more general problem of technology and modernity,
the political economy framework focuses attention on the question of
which technological systems (or in the case of CAM discussed here,
which therapy-practitioner systems) will survive in the wake of innova-
tion driven by production for profit. The dynamics of capital expansion
create new products and markets that threaten the extinction of some
material entities and their accompanying social roles. Either via democ-
ratic or nondemocratic means, and often after contributions from many
communities, societies will decide that selected entities in the material
culture and environment should exist and therefore must be protected,
even if the expansion of the market would mandate their extinction.

The resulting entity, the “protected entity,” is understood here to in-
clude technology as well as material and spatial culture that is protected
by building codes, zoning restrictions, wilderness preserves, and animal
treatment codes.10 States and international organizations have increas-
ingly been called upon to protect endangered entities, including tech-
nologies or desirable features of technology design, that otherwise might
be swept away by the tides of technological innovation guided by the
profitability concerns of global capital. Although protections may cover
whole categories of entities (a wilderness preserve, a species, wind tur-
bines, food supplements), they may also extend to design features that
are protected parts of commodities. One example is the proliferation of
safety regulations surrounding the design and use of consumer products,
transportation vehicles, drugs, biotechnologies, workplaces, databases,
guns, and food that permit or prohibit the movement of such commodi-
ties across national or regional trading boundaries. Another example is
the emergence of privacy concerns around new information technolo-
gies, and the increasing demand for the protection of privacy through
software designs (see Lyon, chapter 6 in this volume).

The political side of the “political economy” framework for analyzing
technology and modernization draws attention to modernization as a
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process by which the regulatory laws of states and international organi-
zations, together with voluntary standards set by international industrial
and professional organizations, slowly redefine commodities as entities
that are no longer mere products for markets. Commodities become
protected entities whose existence is ensured by a code that at its best al-
lows the perspectives of various types of communities to constrain the
pure free play of market-oriented product design and innovation. In
short, production for profit becomes encompassed by a broader logic of
production to standards.

The commodity is therefore enmeshed in a complex, historical
process, and I would suggest that the transformation of gift into com-
modity is not the central issue for a political economy of technology,
even one of anthropological scope. Rather, regulatory law takes back
some of commodity from the market by subjecting it to a double stan-
dard; not only must the commodity be profitable in the world of mar-
kets, but it must meet the legal standards of a regulatory code. Yet,
regulatory law does not restore the gift to the commodity; no circle is
formed. Capital reasserts itself in the battle over the structure of regula-
tions. For example, the licensing of CAM providers may protect some of
the local culture in the wake of biomedical hegemony, but such licensing
also involves putting limitations on the CAM system and provider that
locate it in a nondominant position within the medical field.

One might argue that globalization works against regulation, that in-
ternational competitiveness drives deregulation, just as it has caused the
dismantling of costly welfare states, and that the regulatory process is
not as deeply interwoven in the globalization process as is suggested
here. However, this argument misses the modernization process that
regulatory law is itself undergoing. Increasingly, the regulations of states
are being supplemented by international standard setting in processes
that entail participation from NGOs and some concern with issues of
general good (Feng 2002). Globalization does not imply the wholesale
dismantling of regulations and standards as much as their harmoniza-
tion among nation-states, and the harmonization process itself involves
the complex articulations and negotiations that are suggested here. Reg-
ulation is necessary for capitalism to function, but it is also the doorway
through which community can be redesigned into commodities.
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Conclusions

The problem of technology and modernity as conceptualized here is not
merely an analytical and descriptive one, but a deep normative question
about the kind of global material-social world that should be co-con-
structed. The three frameworks presented here draw on different social
theory traditions to direct attention to problems that require both empiri-
cal research and normative debate. The goals of sustainability, equality,
and community emerge as three major criteria that provide viable points
of reference for a general discussion of technological and social redesign
(see Feenberg 1995; Fischer 1995; Sclove 1995; Van der Ryn and Cowan
1996; Lerner 1997; Rothschild 1999; and Schot, chapter 9, this volume).
However, the goals bump up against each other and provide reference
points for a triangulation of criticism. For example, communities can be
full of particularistic and antiegalitarian social relationships, or they may
have unsustainable ecological practices. Likewise, greening initiatives can
be economically costly in ways that threaten communities or enhance in-
equality. Concerns with democracy, equality, and human rights can be dis-
cussed in a language of the individual that ignores concerns of community
or sustainability. Consequently, the three goals provide checks on each
other for a political discussion that must be anchored in specific cases.

In many if not all the technological fields, one can locate a set of com-
plementary and alternative technologies, a CAT sector that is similar to
the CAM sector described here for the case of medical pluralism. In the
transportation field, there are bicycles, greenways, and public trans-
portation systems; in the energy and chemistry field, renewable energies
and alternatives to chlorine-based chemicals; in the waste-processing
field, biological sewage treatment and recycling programs; in the agri-
cultural field, organic farming and multicropping; in the computer field,
privacy software and open-source systems; in the architecture and urban
design field, feminist, community-oriented, and green design; and so on.
Often, but not always, the alternatives can be constructed in ways that
do not put the normative criteria in a zero-sum relationship. Yet even
when that is achieved, the alternatives remain alternatives because they
are not as viable from the perspective of the market. Consequently, the
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state and, increasingly, nongovernmental organizations, are needed to
intervene and guarantee the existence of alternatives through regulations
and standards.

When social movements mobilize to reconstitute complementary and
alternative technologies as protected entities, the success of such politi-
cal action usually occurs at a cost. A selection process operates on both
the technologies and the movement organizations so that the comple-
mentary technologies are favored over the alternatives, just as the ac-
commodationist organizations are favored over more radical voices.
Integration leads to division as social movements are captured, old
friendships and the sense of movement community are shattered, and
manifestos are translated into partial policy victories. I have watched the
process occur to some degree in the CAM cancer therapy movement in
the United States during the 1990s. Yet, recognition of the reality of
partial integration through incorporation should not lead to the paraly-
sis of inaction. Instead, recognition merely highlights the process by
which a new generation of social movements must be continually cre-
ated within a new technological field with new contours of conventional
and complementary and alternative technologies. In some cases and on
some grounds there is progress.

Notes

1. This definition would require splitting off other types of instrumental social
action, such as psychotechnologies or social technologies. The definition was de-
veloped in part in conversations with Torin Monahan, a doctoral student at
Rensselaer who is working on a practices-oriented approach to technology
(Monahan 2000). Some of the ideas presented here are discussed more com-
pletely in my electronic volume, Selecting Technology, Science and Medicine: Al-
ternative Pathways in Globalization, Volume 1, at �http://home.earthlink.net/
~davidhesshomepage�.

2. The research also includes a book of interviews with women leaders of the
complementary and alternative cancer therapy movement in the United States
coauthored with Margaret Wooddell (Wooddell and Hess 1998). For a quanti-
tative documentation of the extent of CAM in the United States, see Eisenberg et
al. (1998). I borrow the term “field” from Bourdieu (1991), without necessarily
accepting other aspects of his framework, such as the near absence of a political
analysis of technological design.
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3. I use the term “cultural ecology” loosely to refer to a variety of programs that
can be distinguished more properly as cultural ecology, historical ecology, politi-
cal ecology, and the new ecology (Biersack 1999).

4. The possibility that apparently noninfectious chronic diseases may turn out to
be infectious has become more evident since the revision of the etiology of gas-
tric ulcers in the early 1990s. On the infectious tradition for the treatment of
cancer, see Hess (1997).

5. The formulation in this paragraph draws on the social theory research tradi-
tion that includes DaMatta (1991), Dumont (1986), Parsons and Shils (1951),
and Weber (1978), as well as Habermas (1989) and his critics (e.g., Fraser 1989:
chap. 6).

6. See Martin (1994) for a more general discussion of flexibility in the economy
and the health field.

7. “Universal” design is never completely universal, in the sense of being applic-
able to everyone, but the principle is to redesign technology and material culture
so that they are accessible to a wider number of users. Examples include easy-
grip tools and buildings with ramp access rather than steps. Material culture
maintains hierarchical social distinctions (e.g., older people with arthritis, peo-
ple in wheelchairs), and universal design is intended to mitigate those distinc-
tions by making one design that is applicable to different social categories.

8. The problem is further complicated by the fact that some of the features of
the gold standard of clinical research design have built-in biases in favor of con-
ventional, pill-oriented medicine. For example, it is difficult if not impossible to
provide double blinds and placebo controls for dietary programs. The more one
looks at the design problems for clinical trials of CAM therapies, the lumpier the
image of a “level playing field” becomes.

9. As Baer (1989, 1995) and others have recognized, the term “pluralism” sug-
gests an equality of actors that is misleading; rather, the structure of the diver-
sity of medical fields is hegemonic, and biomedicine is the dominant healing
system in almost every society in the world.

10. This approach differs somewhat from the European actor-network theory
(Callon 1995), from which I borrow the term “entity,” in that I would maintain
as desirable the normative distinction between humans and things (see Pickering
1992). The law distinguishes between the rights of humans and the protections
of things, but increasingly it must grapple with the conflict between the two
goods.



For decades, environmentalists and their theoretical interpreters had a
rather clear and undisputed position toward modernity and the project
of modernization. Just 20 years ago the Dutch environmental sociologist
Egbert Tellegen (1983) identified the common denominator of environ-
mental movements around the world as their antimodern ideology. En-
vironmentalists of the time, with their many distinct theories and
practices, and widely varying tactics, shared an antimodern attitude.
Whether they were small-is-beautiful adherents, Club-of-Rome critics,
neo-Malthusians, or neo-Marxists, these environmental movements
seemed united in attacking the basic institutions of modernity, such as
capitalism, industrialism, modern science and technology, and the bu-
reaucratic nation-state. In the past two decades, however, the attitudes
of environmentalists toward modernity and modernization have
changed dramatically. The landscape of “green” positions and ideolo-
gies toward modernity has become far more complex, ranging from de-
modernizers or antimodernists, through various kinds of modernists
(including neo-Marxists) to postmodernists. If anything, we can con-
clude that compared with the 1970s and 1980s, environmentalists have
become more modernist or at least less hostile toward modernity.

During the past two decades as well, social scientists and social theo-
rists have identified the environment as one of the “battlegrounds” for
understanding the changing character of modernity. While for a long
time environmental studies flourished only at the margins of many 
social science disciplines, such major figures in sociology as Anthony
Giddens, Zygmunt Bauman, and Ulrich Beck have recently focused on

11
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environmental issues. A similar upsurge of academic activity can be seen
in environmental history and environmental philosophy. This upsurge
of interest was of course partly inspired by the reappearance of environ-
mental issues on the international public and political agendas in the
late 1980s and early 1990s. In addition, it has become clear that re-
sponses to environmental concerns, at many levels, have begun to
change the basic institutions of modern society.

This chapter deals with this shifting relation between modernity and
environment. More precisely, it explores how environmental considera-
tions and interests are contributing to the transformation of modernity.
I start with a brief overview of the major schools of thought in academic
environment and modernity studies. Then I elaborate one specific per-
spective, ecological modernization, which spotlights the social transfor-
mation processes and dynamics concerning environmental questions.
Next, I use this perspective in showing how environmental considera-
tions are reshaping the business strategies of chemical producers and
consumers. Finally, I examine sectoral and national variations in the en-
vironmental transformation of the modern order.

Modernity and the Environment: An Overview

Scholars in environment and modernity studies can be grouped into four
schools of thought: neo-Marxists who especially criticize the capitalist
ordering of the modern economy but not necessarily modernity itself;
scholars who are rather critical toward modernity and modernization
processes (demodernization or counterproductivity adherents); scholars
who argue that modernity has been changed beyond recognition (post-
modernists); and scholars who stress the significant changes of moder-
nity’s institutional order (reflexive modernization theorists).

Neo-Marxism as Modernization
In the 1970s, neo-Marxist studies of the modern capitalist economy
were particularly influential in bringing to light the origins and logic of
the environmental crises. Focusing attention on the internal economic
contradictions of capitalism, neo-Marxist environmental sociologists such
as Ted Benton, Peter Dickens, Allan Schnaiberg, and James O’Connor
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analyzed the end of the capitalist economic order, as it would jeopardize
the resource base of the production and consumption treadmill. These
scholars combined the idea of aggressive global expansion of the capital-
ist economy with the continuing and intensifying (global) environmental
crisis to formulate a hypothesis about the “second contradiction of capi-
talism”: the economic growth and expansion inherent in the global capi-
talist economy will run up against environmental boundaries that will in
the end upend and transform the global capitalist economic order be-
yond recognition.

In their analyses of the modern environmental crises, neo-Marxists
were keen to focus on the capitalist economy rather than on modernity
as a whole. In contrast to their critical views on the capitalist market
economy, these neo-Marxists maintained that the modern bureaucratic
state, modern science and technology, and modern norm and value 
systems were important elements of a sustainable society—only under
different (noncapitalist) relations of production. In this sense these neo-
Marxist environmental sociologists were modernists.

Yet even among neo-Marxists today, there persists disagreement
about the environmental consequences of (global) capitalism and the
repercussions of the environmental crisis on global capitalism. A leading
American neo-Marxist, James O’Connor (1998: p. 235), recently con-
cluded that, “a systematic answer to the question, ‘Is an ecologically
sustainable capitalism possible?’ is, ‘Not unless and until capital changes
its face in ways that would make it unrecognizable to bankers, money
managers, venture capitalists, and CEOs looking at themselves in the
mirror today.’” Peter Dickens, a renowned European neo-Marxist, has 
a more balanced assessment (1998: p. 191): “According to this second
contradiction argument, nature will continue to wreak ‘revenge’ on 
society as a result of capitalism. Several related questions remain, how-
ever. First, will capitalism be able to restructure itself once more, this
time in the form of what has been called, ‘ecological modernization’?”
Leff takes the discussion of ecological modernization one step further.
From a neo-Marxist perspective, he initially resists simply incorporating
environmental concerns into global capitalist development (through
standard economic means such as the internalization of externali-
ties), but finally reaches the conclusion that an environmentally sound
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development is not “totally incompatible with capitalist production”
(Leff 1995: p. 126).

Demodernization and Antimodernization Perspectives
Scholars adopting demodernization and antimodernization perspectives,
often building on neo-Marxist analyses, also focus on contradictions in
the capitalist economic system. If these demodernization scholars depart
from neo-Marxist perspectives, it is because they claim that neo-Marxist
analyses are incomplete. A group of counterproductivity theorists have
criticized neo-Marxist analyses from a “radical” demodernization per-
spective (Spaargaren and Mol 1992; Mol 1995). These authors include
Murray Bookchin, Ivan Illich, the later André Gorz, the earlier Rudolf
Bahro, Otto Ullrich, Wolfgang Sachs, and Hans Achterhuis, and their
ideas have resonated throughout the environmental movement from the
1970s to today. Otto Ullrich (1979), for example, in his book Welt-
niveau, criticized Marxists for their preoccupation with the social rela-
tions of production, and their corresponding inattention to the forces of
production. In Ullrich’s view, the analysis of environmental crises ought
to incorporate the “myth of the great machine” embodied in the organi-
zation of the industrial system, to understand why the effects of the sys-
tem of production are contradictory to the goals for which it was
designed. The industrial system is minutely administered, Ullrich argued,
in an ever more centralized, hierarchical way, which reflects the impera-
tives of the technical systems that are omnipresent in the system of pro-
duction, but that are no longer adapted to the demands of humans and
nature.

The solutions that demodernization or counterproductivity theorists
advocated did not emerge from an analysis of existing tendencies in con-
temporary society. Most scholars in this tradition agreed that we were
and still are moving further into modernity, creating catastrophic side
effects. The core of the demodernization ideas focused rather strongly
on the normative and prescriptive analyses of the changes and transfor-
mations necessary to maintain society’s resource base. What the norma-
tive stances of demodernization theorists have in common with
environmentalists in the modern traditions (discussed later) is their call
for upgrading environmental criteria and introducing environmental
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perspectives and rationalities in designing future institutions and social
practices. It is exactly against this idea of a new central, leading princi-
ple that postmodernists argue.

Postmodern Critiques and Perspectives
According to postmodernists, if “sustainability” is taking such a central
position in diagnoses of the present and prescriptions for the future,
there is a new “grand narrative” in the making. When formulated in this
way (de Ruiter 1988), it becomes clear why postmodern authors are
among the fiercest critics of modernist approaches to environmental
problems. They see many schemes for dealing with environmental prob-
lems, as remnants of the old modernization theories that dominated the
1950s and 1960s and as an extension of the much troubled Enlighten-
ment. Postmoderns have directly challenged the knowledge claims that
are the foundation of ecological transformations. Postmodern critiques
are in some respects even more radical than those of counterproductivity
theorists because they flatly deny that sustainability criteria could or
should be developed in any way. A recent, rather radical exponent of
this position, Blühdorn (re)starts the debate on what exactly is the eco-
logical problem, and ends up with the conclusion that environmental
problems are no longer there. “To the extent that we manage to get
used to (naturalize) the non-availability of universally valid normative
standards, the ecological problem . . . simply dissolves” (Blühdorn 2000:
p. 217). Large segments of contemporary society no longer see environ-
mental change as problematic, or at least not in any universal way. Ac-
cording to postmodernists, this diversity of environmental-problem
definitions radically devalues any ecological critique of modern develop-
ments, even though few members of contemporary, postmodern soci-
eties fully acknowledge this consequence.

These radical postmodernists want to hammer home the point that
the distinction between society and its natural environment is always a
time- and space-bound “social construction.” No distinction can be made
between more or less objective, true, or widely held intersubjective under-
standings of reality, including the understandings of the environment.
According to postmodern thinking, every grand narrative can and
should be deconstructed and shown to be arbitrary.
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Yet, the rather imprecise and loose use of the label “postmodern”
frustrates any thorough evaluation of the postmodern tradition. For ex-
ample, Zygmunt Bauman (1993: pp. 186–222) considers himself a post-
modernist, although his definition of environmental problems and his
elaborations of desirable solutions resemble deindustrialization and 
demodernization ideas, rather than the postmodernism of Blühdorn.
Bauman shares with both the radical postmoderns and the de- or anti-
modernists a strong rejection of modernity and modernization as rele-
vant categories for environmental reform. Not surprisingly, Bauman
also strongly criticizes reflexive modernization, especially its aim to
“save” modernity.

Reflexive Modernization
If Ulrich Beck did not invent the concept of reflexive modernization, he
certainly brought it to the center of present-day social theory with his
book Risikogesellschaft (Beck 1986). According to Beck, reflexive mod-
ernization entails the “self-confrontation” of modern society with the
negative consequences of modernization, among which is the environ-
mental crisis. While the distribution of goods and prosperity (and con-
flicts about them) is a crucial factor in the constitution of industrial
society during high modernity, with the transition to reflexive modernity
it is conflicts over risks that dominate. Risks become a dominant feature
of everyday life, causing paralyzing feelings of anxiety among large
groups of individuals. And the risks produced by modern institutions
strike these very institutions like a boomerang; social conflicts about en-
vironmental and technological risks are in essence conflicts about the 
social and economic consequences of risk management, and can thus
threaten the responsible modern institutions: the state, science and tech-
nology, and the market economy.

Anthony Giddens unmistakably feels an affinity with Beck’s work
(Giddens 1990, 1994a). He parallels Beck to a considerable extent in
emphasizing the changing “risk profile” of modern society, in which sci-
entific and technological developments have reduced many premodern
risks such as famine and natural disasters, but at the same time have 
increased new types of ecological risks. However, Giddens balances Beck’s
apocalyptic risk society scenario by emphasizing the transformations of
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social institutions in order to deal with these new risks. These institutional
transformations are the central focus of ecological modernization.

Ecological modernization theorists identify the institutions of moder-
nity, not only as the main causes of environmental problems but also as
the principal instruments of ecological reform. At the same time, these
institutions are themselves transformed through the process of ecologi-
cal restructuring. Economic institutions such as the commodity and
labor markets, regulatory institutions such as the state, and even science
and technology are transformed in that they take on characteristics that
diverge from their productivity-oriented predecessors. The constant in-
flux of new information about the ecological consequences of social
practices and institutional arrangements results in a continual redirec-
tion of the core institutions of modernity. In this sense these institutions
have lost their “simple modernization” character and are open for con-
tinual restructuring and redefinition according to environment-inspired
requirements. Ecological modernization can thus be interpreted as the
reflective reorganization of industrial society’s institutions to cope with
the ecological crisis. It is open to empirical investigation whether this
ongoing institutional restructuring and these institutional learning
processes can overcome the self-destructive tendencies of industrial soci-
ety (Beck 1986, 1994). Similarly, it is an open question to what extent
modern institutions will be transformed.

Although there exists a certain tension between the more apocalyptic
undertones of Beck’s risk society and the gradualist perspective of eco-
logical modernization (Mol and Spaargaren 1993), the two views do not
fundamentally contradict each other as some have argued (e.g., Blowers
1997; Buttel 2000). Both strains of reflexive modernization—in sharp
contrast to proponents of de- and postmodernization—share the per-
spective that all ways out of the ecological crisis will lead further into
modernity.

Ecological Modernization: How the Environment Moves into and
Transforms the Modernization Process

In broad agreement with reflexive modernization, the ecological mod-
ernization perspective analyzes the transformation of modernity as a 
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result of the growing importance of environmental considerations and
interests in society. This section surveys ecological modernization and
locates this perspective in relation to reflexive modernization.

Ecological Modernization Theory
The basic premise in ecological modernization theory is the centripetal
movement of ecological interests, ideas, and considerations in social
practices and institutional developments, which results in the constant
ecological restructuring of modern society. Ecological restructuring
refers to the ecology-inspired and environment-induced processes of
transformation and reform of the central institutions and social prac-
tices of modern society. Institutional restructuring should, of course, not
be interpreted as a new phenomenon in modern societies, but rather as a
continuous process that has accelerated in the phase of reflexive moder-
nity. According to ecological modernization scholars, the present phase
(roughly since the 1980s) is distinctive because of the centrality of envi-
ronmental considerations in these institutional transformations.

Ecological modernization theorists echo a Weberian view in drawing
attention to the growing autonomy of an ecological sphere and a grow-
ing independence of ecological rationality in relation to other spheres
and rationalities (Mol 1995, 1996; Spaargaren 1997). In the domains of
policies and ideologies, some notable environment-informed changes
took place beginning in the 1970s. Most environmental ministries and
departments, as well as many environmental laws and environmen-
tal planning, date from that era. While a separate “green” ideology—
manifested in environmental nongovernment organizations (NGOs) and
environmental periodicals—started to emerge in the 1970s, in the 1980s
this ideology became more and more independent from—and could no
longer be interpreted in terms of—the old political ideologies of social-
ism, liberalism, and conservatism (Paehlke 1989; Giddens 1994b).

The crucial transformation, which makes the notion of growing au-
tonomy of the ecological sphere and rationality especially relevant, is of
even more recent origin. In the 1990s, the ecological sphere and ecological
rationality grew increasingly independent from the economic sphere and
economic rationality, the bedrock as it were of classic modernization.
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The consequence will be that slowly but steadily economic processes of
production and consumption will be and indeed are increasingly de-
signed, organized, analyzed, and judged from an economic and an eco-
logical point of view. From the late 1980s onward, institutional changes
have started to appear in the economic domain of production and con-
sumption (as discussed later). The claim that we should analyze these
transformations as institutional changes recognizes their semipermanent
character. Although the process of ecology-induced transformation
should not be interpreted as linear and irreversible (as was common in
the modernization theories in the 1950s and 1960s), the changes have
some permanency and are difficult to reverse.

Ecological Transformation Processes: Core Features
Most studies adopting an ecological modernization framework focus
empirically on environment-induced transformations in modern social
practices and institutions. The core features of such transformations—
including the main dynamics, actors, and mechanisms—can be de-
scribed by five heuristics. Taken together, these core features distinguish
ecological modernization from neo-Marxist, demodernization, and post-
modern ideas.

• Science and technology become contributors to environmental re-
form. First, science and technology are not only judged for their role in
causing environmental problems but also are valued for their actual and
potential role in curing and preventing them. Second, conventional cura-
tive and repair options (such as “end-of-pipe” technologies) are replaced
by more preventive sociotechnological approaches that incorporate en-
vironmental considerations from the design stage onward. Finally, de-
spite a growing uncertainty with regard to scientific and expert
knowledge concerning environmental problems, there is continued ap-
preciation of the contributions of science and technology to environ-
mental reform.

• Economic and market dynamics and economic agents gain in impor-
tance. Producers, customers, consumers, credit institutions, insurance
companies, the utility sector, and business associations increasingly turn
into social carriers of ecological restructuring, innovation, and reform
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(in addition to state agencies and new social movements; cf. Mol and
Spaargaren 2000).

• The modern “environmental state” (Mol and Buttel 2002) is trans-
formed. First, there is a trend toward decentralized, flexible, and consen-
sual styles of national governance at the expense of top-down
hierarchical command-and-control regulation, a trend sometimes re-
ferred to as “political modernization” (Jänicke 1993). Second, there is
greater involvement of nonstate actors in the conventional tasks of the
nation-state, including privatization, conflict resolution by business-en-
vironmental NGO coalitions, and the emergence of “subpolitics” (Beck
1994). Finally, there is an emerging role for international and suprana-
tional institutions that to some extent undermines the sovereign role of
the nation-state in environmental reform.

• New positions, roles, and ideologies for environmental movements
emerge in the processes of ecological transformation. Instead of posi-
tioning themselves on the periphery or even outside the central decision-
making institutions, environmental movements become increasingly
involved in decision-making processes within the state and to a lesser
extent the market. This is accompanied by a bipolar or dualistic strategy
of cooperation and conflict, and the resulting internal debates and ten-
sions (Mol 2000).

• There are changing discourses. New discursive practices and new ide-
ologies emerge in political and societal arenas, where neither the funda-
mental counterpositioning of economic and environmental interests nor
a total disregard for the importance of environmental considerations are
accepted any longer as legitimate positions (Hajer 1995). Intergenera-
tional solidarity in preserving the sustenance base emerges as the undis-
puted core and common principle.

These five heuristics, which together describe ecological moderniza-
tion, can be used in analyzing and describing specific sectors, such as
chemical production and consumption in Europe. Some scholars and
political agents also apply these heuristics as normative paths for
change, using them to construct a desirable route to a sustainable future.
In the next section I focus especially on the analytical and descriptive
(rather than normative) qualities of ecological modernization.
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From Theory to Practice: Transformations in Chemical Production and
Consumption in Europe

Although the origins of the chemical industry can be traced back to the
sixteenth century, it expanded significantly in Europe during the indus-
trial revolution in the nineteenth century. While France had been a
major producer of chemicals in the late eighteenth century, Great Britain
and later Germany took over in the nineteenth century. Today, the
United States, Germany, the United Kingdom, Japan, Italy, Switzerland,
and the Netherlands are usually mentioned among the top chemical-
producing countries. Although developments in industrial nations were
far from homogeneous, both spatially and temporally, most contempo-
rary industrial countries have acquired a chemical industry of a more or
less similar structure (if not size). Consumption of chemicals, chemical
products, and goods containing significant amounts of chemicals is
spread worldwide. The chemical industry and its products have been
and still are notorious for their damage to the environment. Since its
early stage, chemical production has caused severe environmental deteri-
oration and led to large public protests. Environmental movements have
recently targeted chemical products such as pesticides, coloring agents,
polyvinyl chloride (PVC), chlorofluorocarbons, and organic solvents, to
name a few.

Only from the 1980s onward can one really speak sensibly of the eco-
logical restructuring of chemical production and products. Even so, this
reform process did not reduce anxieties about chemical dangers and
risks among significant segments of the population. I first look at the
scope of this environmental reform process in western Europe and then
analyze the main dynamics behind these transformations.

Ecological Reform: Quality and Degree
In the past 15 years, important changes have occurred in individual
chemical companies and at the level of the chemical sector. The majority
of western European chemical companies have established environmen-
tal management systems that are coordinated by in-house environmen-
tal, health, and safety officers and departments, although this is true to a
lesser extent in the smaller chemical industries in Europe (Franke and
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Wätzold 1995). Company strategies frequently include monitoring and
management of the in- and outflow of materials and energy, alongside
more traditional strategic concerns such as monitoring and management
of financial (capital) and human resources. New instruments such as 
annual environmental reports, environmental certification systems, and
environmental audits have become common. In the Netherlands, for in-
stance, 119 out of the 143 chemical firms produced an annual environ-
mental report for 1999. The same number of companies (119) had an
environmental management system, but only 43 (36 percent) of these
were certified according to International Standards Organization (ISO)
14000, the European Environmental Management and Audit System
(EMAS) guidelines, or British Standard 7750 (FO Industrie 2000). Simi-
lar developments can be identified in other western European countries.
Companies have appointed special environmental officials to translate
general environmental requirements—often set by government agencies—
into operating specifications and criteria.

Company expenditures on environmental measures and investments
have increased during the past decade, both in absolute and relative
terms. Company expenditures on environmental measures, which typi-
cally were 10 percent of total annual investment in the early 1990s, are
about 15 percent at present and are expected to increase to 20 percent
in the coming decade (Commission of the European Communities 1993,
1997). In addition, research and development resources have been reori-
ented toward the environment. In the pesticides industry, R&D resources
spent on the environment have skyrocketed with the development and
introduction of new products. The expansion has been considerable in
other chemical sectors, too. Although definitions of environment-ori-
ented R&D vary, most authors and most chemical firms claim that be-
tween 30 and 80 percent of company R&D costs are related to the
environment (Mol 1995).

Ecological reform can be seen not only in these investment activities
but also in internal company decision making. The development and in-
troduction of new products that do not have clear environmental 
benefits, managers of chemical companies indicate, will be vetoed in 
the internal decision-making process because the commercial risks are
too high. It is now standard practice to conduct ex ante ecological 
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evaluations of new products (sometimes via life-cycle analysis) and envi-
ronmental audits of production sites. These exercises can result in modi-
fications in the kinds of raw materials used and the design of new
production processes. In addition, chemical industries have engaged in
new activities. For instance, polymer producers have investigated new
recycling technologies for plastics; many have acquired a majority 
share in plastics recycling companies. These technical, economic, and
organizational changes at the company level clearly do not consist 
of merely tinkering with an existing development path. They should
rather be interpreted as the precursors of a broader industrywide 
transformation.

Viewed from the aggregated sectoral level, the environment has be-
come an increasing factor in the competition among chemical compa-
nies. For example, low organic solvent paints (including water-based
paints, high solids, and radiation-cured systems) have successfully chal-
lenged the market for traditional organic solvent paints. While small
niche-market firms initiated the production of low organic solvent
paints, all the major European paint companies have by now comple-
mented their conventional paints with the new products or switched to
these new paint systems. This reform enabled the Dutch government to
ban organic solvent-based paints from the professional markets. Some
small traditional paint companies lacked the resources and expertise to
develop such more ecologically sound paint systems, and some of them
were taken over or even collapsed. Producers of PVC plastics have lost
market share to producers of polypropylene and polyethylene (PP and
PE). The unsatisfactory environmental performance of PVC, in the view
of influential sectors of society, is the main cause of this shift in market
shares, especially in Germany, the Netherlands, and Denmark.

The environmental initiatives of governments have added entirely new
dimensions to chemical-sector competition. Recycling requirements af-
fect the product development and polymer choice of plastics manufac-
turers as well as industrial end users such as the automobile industry.
Recycling requirements also led to the emergence of fixed contracts be-
tween polymer producers, industrial end users, and recycling companies,
changing the industry’s structure and limiting free competition. The
mandatory registration of pesticides and especially the related costly R&D
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on environmental effects resulted in an acceleration in (de)merging and
joint ventures among pesticide industries in the 1980s (Mol 1995). One
of the consequences is that so-called active ingredient production has al-
most disappeared from the Netherlands (while it has become concen-
trated in France, Germany, and the United Kingdom).

Besides these new frontiers of competition, cooperation within the
chemical industry has been augmented in environmental matters. Indus-
try or trade associations, both at the national and the European Union
(EU) level, have stepped up their environmental activities and often dou-
bled their staff to do so. The industry’s negotiations with regulatory
agencies are often coordinated by these so-called branch associations,
which also handle public relations and communications with other in-
terest groups and the wider public. The Responsible Care program—
coordinated by the Council of European Federations of the Chemical 
Industry, known also as CEFIC from the acronyn in French (CEFIC
1999)—is among the best known of these communication programs. In
addition, branch organizations have begun to engage in the translation
of regulatory requirements down to the level of individual companies, to
some extent evolving into a kind of neocorporatist organization in envi-
ronmental politics.

Last but not least, decreases in emissions and wastes, and the reuse
and recycling of waste, should be seen as indicators of environmental re-
form. But, in the best tradition of the disenchantment of science, often it
is not easy to obtain reliable data for the European chemical industry or
for national chemical industries (for some examples, see CEFIC 1999;
FO Industrie 2000; European Environmental Agency 1998). Most data
show decreasing emissions for most substances throughout the 1990s,
although in a few cases growing production volumes offset decreasing
emissions per unit of output (e.g., greenhouse gases).

Transformation Processes: Actors and Dynamics
This ecological restructuring of the chemical industry can be understood
as indicating the growing importance of ecological factors and argu-
ments in industrial development in relation to economic ones, although
the latter of course will remain dominant for some time. The chemical
industry has institutionalized this increasing importance of ecology
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through various mechanisms, dynamics, and actors (Mol 1995; Paquiet
et al. 1996).

Within the market for chemical products, the environment has become
a relatively independent factor that can no longer be controlled by eco-
nomic factors. Consumers of chemical products articulate demands from
both economic and ecological points of view; conventional economic
and quality criteria have been extended to environmental standards.
Consumer organizations are including environmental criteria in their
testing and evaluation of product quality. Customers not only ask for en-
vironmentally sound products but also are starting to demand environ-
mentally sound chemical production processes in the form of certified
environmental management and audit schemes and environmental prod-
uct specifications. Companies are responding to these new dimensions of
consumer and customer demand with new marketing strategies, new
product information standards, and changing advertisement designs.

The environment has also exerted an influence on financial markets.
Insurance companies increasingly carry out an environmental audit be-
fore they insure chemical industries. Indeed, international insurance
companies are among the main defenders of the Kyoto Protocol. In
some cases, financial organizations such as banks make investment
loans conditional on an environmental evaluation. However, chemical
producers should not be seen as purely reactive actors, confronted with
an “ecologized” market demand, for they have partly created these new
demands. Specialized chemical producers have identified many niche
markets for environmentally sensitive products, while large transna-
tional chemical companies see environmental specifications as an area of
competition. Incidentally, employees within chemical industries play a
significant role in initiating and implementing these ecological transfor-
mations (Baylis et al. 1998a; Wingelaar and Mol 1997).

Besides these economic factors, governmental measures, public pres-
sures articulated by NGOs, and international developments are also
shaping the pace of environmental transformations. Governmental inter-
ventions in chemical production and products have a dual aspect. At
times, authorities still follow the traditional line of command-and-control
(regulation and enforcement), while sometimes more communicative
and cooperative strategies have emerged. The latter negotiations often
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involve long-term agreements with the chemical sector on overall envi-
ronmental goals, taking into account the sector’s (technological) knowl-
edge, environmental information, and preferences on time paths and
(technological) measures. The move to a larger degree of flexibility and
self-regulation in environmental policy seems to work especially well for
the large chemical complexes that have well-organized internal environ-
mental monitoring and management systems, and where government
agencies do not have sufficient knowledge, monitoring devices, and
manpower for direct regulation. Liability policies have reinforced this
cooperative strategy, stimulating some chemical companies to use
“white lists” (instead of black lists) for chemical substances allowed in
their products. The division between the two modes of intervention dif-
fers from country to country, depending on policy style and political
culture (see Franke and Wätzold 1995).

A central characteristic of contemporary ecological reform is that the
quest for environmental improvements does not have to be continuously
enforced by the state, since environmental concerns have become institu-
tionalized (to some extent) in economic practices, as attested by the ex-
amples of insurance companies, consumer demand, and liability policy.
This institutionalization would become even greater if the most power-
ful mechanism in capitalist market institutions—prices—was used on a
larger scale. Until now, price differences reflecting ecological standards
have been introduced by regulatory organizations (for instance by
means of different value-added tax percentages, taxes, or deposit sys-
tems), to different extents in the various EU countries (see Ekins and
Speck 2000). Nevertheless concerns about “competitiveness” have
largely exempted the most heavily polluting sectors from these new price
signals (e.g., on energy use or CO2 emissions), and economic incentives
at the EU level are mired in political debate. The major chemical pro-
ducers have so far resisted major tax reforms.

Despite the improved ecological performance of the chemical indus-
try, and its continuing institutional transformations, the industry still
generates powerful feelings of insecurity and anxiety in the public. Re-
cent polls by both independent scientific institutes and chemical associa-
tions indicate that the public remains wary of chemicals and the
chemical industry because of their environmental risks. The generally 



The Environmental Transformation of the Modern Order 319

reassuring messages coming from risk assessments, life-cycle analysis,
and scientific-technological control and management of the chemical in-
dustry’s expert systems are challenged time and again by counterexper-
tise as well as chemical accidents. And these challenges have moved 
up to a global scale. While in the 1950s and 1960s chemical risks were
primarily of local origin, since the 1980s they have become global
through the pervasiveness of far-flung food and commodity chains (in-
cluding pesticides), international transportation of bulk chemicals, and
global ecological interdependencies (such as depletion of the ozone
layer).

The adherents of Ulrich Beck’s risk society theory may rightly con-
clude that these confrontations with chemicals and chemical production,
in almost every aspect of daily life, have not resulted in an unquestion-
ing, basic trust in the chemical industry. Still, one searches in vain to lo-
cate any massive movement away from a lifestyle dependent on
chemicals or to find signs of fundamental distrust in the scientific foun-
dations underlying the chemical industry. Protests in the 1970s against
the plasticized “throwaway society,” accompanied by calls for the dis-
mantling of chemical production, contrast markedly with today’s scien-
tifically informed counterexpertise and scientific controversies on specific
product and processing alternatives (for instance, on PVC, see Tukker
1999; Bras-Klapwijk 1999). And contemporary environmental NGOs
strongly support a sustainable chemical industry instead of requesting
the dismantling of chemical production. Perhaps only in the natural
food sector do we see serious initiatives to abolish chemicals (mainly
pesticides and chemical fertilizers).

Despite the many signs of change, the ecological transformation of the
chemical industry is only beginning. The chemical industry is still chal-
lenged by critics of its ecological performance, and we are nowhere near
a sustainable chemical industry, as most data on emissions, environmen-
tal quality, and accidents show. The point is that first, transformation
processes in the chemical industry are to a significant extent informed by
environmental considerations and second, this ecological transformation
is a process involving (and transforming) the institutions of modernity.
In that sense the ecological restructuring of the chemical industry resem-
bles what has been labeled the “modernization of modernity” (Beck 1986).
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Other, once-promising alternatives seem to have come to a dead end, as
will become evident in the next section.

Soft Chemistry: A Stagnating Alternative for Restructuring
The most clearly defined alternative to an ecological modernization of
the chemical industry is the idea of soft chemistry. Soft chemistry (sanfte
chemie) resembles Lovins’ soft energy path and Ullrich’s alternative for
sackgasse (dead end) technology (Lovins 1977; Ullrich 1979: pp. 149ff).
Soft chemistry moves away from some of the central characteristics of
modern technological systems and revitalizes the environmental con-
cepts that were prominent in the early 1970s.

According to von Gleich (1988, 1991), one of the founders and inter-
preters of the soft chemistry paradigm, three criteria distinguish “soft”
from “hard” chemical science and technology. First, soft chemical tech-
nology intervenes only superficially, less profoundly, in chemical struc-
tures. The level or degree of intervention (Eingriffstiefe) of hard
chemical technology has had three consequences: increasing the power
of humans over nature, increasing the potentials of risk because of ex-
tended time-space dimensions and irreversibility, and increasing the gap
between the scope of our knowledge of nature and the scope of our 
intervention in nature. The fact that the intervention level of soft 
chemistry is less deep means that soft chemical technologies, in von 
Gleich’s view, retain a use-dependent neutrality: their negative conse-
quences are not inherently related to the technology itself, but rather to
its application.

Second, soft chemical technology is distinguished by its instrumental
character (Werkzeugcharakter), i.e., the possibility for production-level
workers (the primary producers) to use and control the properties of the
natural resources used in production. Whereas hard chemical technol-
ogy requires standardized and uniform natural resources and Fordist
production processes in which primary producers and natural resources
are adapted to production technology, soft chemical technology is
adapted to the properties of the natural resources as they are found. 
Finally, soft chemical technology makes use of the coproductivity (Mit-
produktivität) of nature, incorporating biological and ecological
processes as an integral part of chemical production. Soft chemistry thus
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departs from a modernist, instrumental view of nature as an element to
be controlled by or excluded from industrial processes.

Despite its obvious appeal to advocates of alternative technologies, the
idea of soft chemistry has found few applications. The production of so-
called natural paints was the most promising soft chemical technology,
but even during the wave of environmental consciousness in the late
1980s and early 1990s the market for natural paints did not rise above 
a 1 percent share of the European market. Even in Germany and the
Netherlands, where state programs aimed to improve the environmental
performance of conventional paint systems, government authorities have
been hesitant to support natural paints, partly because of their inferior
product quality and their poor environmental performance, but also be-
cause government authorities wish to maintain good relations with the
regular chemical paint industry. Moreover, the mainstream environmen-
tal movements in Germany and the Netherlands have founded their ideol-
ogy, not on soft chemistry, but on the environmental modernization of
the chemical industry. Natural paints have found only meager backing
from environmental organizations and have even been fiercely criticized
by these organizations. In other chemical sectors and products, such soft
chemistry plays an even more limited role. Soft chemistry, then, as a “way
out” of the environmental crisis or as an alternative to ecological modern-
ization, seems to possess little descriptive power or normative value.

Environmental Transformation of Modernity: Sectoral and Regional
Variations

My analysis of ecological modernization in European Union countries
raises at least two questions of representativeness. Can we analyze or
expect similar dynamics and transformation processes in other (indus-
trial) sectors in Europe? And to what extent do these ecological modern-
ization processes differ among countries and regions? This section tries
to give a preliminary answer to these questions.

Sectoral Variations
In evaluating distinct industrial sectors in one country, I focus on the
characteristics of the sector (e.g., economic structure and organization)
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instead of making qualified estimates as to which sector(s) might have
ecological restructuring processes comparable to that of the chemical in-
dustry. Three sectoral dimensions are relevant.

First, we must consider the contribution of the sector under analysis
to (national) environmental problems. Of course the sector’s objective
contribution to environmental problems is relevant, but even more im-
portant is the perception of its contribution held by key collective ac-
tors: government agencies, environmental organizations, the media,
consumers, and citizens. A sector perceived by these social actors to be
an environmental problem inevitably faces greater pressures to alter its
production processes and products. Taking this into account, it is no
surprise that the chemical sector, facing intense pressure, has instituted
the most far-reaching ecological modernization.

Second, distinct sectors differ fundamentally in their structural quali-
ties, including such features as production processes and organization,
economic concentration, and vertical integration. Keith Pavitt’s (1984)
well-known four-part typology of industrial sectors might be useful in
indicating how different structural qualities of industrial sectors either
promote or interfere with ecological restructuring:

• In supplier-dominated sectors such as textiles, clothing, leather, print-
ing and publishing, and wood products, innovations are mainly trig-
gered by the diffusion of capital goods and innovative intermediate
products, while R&D expenditures as such are limited. Suppliers domi-
nate the development of these sectors to a considerable extent. Endoge-
nous changes relate to incremental improvements in equipment,
procedures, and organization. The firms are typically not very large.

• Specialized suppliers, such as mechanical and instrument engineering
firms, mainly aim at product innovations that enter other sectors in the
form of capital inputs. These firms tend to be small and knowledge 
intensive and maintain close relations with their customers. Product in-
novations are carefully coordinated with these customers, while funda-
mental process innovations are relatively scarce.

• Scale-intensive sectors generally involve complex systems in which
economies of scale are significant (in R&D, design, production, or dis-
tribution). Companies tend to be large; they tend to integrate vertically;
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and they typically produce their own production technologies. Signifi-
cant financial and personnel resources are dedicated to innovation (both
product and process). This category includes transport equipment, 
electronic durables, metal manufacturing, food products, and glass 
production.

• Science-based sectors, such as the chemical, pharmaceutical, electron-
ics, and bioengineering industries, are characterized by large R&D de-
partments with large R&D resources. Their innovative products enter a
large number of sectors as intermediate inputs or capital. The companies
tend to be large, with the exception of new “Schumpeterian” or entre-
preneurial ventures (e.g., bioengineering).

Third, the international orientation of the sector is highly relevant.
Changes in an internationally oriented sector such as the chemical in-
dustry will be triggered to a considerable extent by international compe-
tition and policy processes, while the international context is obviously
less relevant for more nationally oriented industrial sectors. Individual
chemical corporations, in striking contrast to companies in most other
industrial sectors, are international political actors in their own right,
with direct contacts, for instance, to European Union institutions at the
highest levels.

Empirical research on ecological modernization processes in different
industrial sectors is just beginning. In the United Kingdom, Baylis and
his colleagues (1998a,b) found that the chemical, electrical, and elec-
tronics industries had most thoroughly embraced environmental trans-
formations, while mechanical engineering was a clear laggard and the
food sector was intermediate. The food sector’s concern for food safety
actually interfered with environmental protection, with major efforts in
product innovation but few efforts in reshaping production processes to
reduce emissions. Baylis and his colleagues concluded that the driving
forces for environmental change in these sectors are conventional regu-
lation, pressures from customers and consumers (especially in the food
sector), and wider public concern. In addition, they found that large
companies, and sectors with many large companies, are the leaders in
environment-informed transformations. Similar differences among sec-
tors were reported by Boons et al. (2000) in a wide-ranging survey of all
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Dutch studies in environment-induced transformations. This study
found that the kind of ecological modernization as well as the mecha-
nisms, dynamics, and actors involved in these transformations varied
among industrial sectors and industries.

Globalization and Regional Styles
Earlier I outlined the principal ecological modernization heuristics,
which are clearly visible in the western European countries. To what ex-
tent can these heuristics shed light on environmental transformation
processes outside western Europe?

One would expect significant differences in ecological modernization
outside Europe, owing to distinct national and regional institutions.
These institutional differences include profound variations in state–
market relations, ranging from “developmental” states to “predatory”
states, or from a “Rheinländisch” model to an Anglo-Saxon model
(Evans 1995; Staute 1997). In addition there are distinct national policy
styles (Richardson 1982; Vogel 1986; van Waarden 1995); varying regimes
of accumulation (Lipietz 1987); and different national systems of inno-
vation, with their nation-specific network of institutions that initiate,
import, modify, and diffuse new technologies (Nelson and Rosenberg
1993; Edquist 1997). Furthermore, we may need to be alert for distinct
“national characters” (Cohen 2000). Variations in any of these aspects
will give ecological modernization a specific national or regional flavor.

At the same time, these national and regional variations may be offset
or even homogenized by the processes of globalization. To the extent
that globalization processes continue in the domains of economy (via
global markets and transnational corporations), of policy and gover-
nance (by transnational institutions and multilateral agreements), and of
culture (by norm and value formation in a global civil society), there
will be institutional pressures that might make ecological modernization
similar across countries or regions. Garcia-Johnson’s (2000) recent
study on the export of environmentalism by U.S. chemical companies to
Brazil and Mexico demonstrates how global economic dynamics can
produce similarity in environmental reforms. Globalization processes
mean that the dynamics of ecological modernization (e.g., shifting tech-
nological paths, new forms of environmental governance, internalization
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of external effects, new environmental roles of market actors) are in-
creasingly looking similar in very different modern societies. Even so,
the heuristics that govern environmental reform will always be codeter-
mined by national and regional characteristics and institutions: one
might well speak of environmental “glocalization.”

Studying and defining regional (or national) variations or styles of
ecological modernization seems to me a promising middle course that
will enable us to see how far the commonalities of ecological moderniza-
tion reach, where the specifics of the regional variation start, and how
the commonalities and variations change across time.





He puts his engine [a watch] to our ears, which made an incessant noise like that
of a water-mill; and we conjecture it is either some unknown animal, or the god
that he worships; but we are more inclined to the latter opinion.—Jonathan
Swift, Gulliver’s Travels (1726)

We Westerners are absolutely different from others!—such is the moderns’ vic-
tory cry, or protracted lament. They do not claim merely that they differ from
others as the Sioux differ from the Algonquines, or the Baoules from the Lapps,
but that they differ radically, absolutely, to the extent that Westerners can be
lined up on one side and all the cultures on the other, since the latter all have in
common the fact that they are precisely cultures among others. In Westerners’
eyes the West, and the west alone, is not a culture, not merely a culture.—Bruno
Latour, We Have Never Been Modern (1993)

E. M. Forster, in his novel Passage to India observes that the “restful-
ness of an Indian gesture reveals a civilization which the West can dis-
turb but will never acquire” (Forster 1924: pp. 251–252). In this brief
passage Forster sets up the dichotomies between East and West in terms
that can reveal in their ambivalence a deconstructive gesture, perhaps
unknown to its individual “western” author, that has the potential to
interrogate the key terms of this essay. For technology, modernity, devel-
opment—all three of these terms—are to be written under such a decon-
structive gesture. The tension that is inherent whenever such theoretical
terms are used with intended empirical correlates comes quickly to the
fore under such writing sous rature, which is also a way of putting these
terms inside question marks.

Such is the intention of this essay.1 Yet this venture is fraught with the
perils of relativizing these terms, erasing their meaning, and perhaps ulti-
mately pointing to nihilism. How does one give the study of technology,
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modernity, and development an “empirical turn” under such circum-
stances? Reflection on this question soon leads to another. How does
one offer a theory of technology, modernity, and development so that
correct empirical applications are indeed within reach? Therefore, the
first task is to take seriously the tensions within the theoretical terms
that lead to a real threat of their dissolution (destruction, in Heidegger’s
terms). An analysis of these tensions and a way out of them would seem
to be the minimum theoretical conditions for an empirical turn to be
meaningful. Such an analysis also carries the potential for exposing the
contradictions inherent in modernization theories and the conventional
dichotomies encapsulated by the simple oppositional formula of an
East–West dichotomy.

Accordingly, I begin with some analysis of the theoretical connections
among technology, modernity, and development in a nonwestern con-
text. The discussion here is intended to suggest some methodological as-
pects of connecting theories of modernity with empirical approaches in
the context of technology and development. Of particular significance
are the modern and postmodern aspects of technological development in
the newly industrialized economies (or NIEs). I try to draw some lessons
from my own studies of the Taiwanese innovation system. The 
argument presented here will entail some suggestions for future direc-
tions of empirical investigations in other nonwestern societies and some
warnings about possible pitfalls in this type of work. Throughout the
essay, the idea of technological systems as social, economic, and politi-
cal constructions that are historically path dependent plays a crucial
role.2

Technology, (Post) Modernity, and Development: The Western–
Nonwestern Distinction

If the very nature of technology is put under scrutiny and thus prob-
lematized, we end up with what Hughes (1987: p. 51) calls “messy,
complex, problem-solving components.” Any such system gives rise to
problems (“reverse salients” in Hughes’s terminology) that require 
further negotiations. Pinch and Bijker (1987) underline the historicity
and social construction of the very idea of the “safety bicycle” in the
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nineteenth century during a protracted process of problem formulation, 
stabilization, and (social) closure. Thus, they point out:

The “invention” of the safety bicycle was not an isolated event (1884), but a
nineteen-year process (1879–98). For example, at the beginning of this period
the relevant groups did not see the “safety bicycle” but a wide range of bi- and
tricycles—and, among these, a rather ugly crocodilelike bicycle with a relatively
low front wheel and rear chain drive. By the end of the period, the phrase
“safety bicycle” denoted a low-wheeled bicycle with rear chain drive, diamond
frame, and air tires. As a result of the stabilization of the artifact after 1898, one
did not need to specify these details: They were taken for granted as the essential
“ingredients” of the safety bicycle. (Pinch and Bijker 1987: p. 39)

If technology as a theoretical term and its empirical correlates are thus
shown to be socially contested and constructed over significant time in-
tervals, the connections between technology and modernity are twice
problematized. In the first place, the ensemble of attitudes and institu-
tions that are assumed to be coterminous with the idea of modernity are
themselves in flux and need to be described as a system in motion. In the
second place, technology, as a crucial dynamic component of moder-
nity, is also destabilized and is itself destabilizing; it can find stabiliza-
tion only through a historically contingent interplay of social forces. In
this context, what the economic historians like Paul David (1985) or
theorists such as Brian Arthur (1994) have called “path dependence”
needs clear articulation and focus in the social construction of temporal
sequences of technological systems and subsystems. These sequences can
now be seen as elements chosen from a large set of intertemporally con-
nected technologies. Indeed, one can redefine the traditional choice set of
microeconomic theory from one that deals only with an object of individ-
ual choice to the social choice of technology in historically conditioned
and socially contingent circumstances. This redefinition of choice, as we
will see, can have rather profound theoretical and empirical consequences.

Recognition of the problem of path dependence as a problem of se-
quencing (and subsequencing) of historically and socially contingent
technological paths at once creates an opportunity and a seeming im-
passe. Focusing on the contingency aspect gives a strong justification for
specific, empirically grounded projects in technology studies. However,
if contingency is all there is, then there seems to be no way out of pure
(Humean) empiricism. Avoiding such an empiricist (as opposed to
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merely empirical) turn requires an epistemological grounding beyond
that of sense data. However, this is precisely where the dangers of a sub-
jectivist neo-Kantianism or dogmatically objectivist realism become the
greatest. This is also the point where debates on modernity and post-
modernity often lose their way in a nihilistic type of relativism (see 
Lyotard 1984a, 1988, 1993; Derrida 1981, 1988; Rorty 1989).3

One way out of the impasse is to take the idea of freedom as a key
feature of technology, modernity, and development (Sen 1992, 1999;
Khan 1998). As we will see, we are by no means free to characterize
freedom any way we like. However, for the moment I want to take free-
dom as a primitive term and examine the claim that it is a key ingredient
of all three of my principal terms. For this purpose, and for this purpose
only, it is sufficient to think of freedom as an extension of the scope of
action for the individual, society, or nature.

Limiting ourselves thus to such a thought experiment with freedom,
we can think of technology as extending our scope of action over space
and time. Such an extension is institutionalized in the history of devel-
opment in the West through a coherent set of social, economic, and 
political institutions and articulation of ideologies of modernity. The
contested rise of modernity in technology politics (Schot, Chapter 9, this
volume) describes the complex forms such articulations and practices
can take. Development, in this (western) sense, then, means the exten-
sion of similar types of technological progress embodied in similar types
of institutions and expressed in similar ideational forms, for example,
the modernization ideology.

The extensive debates on modernization, westernization, and progress
have put these ideas through much critical sifting. Very little that is in-
tellectually coherent remains after the colonizing (sometimes racist), im-
perialist, and patronizing shibboleths are laid to rest. In fact, the very
dichotomy of East versus West seems to be a peculiar western hege-
monic construction that remained uncontested only as long as the inco-
herence of modernity itself remained unrecognized.4 One way to read
(sympathetically) the modern versus postmodern debate and the jihad
versus McWorld type of polarization (Barber 1995; Khan 1996, 1998)
is to see in these concepts a visceral response to modernity both in the
West and in the East.
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Yet what is often lost in the intense heat of such debates is the intuition
that the notions of technology, modernity, and development all have to do
with enhancing a complex sort of freedom. It is only through clarification
of the meaning of freedom and its connection with the other terms that we
can hope, if at all, to avoid the destructive (again in Heidegger’s sense) im-
plications of postmodern gestures. To avoid the simplistic slogans of mod-
ernization versus antimodernization, westernization versus nativism or
development versus nondevelopment, we must deconstruct in order to re-
construct the meaning of freedom. Again, the entire literature of postmod-
ern and poststructuralist questioning is valuable precisely for this reason.
However, we need to find a way out of simple and misleading nihilism.
We need to fight our way out of a complacent irony into the “real”5 world
of uncertainty and confusion. I want to show that this movement in
thought brings us face to face with technology as creativity. I also want to
draw attention to the close links between technology as creative activity
and human freedom as social capabilities (Sen 1992, 1999; Khan 1998;
Levine 1997). Finally, I wish to explore the connections between this ap-
proach and reflexivity as a socially embedded relation. In the next section I
critically discuss the relationship among technology, growth, and develop-
ment in the context of reflexive modernity and reflexive development.

Technology, Modernity, and Development: Refractive Reflexivities

Ulrich Beck’s (1992) contrast of a “simple modernity” with reflexive
modernity has opened a wide area of reflection on matters central to the
concern of this chapter. If advanced capitalist societies (presumably they
are more developed) have entered a stage that Beck calls the “risk soci-
ety,” are the less advanced to be characterized as “scarcity societies”
with simple modernity as the object of social, political, and economic
construction? Raising the question in this way allows one to reflect on
the nature of the construction of a plurality of modernities. It may turn
out that simple versus reflexive modernity or simple versus reflexive de-
velopment are intellectual dichotomies that are too neat to sustain in the
face of global complexities.

As Lash et al. (1996: pp. 6–7) point out: “Risk Society itself had raised
worries for many readers that Beck seemed to be offering a vision of a
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kind of hyper-Enlightenment, where individuals and institutions were be-
coming increasingly able consciously to reflect on the premises of their
own and others’ commitments and knowledge claims.” However, Beck 
et al. (1994) acknowledged the possibility of an automatic and blind re-
flex. For Beck, risk societies are led by the riskiness of large-scale chemical,
thermonuclear, and other technologies to an abyss beyond calculability.

If reflexive modernity is limited in this way to a nonpredictive society
where any convergence on a semblance of a solution is contingent upon
processes that are only partially visible, much less under anyone’s con-
trol, then reflexive development cannot be any more than a partial at-
tempt to manage the problems of development. Thus the whole idea of
developing into modernity through technical progress is made opaque.
This opacity is not natural, but rather is political, social, and cultural. In
fact, it can be said to be an integral part of the modernist project. There
is a large irony involved here; the modernist project that emphasizes
self-awareness and reflexivity is largely unaware of the limits of such re-
flection and the continuous production of opacity in the social, political,
and ideational realms. This is a tendency that is so pervasive that per-
haps we need a name for it. Since one of the key aspects of the phenom-
enon I have in mind is an endemic distortion, it may be appropriate to
call this a “refractive” reflexivity.

Under conditions of refractive reflexivity, our partial knowledge and
further reflections do not necessarily converge to produce a given, “opti-
mal” solution in the economist’s sense. Rather, the institutional setting
in which the discourse is carried out determines to a large extent the
limits of our reflections. Wynne’s example of the struggles between the
sheep farmers in the north of England and the scientists from various
agencies shows empirically how refractive reflexivity is indeed a ques-
tion of power and not merely a debate on epistemological matters
(Wynne 1996). Dependence on the power of experts leads to a “con-
structed” insecurity and anxiety. Lack of democracy heightens such de-
pendence.6 In his discussion of the contested construction of modernity
in technology politics, Schot (Chapter 9, this volume) mentions the
strikes at the Rotterdam harbor against grain elevators, which were un-
foreseen by either the capitalists or the socialists; each group was in its
own way under the thrall of modernist rationality.
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To clarify further, conceptually refractive reflexivity can be seen at
two distinct but related levels. First, at the level of the individual, it is
the limitedness of rational calculation that appears to be primary. In this
sense, refractive reflexivity points to the bounded nature of individual
rationality. Miscalculation, limited computability, uncertainty, and un-
intended consequences are endemic. At best, reflexivity marks an incom-
plete rationality at the individual level.

The second, social aspect of reflexive rationality is perhaps even more
important. Here we have the social embeddedness of virtually all human
institutions, including the reflexive institutions of modernity. Take for
example, the universities—which are perhaps reflexive institutions par
excellence. Yet in the history of the modern universities, unforeseen de-
velopments arising from deeper social and economic forces have shaped
the discourses and practices more than the conscious strategic plans that
the administrators produce with such readiness and regularity. In the
economic sphere, the sharp debates on macroeconomic policies, technol-
ogy, and industrial and trade policies result in partial advances at times.
However, the complex domain of socially embedded institutions makes
the economic policies less than optimal and subject to revisions (which
themselves are subject to revision) without ever converging on an opti-
mal path in even a limiting sense. Political conflicts of the sort discussed
by Schot and others in this volume are inevitably a part of this complex,
nonconvergent process.

Postulating refractive reflexivity as a dominant condition of moder-
nity and development can help us grasp why such fear and anxiety are
part of these constructs. It can also help us understand why “scientific”
surveys of risk can exacerbate this anxiety. Unlike Latour (1993), who
claims that “we have never been modern,” I observe that the refractive
nature of our reflexivity shows that modernity can never escape its own
complexities and contradictions. There is no epistemic safehouse of oth-
erness to be found in a premodern or undeveloped state of affairs.7

Technological development is also a refractive development. It enhances
as much as it distorts our freedom to become fully human, as the next
section shows.8

Like Beck, then, I accept that the critical issue is “that industrial soci-
ety sees itself as risk society and how it criticises and reforms itself”
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(Beck 1996: p. 34). But the refractive operations of the social body and
the unevenness of the distribution of power are precisely at stake here.
What is implicated through the globalization of the risk society even
when scarcity persists both as an ideological construct and a real redis-
tributive issue could be described as the limits of a (fractured) global so-
ciety’s capacity for self-correction. In a fractured globalization (Kumssa
and Khan 1996) there is both globalization and regionalization of risk.
By exporting risk to the South through relocation of dangerous indus-
tries, the wealthy “risk” societies may make poor countries into ecologi-
cal waste dumps. At the same time, there may also be some transfer of
risk from the South to the North in the form of communicable and 
infectious diseases.

All these interactions between risk societies and the rest of the world
under the aegis of a new liberal international economic order also create
risk awareness and conflicts among different groups. Hence the transna-
tionalization of a critique of science, technology, and corporate policies
is countered by partial cooptation and intensification of efforts to offer
technocratic solutions. Even nongovernment organizations (NGOs) are
not immune from this counter-countermovement on the part of modern-
izing forces.

Thus we have to confront a situation in the field of development that
can not be simply characterized as a modernization and economic growth
perspective to be opposed by a social transformation and multidimen-
sional perspective. The problem is deeper than the simple dichotomies
(economic versus noneconomic, one versus many, or modernization ver-
sus alternative development). Beck’s insight that the critique itself must
be democratised and “a critical theory of society is replaced by a theory
of societal self-critique” applies here exactly (Beck 1996, p. 33). In the
never-ending process of questioning one’s proneness to refraction, con-
scious reflection clearly plays a key role. But so do qualities such as em-
pathy, compassion, and more than mere intellectually consistent regard
for others by self-regarding individuals.

If the argument about refractive reflection and the need for bringing
both intellectual and emotional resources to our collective rescue is cor-
rect, then freedom for the individual and for society involves a new
recognition of necessity: a necessity for self-critical and other-regarding
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reflection as well as the limits of such instrumentally rational reflection
becomes apparent. In contrast to Hegel’s classical phrase (interpreted by
Engels), “freedom is the recognition of necessity,” necessity here points
to the need for going beyond instrumental reason to call upon all of our
humanness and creative power so that new institutions of solidarity and
freedom can be built globally. Only from such a perspective of freedom
can we empirically assess the nature of technological systems and their
development in nonwestern parts of the world.

Freedom as Social Capability and Development as Freedom

Amartya Sen, the recent Nobel laureate in economics, has done much to
broaden and deepen the discussion of freedom in development econom-
ics. Sen’s initial project was to offer a critique of utilitarianism and 
social choice theories based on utilitarian approaches. Eventually the
critique led to a complete rejection of utilitarianism in favor of a frame-
work of positive freedom called “capabilities” (Sen 1992, 1999). Aris-
totelian philosophers such as Martha Nussbaum have pointed out the
ambivalence in Sen’s initial formulation. In Nussbaum’s view, an Aris-
totelian approach based on a concrete concept of a “good life” is a bet-
ter foundation for the capabilities approach than the classical liberal
view of individual goods being determined by individuals’ subjective
preferences.

Khan (1998) attempts to establish a dialectical relationship between
the individual and the (ethical) community and thus bring out the fully
social nature of capabilities. While the determination of capabilities can
be social, their concrete manifestation is only possible through individu-
als. Individuals are the bearers of capabilities. Calling capabilities “so-
cial” merely draws attention to the fact that the freedom of individuals
to lead a certain type of life is always constructed and constrained by
their social context.

At this point, a partial list of the most important capabilities may
make matters concrete for the reader. In table 12.1 (compiled by David
Crocker 1995), “N” and “S” refer to Nussbaum and Sen. Both Sen and
Nussbaum agree that these capabilities are distinct and of central impor-
tance. One cannot easily trade off one dimension of capability against
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1. Capabilities in relation to mortality
N and S: Being to live to the end of a complete human life, so far as is 
possible
N: Being able to be courageous

2. Bodily capabilities
N and S: Being able to have good health
N and S: Being able to be adequately nourished
N and S: Being able to have adequate shelter
N: Being able to have opportunities for sexual satisfaction
N and S: Being able to move about from place to place

3. Pleasure
N and S: Being able to avoid unnecessary and non-useful pain and to have
pleasurable experiences

4. Cognitive virtues
N: Being able to use the five senses
N: Being able to imagine
N: Being able to think and reason
N and S: Being acceptably well informed

5. Compassion
N: Being able to have attachments to things and persons outside ourselves
N: Being able to love, grieve, to feel longing and gratitude

6. Virtue of practical reason (agency)
N: Being able to form a conception of the good
S: Capability to choose: ability to form goals, commitments, values
N and S: Being able to engage in critical reflection about the planning of
one’s own life

7. Community: Being able to live for and with others, to recognize and show
concern for other human beings, to engage in various forms of familial and
social interaction
N: Being capable of friendship
S: Being able to visit and entertain friends
S: Being able to participate in the community
N: Being able to participate politically and being capable of justice

8. Ecological virtue
N: Being able to live with concern for and in relation to animals, plants and
the world of nature

9. Leisure
N: Being able to laugh, to play, to enjoy recreational activities

10. Separateness
N: Being able to live one’s own life and nobody else’s
N: Being able to live in one’s very own surroundings and context

Table 12.1
Social Capabilities
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another. At most, one can do so in a very limited way. They cannot be
reduced to a common measure such as utility.

As Crocker points out, “capability ethic” has implications for free-
dom, rights, and justice going far beyond simple distribution of income
considerations. If one accepts the capability approach as a serious foun-
dation for human development (see Sen 1992, 1999; Khan 1996), then
it follows that going beyond distributive justice is necessary for a com-
plete evaluation of the impact of economic policies.

The social capability approach outlined here emphasizes the positive
freedom to choose a good life. Given the limitations of space, it is im-
possible to elaborate on all the aspects of both well-being and agency
freedoms that such a concept of development must encompass. I briefly
touch upon the area most relevant to the theme of this chapter: the free-
dom of difference and diversity in developing societies that are attempt-
ing to modernize.

The postmodern turn has correctly focused our attention on these two
aspects of our planetary civilization in the age of high technology—
especially transportation, information, and communication technologies.
The goal of modernization theories in the past was to emphasize a cer-
tain kind of uniformity that might obtain with economic growth and
technical progress: free markets, formal democracy, high technology,
westernization, and related values. The recent revival of these ideas in the
international organizations and in western academia has less to do with
their intellectual merits than with the collapse of any coherent alternative

11. Self-respect
S: Capability to have self-respect
S: Capability of appearing in public without shame

12. Human flourishing
N: Capability to live a rich and fully human life, up to the limit permitted
by natural possibilities
S: Ability to achieve valuable functionings

Source: Crocker (1995).
N, Martha Nussbaum; S, Amartya Sen.

Table 12.1
(Continued)
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vision of development. The relativism (and in extreme cases nihilism)
fostered by the postmodern turn has not prevented, and cannot prevent,
this narrow modernism from being the only game in town.

In contrast, the emphasis on freedom in a socially determinate way
that follows from the capability approach is indeed a viable alternative
to an intellectually discredited and narrow form of modernism. By cele-
brating differences of race, gender, and ethnicity, and emphasizing the
underlying unity of our need to develop the above-mentioned function-
ings, the capability approach can offer a clear-sighted alternative to both
an absolutist modernism and an indiscriminately relativist postmod-
ernism. Fostering technology systems congruent with these goals would
seem to be especially relevant for such an approach to development. A
critical look at technology systems in the newly industrialized economies
such as South Korea and Taiwan can help ground the discussion in con-
crete, theory-based empirical research. Before such an examination can
be carried out, however, we need to address an important puzzle regard-
ing the capabilities approach as an appropriate evaluative framework.

A Non-Essentialist View of Capabilities: A Network Approach to
Technology and Capabilities

The foregoing account of development as the process of humans flour-
ishing through the positive freedom of capabilities can help to overcome
the nihilism of the postmodern turn. However, does it not carry some
danger—even with the qualifier “social” tacked before capabilities—of
an essentialist bias? The question is a serious one because as Feenberg
(1999a: p. 15) reminds us, an essentialist view of technology “interprets
a historically specific phenomenon in terms of a transhistorical concep-
tual construction.”9 If this is true of technology, it can apply in a similar
way to a historically formulated view of capabilities as well.

Therefore it is important to add that capabilities are fully social only
when they can be viewed in a concrete, historical context. Viewed in this
manner, they appear, not as some unchanging human nature or need,
but as an evolving, socially mediated activity that makes sense of what
human needs really are in the context of the actual evolution of human
societies and artifacts.
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The use of the word “artifacts” is not accidental. Humans make arti-
facts and are in turn transformed by them. This is not technological de-
terminism. Rather, to put it in Latour’s terms, there is a need to go
beyond purification—the forcible separation of nature and society—and
acknowledge the hybridity that modernity produces (Latour 1993). The
complex production of hybridity is both an integral part of modernity
and a problem that it generates. Going beyond this into a “parliament
of things” acknowledges the network of quasi-objects that exists as the
very condition of our own existence and discourse.

Thus, taking the capabilities perspective beyond a humanist interpre-
tation will involve integrating a nonessentialist, network approach to
technology with a view of humans as one significant form of life among
others. At the same time, human social and political activities—inter-
preted historically and in a field of social networks and forces—must be
given their appropriate recognition. Without such recognition, the very
meaning of the world of humans and technology is in danger of serious
distortion. In his critique of Heidegger’s “seen-from-above” view of
modern technology, Feenberg expresses this point quite forcefully:

From the standpoint of the ordinary human being—and even system managers
and philosophers are ordinary human beings in their spare time—networks are
lived worlds in which humans and things participate through disclosive prac-
tices. This lifeworld of technology is the place of meaning in modern societies.
Our fate is worked out here as surely as on Heidegger’s forest paths. (Feenberg
1999a: p. 197, emphasis added)10

If technologies and human beings thus form the same network, space
is opened from below for a genuine critique of technology, modernity,
and development. I would argue that this is in fact where the empirical
turn beyond the East–West dichotomy should really take us. In the next
section I offer a critical empirical view of national innovation systems
(NIS) in developing countries. Most likely, what the developing countries
need—to anticipate a little—are not systems of innovation from above in
order to catch up with the West, but the creation of a Latourian parlia-
ment of things. But first it is necessary to clarify the relationship between
technology and democratic freedom in the context of development.

When the process of development is characterized as the creation of
social capabilities, the issue of positive freedom comes to the foreground.
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Political freedom, that is, the freedom of citizenship, is inextricably con-
nected with any reasonable list of positive freedoms. In order for citizen-
ship to be meaningful, citizens must be able to participate fully and
democratically in the affairs of society and the state. I have used the
term “deep democracy” to indicate the necessary capabilities—eco-
nomic, social, and cultural—that must exist for citizenship to make any
sense at all.11 In a similar way Feenberg (1999a) stresses the importance
of agency.

In this context, claims Feenberg (1999a, p. 101), “the fundamental
problem of democracy today is quite simply the survival of agency in
this increasingly technocratic universe.”

Despite occasional resistence the design of technical institutions disqualifies
modern men and women for meaningful political participation. The division of
labor becomes the model for the division of society into rulers and ruled. As in
the factory or hospital or school, urban centers, media, even unions are recon-
structed around the paradigm of technical administration. Expertise legitimates
power in society at large, and ‘citizenship’ consists in the recognition of its
claims and conscientious performance in mindless subordinate roles. (Feenberg
1999a: p. 101)

Feenberg analyzes this translation of the efficiency of a technocratic
system into legitimacy via the delegation theory of Latour. In this the-
ory, norms are delegated to technical devices. Even Latour’s simple ex-
ample of a device for automatically closing the door embodies such a
norm. Much more than simple conventions are at stake when we move
from a door-closing device to the organization of technical-social life in
areas such as education, scientific training and practice, medicine and
health-care delivery systems, or public administration. The rise of tech-
nocracy and an elitist, hierarchical order is ultimately tied to a certain
antidemocratic conception of development through technical progress
(Khan 1997, 1998).

In using the theoretical framework developed earlier to understand
the creation of technical modernity, two approaches—both seemingly
empirical—are contrasted. The first, a national innovation system, ap-
proaches the problem of technology and development from above.
Hence it remains trapped in a technological determinism. The second, al-
ternative approach emphasizes the role of democratic struggles in choice,
development, and design of technology. Clearly, agency, conceived
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in a nonessential, heterogeneous way—particularly the agency of the
nonelite, ordinary people—plays a key role in this alternative empirical
approach to technology in developing societies. This approach, called a
“positive feedback loop innovation structure” (POLIS) is cognizant of
the complex interactions among technology, economy, and polity. Ulti-
mately it emphasizes the teleological desideratum of equalizing social ca-
pabilities as the end of development. Given this end, technology is much
more than an instrumental means. Depending on how the above rela-
tions are conceived, institutional structures can be judged as promoting
more or less freedom in concrete historical contexts.

Empirical Approaches to Technology, Modernity, and Development: A
Critique of National Innovation Systems

An appropriate example—one might even be tempted to say, an exem-
plary one—of the multiple contradictions between technology systems
in a modernizing, development context and democratic norms of free-
dom is the idea and practice of national innovation systems. The con-
cept of an NIS, like many other concepts in the field of the economics of
innovation, was originally proposed for analyzing the advanced indus-
trial countries (Freeman 1987; Nelson and Rosenberg 1993; Lundvall
1992). As a systems-oriented, holistic way of thinking about technologi-
cal change, it has undoubted strengths. By identifying links between
R&D, development of human resources, formal education and training,
and innovating firms, an NIS presents an analytical schema for relating
a cross-cutting array of activities that lead to a dynamic, innovative
economy. The proponents of this approach also advocate an evolution-
ary as opposed to a mechanistic approach (based on a classic physics-
type study of equilibria) for studying the economics of innovation.

Given the obviously sincere and serious intentions of the theorists of
NIS, and the intellectual break with neoclassical economics, the study of
NIS held promise of providing a retrospective understanding of eco-
nomic history and a prospective, prescriptive approach to help countries
innovate. Nowhere was this promise more eagerly believed than in the de-
veloping countries. No one was more excited by the prospects of NIS than
the avid modernizers in their governments, universities, and international
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organizations and think tanks. I have documented in great detail else-
where (Khan 1997, 1998) the reach and sweep of NIS in newly industri-
alizing countries such as South Korea and Taiwan.

However, so far the thinking about an NIS and its connections to
modernity and development has been entirely technocratic. The argu-
ment always proceeds in terms of the function of technologies and their
role in increasing per capita gross domestic product in the most efficient
manner. The intense and inconclusive debate raging with respect to
whether East Asia has really grown because of a simple accumulation of
labor and capital or because of a productivity increase through genuine
technical progress and learning neatly illustrates this technocratic bias.
Neither side is willing to step beyond the economic inputs and outputs,
production functions, and technology as a black box. It is, of course, im-
portant to know whether learning has taken place in, for instance, tex-
tiles or electronics sectors. But there is no recognition of the point made
by Feenberg and others, namely that “design … incorporates broader as-
sumptions about social values” (Feenberg 1999a: p. 86).

This “cultural horizon” of an NIS, which legitimately can be said to
constitute a hermeneutic, interpretive dimension, should offer some in-
terpretive flexibility. A recent paper by Murata (1999) illustrates the rel-
evance and importance of such interpretive flexibility by simple but
elegant examples such as street speed bumps (to slow traffic) and attach-
ing a car key to the driver so it is not left in the car in a fit of forget-
fulness. When an underdeveloped economy accepts an NIS whose 
components come from abroad, a societywide hermeneutic process is un-
leashed. Yet this is where interpretive flexibility is frequently thwarted by
the closure undemocratically imposed on the rest of the population by
the technocratic elite and their modernizing allies from the West.

Such premature closures can certainly produce success stories in mod-
ernist technological terms. In Taiwan, for example, the NIS has suc-
ceeded to the extent that it has been able to capture worldwide market
shares in several high-technology areas. The Taiwanese manufacturers’
swift capture of the lion’s share of worldwide information-technology
hardware markets is nothing short of amazing. In most relevant product
categories, Taiwan has more than 50 percent of the market share. In
some categories such as scanners, it has almost cornered the whole 
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market. In many other high-technology areas also, companies based in
Hsinchu Science Park have been quite successful. Yet this very success in
exports may have forced the Taiwanese companies to seek a closure that
largely excludes their domestic constituencies.12 Only the preferences of
the technical, business, and bureaucratic elites are reflected in the design
and development of technology in the Taiwanese NIS. A more detailed
empirical analysis can substantiate this criticism.

The key conceptual term in my critique of the NIS is the idea of a
POLIS. A POLIS can be seen as both a critique and an extension of an
NIS. Like an NIS, a POLIS also emphasizes the salience of institutional
structures, both economic and noneconomic, in creating positive feed-
back loops in technical progress and productivity increases. However,
going further, a POLIS connects such technical progress as may occur to
the normative issues of enhancing freedom in all spheres—economic,
political, and cultural. Using the terminology introduced earlier, we 
can say that a POLIS enhances both economic productivity and social
capabilities.

Taiwan: Building a POLIS?
In this subsection the theoretical model developed earlier informs an
analysis of a leading East Asian “miracle” country: Taiwan. The history
of development in Taiwan shows a greater reliance on direct foreign in-
vestment, more direct government ownership of enterprises, and a
greater role for small and medium enterprises in the manufacturing sec-
tor than the other large East Asian “miracle” economy, South Korea.

The early development policy in Taiwan was aimed at increasing agri-
cultural output, developing an infrastructure, and promoting light man-
ufacturing industries. Import substitution was pursued until the
mid-1960s. U.S. foreign aid played a crucial role in financing imports
and in early capital formation. Even though the theoretical thrust of aid
was to help the country modernize, a curious silence pervaded the tech-
nical analyses when it came to the structures of authority. In fact, quite
often antidemocratic structures were strengthened by such aid.

Taiwan’s switch to a regime of export promotion took place in the
mid-1960s, as in South Korea. Initially, the government backed exports
of the light manufacturing industries, such as textiles and consumer 
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electronics. At the same time, Taiwan pursued a long-term strategy of
building a more complex industrial structure that included steel, petro-
chemicals, machine tools, and electronic equipment.

The new outward-looking strategy was accompanied by a series of 
financial and fiscal measures to facilitate export financing and to help 
establish export processing zones. From the beginning, Taiwan made 
a special effort to promote high-technology sectors through publicly
funded research laboratories. Later, an industrial park at Hsinchu was
created specifically for high-technology industries.

In the wake of the 1973 oil crisis, the government introduced a policy
of major infrastructure projects and subsequently promoted the capital
goods-producing sectors. As a result, Taiwan broadened its export base
to include machinery and related equipment. The second oil shock led to
substantial changes in Taiwan’s industrial policies. The country’s over-
capacity and the lack of competitiveness in a number of firms were 
addressed by a strategy of scaling down industrialization plans. Strategi-
cally selected firms, however, still received special grants and loans. For-
eign investment in capital-intensive sectors was encouraged to further
effect a transfer of technology and knowledge.

A new orientation in the 1980s emphasized high-technology and skill-
intensive activities. Specifically, three areas—information, electronics,
and machinery—were identified as strategic. Products targeted for spe-
cial treatment included precision instruments, machine tools, videocas-
sette recorders, telecommunications equipment, and computers.

In spite of its openness, flexibility, and strategic vision, the Taiwanese
economy has yet to create a well-balanced POLIS. The predominance 
of small firms is a handicap where high-tech ventures require large R&D
expenditures. The strategic complement of R&D—skilled human 
components—may also create a bottleneck in some sectors. More im-
portant, a hierarchical, authoritarian managerial and financial control
structure may prevent a democratizing move toward equalizing capabili-
ties. Both within the enterprises and at the macroeconomic level, the
task of making power responsible has been very difficult. Thus, whether
Taiwan has succeeded in creating a POLIS is not a trivial question.
However, there is one particular sector—electronics—in which Taiwan
has achieved a mature capability to innovate. A discussion of the 
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electronics sector can serve as a prelude to a discussion of an economy-
wide capability to innovate.13 Even here, a detailed empirical investiga-
tion will expose crucial areas of difficulty in making innovation and
control genuinely democratic.

The Electronics Sector in Taiwan From humble beginnings in the
1950s, when Taiwan first started producing transistor radios, the elec-
tronics sector has grown to include many advanced products. Among
them are the various components of personal computers, advanced
workstations, and other microelectronic products. Companies such as
Tatung and ACER have sales exceeding U.S.$1 billion. A number of
small firms such as Sampo Corporation and United Microelectronic
Corporation have shown tremendous growth in recent years. The share
of foreign-owned firms declined during the 1980s and 1990s. However,
even now foreign-owned firms account for more than 25 percent of the
electronics industry’s output. Small- and medium-sized firms (defined as
firms with fewer than 300 employees) dominate the industry. This
means that innovation in Taiwan, unlike South Korea, occurs in rela-
tively small firms.

Table 12.2 shows the plans for the electronics industry for the year
2004. This can be compared and contrasted with the situation in 1990.
In 1990, nearly U.S.$6 billion of total computer production was ex-
ported, with information products leading the way. Of this, 40 percent

Table 12.2
Electronics and Information Technology, Production Values, and Forecasts
(U.S.$ billions)

Average annual
Output 1990 Forecast 2004 growth (%)

Information products 6.9 34.0 15.1
Automation 2.8 12.0 13.5
Consumer electronics 2.3 6.5 7.0
Telecommunications 1.9 10.2 16.0
Semiconductors 1.5 8.0 14.8
Total 15.4 70.7

Source: Hobday 1995: p. 100; 2004 estimates by the present author.
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went to North America and 41 percent to Europe. Japan imported only
2 percent of the computer exports, but Asia-Pacific accounted for about
14 percent.

Although the takeoff in the electronics sector appears to be a market
phenomenon, government policies played a key role. In May 1979, the
Executive Yuan presented the Science and Technology Development
Program, which identified information technology systems as an area of
emphasis for future R&D. The idea for an institute for information 
industry also emerged during this period.

The ministry of economic affairs moved quickly. In July 1979, the im-
plementation plan for computer technology was contracted out to the
Industrial Technology Research Institute. The Council for Economic
Planning and Development prepared a 10-year plan, 1980–89, which
provided targets for R&D expenditures and human capital supply. The
Electronics Research Services Organization took charge of coordinating
the transfer of technology from foreign companies. These responses
were technocratic and frankly authoritarian. No democratic pretenses
were expected or offered.

By all indicators, the ambitious plans succeeded for the most part.
Many new companies, such as the success story Datatech, were started
in the 1980s. By the 1990s, Taiwanese firms were among the world’s in-
novative designers of PCs, electronic notebooks, and circuit boards.
During these years Taiwan also surpassed Great Britain to become the
world’s fifth largest producer of semiconductors.

Under an overall imitative strategy (Chiang 1990), Taiwan decided to
follow the leaders in already established technologies and to compete by
cutting costs through production efficiencies. The government has taken
the responsibility for acquiring technology from abroad. It has also fos-
tered advanced research. The government-supported research institutes,
utilizing skilled scientists and engineers, conduct the research and the re-
sults are then transferred to the private sector. Furthermore, economic
incentives are provided to the strategic sectors. In terms of complemen-
tary acquisition of human capital, many Taiwanese went abroad to 
acquire advanced education and skills in science and technology. A
number of local employees were also trained in the foreign multination-
als where they were employed as engineers, technicians, and managers.
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Lucrative financial incentives were offered to attract skilled Taiwanese
living abroad.

As Hobday (1995) points out, there are at least five types of strategic
firms in the electronics industry. These are foreign corporations and
joint ventures, the major local manufacturing groups, high-technology
startup firms, government-sponsored ventures, and the traditional small
and medium enterprises that cluster together in special market niches.
Strategic interactions among these actors resulted in the industry’s rapid
growth and expansion as a whole, even as some individual firms de-
clined. There is an almost classic Schumpeterian “creative destruction”
scenario. It is also classically undemocratic—a phenomenon not noticed
by technocratic analysts such as Hobday.

Hobday (1995) has discussed the role of the major private manufac-
turing groups and government-sponsored startups in Taiwan. The fol-
lowing brief discussion highlights the actions of these diverse economic
agents in creating the conditions for an NIS (but not a POLIS) within
the electronics sector, and through its linkages, in the broader economy.

The Electronics Sector: Firms The progress of the industrial group
Tatung, according to Hobday, is representative of the entire electronics
industry in Taiwan. In the 1970s, electronics became the industrial
group’s largest operation. The electronics maker began to produce
black-and-white televisions by 1964, videocassette recorders by 1982,
and 14-inch color monitors for computers by the early 1990s (see table
12.3). The company currently produces a range of household electronics
and electric goods in its manufacturing plants around the world.

Tatung, like the typical South Korean chaebol (South Korean corpo-
rate groups), first gained its manufacturing knowledge through technical
cooperation deals. By investing capital in joint venture projects with for-
eign companies, the Tatung group participated in licensing agreements
while learning technological skills through “original equipment manu-
facturing” (OEM) deals. Tatung absorbed and adapted foreign technol-
ogy, learning to modify, reengineer, and redesign consumer goods to 
fit customer needs. While initially production involved little R&D, by
1990 the group employed more than 500 R&D staff. However, the job
of this staff was mainly in advanced engineering rather than “blue sky”
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(basic and theoretical) research. Finally, by the mid-1980s Tatung was
transferring its production technologies to its subsidiaries in East Asian
countries that offered lower production costs.

ACER is representative of the high-technology startup companies that
began to appear in Taiwan in the late 1970s and early 1980s. For years,
ACER relied on product innovation and original equipment manufac-
turing (OEM) with experience gained by individuals who had worked
overseas in U.S. firms or universities (see table 12.4). Many of the other
recent startups, like ACER, have used OEM to some extent, and most
were unknown outside of Asia despite brand name sales.

ACER, according to many observers, exemplifies the strengths and
weaknesses of Taiwan’s high-technology startups. ACER started with
only eleven engineers in 1976; its total sales reached some U.S.$1.4 bil-
lion by 1993. ACER led the local computer industry in the 1980s, with
60 percent of sales being name brand through “own-brand manufac-
ture” (OBM). In this decade the company began to distribute directly to
customers abroad to challenge other brand leaders and move beyond
OEM. However, the company retreated from this forward strategy after
heavy losses between 1990 and 1993.

This discussion suggests the uncertain position of companies like
ACER. On the positive side, these companies were able to benefit

Table 12.3
Tatung’s Progress in Electronics

Product Introduction
date

Black-and-white televisions 1964
Color televisions 1969
Black-and-white television picture tubes 1980
Videocassette recorders 1982
High-resolution color television picture tubes 1982
Personal computers Mid-1980s
Hard disk drives Mid-1980s
Television chips/Application Specific Integrated Circuits (ASIC) Late 1980s
Sun workstation “clones” 1989
Fourteen-inch color monitors 1991
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tremendously from the improving technological infrastructure and es-
tablished market channels; they were able to bypass the “consumer”
electronics phase of the 1970s and to enter the market at a higher tech-
nology level; and they have benefited greatly from managers and engi-
neers educated abroad. On the other hand, these companies have
encountered many difficulties as latecomers. ACER sustained heavy
losses in own-brand sales. This forced the company to retreat to its ear-
lier OEM strategy, once again making ACER dependent on the global
leaders of core technologies. Unless and until these latecomers develop
in-house technologies, they will be unable to compete with the global
leaders on an equal basis.

The final group to be discussed here consists of the government-
sponsored startups. Table 12.5 shows the companies working at the 
government-developed Hsinchu facility and their relationship with 

Table 12.4
ACER: Behind-the-Frontier Innovations toward an NIS

Year Innovation

1984 Developed its own version of the 4-bit microcomputer (later fol-
lowed by 8-bit, 16-bit, and 32-bit personal computers (PCs))

1986 Launched the world’s second 32-bit PC, after Compaq but ahead 
of IBM

1988 Began developing supercomputer technology using the Unix opera-
tion system

1989 Produced its own semiconductor Application Specific Integrated 
Circuits (ASIC) to compete with IBM’s PS/2 technology

1991 Formed a joint company with Texas Instruments (and the Taiwanese
government) to make dynamic random access memory chips
(DRAMs) in Taiwan

1992 Formed alliances with Daimler Benz and Smith Corona to develop
specialist microelectronics technology

1993 Produced a novel PC using a reduced instruction-set (RISC) chip 
running Microsoft’s Windows NT operating system

1993 Licensed its own U.S.-patented chip technology to Intel (in return for
royalties)

1993 Received royalties from National Semiconductor, Texas Instruments,
Unisys, NEC, and others for licensing its PC chipset designs
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international companies. With these special startups, the government
has taken a “hands on” approach, offering direct and indirect assis-
tance, including tax incentives and loans, and the use of science park fa-
cilities at Hsinchu to entice overseas Taiwanese to return to Taiwan. 
In one case, Microelectronics Technology Inc., a telecommunications
equipment maker, the government was greatly responsible for initiating
this firm. In another instance, the government arranged for technology
transfers for Winbond Electronics Corporation. Winbond’s founder and
eventually many of its employees came from the Industrial Technology
Research Institute, a state-controlled organization that trained engineers
in advanced semiconductors. With government-sponsored technology
transfers, Winbond was able to compete not only locally but interna-
tionally as well. However, problems with shortages in investment 
capital, poor brand name recognition, and uncertain distribution
arrangements kept the company dependent on international leaders for
technological innovation and capital goods.

United Fiber Optic Communications Inc. (UFOC), despite an auspi-
cious start, faced many of the same problems of other latecoming
startup companies in Taiwan. The government, specifically the Ministry

Table 12.5
High-technology Startups in Hsinchu Science-Based Industrial Park (1980s)

Sources of senior
staff, technology,

Firm Start date Sector and training

Microelectronics 1983 Telecom Hewlett-Packard,
Technology Inc. Harris, TRW

United Fiber Optic 1986 Telecom Sumitomo, Philips,
Communications Inc. AT&T, STC (UK)

TECOM 1980 Telecom Bell Labs, IBM

Macronix 1989 Semiconductors Intel, VLSI-Tech

Winbond Electronics 1987 Semiconductors RCA, Hewlett-
Corp. Packard

Taiwan Semiconductor 1987 Semiconductor Harris, Burrows,
Manufacturing Corp. foundry RCS, Philips, IBM

Source: Hobday 1995: p. 118.
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of Economic Affairs’ Industrial Development Bureau felt that Taiwan
needed an indigenous fiber optic producer. This ministry called together
the four largest copper producers within Taiwan and the local telecom-
munications operator to form a joint venture company, UFOC. The new
venture sought licensing agreements with four other international com-
panies, finally deciding on AT&T. Faced with the difficult choice of con-
tinuing to purchase its know-how from international competitors or
investing heavily in its own in-house technology, these companies have
typically relied on the former for continued learning and technology.
This suggests some of the difficulties of latecomers in overcoming the
OEM path to further development (Hobday 1995). The underlying
problem, from the point of view of creating a POLIS, is that neither the
state policies nor the private enterprises attempt to directly address the
question of creating social capabilities. It is as if the battle for economic
gains has crowded out all other considerations. Economic models, no
less than technological systems, are also path dependent.

As scholars of technology have pointed out, initial disputes and con-
troversies about technologies and their characteristics are “closed” by
making one configuration the privileged one (Rip and Kemp 1998), or
using Kuhn’s later terminology, an exemplar. The exemplar then defines
the boundaries of discourse, establishing the standard way of seeing
both problems and solutions. This paradigmatic artifact and the associ-
ated procedures establish a “technological frame” (Bijker et al. 1987:
pp. 167–187). The world of technology and people are, to a significant
degree, perceived only within this frame. The faltering attempt to build a
POLIS in Taiwan shows how an elite-based model of an NIS has served
as a systemic exemplar.14 One might speak of a “development frame.”

As I have argued elsewhere, in the case of the so-called developing
countries, the debate on what development frame to choose was closed
very early on (Khan 1997, 1998). After World War II, the two domi-
nant paradigms of development—western capitalism and Soviet-style 
socialism—both advocated large-scale, heavy industry. The role of 
technical elites was paramount in either case. It was only through the
“deviations” of Chinese socialism in the countryside in the 1950s and
1960s, and the revolt against technology in the West in the late 1960s,
that technocracy came to be questioned. Yet the seeming triumph of
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capitalism globally in the past two decades, and the imposition of a ne-
oliberal order through the structural adjustment programs, narrowed
the debate once again to state versus market, technological learning ver-
sus factor accumulation, and other oppositional terms.

What needs to be done in the way of posing a theoretical challenge is
to bring to the fore the normative issues connected with freedom as so-
cial capabilities. In Taiwan, the NIS has apparently succeeded. How-
ever, the normative issues are still very much contestable areas of
discourse, as indeed are the technologies and practices themselves. As
Taiwan matures as a polity and society, such contests are likely to be-
come more visible. The refractive reflexivities of modernity will manifest
themselves (as they already have to some extent in the sphere of ecol-
ogy) through a complex set of social, economic, and political struggles
that cannot be predicted in advance.

It is in this context that I have proposed replacing the idea of the na-
tional innovation systems with a new concept that recognizes the con-
nections, which are often suppressed or ignored, between technology on
the one hand, and the culture and politics of modernity on the other.
Coining a new abbreviation, POLIS, for the positive feedback loop inno-
vation structure,15 I wish to draw attention precisely to the political and
cultural aspects of an NIS. Normativity of social life and struggles for
freedom are paramount aspects of this complex concept. Furthermore,
replacing the word “system” with “structure” flags the contradictory el-
ements within the “innovation systems” and the society where these are
to be implanted. There are many concrete aspects of the NIS that appear
in a different light when we think of them as part of a POLIS. Two ex-
amples will suffice.

First, the NIS in the developed countries embody assumptions regard-
ing citizen’s rights, environmental regulations, and the needs of at least
the higher categories of workers (for instance, the so-called knowledge
workers).16 By contrast, the NIS as they exist in developing countries
would often exploit child workers and women, and turn a blind eye to
environmental degradation and violations of citizen’s rights. When these
are pointed out, the response—not too infrequently—is that these are
the necessary prices to pay for development and modernity. Conceptual-
izing the innovation process as a POLIS, on the other hand, immediately
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draws attention to the lack of congruence between technology and so-
cial capabilities, including the suppression of democratic freedoms. Fu-
ture empirical work along these lines in actual development processes
can reveal these contradictions and perhaps suggest various democratic
ways of resolving them, at least partially.

My second example has to do with information technology as a com-
ponent of an NIS and a POLIS. The standard NIS approach is to see in-
formation technology as the harbinger of a new era in a globalized
economy. If this is so, information technology will certainly result in a
new technological regime, as Rip and Kemp (1998) have defined it.17

Again, since such regimes make up “the totality of technology” and pre-
structure the “the kind of problem-solving activities that engineers are
likely to do” there is a huge component of path dependence at issue.
Without quite recognizing it, we may well be choosing the contours—
the structures that enable and constrain—of our future society.

If information technology will result in a new technological regime in
this sense in developing societies, some socially relevant questions must
be asked. A perspective of a POLIS leads to such a set of critical ques-
tions. For example, what are the social values at stake here? Are we
going to emphasize efficiency in hierarchically organized production as
the prime value, or will we think of citizenship, social communication,
and creation of a public sphere as equally important? Who will define
the “technical code”? How will these codes be institutionalized? How
will information technology be codified in the developing societies when
the codification is already under question in the West? Will the progres-
sives, including scientists, engineers, students, intellectuals, and ordinary
people, in these “modernizing” societies join with the critical-minded
progressives from the modern West? Or will they simply follow the “im-
peratives” of the computer, software, and telecommunications compa-
nies and their own modernizing impulses? Or will they turn their back
completely on modernity, counterculture fashion?

These are complex questions that force us to confront a complex real-
ity. Will the Latourian “parliament of things” arrive in both East and
West, thus erasing one of the invidious distinctions between these two
equally imaginary (in the Lacanian sense) entities, or will the status quo
continue? It can, of course, get much worse than that. Positive feedback
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loops accentuate precisely and remorselessly the initial differences be-
tween the advanced and the backward regions unless countervailing ac-
tion is taken. Perhaps a new internationalism from below will recognize
and strengthen the actor network that can achieve a reflexive modernity
(which, of course is also refractive at the same time) with a progressive
technological structure leading toward increasing at least some of our
salient social capabilities. However, at this time, it is not clear what par-
ticular social and political conditions can make such internationalism
from below a real historical prospect.

Conclusions

The social and political failures of “successful” information-technology
and other high-technology firms in Taiwan and elsewhere in developing
countries provide empirical data that need to be taken seriously in sci-
ence and technology research. As long as one focuses on narrow eco-
nomic costs and benefits, tidy indicators of success and failure can be
constructed. Part of the point of this essay has been to warn the readers
against such narrow interpretations of successes and failures.

Broadening our criteria, however, means questioning modernity and
development in the specific contexts of technology policies. A critique of
national innovation systems is an example of such a contextual ap-
proach. Contrasting an NIS with a POLIS reveals the technocratic bias
and nondemocratic framing of technologies, even in technologically
modern and economically successful developing countries. This is a far
from accidental, though by no means inevitable, result. It is rooted in
the historical development of imperialism, and the attendant interna-
tional division of labor. Ironically, achieving technologically based mod-
ernization, viewed through the uncritical lens of an NIS, is usually
misconstrued as the inevitable necessity of constructing an NIS in a
world that is really the result of a series of concrete historical contingen-
cies. Clearly, this epistemological gesture cannot envision a process of
development where technology can be designed and controlled through
a deep democratic process.

An economic (and perhaps even technological) determinist position
argues that the poor countries must first grow rich by adapting an 
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elite-defined NIS and other policies for economic growth. Only later,
when the country is more affluent, can the people afford luxuries such
as democratic freedoms and ecological consciousness. This position ig-
nores both the real historical democratic tradition and ecological aware-
ness in indigenous peoples’ cultures because its modernist bias and
determinism will not allow such “anomalies” to enter into the modern-
ization paradigm. Yet, as Latour has so acutely observed, the current
collective global situation will not allow such easy recipes for success.
Attitudes and practices must change, in the East as well as in the West.
Ironically, it may be more difficult, as the empirical study of Taiwan
here illustrates, to recover and extend democratic freedoms and trans-
form the NIS into a POLIS when too much economic “development”
has already taken place. Only a series of further negotiations within the
economy, civil society, and state—the outcomes of which are far from
transparent—can determine whether a move from an NIS to a POLIS
can be made by the newly industrialized economies. This future, though
far from completely open, is not simply one inscribed by a closed na-
tional system of innovation.

Notes

1. I would like to thank Karin Hillen and Gyeong Jei Lee for excellent research
assistance. Pat Baysa also provided valuable assistance. Comments from David
Hess, Michiel Korthals, and other workshop participants—Thomas Hughes,
Arie Rip, Tom Misa, and Philip Brey in particular—were very helpful in prepar-
ing the final version. All remaining errors are my own.

2. This idea is elaborated on later; here it can be thought of as somewhat akin to
“the seamless webs” described by Bijker et al. (1987: pp. 9–15), or more partic-
ularly, of Callon in the same book. It should be clear, however, that my episte-
mology and ontology are firmly nonrelativistic, yet postmodern.

3. In Khan (1998) I have tried to move the modern versus postmodern debate
beyond the rather sterile terminological controversies about high, late, 
advanced, neo (and other) types of modernity. Reflexive modernity (Beck 1992;
Bourdieu and Wacquant 1992; Beck et al. 1994; Giddens 1991) is another fruit-
ful point of entry into a similar set of issues.

4. On this see the very illuminating Orientalism by Edward Said (1995); see also
Hay (1970).

5. Even Derrida (1988: p. 137) has been moved to remark: “A few moments
ago, I insisted on writing, at least in quotation marks, the strange and trivial 
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formula, ‘real-history-of-the-world’, in order to mark clearly that the concept of
text or of context which guides me embraces and does not exclude the world, re-
ality, history. Once again … as I understand it (and I have explained why), The
text is not a book. It is not confined in a volume itself confined to a library. It
does not suspend reference-to history, to reality, to being, and especially not to
the other since to say of history, of the world, of reality, that they always appear
in an experience, hence in a movement of interpretation which contextualizes
them according to a network of differences and hence of referral to the other, is
surely to recall that alterity (difference) is irreducible. Difference is a reference
and vice versa.”

6. It is important to keep in mind here the distinction between “formal” and
“deep” democracy (Khan 1998).

7. This is one of the important points made by Latour (1993). See especially the
chapter on revolution and his discussion of the principle of symmetry general-
ized.

8. It should be clear to the reader that I do not object to “collectives” as ensem-
bles of human and nonhuman agents or even “actants” as explanatory cate-
gories. However, the issue of becoming human remains salient. I do not think
that Latour’s antihumanist position would reject this. However, to the extent
that certain antihumanist positions do reject the importance of “becoming a free
human being,” I am willing to part company with them without getting back
into the fold of classical humanism.

9. Feenberg shows that many thinkers who try to think of technology critically
may nevertheless fall prey to this tendency. His list includes Heidegger,
Borgmann, and Habermas, among others.

10. In the first sentence Feenberg (1999: p. 194) is referring to the power of dis-
closure (Erschlossenheit) in Heidegger.

11. See Khan (1998), chapter 6 and appendix 6.2 for a discussion of the cluster
conditions for deep democracy (see also Gilbert 1990).

12. Of course, it could be argued that to the extent that the closures abroad em-
body progressive social values, such export dependence is a good thing. There
are several problems with this argument, however. First, the closures abroad
may not be that progressive. Second, even if they were, there is still the question
of agency of the domestic producers, designers, and users. The extent to which
this agency problem is solved is vital to the assessment of specific technologies as
well as the national innovation system (NIS) of which these are a part.

13. Of course, it is not being claimed that having an apparently self-sustaining
innovation structure in one sector is sufficient for a POLIS. For this we must 
examine the economywide links.

14. In a recent paper Rip and van der Meulen (1996) argue that research sys-
tems also shift over time. In their view, research systems are moving from a
modern to a postmodern framework, with a potential for less steering and more
aggregation. Unfortunately, it would seem that the theorists and policymakers in
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the less-developed countries are still in the thrall of a modernist NIS. The Tai-
wanese case is an all too clear and disturbing example.

15. It is important to realize that being nationwide is not a necessary condition
for a POLIS. It could very well be regional, or even confined to a city. For a
beautiful example of a citywide POLIS in Boston, see Hughes (1998). At the
other extreme, a POLIS could in principle be supranational.

16. For example, Feenberg (1999a: pp. 90–91) discusses reflexive design and his
own experience in studying groupware.

17. Rip and Kemp define “regime” as follows: “The whole complex of scientific
knowledge, engineering practices, production process technologies, product
characteristics, skills and procedures, and institutions and infrastructures that
make up the totality of technology. A technological regime is thus the technol-
ogy-specific context of a technology which prestructures the kind of problem-
solving activities that engineers are likely to do, a structure that both enables
and constrains certain changes.” (Rip and Kemp 1998: p. 340)





Modernity and technology are too important to study in isolation, as
Tom Misa indicates in a proposition in his chapter. This implies a fur-
ther proposition about technology and modernity being interconnected.
It is this idea of interconnectedness that led us to deplore the “great di-
vide” between detailed technology studies, with their claim of situated
developments and contingency, and abstract or theoretical discussions
of modernity. We exaggerated a bit in order to make a point and set up
a twin argument for an empirical turn in modernity studies and for rec-
ognizing broader structures and long-term dynamics in technology stud-
ies. Conjuring up a field of technology and modernity studies in this way
was made easier because the authors had already been looking for
bridges across this great divide before, and they could build on the work
of colleagues and discussions with them at the November 1999 work-
shop at the University of Twente. In other words, we did not start from
zero. Yet the divide between technology studies and modernity studies
remains difficult to bridge. There are methodological challenges, often
summarized as the contrast between micro (or local) and macro (or
global) levels of analysis. There are also substantial issues about the na-
ture of modernity (and of technology, for that matter) and about the dif-
ferent perspectives that can be brought to bear, especially when further
diagnosis is required that concerns openings for change and desirable 
directions.

Tom Misa’s introduction outlined a program but also left room for
the other authors to analyze the tensions and offer their own approaches
and insights. It is fitting to look back, at the end of this volume, and ask
how far we have come. In this way we continue the conversation about
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modernity and technology among the authors, and now also include the
readers of this volume.

The conversation is about methods and approaches (of modernity
studies and technology studies, and their rapprochement) and about
substance, namely, concerns about our world with its modernist projec-
tions, its technological achievements, and its vulnerabilities. Thus, while
the conversation begins with the conviction that academic reflection can
contribute to real-world issues, it is not “just” an academic discussion.
The chapters in this volume amply testify to real-world issues when they
discuss infrastructures, surveillance, the environment and the chemical
industry, and national innovation systems. There is also a concern with
the dominance of modernist regimes and what, rightly or wrongly, they
exclude; and thus with the possibility of lateral views, or ruptures, as
these occur or are sought after. In this way, reflections may create open-
ings for transformation.

Going on from there, one might try to identify concrete possibilities
for change and to justify such attempts. There is a risk of reification be-
cause such justifications must be a platform for action. Recognizing
their constructed character is necessary but may run another risk when
contingency is emphasized and agency becomes irrelevant. The idea of
co-construction emphasized in this book transcends contingency, but
does not lead to simple suggestions for individual agency. The ambiva-
lence can be addressed by what Barbara Marshall in her chapter calls
“strategic essentialism”; she refers specifically to feminist theory and
feminist practice, but the approach is general.

In this afterword I touch on these issues. My interest is not only in
showing what we have learned, but also in identifying what remains to
be taken up. I start with the methodological issue of how one can “see”
co-construction at work, or the global in the local.

Methodological Issues

The chapters of this book offer windows on the modern world and its
technologies. Through such windows we “see” something. Think of
how anecdotes and examples draw our attention when they let us recog-
nize something that strikes us as important and relevant. This is how
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Misa presents examples of modern and postmodern technologies. More
than just slick corporate packaging is at play in the contrast between the
IBM Museum, an exhibition on computers in the modern world by
IBM, and Sony World, a similar exhibition by Sony. Both were staged in
New York; IBM’s exhibition exemplified the hierarchical and functional
mode, Sony’s the fluid and imagery mode. The contrast signaled modern
versus postmodern (whatever that may be), with overtones of America
being prisoner of its earlier successes and Japan moving quicker and
more playfully (at least in consumer products). The contrast between the
two exhibitions—and their link with corporate culture and corporate
images—functions as a window on the modern world and carries a cer-
tain immediacy. Don Slater, in his chapter, adds the idea of a “crystalliz-
ing example” that clinches earlier groping toward understanding.

How can such examples and their attendant analysis be windows?
The local and specific practices allow us a view on what is of wider sig-
nificance. Our view is of the global as it appears in the local and is re-
fracted by it (in turn, the global structures the local). Windows on the
world (as offered by analysts) reveal our intimations about the world.
Something we knew, perhaps, but could not articulate. An example
gives us a sense of recognition and helps us (analysts, readers) to articu-
late our intimations. Obviously, there are risks to the analyst: what are
the grounds for recognizing one structure or trend rather than another?
There are ways to handle this problem, such as triangulation or reflec-
tive equilibrium. What remains is the immediateness of the example and
how it is structured. This derives from the story it tells. In a story, the
global can be incorporated and made explicit by zooming in on a word
or a phrase—say, Japan versus America.

In Junichi Murata’s chapter, we hear about domestic industrial expo-
sitions in Japan in the Meiji era, the fifth such exposition in 1903 draw-
ing more than four million visitors to Osaka. With such popular interest
in modern technologies, it becomes understandable that the introduc-
tion of trains pulled by steam locomotives was a running showcase: 
people could see the modern western world “through” a train. These
windows on modernity were, of course, vastly popular in the West itself.
Johan Schot reminds us of the deliberate technological framing of
modernity at the 1939 New York World’s Fair. And for that matter, for
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years Amsterdam’s Schiphol Airport had greater revenues from (nonfly-
ing) visitors paying for a glimpse of modernity than from airplanes actu-
ally flying.

This notion of a “window” is similar to Dorothy Smith’s argument
about the situated nature of knowledge and how it can be unfolded to
show the “apparatus” involved in the background—even in the everyday-
life case of walking your dog in the neighborhood (Smith 1987, 1990).
Phrased in this way, it is a purely methodological point about local and
global. There is also a substantive aspect, however. If we use the right
windows, we can “see” something interesting and important about tech-
nology and modernity that we had not seen before. Schot takes this ap-
proach, highlighting slices of development over time, with recent
changes in modern technology and modern politics becoming salient. In
addition, the “global” is not just a methodological category, but also a
force for better or for worse, as is very clear in the chapters by David
Hess, Arthur Mol, and Haider Khan.

Such windows also work by surprising us. We see things we had not
imagined, but now that we are told about them, our vision is expanded.
Don Slater shows how Trinidadians in their use of the Internet take up
modernity enthusiastically, as a way to reinforce and expand an identity
from the periphery. In a study of telecommunication technology and
modernity in Indonesia, we identified a dual dynamic: a strong push
from the state to create a national identity in the Indonesian archipel-
ago, through information and communication technologies, and a het-
erogeneous, bottom-up dynamic of creating Internet access and
exchange driven by engineers and other users, and now including 
Indonesian-style Internet cafes. It is interesting that the metaphor of
guerilla tactics was used, which in Indonesia has nationalistic overtones
(independence having been fought for and achieved through such tac-
tics). Yet now such high-tech guerilla tactics have helped to undermine
President Suharto’s New Order and its reference to high-tech modern-
ization (Barker et al. 2001). Through such an analysis, we can see—in
action, as it were—the co-construction of modernity and technology.

Closer by, literally just outside our homes, we can find surprises as
well. What about the morality of sidewalks? They are part of a func-
tional separation between the different modes of using a street as a public
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space. This became important in the early twentieth century with the
multiplication of vehicles using the street (bicycles and motor cars, carts
and horse-drawn carriages, as well as various trams). Allocating parts of
the street to different kinds of users disciplined each category of users
(socioculturally and materially) and created a way to optimize streets
and their use. Over the decades of the twentieth century, this disciplin-
ing led at first to encouraging motor car traffic—an icon of modernity—
and more recently, to attempts to limit motor cars’ freedom. The
infrastructure of city streets (another example for the analysis in Paul
Edwards’ chapter) was actively co-constructed by engineers and city
planners, on the drawing boards and in response to actual patterns of
use. Cross-profiles of city streets (presenting the multidimensionality of
electricity cables, telephone wires, sewers, gas lines) in relation to their
various users became a planning and construction tool to master this
multidimensional complexity (Disco et al. 2002). Technological com-
plexity increased, but there is a continuity with the earlier hygienic
movement and modernist city planning—think of the Italian Futurists’
multilevel transport systems in their city planning schemes before World
War I. In contrast to utopian schemes, problems needed to be solved on
location, and the messiness had to be confronted time and again. Cities
were shot through with complexity—postmodern?—before they were
rationalized, and their modernist reconstruction cannot completely con-
tain their basic heterogeneity.

In the infrastructure of cities, then, we “see” how ideals and struc-
tures of modernity interact with local practices and evolving technolo-
gies. The tangle that results gets tied up with material “knots” of
cross-profiles and their planning, with institutionalized disciplining of
behavior and interaction, and with the professionals who claim ex-
pertise over the construction and reconstruction of cities. Clearly, co-
construction can be traced; it can work as a methodological point of 
departure. As Philip Brey argues in his chapter, and the chapters in parts
II and III show by example, there is interaction between different levels
and scales. In particular, there is the historical phenomenon of the emer-
gence of institutions and institutionalized activities between the local
and the global, between the micro and the macro, that mediate the inter-
actions. Anthony Giddens’ mechanisms—money, timetables, and expert
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systems—that disembed social life depend on such mediation for their
effectiveness. Thus Misa’s (1994) argument for a middle-level methodol-
ogy becomes even more pressing. There is an emerging and by now well-
articulated intermediate layer in modern societies that carries the work
of co-construction. Its study must be one of the preferred “windows.”

There is a final methodological point to be made: looking out of a
window, one positions oneself as an observer. The framing involved in
using a window to look at the world is not my main concern here, even if
framing is an important phenomenon in social life. Framing a problem in
a certain way (modernist or otherwise) and being able to get that frame
accepted allows certain solutions to be more successful than others. The
struggles analyzed in the chapters of part III show many examples.

What I want to comment on is how the question of agency has been
forced to the background by the concern to show the co-construction of
modernity and technology. Thus the modernist view of agency as pur-
poseful action leading to the achievement (or not) of an intended goal
was not thematized and compared with other views in which agency is
more broadly seen as making a difference (see Law 1994). Andrew
Feenberg’s observation in his chapter is particularly illuminating:
“Human beings and their technologies are involved in a co-construction
without origin.” Agency can then be no more than modulation of such
processes informed by an understanding of their dynamics. However,
knowing how such tangles get tied up, and how mediators become es-
tablished, one might want to anticipate how and where to act. Some
“knots,” and some mediating institutions, are better places than others.
Arriving at them is a sort of bootstrap operation. We can then ask what
productive bootstrap operations might look like, and whether there
might be productive arrangements generally. In the end, this would lead
to an interest in the “constitution” of a late-modern technological soci-
ety, and attempts to improve it.

Haider Khan in his chapter actually proposes a new arrangement, a
POLIS, as part of such a constitution. Because his is an explicit attempt
at constitution building, as it were, it can in principle be evaluated for
its possibilities and limitations. A POLIS should overcome limitations of
national innovation systems by introducing feedback loops and more
bottom-up learning—a bootstrap operation. It is not yet integrated with
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the references in his chapter to differentials in power structures and to
making a difference, and this highlights a challenge to the co-construc-
tion approach. Co-construction suggests activities that lead to out-
comes, but it is not quite clear whose activities and which outcomes.
The critical tradition would introduce the reference to power structures;
Langdon Winner’s criticism of recent technology studies is a clear exam-
ple (see Winner 2001). In addition to the obvious reply that power
structures are constructed as well, I would argue that it is important to
understand the limitations of modernist views of agency and the fact
that critical action can easily fall into the trap of alternative modernism.
In our work on “constructive technology assessment” (see Rip et al. 1995;
Schot, chapter 9, this volume) we had to address this issue. We have
come up with notions such as modulating processes (of the co-evolution
of technology and society), based on an understanding of how prospec-
tive structures are projected as promising options and, to some extent,
made true (Kemp et al. 2001; van Lente and Rip 1998).

A Late-Modern Technological World

Windows on the world give us partial views, but these will add up to an
amalgam, as David Hess calls it in his chapter, or a kaleidoscopic clo-
sure, an intriguing phrase coined by Murray (1997) when she analyzed
interacting narratives made possible through the Internet. What kind of
world becomes visible in this way? And what sort of history of technol-
ogy and modernity can be articulated?

Paul Edwards, in the opening paragraphs of his chapter, suggests a
history of successive backgrounding and naturalization of technologies
as invisible infrastructures that are assumed to function smoothly and
serve their purpose. A lot of ingenuity and care is invested in not disap-
pointing this assumption. Engineers in particular feel this ethics of care
for the world of artifacts. It is part of their mandate, as it were, with an-
other part deriving from their working toward technological progress,
and being allowed to do so relatively autonomously.

The engineers’ thoroughgoing modernism—“we can do great things,
if you let us”—is very visible in the late nineteenth and early twentieth
centuries. It is the same period in which many social groups called for
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emancipation and anarchists played havoc with the existing order. Elec-
tricity started to transform the sociotechnical landscape. Airplanes cap-
tured the imagination, with dreams of aviation elevating humankind—it
was even called “the winged gospel” (Corn 1983). Investments in civil
aviation continued even if they did not turn a profit until after World
War II. By now, aviation has become part of the infrastructure of mod-
ern society. Its technical nature and functioning have become invisible
for the general public and politicians. With the naturalization of the 
air travel infrastructure came an inevitable lack of attention to its 
vulnerabilities—with the attendant surprise on September 11, 2001, that
terrorists could turn this modern infrastructure against its own projec-
tions of security.

There are other storylines about the co-construction of modernity and
technology, but all of them appear to have an ironic twist of earlier suc-
cesses creating problems. Is this a defining characteristic of the co-
construction of technology and modernity in the late twentieth century?
Think of plastics and other new materials being hailed as the key to the
future and later condemned as unsafe and a threat to the environment.
Or of surveillance, an age-old technology materializing in panoptic
arrangements and then partially dematerializing again through informa-
tion and communication technologies—even while cameras and other
physical devices and hybrid items like barcodes remain of central impor-
tance. David Lyon in his chapter suggests that technological dependence
coupled with consumerism (both features of modernity) are together
changing modernity out of recognition, with surveillance of various kinds
getting a central position in this new or postmodernity.

In health care, the co-construction with modernity is particular strik-
ing, with the hygienist and eugenic movements of the nineteenth and
early twentieth century, the strong development of sanitation and better
housing, new medical drugs and therapies, and the experience of the na-
tional-socialistic Third Reich—in its own way strongly modernist. After
World War II, eugenics was transformed into genetic counseling, with a
strong individualistic thrust. Individual autonomy in health care, espe-
cially in clinical genetics, is now a sacred principle—while tensions ap-
pear because of advances in genetics and the wider introduction of
preventive medicine.
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Just as we see technologies in the plural, there might be modernities in
the plural. Why do we speak of technology and of modernity as being of
one kind? The chapters in this book show their variety, and many of the
authors insist on the limitations of abstract notions of technology (or for
that matter, of modernity). Still, the abstract notion of technology is
widely available as one of the modernist keywords that emerged as
forceful in the course of the nineteenth century—hence, a Massachusetts
Institute of Technology. What is needed is an analysis of how and why
such abstract notions emerge and can be forceful, not just with moder-
nity theorists, but also with various actors.

To indicate the abstract, iconic character of technology in a text, one
can write it in capitals: TECHNOLOGY. Indeed, the transformation of
technology as the term was used in the early nineteenth century into the
iconic TECHNOLOGY of the twentieth century can be traced histori-
cally; this is a research project that is long overdue. Actors rarely use the
term “modernity,” but they often appeal to the “modern” and “being
modern.” And this has inclusion and exclusion effects (just as declaring
a “modern period” in history includes “us” and excludes “them,” as
Tom Misa phrases it). Views of technological progress and its moderniz-
ing role imply collusion between TECHNOLOGY and MODERNITY.
This continues to the present, even if we are sadder and wiser.

In Don Slater’s chapter, the rhetorical connections between INTER-
NET and MODERNITY are particularly striking; David Lyon sees
SURVEILLANCE as a continuation of MODERNITY; while David
Hess shows how alternative therapies become accepted as “complemen-
tary” to modern medicine. (SUSTAINABILITY is yet another such icon.)

In these alliances and sometimes battles of abstract notions—
ideographs, as van Lente (1993) calls them—one sees the creation of
protected spaces for further development (as with technological progress
in most of the twentieth century) as well as the creation of specific
modernities linked to the particular combination that is dominant. And
as happened with TECHNOLOGY and MODERNITY in the late twen-
tieth century, when one is criticized, they both suffer. This can be a stim-
ulus for change, as in the case of ecological modernization in the
chemical industry, which Arthur Mol in his chapter offers as an argu-
ment in the analysts’ discussions of MODERNITY.
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Under these iconic and thus forceful terms, a variety of developments
occur that are shaped by the icons. What is more, the constellation of
icons shifts because of such processes and their outcomes. As it turns
out, the chapters take a particular cross section through this multilevel
and kaleidoscopic co-construction process. They tend to discuss tech-
nologies as they appear, more or less ready-made, in our societies. Tom
Misa’s phrase about the “infrastructure of daily life, choreographing 
the members of modern societies” characterizes this tendency beauti-
fully, and Paul Edwards adds to this when he emphasizes “fluency” in
infrastructures.

Yet, on balance, the chapters in this volume say too little about the
contextual dynamics of new technologies and their embedding in soci-
ety. Our conversation on technology and modernity needs to be widened
to include evolutionary economics and recent innovation studies (see
Rip and Kemp 1998), which are mentioned only in passing. There is ref-
erence to innovation systems, as when Haidar Khan discusses Taiwan.
Johan Schot, in his final proposal addresses the dynamics of develop-
ment, but remains programmatic. Arthur Mol assumes that there are
such dynamics (in the chemical industry).

My reason for highlighting this limitation to our book is that we may
well be experiencing a new wave of engineers’ (and politicians’) techno-
logical modernism. This can be seen in the push for biotechnology, in
spite of its being contested; the massive R&D investment in the life sci-
ences; and not least the promises made for genomics whether “green”
(agricultural) or “red” (medical). True, these are heavily hyped visions,
but they capture the imagination. Why is it that they capture our imagi-
nation in the late-modern world? I see a new version of technological
modernism, linked to the search for, and promise of, upstream solutions
for downstream problems. It is a further variant on the modernist 
idea of action as emanating from a source, and leading to effects be-
cause of the nature of this source, rather than through processes of co-
construction.

In genomics, this view is particularly clear. It was pushed strongly be-
cause of its scientific promise, and taken up by policy makers to show
that they could support important research. Heads of state in the United
States and the United Kingdom wanted to announce the unraveling of



Modernity and Technology—An Afterword 369

the human genome. Collusion of scientists and policy makers in priority
programs, each for their own reasons, is not unusual. But here there is a
specific dream: if you know the genetic map and how it relates to func-
tions and dysfunctions, you can purposefully manipulate a gene and suc-
cessfully prevent an illness. This is the age-old modernist dream: causal
links from an agent source to desired effects. Moreover, genomics is
linked to another modernist feature, individualization, with the promise
of gene passports allowing individualized therapy. Symbolic aspects are
not far behind: “The genome is viewed as the core of our nature, deter-
mining both our individuality and our species identity. [It is] the true
essence of human nature, with external influences considered as acciden-
tal events” (Mauron 2001: p. 831).

Ironically, the Human Genome Project itself has produced a setback
to this modernist program: there are far fewer human genes than ex-
pected (about one-third of the original estimates). This implies that
genes are polyvalent; not so much their mere existence but rather the
regulation of their expression becomes important. Some genomics re-
searchers want to keep up the front of the original promises. But for
human diagnosis and therapy, and for producing better plant (and per-
haps animal) varieties, the message is clear: there will be no linear rela-
tionship between genetic information, intervention, and impact.

A new wave of technological modernism is surely building in nano-
technology, which is projected as transforming the economy of the
twenty-first century. Nanotechnology is defined in part by its scale, but
also by the ability to manipulate matter on the nano scale and to pro-
duce materials and devices with properties that will “make a difference”
at the phenomenal level. There is debate about how far we can go in this
direction (Smalley 2001; Drexler 2001), but the direction itself is clear:
by manipulating the minute and by creating devices, we can set in mo-
tion a chain of effects that will make a difference “downstream.” There
are indeed promising devices, but so far the successful ones, such as 
sensors and a “lab-on-a-chip,” are devices for analysis, not for creating
a difference.

There is a storyline of (modernist) promise and (subsequent) disap-
pointment here. The actual co-construction processes will determine the
specific outcomes and thus the new technological modernity. That is
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why it is important to understand the contextual dynamics of the devel-
opment of new technologies and their actual embedding in society.

New Modernities

There are new technologies, but also new modernities. Simplifying a
more complex process, one might argue that in the West the environ-
mental movement introduced pluralism with respect to the alliance be-
tween technology and modernity. Multiculturalism is becoming a
further challenge in the West, and globally as well, in a postcolonial
world where American dominance is not only criticized but can also be
undermined, at least for a time, as September 11th has shown. Adopting
the U.S. State Department’s view for just a moment, very modern means
(flying modernist jets into modernist skyscrapers) were used to further
antimodern ends (ridding the East of the West). There are multiple over-
simplifications here, in particular the equation of “the” West with “the”
modern (Harootunian 2000a,b), but the point is that there are cracks in
the modernist alliance with technology.

North–South differences introduce a further tension. Within the
South itself, this tension is played out between technoeconomic ambi-
tions that almost of necessity reflect western-modernist approaches, and
postcolonial resistance to such western dominance. In a country like
South Africa, both tendencies are visible in the ruling African National
Congress. Mutual “othering” occurs, with Said’s (1995) diagnosis of
orientalism in the West being counterposed by an African Renaissance
movement following the same pattern.

For new technology, “othering” appears to occur equally in the West,
North, South, and East. It appears in different forms, but all in response
to the danger of an existing order being broken by the novel entrant.
Modernity supports novelty, but on its own terms, and will push aside the
novelties and variety that do not conform to these terms. In this sense,
Arthur Mol’s intriguing phrase “the modernization of modernity” (pace
Beck) may not be able to accommodate plurality and multiculturalism.

Co-construction is a broader concept, but its recognition of multiple
agency is not enough to create concerted effort in desirable directions.
As David Hess would put it, a multiplicity of modernities also drains
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modernity of its emancipatory potential, undermining the grounds for
normative critique. On the other hand, as Don Slater emphasizes,
modernity is under construction (always, but definitely now), and eman-
cipation might be a contingent effect.

Does co-construction, then, lead us to an impasse? Perhaps, but let us
go back to the actors, using a “window on the world.” The first window
is about the Royal Dutch-Shell Company building scenarios of a future
world. One of their methodological prescriptions is to identify key de-
velopments that can be assumed to be present in all scenarios, and then
introduce variety. Such key developments are called TINAs (there is no
alternative). In the Shell scenarios, TINA is about information and com-
munication technologies and their effects. Is this a projection of techno-
logical determinism? Or a realistic diagnosis of how the co-evolution of
technology and society turns out to work in our world?

Such scenarios are “theories in practice,” and make a normative point
by accepting a particular development as TINA. This becomes clear
when one uses a window on another part of the modern world, where
agricultural science (and to a lesser extent medical science) has to come
to terms with local specificities and individual particularities. The mod-
ernist approach is to position the local and individual as specifications
of global regularities and laws. Knowing the composition of the soil, or
the gene makeup of the individual, one can prescribe what is necessary.
This modernist approach runs into difficulties. In agriculture, the history
of the (living) soil, and thus local knowledge, turns out to be important.
In the medical sector, one sees a proliferation of alternative and comple-
mentary medicine, as David Hess outlines.

There need not be a contrast with the irresistible development and use
of information and communication technologies. Agriculture and medi-
cine can and do profit from the new possibilities. The tension that re-
mains is between the disciplining requirements of information and
communication technologies (a code is necessary to transmit) and the
local idiosyncracies. In other words, there are elements of governance
embedded in the various technologies, which in practice add up to hy-
brid and possibly conflicting governance.

The question of governance might lead to a fifth proposal, which
would complete Tom Misa’s introductory chapter. One element must be
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about the importance of spaces rather than action. Spaces offer opportu-
nities for agency and for a variety of agents (depending on the nature of
the space). Zygmunt Bauman has an intriguing phrase about living in the
cracks of modernity (see Law 1994). Such cracks should become spaces;
and agency in those spaces might shift the modernist structures a bit.

A second element starts with the recognition that co-construction
happens anyway and adds that actors will anticipate and reflect and act
strategically all the time. In and through their interactions, there is an
emergent design effort in the small and in the large. Such design efforts
should not be modernist, starting with a concept or prototype that must
then be implemented. As designers, in particular in information and
communication technology, but also in other technologies and projects,
have been learning—often the hard way—interactive design that in-
cludes input from projected users is very important.

These two elements do not add up to a fifth proposal that can be for-
mulated in one sentence. But such a proposal must be about creating
space and making sure that something productive is done in that space.
One cannot and should not define beforehand what is to “count” as
productive. Descriptively, one could say that modernities and technolo-
gies co-evolve, interacting on the basis of relative autonomy. The key
question is what this co-evolution will lead to and whether one can use an
understanding of the dynamics and patterns as products of co-evolution
to shape one’s own and perhaps others’ actions oriented toward an un-
known future.

The fifth proposal might be the affirmative version of this question: it
is possible to find patterns in co-evolution and show that they will re-
turn. But since these patterns are co-constructed, the actors involved
must be addressed and mobilized to improve anticipation, reflection,
and learning.
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