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Preface

am of two minds when it comes to technology.

One side of me is totally hooked on technology. While I do not necessarily
feel compelled to be the first among my friends to own every new gadget, 1 do
use and enjoy many technologies. I spend a greac deal of my time at one or
another of my computers (we have five in the house, six when our daughter is
home), on my iPhone, listening to my iPod, or using one of my digital cameras.
i love Google and the way it makes information about practically anything
instantly available to me. I love letting my Roomba® robot vacuum clean my
carpets while P'm occupied with other things. I am currently lusting after a plug-
in electric car and hope to have one within the next year or two. lam a regular
cansumer of technology blogs and reviews of new technological products online
as well as in newspapers and magazines. (Okay, so I do still read paper media.)
And, perhaps most important of all {and under-appreciated), I am a beneficiary of
modern, high-tech medicine — living a longer and healthier life because of scien-
tific discoveries and biomedical technologies.

Still, | am fully aware that technology has its dark side and that much of the
technology with which our society is suffused is designed to earn profits for
high- (and low-) tech firms and entrepreneurs rather than to improve human
well-being. 1 worry about where our technologies are taking us. Qur man-
made technological systems can be fragile and, as shown in the past several
years by the failure of the levee system during Hurricane Katrina; the BP oi
spill; and the devastating 2011 earthquake, tsunami, and consequent nucle
disaster in Japan, they are capable of causing or at least failing to prevent great
harm. Many (perhaps most) beneficial technologies can also cause inadverten:
harm to people, animals, or the environment — examples such as pesticides, pol-
luting energy sources, and medical therapies with unanticipated side effects are
legion. And of course technologies can also be used intentionally to harm peo-
ple, to perpetuate social injustice, or to serve other destructive ends.
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This book, now 1 its 12th edition and, at 40 years old, well into middle
age, reflects the yin and the vang of my own undemtanding of and feelings
about technology. The articles I've selected both extol the virtues and criticize
the evils of technology and its role in society, although [ have tried to avoid the
exeremes on both sides,

Except perhaps by science fiction writers, relatively few of the technologies
that are discussed by the authors in this velume were even remotely imagined
when [ assembled the materials for the first edidon of this book in 1971, (It
was not actually published until the following year.) The preface for that first
edition {and several subsequent editions) was written on & typewriter and the
selections were cut and pasted into the manuscnpt using seissors and tape rather
than Word's cut and paste functions. The manuscripe was mailed to the publisher
not FedExed, not e-mailed. And the galleys and page proofs were retumed to me
the same way. [ cannot imagine working like that again and wonder how I possibly
could have assembled this book in such a primitive manner. The innovations of the
past several decades are astounding for those of us who grew up without them, but
for the current generaton (and a couple of previous generations), they're routine -
an ordinary part of life, taken for granted as if they had always existed.

Technology and society are both changing at an unprecedented pace, And a
textbook on technology and society is hardly timeless. Experience shows that it
needs to be substantially updated every few years. The development of this bock
since 1972 provides a mini-history of concerns about technology and society.
(Take a look at the tables of contents of previous editions at http://www.alteich.
com/history/index. it o see what I mean.) Recognizing the pace of technologi-
cal change, and taking into account the comments of users and reviewers as well as
my own sense of the relative importance of various topics and the timeliness (or its
lack) of various chaprers, | have once again, for this new edition, performed major
surgery on the book. I have dropped nine chapters that appeared in the 11th
edition and replaced them with ten more current and/or more relevant articles,

Despite the changes, the structure of the book remains intace, and much of
the content will look familiar to those who have used previous editons. In Part [,
*Thinking about Technology,” several well-known authoss raise big questions:
What is technology? Is it good, bad, or neutral (or good and bad)? Is it synony-
mous with progress? How does it influenice society and how does society influ-
ence its development? Leo Marx and Robert Pool headline this section. Next,
David Edgerton reminds us not to let the focus on new technology blind us o
the imporunce of existing technologies, even those that may seem mundane,
Alvin Weinberg’s essay on the “technological fix,” which follows, is one of
only three articles that survive from the fist edidon, Though dated, it still raises
important questions and seldom fails to proveke discussion. The chapters by
engineer Samuel Florman and political scientist Langdon Winner {difficult,
perhaps, but well worth the effort) should do the same. My hope in Part I,
as elsewhere in the book, is to preserve the best elements of previous editions
while also bringing in more current thinking,.

The four-decade old, but stll very relevant, debate over the role of technol-
ogy in society between the late Emmanuel Mesthene and John McDemotr, like
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the Weinberg chapter a feature of the book since the first edition, comprises Part I,
“Debating Technology: 1960s Style.” Both the substance and the rhetoric of the
Mesthene—McDermott debate contrast sharply with Part 1If, “Debating Tech-
nology: Twenty-First-Century Style,” in which Bill Joy, a computer scientist
and entrepreneur responsible for several major software innovations, presents his
rather scary vision of a future in which the products of nanotechnology, genetics,
and robotics converge and threaten the existence of humanity. Responding to
Joy rather critically are John Seely Brown and Paul Duguid, as well a5 inventor
Ray Kurzweil, a friend of Joy’s whose views of the future are quite different
from his.

The next three sections on “Contemporary Technological Dilemmas” tum
to mose concrete, current issues and explore some of the ethical, social, and
human dimensions of 2 number of specific areas of technology and have been
subject to considerable updating. Part IV examines one of the most critical issues
facing society today: global climate change. Many people believe climate change
is the most vexing problem facing global society in the twenty-first century.
While agreement on what to do about it is seill far off, all but a few of the
most ardent skeptics agree that the problem is real and must be addressed. The
lead articte included here, by Collins et al., describes the scientific basis for the
increasingly powerful consensus among researchers on the nature of this prob-
lem. It is based on the 2007 report of the Intergovernmental Panel on Climate
Change and explains, in terms that do not require a PhID in atmospheric physics
to understand, how and why the Earth’s climate is changing.

Still, the scientific consensus is not unanimous. A significant number of pol-
icymakers and a lesser number of scientists have a different view. Among the
scientists who take a contrarian position, Richard Lindzen stands out. He is @
highly respected professor at M.LT. and his article {new to this edition), origi-
nally an op-ed in the Wall Street Journal, provides an excellent summary of the
arguments against the scientific mainstream. Following Lindzen, the third anc
fourth articles in Part IV (also new) approach climate change from a racher dif
ferent angle, that of geoengineering, fixing the problem with a massive techno-
logical intervention. The article by Victor et al. looks at the internationa
political ramifications of such an approach; the piece by Robock marshals the
arguments against it.

Part V looks at some of the social and ethical dimensions of recent advance
in the life and biomedical sciences: stem cell research, synthetic biology, geneti
engineering, and neuroscience. Research involving human embryonic stem cell
offers the tantalizing prospect of breakthroughs in the treatment of diseases an
injuries, but, in the minds of critics, it also opens the door to possible abuses ©
the sanctity of human life. Christopher Thomas Scott lays out the basic feature
of both sides of this debate clearly and concisely.

Going a step beyond stem cell research, synthetic biology employs scientifi
and engincering techniques to create artificial organisms capable of reproducin
themselves. The idea is controversial, and in May 2010 President Obama charge
his Presidential Commission for the Study of Bioethical Issues with examining it
prospects and problems. An excerpt from the commission’s report s included «
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chapter 17, followed by an article from Nature examining the barriers faced by
this exciting but controversial technology. Both are new to this edition.

In chapter 18, carried over from the 11th edition, Michael Sandel takes a
conservative approach to the possibilities of designer children and other kinds
of human enhancement created by developments in biotechnology. And, fol-
iowing Sandel, in chapter 20, Stanford law professor Henry Greely speculates
on the meaning of advances in neuroscience which, some scientises believe, will
soon provide a means of gauging an individual’s meneal state - i.e., reading his
or her mind — with an imaging device.

Under the heading of information and communications technology in Part
V1 is an article by computer historian Paul Ceruzzi — a favorite of mine - on
why those most responsible for originating the information technology revolu-
tion failed to anticipate its extent or its impact. It is followed by a curmudgeonly
but entertaining piece by poet and farmer Wendell Berry, on why he rejects the
idea of using a computer to do his writing, and by an up-to-date, broad-based
survey by philosopher Deborah Johnson of the ethical issues raised by computers
and information technology. New to Part VI is chapter 24, in which Nicholas
Carr, writer about technology and culure, and author of the blog Rough Type,
asks “Is Google Making Us Stupid?” More precisely, he explores the question of
how the Internet is affecting our modes of reading, writing, and thinking. His
thought-provoking piece is followed by two more new articles on one of the
critical policy issues that will shape the future of the Intermet: the marter of
“net neutrality.” Net neutrality is the principle that Internet service providers
may not discriminate among different forms of content and applications that
they carry on their lines. A short plece from savetheinternet.com argues against net-
work aperators who, the organization claims, want to change that principle and
discriminate among different uses by charging differential fees to web site opera-
tors. In the following article, an analyst at the Information Technology and
Innovation Foundation looks at the issue from a different perspective, that of
broadband network managers, and asks what kinds of policies can balance the
competing interests involved in using the Intemner as well as furure computer
networks.

The last section, “Governance and Globalization,” takes 2 step back from
these rather technical concerns and returns to the broader questions of technol-
ogy and society through the prism of governance. The first chapter is my own
article on the relationships between governments and technology, an article 1
wrote originally for an encyclopedia of science, technology, and society. The
other (new to this edition}, by three-time Pulitzer Prize winning columnist for
the New York Times Thomas Friedman, is a brief excerpt from his best-selling
book, The World Is Flat. In it he describes life in a call center in Bangalore,
India, using the story to illustrate how, in many respects and in many economic
sectors, technology {(again, especially the Internet) has made geography virtually
irrelevant.

As in previous editons, my selections are — by design — a mixed bag. Not all
students or all instructors will find every reading to their liking. Readers will probably
love some and hate others, find some fascinating, others tedious. { have chosen the
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individual articles with an eye toward diversity in their authors’ views of technology
and political leanings. They do not necessanly represent my own views, and { do not
necessarily endorse their perspectives. As a whole, however, the book reflects what 1
hope is a balanced view of the important issues in the field of technology and sociery,
a view that I hope will be useful to others who are interested in these topics.

Technology and the Futare has been a part of my professional life throughout
my entire career. lt is gratifying to have watched the growing mterest in the
study of technology, society, and the future in colleges and universities world-
wide over the past several decades and to feel thae the book may have made 2
modest contribution to this important intellectual development, Throughout the
life of this book, I have benefited from the interest, suggestions, and feedback
from the book’s users. | am indebted to them all for the ideas that they shared
with me, some of which have helped to shape this volume.

My thanks go also to the staff of my current publisher, Cengage Learning
(formerly Thomson Wadsworth), especially Carolyn Merill and Kate Hayes;
to my previous publisher, Bedford/St. Martin’s; and finally to St. Martin’s Presss
College Division, whose editors had the foresight to publish the first edition of
this book in 1972 and who, through a generation of staft changes, mergers,
acquisitions, and restructurings, remained helpful, interested, and unfailingly sup-
portive. I have been fortunate in having a series of editors over the years with
whom it has always been a pleasure to work.

I wish to acknowledge the advice of those who have conuributed comments
and suggestions that helped shape this edition:

Sundeep Muppidi, University of Hartford
Elizabeth Laidlaw, Monroe Community College
Vickie Kelly, Washburn University

Thomas Langston, Tulane University

Finally, a very special note of gratitude goes to my family: my wife, Jill; my
daughter, Samantha; and my sons, Mitch and Ken; their wives Gretchen anc
Sara; and my grandchildren, Calvin Avery, Madelyn Elise, Sylvi Reine, anc
Charlie Joel, for the meaning they give to my life and for the strength I draw
from cur relationships.

Once again 1 invite readers — both faculty and students — to contact mt
with comments and suggesdions. I can be reached most readily by e-mail a
ateich@gmail.org, through ateich.com or alreich.com. The latter site (“Al Teich’
Technology and the Future Toolkit”) contains supplementary resousces relatec
to the book, including the tables of contents of earlier editions, my persona
home page, and more. You can also follow me on Twitter: (@zal_teich.

Albert H. Teicl
Washington, D.C
June 201
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Thinking About Technology

Tctchnology is more than just machines. It is a pervasive, complex system
whose cultural, social, political, and intellectual elements are manifest in vir-
tually every aspect of our lives. Small wonder, then, that it has attracted the
attention of such a large and diverse group of writers and commentators. A
small sampling of the range of writings on the social dimensions of technology
is contained in this fisst section of Technology and the Future. All of the writers
represented here are attempting to understand — from one perspective or
another ~ these social dimensions of technology. Little else ties them together.
From the oldest to the most recent they span nearly half a century. Their points
of view are vastly different. Their common goal is not so much to prescribe par-
ticular courses of action as it is to explore the conceptual, metaphysical issues
underlying technology-society interactions.

In the opening selection, historian Leo Marx explores the development of
the American notion of progress and looks at its connections with technological
advance. This seminal essay asks a simple-sounding question that sets the tone for
this entire book: Does improved rechnology mean progress? Next, Robert Pool,
former senior writer at Science and news editor at Nature, explains in lucid terms
the ways in which technology and society shape one another. Pool’s essay is
drawn from a book that began as a straightforward treatment of the commercial
nuclear industry. Instead of the simple story he expected to find, Pool discovered
“a complex, often convoluted tale of how the technology had been shaped by 2
host of nontechnical factors in addition to the expected technical ones.” His
approach transcends both the notions of technological determinism (the idea
that technology is an autonomous force that produces social change) and social
constructivism (which views technology as parely a product of social and cultural
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influences) in favor of a more subtle explanation of the relations between tech-
nology and society.

The following chapter takes an entirely different approach to thinking about
technology. In contrast to most of the other authors represented in Part 1, British
historian David Edgerton makes a powerful case for the global significance of old
technologies. Edgerton directs his attention away from the idea of invention and
toward the matter of how and by whom technologies are actually used. Through
this lens he sees an entirely different world, one dominated by simple, mundane
technologies rather than the newest, most advanced ones.

After the chapter by David Edgerton, in an essay dating from the mid-1960s
that captures some of the heights of post—=World War II technological optimism,
physicist Alvin Weinberg suggests that we can find shortcuts to the solution of
social problems by transforming them into technological ones, since technologi-
cal problems are much easier to solve. This selection, though out of sync with
much current thinking, has become a classic for the perspective it represents and
for introducing the concept of the “technological fix,” which continues to be
the subject of debate and discussion.

In Chapter 5, Samuel Florman, a practicing engineer and industrialist as well
as a humanist, proposes an alternative approach — a “tragic view” that recog-
nizes the role of technology in human life, including its limits. The chapter
that follows Florman is one of the best-known and most-discussed articles in
the literature of technology and society. In it, Langdon Winner, professor at
Rensselaer Polytechnic Institute, asks whether certain technological systems by
their nature determine particular arsangements of power and authenty among
people. Understanding the significance of this and related questions is essential,
Winner argues, to maintaining (or perhaps restoring) democratic control over the
course of technological and social development.

The reader who is looking for unequivecal answers to the problems posed
by technology will not find them here. On the whole, the readings in this sec~
tion, like those in the remainder of the book, mise many more questions than
they answer. They are intended to stimulate the reader to think critically about
the relations between technology and society and the ways in which they shape
the fueure.
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Does Improved Technology

Mean Progress?
LECO MARX

The concepts of technology and progress have been finnly linked in the minds of
ntost Americans for the past 150 years. Only in the past three decades, however,
has the guestion that Leo Marx asks in his essay, “Does Improved Technology
Mean Progress?” begun to receive serious attention in our eulture. This question
is the perfect starting point for Technology and the Future, Deceptive in fts sint-
plicity, it underlies most of what follows in this book.

Leo Marx is Senior Lecturer and William R. Kenan Professor of American
Cultural History Emeritus in the Program in Science, Technology, and Society
at MIT. He is the author of The Machine in the Garden: Technology and
the Pastoral Ideal in America (71964) and is coeditor, with Merritt Roe
Smith, of Does Technology Drive History? (1994). He holds a Ph.D. in
histery of American dvilization from Harvard and has taught at that institution
and at the University of Minnesota and Anmtherst College, He has twice been a
Guggenheim Fellow and was a Rockefeller Flumanities Fellow in 1983-1984.
Marx was bornt in New York City in 1919,

In this reading Marx examines how the concept of progress has itself evolved
since the early days of the Republic and what that evolution means for under-
standing the technological choices that confront us today. Improved technology
could mean progress, Marx concludes, “but only if we are willing and able to
answer the next question: Progress toward what?”

oes improved technology mean progress? If some variant of this question
had been addressed to a reliable sample of Americans at any time since the

Leo Marx, “Does Improved Technology Mean Progress?” from Teduwlogy Reviae (January, 1987}, pp. 3341 © 1987
Technology Review. Weprinted with permission.
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early nineteenth century, the answer of a majority almost certainly would have
been an unequivocal “yes.” The idea that technological improvements are a
primary basis for ~— and an accurate gauge of ~ progress has long been a funda-
mental belief in the United States. In the last half-century, however, that belief
has lost some of its ¢credibility. A growing minority of Americans has adopted a
skeptical, even negative, view of technological innovation as an index of social
Progress.

The extent of this change in American attitudes was brought home to me
when I spent October 1984 in China. At that time, the announced goal of the
People’s Republic was to carry out (in the popular slogan) “Four Modemizations™ —
agriculture, science and technology, industry, and the military. What particu-
larly struck our group of Americans was the seemingly unbounded, largely
uncritical ardor with which the Chinese were conducting their love affair with
Western-style modernization - individualistic, entrepreneurial, or “capitalist,”
as well as scientific and technological. Like early nineteenth-century visitors to
the United States, we were witnessing a society in a veritable transport of
improvement: long pent-up, innovative energies were being released, everyone
seemed to be in motion, everything was eligible for change. It was assumed
that any such change almost certainly would be for the betrer.

Most of the Chinese we came to know best — teachers and students of
Ametican studies — explicitly associated the kind of progress represented by
the four modernizations with the United States. This respect for American
wealth and power was flattering but disconcerting, for we often found ourselves
reminding the Chinese of serious shortcomings, even some terrible dangers,
inherent in the Western mode of industrial development. Like the Americans
whom European travelers met 150 years ago, many of the Chinese seemed to
be extravagantly, almost blindly, credulous and optimistic.

Qur reaction revealed, among other things, a change in our own culture
and, in some cases, in our own personal attitudes. We came face-to-face with
the gulf that separates the outlook of many contemporary Americans from the
old national faith in the advance of technology as the basis of social progress.

The standard explanation for this change includes that familiar litany of
death and destruction that distinguishes the recent history of the West: two bar-
baric world wars, the Nazi holocaust, the Stalinist terror, and the nuclear arms
race. It is striking to note how many of the fearful events of our time involve
the destructive use or misuse, the unforeseen consequences, or the disastrous
malfunction of modemn technologies: Hiroshima and the nuclear threat, the
damage inflicted upon the environment by advanced industrial societies, and
spectacular accidents like Three Mile Island.

Conspicuous disasters have helped to undermine the public’s faich in prog-
ress, but there also has been 2 longer-term change in our thinking. It is less obvi-
ous, less dramatic, and less tangible than the record of catastrophe that
distinguishes our twentieth-century history, but I believe it is more fundamental.
Ouzr very conception ~— our chief criterion — of progress has undergone a subte
but decisive change since the founding of the Republic, and that change is at
once a cause and a reflection of our current disenchantment with technology.
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To chart this change in amitude, we need to go back at least as far as the first
Industrial Revolution.

THE ENLIGHTENMENT BELIEF IN PROGRESS

The development of radically improved machinery (based on mechanized mo-
tive power) used in the new factory system of the late eighteenth century
coincided with the formulation and diffusion of the modern Enlightenment
idea of history as a record of progress. This conception became the fulcrum of
the dominant American worldview. It assumes that history, or at least modem
history, is driven by the steady, cumulative, and inevitable expansion of human
knowiedge of and power aver nature. The new scientific knowledge and tech-
nological power were expected to make possible a comprehensive improvement
in all the conditions of life -~ social, political, moral, and intellectual, as well as
material,

The modern idea of progress, as developed by its radical French, English,
and American adherents, emerged in an era of political revolution. It was a
revolutionary doctrine, bonded to the radical struggle for freedom from feudal
forms of domination. To ardent republicans like the French philosopher
Condorcet, the English chemist Pdestley, and Benjamin Franklin, a necessary
criterion of progress was the achievement of political and social liberation.
They regarded the new sciences and technologies not as ends in themselves,
but as instruments for carrying out a comprehensive transformation of society.
The new knowledge and power would provide the basis for alternatives to the
deeply entrenched authoritaran, hierarchical institutions of [ancen régime:
monarchical, aristocratic, and ecclesiastical. Thus, in 1813 Thomas Jefferson
wrote to John Adams describing the combined effect of the new science and
the American Revolution on the minds of Europeans:

Science had liberated the ideas of those who read and reflect, and the
American example had kindled feelings of right in the people. An
insurrection has consequently begun, of science, talents, and courage,
against rank and birth, which have fallen into contempt.... Science is
progressive.

Admittedly, the idea of history as endless progress did encourage extrava-
gantly optmistic expectations, and in its most extreme form it fostered some
wildly improbable dreams of the “perfectability of Man” and of humanity’s abso-
Iute mastery of nature. Yet, the political beliefs of the radical republicans of the
eighteenth century, such as the principle of making the authority of government
dependent upon the consent of the governed, often had the effect of limiting
those aspirations to omnipotence,

The constraining effect of such ultimate, long-term political goals makes
itself felt, for example, in Jefferson’s initial reaction to the prospect of introducing
the new manufacturing system to America. “Let our work-shops remain in
Eutrope,” he wrote in 1785.
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Although a committed believer in the benefits of science and technology,
Jefferson rejected the idea of developing an American factory system on the
ground that the emergence of an urban proletariat, which he then regarded as
an inescapable consequence of the European factory system, would be too high
a price to pay for any potential improvement in the American material standard
of living. He regarded the existence of manufacturing cities and an industrial
working class as incompatible with republican government and the happiness of
the people. He argued that it was preferable, even if more costly in stricely eco-
nomic terms, to ship raw materdals to Europe and import manufactured goods.
“The loss by the transportation of comnradities across the Atlantic will be made
up in happiness and permanence of government.” In weighing political, moral,
and aesthetic costs against econontic benefits, he anticipated the viewpeint of the
environmentalists and others of our time for whom the test of a technological
innovation is its effect on the overall quality of life.

Another instance of the constraining effect of republican political ideals is
Benjamin Franklin's refusal to exploit his inventions for private profit. Thus,
Franklin's reaction when the governor of Pennsylvania urged hins to accept a
patent for his successful design of the “Franklin stove™

Governor Thomas was so pleased with the construction of this stove as
described in ... [the pamphlet] that ... he offered to give me 2 patent
for the sole vending of them for a term of years; but I declined it from a
principle which has ever weighed with me on such occasions, namely;
viz., that as we enjoy great advantages from the mventions of others, we should
be glad of an opportunity to serve others by any invention of ours, and this we
should do freely and generously [emphasis in orginal].

What makes the example of Franklin particularly interesting is the fact that
he later came to be regarded as the archetypal self-made American and the
embodiment of the Protestant work ethic. When Max Weber sought out of all
the world the exemplar of that mentality for his seminal study, The Protestant Ethic
and the Spirit of Capitalism, whom did he choose but cur own Ben? But Franklin’s
was a principled and limited self-interest. In his Autobiography, he told the story
of his rise in the world not to exemplify a merely personal success, but rather to
illustrate the achievements of a “rising people.” He belonged to that heroic rev-
olutionary phase in the history of the bourgeoisie when that class saw itself as the
vanguard of humanity and its principles as universal. He thought of his inven-
rions as designed nat for his private benefit but for the benefit of all.

THE TECHNOCRATIC CONCEPT OF PROGRESS

With the further development of industrial capitalism, a quite different concep-
tion of technological progress gradually came to the fore in the United States.
Americans celebrated the advance of science and technology with increasing
fervor, but they began to detach the idea from the goal of social and political
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liberation. Many regarded the eventual attainment of that goal as having been
assured by the victorious American Revolution and the founding of the
Republic.

The difference berween this later view of progress and that of Jefferson’s and
Franklin's generation can be heard in the rhetoric of Daniel Webster. He and
Edward Everett were perhaps the leading public communicators of this new ver-
sion of the progressive ideology, When Webster decided to become a senator
from Massachuserts instead of New Flampshire, the change was widely inter-
preted to mean that he had become the quasi-official spokesman for the new
industrial manufacturing interests, Thus Webster, who was generally considered
the nation’s foremost orator, was an obvious choice as the speaker at the dedica-

tion of new raifroads. Here is a characteristic peroration of one such performance
in 1847:

It is an extraordinary era in which we live. It is altogether new. The
world has seen nothing like it before. I will not pretend, no one can
pretend, to discern the end; but everybody knows that the age is
remarkable for scientific research into the heavens, the earth, and whart is
beneath the earth; and perhaps more remarkable still for the application
of this scientific research to the pumsuits of life.... We see the ocean
navigated and the solid land traversed by stceam power, and intelligence
communicated by electricity, Truly this is almost a miraculous era. What
is before us no one can say, what is upon us no one can hardly realize.
The progress of the age has almost outstripped human belief; the future
is known only to Omniscience,

By the 1840s, as Webster’s rhetoric suggests, the idea of progress was already
being dissociated from the Enlightenment vision of political liberation. He
invests the milroad with a quasi-religious inevitability that lends force to the
characterization of his language as the rhetoric of the technological sublime. Else~
where in the speech, to be sure, Webster makes the obligatory bow to the dem-
ocratic influence of technological change, but it is clear that he is casting the new
machine power as the prime exemplar of the overall progress of the age, quite
apart from its political significance. Speaking for the business and industral elite,
Webster and Everett thus depict technological innovation as a sufficient cause, in
itself, for the fact that history assumes the character of continuous, cumulative
progress,

At the same time, discarding the radical political ideals of the Enlightenment
allowed the idea of technological progress to blend with other grandiose national
aspirations. Webster’s version of the “rhetoric of the technological sublime™ is of
a piece with the soaring imperial ambitions embodied in the slogan “Manifest
Destiny,” and by such tacit military figurations of American development as
the popular notion of the “conquest of nature” (including Native Americans)
by the increasingly technologized forces of advancing European—American
“civilizadon.” These future-oriented themes easily harmonized with the belief
in the coming of the millennium that characterized evangelical Protestantism.
the most popular American religion at the time. Webster indicates as muck
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when, at the end of his tribute to the new milroad, he glibly brings in “Onmmni-
science” as the ultimare locus of the meaning of progress.

The difference between the earlier Enlightenment conception of progress and
that exemplified by Webster is largely attributable to the difference berween the
groups they represented. Franklin, Jefferson, and the heroic generation of found-
ing revolutionists constimted a distinee, rather unusual social class in that for a short
time the same men possessed authority and power in most of its important forms:
economic, soclal, political, and intellectual. The industrial capitalists for whom
Daniel Webster spoke were men of a very different stripe. They derived their sta-
tus from a different kind of wealth and power, and their conception of progress,
like their economic and social aspirations, was comrespondingly different, The new
technology and the immense profits it generated belonged to them, and since they
had every reason to assume that they would retain their property and power, they
had a vested interest in technological innovation. It is not surprising, under the
circumstances, that as industrialization proceeded these men became true believers
in technological improvement as the primary basis for - and virtually tantamount
to ~- universal progress.

This dissociation of technological and material advancement from the larger
political vision of progress was an intermediate stage in the eventual impoverish-
ment of that radical eighteenth-century worldview. This subde change prepared
the way for the emergence, later in the century, of 2 thoroughly technocratic
idea of progress. It was “technocratic” in that it valued improvements in
power, efficiency, and rationality as ends in themselves, Among those who
bore witness to the widespread diffusion of this concept at the turn of the cen-
tury were Menry Adams and Thorstein Veblen, who were critical of it, and
Andrew Carnegie, Thomas Edison, and Frederick Winslow Taylor and his fol-
lowers, who lent expression to it. Taylor’s theory of scientific management
embodies the quintessence of the technocratic mentality, “the idea,” as historian
Hugh Aitken describes it, “that human activity could be measured, analyzed, and
controlled by techniques analogous to those that had proved so successful when
applied to physical objects.”

The technocratic idea of progress is a belief in the sufficiency of scientific
and technological innovation as the basis for general progress. It says that if
we can ensure the advance of science-based technologies, the rest will take
care of itself. {The “rest” refers to nothing less than a corresponding degree of
improvement in the social, political, and cultural conditions of life.) Tuming
the Jeffersonian ideal on its head, this view makes instrumental values funda-
mensal to social progress and relegates what formerly were considered primary,
goal-setting values (justice, freedom, harmony, beauty, or self-fulfillment) to a
secondary status.

In this century, the technocratic view of progress was enshrined in Fordism
and an obsessive interest in economies of scale, standardization of process and
product, and control of the workplace. This shift to mass production was accom-
panied by the mare or less official commitment of the U.S. government to the
growth of the nation’s wealth, productivity, and global power and to the most
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rapid possible rate of technological innovation as the essential criterion of social
Progress.

But the old republican vision of progress — the vision of advancing knowl-
edge empowering humankind to establish a less hierarchical, more just, and
peaceful society — did not disappear. If it no longer inspired Webster and his
associates, it lived on in the minds of many farmers, artisans, factory workers,
shopkeepers, and small-business owners, as well as in the beliefs of the profes-
sionals, artists, intellectuals, and other members of the lower-middle and middle
classes. During the late nineteenth century, a number of disaffected intellectuals
sought new forms for the old progressive faith. They translated it into such polit-
ical idioms as utopian socialism, the single-tax movement, the populist revols,
Progressivism in cities, and Marxism and its native variants.

THE ROOTS OF OUR ADVERSARY CULTURE

Let me tum to a set of these late-eighteenth-century ideas that was to become
the basis for a powerful critique of the culture of advanced industrial society.
Usually described as the viewpoint of the “counter-Enlightenment” or the
“romantic reaction,” these ideas have formed the basis for a surprisingly long-
lived adversarial culture.

According to conventional wisdom, this critical view originated in the intel-
lectual backlash from the triumph of the natural sciences we associate with the
great discoveries of Galileo, Kepler, Harvey, and Newton. Put differently, this
tendency was a reaction against the extravagant chims of the universal, not o
say exclusive, truth of “the Mechanical Philosophy.” That term derived from
the ubiguity of the machine metaphor in the work of Newton and other natural
scientists (“celestial mechanics”) and many of their philosophic allies, notably
Descartes, all of whom tended to conceive of nature itself as a “great engine”
and its subordinate parts (including the human body} as lesser machines.

By the late eighteenth century, a powerful set of critical, antimechanistic
ideas was being developed by Kant, Fichte, and other German idealists and by
great English poets like Coleridge and Wordsworth. But in their time the image
of the machine also was being invested with greater tangibility and social import.
The Industrial Revolution was gaining momentum, and as power machinery was
more widely diffused in Great Britain, Western Europe, and MNorth America, the
machine acquired much greater resonance: It came to represent both the new
technologies based on mechanized motive power and the mechanistic mindset
of scientific rationalism. Thus, the Scottish philosopher and historian Thomias
Carlyle, who had been deeply influenced by the new German philosophy,
announced in his seminal 1829 essay, “Signs of the Times,” that the right name
for the dawning era was the “Age of Machinery.” It was to be the Age of
Machinery, he wamed, in every “inward” and “outward” sense of the word,
meaning that it would be dominated by mechanical (utilitarian) thinking as
well as by actual machines.
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In his criticism of this new era, Carlyle took the view that neither kind of
“machinery” was inherently dangerous, In his opinion, indeed, they represented
potential progress as long as neither was allowed to become the exclusive or pre~
dominant made in its respective realm.

In the United States, a small, gifted, if disaffected minority of writers, artists,
and intellectuals adopted this ideology. Their version of Carlyle’s critical
viewpoint was labeled “romantic” in reference to its European strains, or “tran-
scendentalist” in its native use. In the work of writers like Emerson and Thoreau,
Hawthorme and Melville, we encounter critical responses to the onset of indus-
triatism that cannot be written off as mere nostalgia or primitivism. These writers
did not hold up an idealized wilderness, a pre-industrial Eden, as preferable to
the world they saw in the making, Nor did they dismiss the worth of material
improvement as such. But they did regard the dominant view, often represented
(as in Webster’s speech) by the appearance of the new machine power in the
American landscape, as dangerouvsly shallow, materialistic, and one sided. Fear
of “mechanism,” in the several senses of that word - especially the domination
of the individual by impersonal systems — colored all of their thought. In their
work, the image of the machine-in-the-landscape, far from being an occasion for
exultation, often seems to arcuse anxiety, dislocation, and foreboding. Henry
Thoreau's detailed, carefully composed account of the intrusion of the railroad
into the Concord woods is a good example; it bears out his delineation of the
new inventions as “improved means to unimproved ends.”

This critical view of the relationship between technological means and social
ends did not merely appear in random images, phrases, and narrative episodes.
Indeed, the whole of Walden may be read as a sustained attack on a culure
that had allowed itself to become confused about the relationship of ends and
means. Thoreau’s countrymen are depicted as becoming “the tools of their
tools.” Much the same argument underlies Hawthome's satire, “The Celestial
Railroad,” a modern replay of Pilgrim’s Progress in which the hero, Christian,
realizes too late that his comfortable railroad journey to salvation is taking him
to hell, not heaven. Melville incorporates a similar insight into his characteriza-
tion of Captain Ahab, who is the embodiment of the Faustian aspiration toward
domination and total control given credence by the sudden emergence of excit-
ing new technological capacities. Ahab exults in his power over the crew, and he
explicitly identifies it with the power exhibited by the new railroad spanning the
North Amercan continent. In reflective moments, however, he also acknowl-
edges the self-destructive nature of his own behavior: “INow in his heart, Ahab
had some glimpse of this, namely, all my means are sane, my motive and my
object mad.”

Of course, there was nothing new about the moral posture adopted by these
American writers. Indeed, their attitude toward the exuberant national celebra-
tion of the railroad and other inventions is no doubt traceable to traditional
moral and religious objections to such an exaggeration of human powers. In
this view, the worshipful attitude of Americans toward these new instruments
of power had to be recognized for what it was: idolatry like that attacked by
0ld Testament prophets in a disguised, new-fashioned form. This moral critique
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of the debased, technocratic version of the progressive worldview has slowly
gained adherents since the mid-nineteenth century, and by now it is one of the
chief ideological supports of an adversary culture in the United States.

The ideas of woters like Hawthorne, Melville, and Thoreau were usually
dismissed as excessively idealistic, nostalgic, or sentimental and hence impractical
and unreliable, They were particularly vulnerable to that charge at a time when
the rapid improvement in the material conditions of American life lent a com-
pelling power to the idea that the meaning of history is universal progress. Only
in the late twentieth century, with the growth of skepticism about scientific and
technological progress, and with the emergence of a vigorous adversary culture
in the 1960s, has the standpoint of that earlier eccentric minority been accorded
a certain intellectual respect. To be sure, it is still chiefly the viewpoint of a rela-
tively small minority, but there have been times, like the Vietnam upheaval of
the 1960s, when that minority has won the temporary support of, or formed a
tacit coalition with, a remarkably large number of other disaffected Americans.
Much the same antitechnocratic viewpoint has made itself felt in various dissi-
dent movements and inteliectual tendencies since the 1960s: the antinuclear
movements (against both nuclear power and nuclear weaponry), some branches
of the enviropmental and feminist movements, the “small is beautiful” and
“stable-state” economic theories, as well as the quest for “soft energy paths”
and “altermative (or appropriate) technologies.”

TECHNOCRATIC VERSUS SOCIAL PROGRESS

Perhaps this historical summary will help explain the ambivalence toward the
ideal of progress expressed by many Americans nowadays. Compared with pre-
vailing attitudes in the United States in the 1840s, when the American situation
was more like that of China today, the current mood in this country would have
1o be described as mildly disillusioned.

To appreciate the reasons for that disillusionment, let me repeat the distinc-
tion between the two views of progress on which this analysis rests. The initial
Enlightenment belief in progress perceived science and technology to be in the
service of liberation from political oppression. Over time, that conception was
ransformed, or partly supplanted, by the now familiar view that innovations in
science-based technologies are in themselves a sufficient and reliable basis for
progress. The distinction, then, tums on the apparent loss of interest in, or
unwillingness to name, the social ends for which the scientific and technological
instruments of power are to be used. What we seem to have instead of a guiding
political goal is a minimalist definition of civic obligation.

The distinction between twao versions of the belief in progress helps sort out
reactions to the many troubling issues raised by the diffusion of high technology.
When, for example, the introduction of some new labor-saving technology is
proposed, it is useful to ask what the puspose of this new technelogy is. Only
by questioning the assumption that inrovation represents progress can we begin
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to judge its worth. The aim may well be to reduce labor costs, yet in our society
the personal costs to the displaced workers are likely to be ignored.

The same essential defect of the technocratic mindset also becomes evident
when the president of the United States calls upon those who devise nuclear
weapons to provide an elaborate new system of weaponry, the Strategic Defense
Initiative, as the only reliable means of avoiding nuclear war. Not only does he
invite us to put all our hope in a “technological fix,” but he rejects the ordinary
but indispensable method of international negotiation and compromise.’ Here
again, technology is thought to obviate the need for political ideas and practices.

One final word. 1 perhaps need to clarify the claim that it 15 the modern,
technocratic worldview of Webster's intellectual heirs, not the Enlightenment
view descended from the Jeflersonians, that encourages the more dangerous con-
temporary fantasies of domination and toral control. The political and social
aspirations of the generation of Benjamin Franklin and Thomas Jetferson provided
tacit limits to, as well as ends for, the progressive vision of the future. Bur the techno-
cratic version so popular today entails a belief in the worth of scientific and tech--
nological innovations as ends in themselves.

All of which is to say that we urgently need a set of political, social, and cui-
tural goals comparable to those formulated at the beginning of the Industrial Era if
we are to accurately assess the worth of new technologies. Only such goals can
provide the criteria required to make rational and humane choices among alterna-
tive technologies and, more important, among aiternative long-term policies.

Does improved technology mean progress? Yes, it certainly conld mean just
that. But only if we are willing and able to answer the next question: Progress
toward what? What is it that we want our new technologies to accomplish?
What do we want beyond such immediate, limited goals as achieving eflicien-
cies, decreasing financial costs, and eliminating the troubling human element
from our workplaces? In the absence of answers to these questions, technological
improvements may very well turn out to be incomparible with genuine, that is
to say social, progress.

ENDNOTE

1. See Alvin M. Weinberg, “Can Technology Replace Social Engineering?” (Chapter 4),
for a discussion of the concept of the “technological fix.” — Ed.
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How Society Shapes
Technology

ROBERT POOL

Why did VHS cassettc recorders succeed and Betamax fail, when imost experis
(and many nonexperts) agreed that Betamax was a better technology? The two
formats came on the market around the same fime in the mid-1970s. They are
incompatible, however, so consumers had to dhoose ene or the other. When VHS
gained a small lead, perhaps because of better marketing, peraps because if uses
six-hour cassettes instead of Betamax’s five, or perhaps for other reasons, video
rental stores began fo stock more VHS tapes. This led people to buy more VHS
machines and started a self-reinforcing cyce that, in a few years, made Betamax
as obsolete as eight-track audio players.

This kind of interplay between the developers of tedinology and the seciety
that uses that technology is characteristic of the way in which technology and
society interact. It's not technological determinisn and it’s not just social con-
struction: it's a combination of the two. Robert Pool examines this [fascinating
interplay in depth in his book, Beyond Engineering: How Society Shapes
Technology, from which the following selection is taken. “Modern fechnology,”
he writes, “is fike @ Great Dane in a small apartment. It may be Sriendly, but
you still want to make sure there's nothing breakable within reach.” Pool, a
freelance writer living in Tallahassee, Florida, who has written for Science and
Discover and was news edifor af Nature, is the anthor of Fac: Fighting the
Obesity Epidemic (2001) and Eve’s Rib: The Biological Roots of Sex
Differences {1994).

From Beyond Engincering: How Society Sfapes Technology by Rober Pool, © 1997 by Robert Pool. Used by pennision
of Orxford University Press, Inc,

an
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ny modern rechnology is the product of a complex interplay between its

designers and the larger society in which it develops.

Consider the automobile, In the early part of this century, gas-powered cars
shared the roads wuh those powered by boilers and steam engines, such as the
Stanley Steamer.’ Eventually, internal combustion captured the market, and the
old steamers disappeared. Why? The usual assumption is that the two contenders
went head to head and che best technology won, Not at all.

Although the internal combustion engine did have some advantages in
performance and convenience, steam-powered cars had their own pluses: They
had no transmission or shifting of gears, they were stinpler to build, and they
were smoother and quieter to operate. Experts then and now have called it a
draw — the “better” technology was mostly a matter of opinion. Instead, the
steamers were killed off by several factors that had little or nothing to do with
their engineering merits. For one, the Stanley brothers, builders of the best
steam-powered cars of the time, had little interest in mass production. They
were content to sell a few cars at high prices to aficionados who could appreciate
their superiority. Meanwhile, Henry Ford and other Detroit automakers were
flooding the country with inexpensive gas-powered cars, Even so, the steamers
might well have survived as high-end specialty cars were it not for a series of
unlucky breaks. At one point, for example, an outbreak of hoof-and-mouth
disease caused public horse troughs to be drined, removing a major source of
water for refilling the cars’ boilers. It took the Stanley brothers three years to
develop a closed-cycle steam engine that didn’t need constant refilling, but by
then World War I had begun, bringing strict government limits on the number
of cars thar businesses could build for the consumer market. The Stanley
company never recovered, and it folded a few years later, The remnants of the
steam automnobile industry died during the Depression, when the market for
high-priced cars all but disappeared.

Nonengineering factors play a role in the development of all technologies,
even the simplest. In The Pendl, Henry Petroski tells how pencil designers in the
late 1800s, in order to get around a growing shortage of red cedar, devised a
pericil with a paper wrapping in place of the normal wood.? It “worked well
technically and showed great promise,” Petroski writes, “but the product failed
for unanticipated psychological reasons.” The public, accustomed to sharpening
pencils with a knife, wanted something that could be whittled. The paper pencil
never caught on.

Today, particularly for such sophisticated creadons as computers, genetic
engineering, or nuclear power, nontechnical factors have come to exert an influ-
ence that is unprecedented in the history of technology. Invention is no longer,
as Ralph Waldo Emerson’s aphorism had it, simply a matter of “Build a better
mousetrap and the world will beat 2 path to your door.” The world is already at
your door, and it has a few things to say about that mousetrap.

The reasons for this are several, some grounded in the changing nature of
technology itself and others arising from transformations in society. A hundred
years ago, people In western nations generally saw technological development
as a2 good thing.” It brought prosperity and health; it represented “progress.”
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But the past century has seen a dramatic change in western society, with a result-
ing shift in people’s atitudes toward technology.” As countries have become
more prosperous and secure, their citizens have become less concerned about
increasing their material well-being and more concerned with such aesthetic
considerations as maintaining a clean environment. This makes them less likely
to accept new technologies uncritically. At the same fime, citizens of western
democracies have become more politically savvy and more active in challenging
the system with lawsuits, special interest groups, campaigns to change public
opinion, and other weapons. The result i that the public now exerts a much
greater influence on the development of technologies — particularly those seen
as risky or otherwise undesirable — than was true one hundred, or even fifty,
years ago.

Meanwhile, the developers of technology have also been changing. A
century ago, most innovation was done by individuals or smail groups. Today,
technological development tends to take place inside farge, hierarchical organiza-
tions. This is particularly true for complex, large-scale technologies, since they
demand large investments and extensive, coordimated development efforts. But
large organizations inject into the development process a host of considerations
that have little or nothing to do with engineering. Any institution has its own
goals and concerns, its own set of capabilities and weaknesses, and its own biases
about the best ways to do things. Inevitably, the scientists and engineers inside an
institugion are influenced — often quite unconsciously -— by its culture.

A closely related factor is the institutionalization of science and engmeering.
With their professional societies, conferences, journals, and other means of
communion, scientists and engineers have formed themselves into relagvely
close-knit ~— though large groups that have uniform standards of practice
and hold similar ideas. Today, opinions and decisions about a technology tend
to reflect a group’s thinking more than any given individual's,

The existence of large organizations and the institutionalization of the pro-
fessions allow a technology to build up a tremendous amount of momentum ina
refatively short time.> Once the choice has been made to go a certain way, even
if the reasons are not particularly good ones, the institutional machinery gears up
and shoves everybody in the same direction. It can be tough to resist.

But the most“important changes have come in the nawre of technology
itself. In the twenteth century, the power of our machines and devices has
grown dramatically — along with their unanticipated consequences. When
DDT was introduced, it seemed an unalloyed good: a cheap, effective way to
kill insect pests and improve crop yields. It took years to understand that the
pesticide made its way up the food chain to weaken the shells of birds’ eggs
and wreak other unintended havoc. Similarly, chiorofluorocarbons, or CFCs,
were widely used for decades — as refrigesants, as biéwing agents in making
foams, and as cleaners for computer chips — before anyone realized they were
damaging the ozone layer.

Even normally benign technologies can take on different complexions wher
multiplied to meet the needs of a world with five billion people. Burning natura
gas is an economical, safe, and clean way to heat homes and generate electricity




16 PART |: THINKING ABOUT TECHNOLOGY

Its only major waste material is carbon dioxide, the same gas that humans exhale
with each breath. But carbon dioxide, in the quantities now being produced
worldwide by burning fossil fuels {coal and oil as well as natural gas), is exagger-
ating the greenhouse effect in the earth’s atmosphere and threatening major
changes in the global chimate.

Modern technology is like a Great Dane in a small apartment. It may be
friendly, but you still want to make sure there’s nothing breakable within
reach. So to protect the china and crystal, government bodies, special interest
groups, businesses, and even individuals are demanding an increasing say in
how technologies are developed and applied.

Besides its power, modem technology has a second feature - more subtle,
but equally important - that makes it qualitatively different from earlier
technologies: its complexity. The plow, the cotton gin, even the light bulb ~-
these are simple devices. No matter how much they are changed and improved,
it is silll easy to understand their functions and capabilities. But for better or
worse, technology has reached the point where no individual can understand
completely how, say, a petrochemical plant works, and no team of experts can
anticipate every possible outcome once a rechnology is put to work. Such com-
plexity fundamentally changes our relationship with technology.

Consider the accident that destroyed the space shuttle Challenger.” Although
the cause was eventually established as the failure of O-tings at low temperatures,
which allowed the escape of hot gases and led to an explosion of a fuel tnk, the
real culprit was the complexity of the system. Space-shuttle engineers had been
concermned about how the O-rings would behave in below-freezing weather, and
some even recommended the Iaunch be postponed to a warmer day, but no one
could predict with any certainty what might happen. There were too many
variables, too many ways in which the components of the system could interact,
Management decided to proceed with the launch despite the engineers’ disquiet,
and it was only months later that experts pieced together the chain of events that
led to the explosion.

Complexity creates uncertainty, limiting what can be known or reasonably
surmised about a technology ahead of time. Although the shuttle engineers had
vague fears, they simply did not — could not ~ know enough about the system
to foresee the looming disaster. And in such cases, when there is not a clear tech-
nical answer, people fall back on subjective, often unconscious reasoning -
biases and gut feelings, organizational goals, political considerations, the profic
motive. In the case of the Challenger, NASA was feeling pressure to keep its shut-
tles going into space on a regular basis, and no one in the organization wanted to
postpone a faunch unless it was absolutely necessary. In this case, it was, but no
one knew,

For all these reasons, modern technology is not simply the rational product
of scientists and engineers that it is often advertised to be. Look closely at any
technology today, from aircraft 1o the Intemet, and you'll find that it truly
makes sense only when seen as part of the society in which it grew up.

The insight is not a particularly new one. Thoughtful engineers have
discussed it for some time. As early as the 19605, Alvin Weinberg, the longtime
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director of Oak Ridge National Laboratory, was wnting on the relationshi
berween technology and society, particularly in regard to nuclear power.
There have been others. But until recently no one had studied the influence of
society on technology in any consistent, comprehensive way. Philasophically
inclined engineers like Weinberg did not have the time, the temperament, or
the training to make careful studies. They reported what they saw and mused
about the larger implications, but nothing more. And soctal scientists, when
they noticed technology at all, viewed it primarily in terms of how it shapes
society. Sociologists, economists, and others have long seen technology as the
driving force behind much of history - a theory usually referred to as “techno-
logical determinism”™ — and they have happily investigated such things as how
the invention of the printing press triggered the Reformation, how the develop-
ment of the compass ushered in the Age of Exploration and the discovery of the
New World, and how the cotton gin created the conditions that led to the Civil
War? But few of these scientists turned the question around and asked how
society shapes technology.

In just the past decade or two, however, that has begun to change. Indeed, it
has now become almost fashionable for economists, political scientists, and
sociologists to bring their analytical tools to bear on various technologies, from
nuclear power and commercial aviation to medical instruments, compuiers, even
bicycles."” Part of the reason for this is, [ suspect, the increasing importance of
technology to our world, and another part is the realization by social scientists
that science and technology are just as amenable to social analysis as politics or
religion. Whatever the reason, the result has been to put technology in a whole
new light. Scholars now talk about the push and pull between sechnology and
society, rather than just the push of technology on society. Engineers have
been brought down from the mountain to take their place as one — still very
important — cog in the system by which technology is delivered to the world.

Unfortunately, very little of this has filtered down. It remains mostly specta-
lists talking to other specialists in books and journals that few outside their fields
ever see. [The book from which this chapter is taken] aims to change that, From
its original design as a study of how engineers are creating a riew generation
of nuclear power, it has metamorphosed into a more general — and more
ambitious — look at how nontechnical forces shape modern technologies. In it
I collect and synthesize work from a wide variety of disciplines: history, econom-
ics, political science, sociology, risk analysis, management science, psychology. At
various points, the book touches on personal computers, genetic engineering, jet
aireraft, space flight, automobiles, chemical plants, even steam engines and type-
writers. Such a book obviously cannot be comprehensive. Instead, my goal is to
introduce a different way to think about technology and to show how many
things make much more sense when technology is viewed in this way,

Fkk

Lurking just beneath the surface ... is one of the most intriguing and frustrating
questions of our time, although it seldom gets much attention ouside universi-
dies and other scholarly places: How do we know what we know? Or, to put it
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differently, what is the natare of human knowledge? This may sound like the
sort of abstract question that only a philosopher could love, but its answer has
pracrical — and important ~ ramifications for how we deal with science and
technology.

There are two schools of thought on the nature of human knowledge, and
they have little common ground. One has its roots in the physical sciences and
goes by such names as positivism or objectivism or rationalism. Positivism ac-
cepts a5 knowledge only those things that have been verified by the scientific
method of hypothesis formation and testing. It is, of course, impossible to verify
anything absolutely — no matter how many times the sun comes up right on
schedule, there is no guarantee it won’t be a couple of hours late tomorrow —
but positivists are generally content with verifying something beyond a reason-
able doubt. Karl Popper, the influential philosopher of science, put a slightly
different spin on it Scientific statements, he said, are those that can be put to
the test and potentially proven wrong, or falsified. It’s not possible o prove a
hypothesis is true, but if the hypothesis is tested extensively and never proven
false, then one accepts it as provisionally true. If it later tumns out to be false in
certain situations, it can be modified or replaced. By this method, one hopes to
get better and better approximations to the world's underlying physical reality.
Absolute knowledge is not attainable. This provisional knowledge is the best we
can do.

The strength of positivism — its insistence on verification — s also its
weakness, for there is much that people think of as “knowledge” that cannot
be verified in the same way that theories in physics or biology can. “The United
States is a capitalist country” s a statemient most would accept as truze, but how
does one prove it? Or how about, “Santa Claus wears a red suit and rides in a
sleigh pulled by eight reindeer”? This is clearly knowledge of a sort — everyone
in our culture older than two or three “knows” it — and though it may not be
in the same intellectual league as, say, the general theory of relativity, it’s much
more important to most people than anything Einstein came up with. Yet the
positivist approach has no place for such folderol.

For many years, social scientists, impressed with the success of the pliysical
sciences, modeled their methods along the same positivist lines. They made
observations, formed hypotheses, and rtested their theores, attempting to make
their research as objective as possible. Many social scientists sl do, but in the
past few decades an influental new school of thought has appeared, one that
offers a different take on human knowledge. This approach, often referred to as
“social construction™' or “interpretation,” is designed explicitly to deal with
social reality —— the web of relationships, institutions, and shared beliefs and
meanings that exist in a group of people ~ instead of physical reality. It sees
knowledge not as something gleaned from an underlying physical reality but as
the collective product of a society. Social constructionists speak not of objective
facts but only of interpretations of the world, and they set out to explain how
those interpretations arse. They make no attempt to judge the truth or falsity of
socially constructed knowledge. Indeed, they deny that it even makes sense to
ask whether such knowledge is true or false.
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Thus, positivism and social construction offer diametrically opposed views of
knowledge. Positivists see knowledge as arising from nature; social construction-
ists see it as a product of the human mind. Positivists speak of proof, social
constructionists of interpretation. Positivists assume knowledge to be objective;
cocial constructionists believe it to be subjective. In general, positivists have
been willing to defer to the social constructionists in the case of soctal knowl-
edge. After all, information about Santa Claus or the importance of capitalism
is not really what a positivist has in mind when he speaks about “knowledge.”
But the social constructionists have been unwilling to return the favor and so
have triggered a sharp, if so far bloodless, batte.

All human knowledge is social knowledge, the social constructionists say,
even science.'2 After all, scientific knowledge is created by groups of people —
the scientific community and its various subsets ~— and so it inevitably has a
collective character, There is no such thing as a scientific truth believed by one
person and disbelieved by the rest of the scientific community; an idea becomes a
truth only when a vast majority of scientists accept it without question. But if
this is so, the argument goes, then sclence is best understood as socially
constructed rather than derived in some objective way from nature.

The eatliest and best-known example of this approach to science is Thomas
Kuhn's The Structure of Scentific Revolutions." In it, Kuhn depicts most science as
taking place inside a “paradigm” - a set of beliefs and expectations that guide
the research, defining which questions are important and designating the proper
ways to go about answering them. Scientific revolutions — such as the shift from
the Prolemaic to the Copernican view of the universe — occur when a paradigm
breaks down and the scientific community collectively settles on a new paradigm
in which to work. Kuhn argued that because such a paradigm shift is a change of
the rules by which science is done, there can be no objective reasons for making
the shift or for deciding on one paradigm over another. The choice is a subjec-
five one. Ironically, much of the positivist scientific community has accepted the
general idea of paradigms without understanding the deeper implications of
Kuhn’s work. It's not unusual to hear a scientist speak of “working within a
paradigm” even though that scientist would be appalled by Kuhn's claim that
scientific paradigms have no objective basis.

Today, many social scientists agree with Kuhn that the positivist claims for
science were a myth. For example, in 1987 the sociologists Trevor Pinch and
Wiebe Bijker wrote:

[T]here is widespread agreement that scientific knowledge can be, and
indeed has been, shown to be thoroughly socially constructed. ... The
creatment of scientific knowledge as a social construction implies that
there is nothing epistemologically special about the nature of scientific
knowledge: It is merely one in a whole series of knowledge culrures
(including for instance, the knowledge systems pertaining to “‘primitive”
tribes). Of course, the successes and failures of certain knowledge cul-
tures still need to be explained, but this is to be seen as a sociological
task, not an epistemological one.’
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Such comments anger many scientises. Physicists especially dispute the conclu-
sions of the social constructionists.'™ ¢ Yes, they admit, of course the creation of
scientific knowledge is a joint effort, but nonetheless it is epistemologically special.
Quantum mechanics, for instance, provides predictions that are consistently accu-
rate to a dozen or more decimal places. This is no accident, they insist, but instead
reflects the fact that science is uncovering and explaining some objective reality.

On the whole, the physicists ger the better of this particular argument. Social
construction theory is useful in exphining social knowledge and helief, but it
does little to explain why physicists accept general relativity or quantum
mechanics as accurate portrayals of physical reality. Social constructionists like
Pinch and Bijker ignore a key difference between science and other knowledge
cultures: science’s insistence that its statements be falsifiable.’’ As long as science
restricts itself in this way and continues testing its theories and discarding those
that disagree with experiments, it is indeed epistemologically special. This and
nothing else explains why science has been so much more successful than other
knowledge cultures. Science may not be as objective as the positivists would like
to believe, but the positivist approach comes closer than any other to capturing
the essence of science.

This all may seem to be a tempest in an academic teapot, a question of inter-
est to no one besides philosophers and the handful of scientists with an interest in
epistemology, but it underdies many of the debates on scientific issues that affect
the public. Consider the controversy in the mid-1980s over the use of recombi-
nant bovine growth hormone in dairy cattle. Although the scientific community
pronounced it safe, opponents of its use suggested that the researchers were
influenced more by the sources of funding for their research and by their own
inherent biases than by evidence.'® This argument depended mmplicitly upon the
assumption that the scientific opinions were not objective but rather were
sacially constructed. In general, if science is accepted as objective, people will
give a great deal of weight to the conclusions of the scientific community and
to the professional opinions of individual scientists. But if science is seen as a
social construct, vulnerable to biases and fashion, people will question or even
dismiss its conclusions,

Which brings us back to our otiginal subject. At its heart, [the book from
which this chapter was taken is] about technological knowledge: What is it? and,
How is it formed? Traditionally, engineers have seen their work in positivist
terms. Like scientists, they take it for granted that their work is objective, and
they believe that to understand a technology, all one needs are the technical
details. They see a strict dichotomy between the pure logic of their machines
and the subjectivity and the imationality of the world in which they must
operate. On the other hand, 2 growing school of social scientists sees technolog
as socially constructed. Its objectivity, they say, is a myth created and propagated
by engineers who believe their own press. As with science, this is no mere
academic debate. Qur attitudes toward technology hinge, in large part, on what
we believe about the nature of the knowledge underlying it.

To understand technological knowledge, this book argues, it is necessary to
marry the positvist and the social constructionist perspectives, Technology combines
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the physical world with the social, the objective with the subjective, the machine
with the man. If one imagines a spectrum with scientific knowledge on one end
and social knowledge on the other, technological knowledge lies somewhere in
the middle. It is falsifiable to a certain extent, but not nearly to the same degree
as science. Conversely, much of technological knowledge is socially constructed,
but there are limits — no matter what a group of people thinks or does, an air-
plane design that can’t fly won't fly. In short, the physical world restricts tech-
nology. Some things work better than others, some don't work at ali, and this
leads to a certain amount of objectivity in technological knowledge. But, unlike
scientists, engineers are working with a world of their own creation, and the act
of creation cannot be enderstood in positivist terms.

Ultimately, any understanding of technological knowledge must recognize
the composite nature of that knowledge. Our technological creations carry
with them the traces of both the engineer and the larger society.
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The Shock of the Old

DAVID EDGERTON

The words “new” and “technology” seem to go together. We speak of “teclo-
logical change,” “technological innovation,” and “technological revolntions,” But
what of old, commonplace technologies? Do they just disappear ir the face of the
new enes? David Edgerton contends that they remain with us and, althongh we
tend 1o overloole them o fake them for granted, in a global perspective they can be
wmore important than those that supposedly take their place.

The focus on the new can blind us to the pervasiveress of the old. Edgerton
calls on us to view technology not just as the latest inventions but in fenms of what
people — ordinary people around the world — actually use. Seen in that light,
relatively simple and mundane technologies — for example, corrsigated fron —
fake on much more imporfance than we recognize. Spread around the warld by the
miilitary during the days of the British Empire, “Its cheapess, lighmess, ease of use
and long life made it a ubiquitous material in the poor world in a way it never had
been i the rich world.” Edgerton considers corugated iron as it is used in devel-
oping countries, and other cheap building materials stich as ashestos cement, to be
“reole” tecmologies ~=- lpbrids resulting from local adaptations, especially in poor
countries, of technologies imported from rich ones. Such a use-centered approach
places the relations of technology and society i an entirely new perspective,
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M uch of what is written on the history of technology is for boys of all ages.
[The book from which this chapter is drawn] is a history for grown-ups of
all genders. We have lived with technology for a long time, and collectively we
know a lot about it. From economists to ecologists, from antiquarians to histor-
ians, people have had different views about the material world around us and
how it has changed. Yer too often the agenda for discussing the past, present
and future of technology is set by the promoters of new technologies.

When we are told about technology from on high we are made to think about
novelty and the future. For many decades now the term ‘technology’ has been
closely linked with invention (the creation of a new ides) and innovation {the first
use of a new idea). Talk about technology centres on research and development,
patents and the early stages of use, for which the term diffusion is used. The timelines
of technological history, and they abound, are based on dates of invention and inno-
vation. The most significant twendeth-century technologies are often reduced to
the following: flight (1903}, nuclear power (1945), contraception (1955}, and the
internet {1965). We are told thar change is taking place at an ever-accelerating
pace, and that the new is increasingly powerful. The world, the gurus insist, is enter-
ing a new historical epoch as a result of technology. In the new economy, in new
times, in our post-industrial and post-modern condition, knowledge of the present
and past is supposedly ever less relevant. Inventors, even in these post-modern tinies,
are ‘ahead of their tme’, while societies suffer from the grip of the past, resulting in a
supposed slowness to adapt to new technology.

There are new things under the sun, and the world is indeed changing radi~
cally, but this way of thinking is not among them. Although the emphasis on the
future itself suggests originality, this kind of futurology has been with us a long
time. In the nineteenth century the idea that inventors were ahead of their time
and that science and technology were advancing faster than the ability of human
soclety to cope was a commonplace., By the early twentieth century this notion
was made academically respectable with the label ‘the cultural lag’. In the 1950s
and even later, one could claim withour embarmssment that scientists ‘had the
future in their bones’. By the end of the twentieth century, futurism had
long been passé. The technological future was as it had been for a long time.
Intellectuals claimed there was a new kind of future, one prefigured by ‘post-
modern’ architecture, Yet this new kind of future was to be brought about by an
old-style technological or industrial revolution which would change everything,

In the case of technology reheated futurism has held its appeal long after it was
declared obsolete. The technological future marched on as before. Consider the
case of the first successful flight of NASA’s X-43A space aeroplane on 27 March
2004. Although it lasted ali of ten seconds, it made the news the world over.
‘From Kitty Hawk to the X-43A has been a century’s steady advance’, wrote
one newspaper; from ‘seven miles an hour to Mach Seven is a striking indicasion
of how far powered flight has travelled in a hundred years”.! Soon we would be
enjoying, yet again, almost instant travel to Australia from London.

Just below the surface was another history, which blew great holes in this old-
fashioned story. Every few weeks between 1959 and 1968 B-32 aircraft took off
from Edwards Air Force Base in California, with one of three X-15s under their
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wings. Once high up the X-15s fired their rocket engines and were actively flown
by twelve ‘research pilots’, clad in silver pressurised space suits, reaching speeds of
Mach 6.7 and touching the edge of space. These hard-drinking engineer-pilots,
mostly combat veterans (among them Neil Armstrong, the first man to set foot
on the moon), looked down on mere ‘spam in the can’ astronauts, as Tom
Wolfe observed in The Right Stuff. While the astronants became famous, the elite
X-15 pilots were left to lament, as one did, that in the early 1990s he was still ‘one
of the fastest airplane pilots in the world. I am too old for that. Someone younger
should have that honor.’® Past and present were connected even more directly.
The B-52, which took the X-43A and its booster rocket up, was one of the same
B-52s used on the X-15 programmes and was now the oldest flying B-52 in
the world.? It was built in the 1950s. Not only that, but the key technology of the
X-43A was the scramjet, a supersonic version of the ramjet. A technique decades
old, it was used in a 1950s-designed British anti-aircraft missile, the Bloodhound,
which was iself in service into the 1990s. In short, the story might well have been

“1950s acroplane launches unmanned rumjet plane which flies a little faster than

1960s Right Staff pilots’.
dokk

By thinking abouc the history of technology-in-use a radically different picture
of technology, and indeed of invention and innovation, becomes possii)le."‘
A whole invisible worid of technologies appears. It leads to a rethinking of our
notion of technological time, mapped as it is on innovation-based timelines.
Even more importantly it alters our picture of which have been the most impor-
rant technologies. It yields a global history, whereas an innovation-centred ore,
for all its claims to universality, is based on a very few places. It will give us a
history which does not fit the usual schemes of modemity, one which refutes
some jmportant assumptions of innovation-centric accounts.

The new history will be surprisingly different. For example, steam power,
held to be characteristic of the industrial revolution, was not only absolutely but
relatively more important in 1900 than in 1800. Even in Britain, the lead country
of the industrial revolution, it continued to grow in absolute imporzance after that.
Britain consumed much more coal in the 1950s than in the 1850s. The world
consumed more coal in 2000 than in 1950 or 1900. It has more motor cars, aero-
planes, wooden furniture and cotton textiles than ever before. The tonnage of
world shipping continues to increase. We still have buses, trains, radio, television
and the cinema, and consume ever-increasing quantities of paper, cement and
steel. The production of books continues to increase. Even the key novel technol-
ogy of the late twentieth century, the electronic computer, has been around for
many decades. The post-modern world has forty~year-old nuclear power stations
as well as fifty-year old bombers. It has more than a dash of technological retro
about it too: it has new ocean-going passenger ships, organic food and classical
music played on ‘authentic’ instruments. Aging, and even dead, rock stars of the
1960s still generate large sales, and children are brought up with Disney films seen
by their grandparents when they were children.

Use-~centred history is not simply a matter of moving technological time for-
ward. As Bruno Latour has aptly noted, modem time, where this behaved as
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moderns believed, has never existed. Time was always jumbled up, in the pre-
modern era, the post-modermn era and the modern era. We worked with old and
new things, with hammers and electric drills.” In use-centred history technolo-
gies do not only appear, they also disappear and reappear, and mix and match
across the centuries. Since the fate 1960s many more bicycles were produced
globally each year than cars.” The guillotine made a gruesome return in the
1940s. Cable TV declined in the 1950s to reappear in the 1980s. The supposedly
obsolete battleship saw more action in the Second World War than in che First.
Furthermore, the rwentieth century has seen cases of technological regression.

A use-based history will do much more than disturb our tidy timelines of
progress. What we take to be the most significant technologies will change.
Qur accounts of significance have been peculiarly innovation-centric, and tied
to particalar accounts of modemity where particular new technologies were
held to be central, In the new picture, twentieth-century technology is not just
a matter of electricity, mass production, aerospace, nuclear power, the internet
and the contraceptive pill. It will involve the rckshaw, the condom, the horse,
the sewing machine, the spinning wheel, the Haber-Bosch process, the hydro-
genation of coal, cemented-carbide tools, bicycles, cormgated iron, cement,
asbestos, DDT, the chain saw and the refrigerator. The horse made a greater
contribution to Nazi conquest than the V2.

A central feature of use-based history, and a new history of invention, is that
alternatives exist for nearly all technologies: there are multiple military technolo-
gies, means of generating electricity, powering a motor car, storing and manipu-
lating information, cutting metal or roofing a building. Too often histories are
written as if no alternative could or did exdst.

One particularly important feature of use-based history of technology is that
it can be genuinely global. Tt includes all places that use technology, not just the
small number of places where invention and innovation is concentrated, In the
innovation-centric account, most places have no history of technology. In
use-centred accounts, nearly everywhere does. It gives us a history of technology
engaged with all the world’s population, which is mostly poor, non-white and
half female. A use-perspective points to the significance of novel technological
worlds which have emerged in the twentieth century and which have hitherto
had no place in histories of technology. Among them are the new technologies
of poverty, They are missed because the poor world is thought of as having tra-
ditional local technologies, a lack of rich~world technologies, and/or has been
subject to imperial technological violence. When we think of cities we should
think of bidouvifles as well as Alphaville; we should think not just about the
planned cities of Le Corbusier, but the unplanned shanty towns, built not by
great contractors, but by millions of self-builders over many years. These are
worlds of what I call ‘crecle’ technologies, technologies transplanted from their
place of origin finding uses on a greater scale elsewhere,

A consequence of the new approach is that we shift attention from the new to
the old, the big to the small, the spectacular to the mundane, the masculine to the
feminine, the rich to the poor. But at its core is a rethinking of the history of all
technology, including the big, spectacular, masculine high technologies of the rich
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white world. For all the critiques, we do not in fact have a coherent productionist,
masculine, materialist account of techrology and history in the twentieth century.
We have big questions, and big issues to address, which are surptisingly open.

A use-centred account also refuces some well-established conclusions of
innovation-centric history. For example, it undermines the assumption that national
innovation determines national success; the most innovative nations of the twentieth
century have not been the fastest growing. Perhaps the most surprising criticisin that
arises from the use perspective is that innovation-centric history gives us an inade-
quate account of invention and innovation. Innavation-centric history focuses on
the early history of some technologies which became important later. The history
of invention and innovation needs to focus on all inventions and innovations at a
particular time, independently of their later success or failure. It needs to look too to
invention and innovation in all technologies, not just those favoured by being well
known and assumed to be the most significant. Traditional innovation-centric
histories have space for Bill Gates, but a history of invention and innovation
would also include Ingvar Kamprad, who made his money from mass-producing
and selling wooden fumiture. He founded IKEA and is, some think, richer than
Gates. More importantly, our histories need to have a place for the majority of falled
inventions and innovations. Mest inventions are never used; many innovations fail.

The innovation-centric view also misleads us as to the nature of scientists
and engineers. It presents them, as they present themselves, as creators, designers,
researchers, Yet the majority have always been mainly concermned with the oper-
ation and maintenance of things and processes; with the uses of things, not.thei

invention or development.

*kk

Given the importance of innovation-centric futurism m discussing technology,
history can be an especially powerful tool for rethinking technology. History
reveals that technological futurism is largely unchanging over time. Presenc
visions of the future display a startling, unselfconscious lack of origmality. Tike
the extraordinary litany of technologies which promised peace to the world.
Communications technologies, from railways and steamships, o radio and the
aeroplane, and now the intemnet, seemed to make the world smaller and bring
people together, ensuring a perpetual peace. Technologies of destruction, such
as the great ironclad battleships, Nobel’s explosives, the bomber aircraft and the
atomic bomb were so powerful that they too would force the world to make
peace. New technologies of many sorss would emancipate the downtrodden.
The old class system would wither under the meritocracy demanded by new
technology; racial minorities would gain new opportunities — as chauffeurs in
the motor age, pilots in the air age, and computer experts in the information
age. Women were to be liberated by new domestic technologies, from the
vacuum cleaner to the washing machine. The differences between nations
would evaporate as technology overcame borders. Political systems too would
converge as technology, inevitably, became the same everywhere. The socialist
and capitalist worlds would become one.

In order to be at all convincing these arguments had to deny their own
history, and they did so to a remarkable extent. The oblireration of even recent
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history has been continuous and systematic. For example, in the middle of 1945
the bomber ceased to be a peace-creating technology; the atomic bomb took its
place. When we think of information technology we forget about postal systems,
the telegraph, the telephone, radio and television. When we celebrate on-line
shopping, the mail-order catalogue goes missing. Genetic engineering, and its
positive and negative impacts, is discussed as if there had never been any other
means of changing animals or plants, let alone other means of increasing food
supply. A history of how things were done in the past, and of the way past futur-
ology has worked, will undermine most contemporary claims to novelty.

We need to be aware that this futurolegy of the past has affecred our history.
From it we ger our focus on invention and innovation, and on the technologies
which we take to be the most important. From chis literature, the work of low and
middle-ranking intellectuals and propagandists, ranging from, say, the books of
H. G, Wells to the press releases of NASA’s PR officials, we get a whole series of clichéd
claims about technology and history. We should take them, not as well-grounded
contributions to our understanding, for they rarely are that, but as the basis of ques-
tions. What have been the most significant technologies of the twentieth century?
Has the world become a global village? Has culture lagged behind technology? Has
technology had revolutionary or conservative social and political effects? Has new
technology been responsible for the dramatic increase in economic output in the
last hundred years? Has technology transformed war? Has the rate of technical
change been ever increasing? These are ... questions ... [that] cannot be answered
within the innovation-centric frame in which they are usually asked.

These questions become much easier to answer if we stop thinking about
‘technology’, but instead think of ‘things’. Thinking about the use of things,
rather than of techrology, connects us directly with the world we know rather
than the strange world in which ‘technology’ lives. We speak of ‘our’ technol-~
ogy, meaning the technology of an age or a whole society. By contrast ‘things’
fit into no such totality, and do not evoke what is often taken as an independent
historical force. We discuss the world of things as grown-ups, but technology as
children. For example, we all know that while the use of things is widely distnb~
uted through societies, ultdmate contrel of things and their use has been highly
concemtrated, within societies and between societies. Ownership, and other
forms of authority, on the one hand, and use on the other, have been radicaily
separated. Most people in the world live in houses that do not belong to them,
work in workplaces belonging to others, with tools that belong to others, and
indeed many of the things they apparently own are often tied to credit agree-
ments, Within societies, states and/or small groups have had disproportionate
control; some societies have much more stuff than others. In many places of
the world much is owned by foreigners. Things belong to particular people in

ways which technology does not.
*kk

We have long been told that we live with an ‘ever-increasing rate of change’, yet
there is good evidence that it is not always increasing. Measuring change s
extremely difficult, but let us start with economic growth in the rich countries as 2
crude measure, While there was rapid growth before the Great War, there was
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stower growth overall between 1913 and 1950. There was spectacular growth in the
long boom, followed by less strong growth since. In other words, growtl rates were
lower in the interwar years than before 1914, and average rates of economic growth
after 1973 were considerably lower than in the period 1950~1973. In the 1970s
there was 2 ‘productivity slowdown’ and since then the rich world has continued
to grow, but not at historicaily unprecedented rates.

Since the 1980s one could be forgiven for believing that high growth rates
had returned, not least because of the constant evocations of the notion of ‘ever
increasing change’, and all the talk of fundamental transieions to new economies
and new times. But in the USA, Japan, the EU and Britain, growth rates were
lower in the 1990s than in the 1980s, lower in the 1980s than in the 1970s and
Jower in the 1970s than in the 1960s.” In the USA it appears that productivity
growth increased in the late 1990s, but there is still a dispute as to whether this
was general, or concentrated in the computer-manufacturing sector.” Growth is
ot the same as change bue there is no evidence that structural change in the rich
countries was any faster in recent decades than in the long boom. Once again,
our future-oriented rhetoric has underestimated the past, and overestimated the
power of the present.

Not all parts of the world grew at these same rhythms. For example the
USSR grew very fast in the 1930s, while the rest of the world did not. Especially
since the 1970s many economies in the Far East have grown very fase, but from a
low base. The increasing scale of the Chinese economy in pardcular has meant
that its growth has been enough to alter the global statistics materially. For exam-
ple, global steel production is growing ac long boom rates again thanks to China,

Another important feature of change in the last three decades is that there has
been a decline of economies, as well as growth. In some places the Iast years of the
twentieth century saw retrogression. The income per head of the 700 million sub-
Saharan Africans fell from $700 per head in 1980 to the even more miserable $500
at the end of the century; to make matters worse for the majority, 45 per cent of
this output was produced in South Africa so the real fall elsewhere was even
worse.” Malaria has became more common, and new discases such a HIV/AIDS
have swept through the continent as no other. Yet this is not a reversion to an old
waorld, for this is a continent with cars and new kinds of shanty towns, a rapidly
urbanising world without what is taken to be modern industry.

From 1989 there was a remarkably rapid collapse in the economies of the
Soviet Union and its former satellites, of 20, 30 and 40 per cent, far outstripping
the capitalist recession of the early 1980s. Although this dramatic fall in output can-
not be chamcterised generally as a technological retrogression such a phenomenon
was evident in some places. Now independent Moldova, formerly part of the
USSR, lost 60 per cent of its output. Machines virtuaily phased out as the economy
had developed since the Second World War, things such as ‘spinning wheels, weav-
ing looms, burter churns, wooden grape presses and stone bread ovens ~- are now
back in use’, it was reported in 2001. The ‘only way to survive is to be totally
self~sufficient,” claimed the curator of the ethnological museum m Belsama, ‘and
that means trning the clock back.”™” Cuba, as we have seen, expanded the number
of its oxen as it lost its supply of tractors.
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In some industries, such as shipbreaking, there has been a move towards a new
kind of low-tech future. By the 1980s Taiwan had become by far the largest ship-
breaker, demolishing more than a third of the world’s ships. By the eardy 1990s it
was out of this industry, now dominated by India, Pakistan and Bangladesh, which
between them had more than 80 per cent of the world market by 1995." Taiwan
used specialised dock facilities, but the new shipbreaking was on beaches, with the
most minimal equipment, carred out by thousands of barefoor workers. The rea-
son shipbreaking was done in these places was that scrap steel was in demand
locally. But it s used in a markedly different way from other places and times: it i
re-rolled, re-worked, rather than used to make fresh steel.

What seems at first technological retrogression was perhaps not unknown
in easlier years of the century. No one had ever attemnpted to build such a large
canal with what were then such primitive means as were used on the White
Sea canal or in the erection of the great steel works of Magnitogorsk. Collec-
tive farming itself involved technological retrogression, for all the emphasis
on the tractor. However, not for many centuries has a global industry retro-

gressed like shipbreaking has.
Kk

This [chapter] has argued for the importance of the seemingly old. It is also a plea
for a novel way of looking at the technological world, one which will change
our minds about what that world has been like. Ard implicit in it is a plea for
novel ways of thinking about the technological present.

We should be aware, for example, that most change Is taking place by the
transfer of techniques from place to place. The scope for such change s enor-
mous given the level of inequalities that exist with respect to technology. Even
among rich countries there are very important ditferences in, for example, car-
bon intensity. If the USA were to reduce its energy-use levels to those of Japan,
the impact on total energy use would be very significant. But for poor countries,
as well as for rich ones, such a message is often unwelcome. For fmitating is seen
as_a much less worthy activity than innovating. To imitate, to ruptho
c_:ﬁienyﬂ_ggg,,5_,4_9;;;,43;})_{1ty Lo impose | gﬂgﬁuw;mesg:lﬁwhat w §mg_i 1gmd {or others by
others. ‘Que inventen cllos’ (‘Let them invent’) is seen not as sensible pohcy advice,
but a recipe for national humiliation. To have technology or science is, it is often
deeply felt, to create something new. The answer to such concemns that is
implicit in this book is that all countries, firms, individuals, with rare and unusual
exceptions, have relied on others to invent, and have imitated more than they
have invented.

Arguments about imitating policies and practices for innovation might seem
to fall in the same category. That is to say, that it might seem like 1 good thing
that they should be the same or similar around the world. Indeed there is a
remarkable lack of originality in innovation policies globally, and many explicit
calls for copying those perceived as the most successful models. Yet while copy-
ing existing technology is very sensible, imirating innovation policies may be a
mistake. For if all nadons, areas and firms are agreed about what the research
should be, by definition it will no longer be innovative; and it might not be a
good thing that all nations pursue the same policies for research, because they are
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likely to come up with similar inventions only 2 few of which will be used even
if technologically successful. ‘If I knew the future of jazz I'd be there already,’
said one wise musician,

Calling for innovation is, paradoxically, a common way of avoiding change
when change is not wanted. The argument that future science and technology
will deal with global warming 15 an instance. It is implicitly arguing that in
today’s world only what we have is possible. Yet we have the technological
capacity to do things very differently: we are not technologically determined.

Getting away, as [the book from which this chapter is drawn] has, from the
conflation of use and invention/innovation will in itself have a major impact on
our thinking about novelty generation. The twenteth century was awash with
inventions and innovations, so that most had to fail. Recognising this will have a
liberating effect. We need no longer worry about being resistant to innovation,
or being behind the times, when we chose not to take up an invention. Living
in an inventive age requires us to reject the majority that are on offer. We are
free to oppose technologies we do not like, however much interested pundits
and governments tell us it is essential to accept, say, GM crops. There are alter-
native technologies, alternative paths of invention. The history of invention is
not the history of a necessary future to which we must adapt or die, but rather
of failed futures, and of futures firmly fixed in the past.

We should feel free to research, develop, innovate, even in areas which are
considered out of date by those stuck in passé futuristic ways of thinking. Most
inventions will continue to fail, the future will remain uncertain. Indeed the
key probiem in research policy should be ensuring that there are many more
good ideas, and thus many more failed ideas. Stopping projects at the right
time is the key to a successful invention and innovation policy, but doing this
means being critical of the hype that surrounds, and often justifies and pro-
motes funding for invention.

Although we can stop projects, it is often said that we cannot un-invent
technologies, usually meaning that we cannot get rid of them. The idea is itsell
ant example of the conflation of invention and technology. For most invention:
are effectively un-invented, in being forgotten and often lost. A few things are
going out of use as the world economy grows — among them are asbestos.
declining since the 1970s, and refrigerants like CFC gases. And one of the
new tasks faced by scientists and engineers is actively making old technologie:
disappear, some of which, like nuclear power stations, are extremely difheult tc
dispose of.

Thinking about the technological past can give us insights into ‘the questior
of technology’ — what is it, where does it come from, what does it do? But thi
book has attempted to do much more than take historical examples to addres
this perennially interesting question. It has been concerned primarily with asking
questions not about technology, but about technology in history — asking ques-
tions about the place of technology within wider historical processes. Thi
important distinction is not obvious, but it is central to a proper historical under.
standing of technology. It will help wean us off the idea that invention, ‘techno:
logical change’ and the ‘shaping of technology’ need to be the central question
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for the history of technology. Instead the history of technology can be much
more; and it can help us rethink history.

If we are interested in the historical relations between sechuology and soci-
ety we need a new account not only of the technology we have used but also of
the society we have lived in. For existing histories of twentieth-century technol-
ogy were embedded in particular assumptions about world history, while world
histories had embedded in them particular assumptions about the nature of tech-
nological change and its impact = each was already defined, usually implicitly,
i relation to the other, Hence the history of the society into which this new
account is placed is very different from the one usually found: for example, it
takes as central the expansion of a new kind of poor world, 2 world which has
been almost continuously at war, and in which millions have been killed and
tortured, This necessitates an account of the global technological landscape that
is very different from those found implicitly and explicitly in existing global his-
tories and histories of technology — and an account that might help revise our
views about world history.

It is a measure of the imporance of technology to the twentieth century,
and to our understanding of it, that to rethink the history of rechnology is nec-
essarily to rethink the history of the world. For example, we should no longer
assume that there was ineluctable globalisation thanks 1o new technology; on the
contrary the world went through a process of de-globalisation in which technol-
ogies of self-sufficiency and empire had a powerful role. Culture has not lagged
behind technology, rather the reverse; the idea thav cuiture has lagged behind
technology is itself very old and has existed under many different technological
regimes. Technology has not generally been a revolutionary force; it has been
responsible for keeping things the same as much as changing them. The place
of technology in the undoubted increase in productivity in the twentieth century
remaing mysterious; but we are not entering a weightless, dematerialised infor-
mation world. War changed in the twentieth century, but not according to the
rhythms of conventional technological timelines.

History is changed when we put into it the technology that counts: not only
the famous spectacular technologies but the low and ubiquitous ones. The historical
study of things in use, and the uses of things, matters.
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Can Technology Replace

Social Engineering?
ALVIN M. WEINBERG

Since Alvin Weinberg's essay “Can Tedmology Replace Social Enginecring?”
was first published in the mid-1960s, it has become a classic in the literature of
technology and society, Indeed, the tenn technological fix, introduced here, has
become part of the lexicon of the field. Weinberg, one of the pioncers of large-seale
atemic energy research and development and an inveterate technological optimist,
argrees that technology is capable of finding shortas {technological fixes) fo the
solution of social problems. For example, faced with a shortage of fiesh water, he
spgests, society car iy either social engineering — altering lifestyles and the ways
people use water — or a technolegical fix, such as the provision of additional fresh
swater through nuclear-powered desaliing of seawater, The reader should keep in
mind that this artice dates from 1966, Although aspects are anachronistic and out
of tune with comtemporary views of technology, society, and politics, the questions it
raises are as relevant today as they were niore than forty years age.

Alvin M. Weinberg was a physicist who joined the World War I Manhattan
Project early in his carcer. He went to Oale Ridge National Laboratory in 1945
and served as its director,from 1955 through 1973, Weinbeig was @ mentber of the
President’s Science Advisory Commitiee in 1960-1962 and was the recipient of
many awards, incuding the President’s Medal of Science and the Enrico Fermii
Award, He was born in Clicago in 1915 and received A.B., A.M., and Ph.D.
degrees from the Unitversity of Chicago. Weinberg died in 2006,

During World War I, and immediately afterward, owr federal government

mobilized its scientific and technical resources, such as the Oak Ridge

Alvin M. Weinberyr, “Can Technology Replace Soeial Engineering?” Reprinted by permission,
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National Laboratory, around great technological problems. Nuclear reactors,
nuclear weapons, radar, and space are some of the miraculous new technologies
that have been created by this mobilization of federal effort. In the past few
years {i.e., the early 1960s], there has been a major change in focus of much of
our federal research. Instead of being precccupied with technology, our govern-
ment is now mobilizing around prablems that are largely social. We are beginning
to ask what can we do about world population, about the deterioration of our
environment, about our educational system, our decaying cities, race relations,
poverty. Recent administrations have dedicated the power of a scientifically ori-
ented federal apparatus to finding solutions for these complex social problems.

Social problems are much more complex than are technological problems. It
is much harder to identify a social problem than a technological problem: How
do we know when our cities need renewing, ot when our population is too big,
or when our modes of transportation have broken down? The problems are, in a
way, harder to identify just because their solutions are never clear-cut: How do
we know when our cities are renewed, or our air clean enough, or our transpor-
tation convenient enough? By contrast, the availability of a crisp and beautiful
technological solution often helps focus on the problem to which the new tech-
nology is the solution. 1 doubt that we would have been nearly as concemned
with an eventual shortage of energy as we now are if we had not had a neat
solution — nuclear energy — available to eliminate the shortage.

There is a more basic sense in which social problems are much more difficule
than are technological problems. A social problem exists because many people
behave, individually, in a socially unacceptable way. To solve a social problem
one must induce social change — one must persuade many people to behave dif-
ferently than they have behaved in the past. One must persuade many people ©
have fewer babies, or to drive more carefully, or to refrain from disliking blacks.
By contrast, resolution of a technological problem involves many fewer individual
decisions. Once President Roosevelt decided to go after atomic energy, it was by
comparison a relatively simple task to mobilize the Manhattan Project.

The resolution of social problems by the traditional methods ~— by motivating
or forcing people to behave more rationally = is a frustrating business. People
don’t behave rationally; it is a long, hard business to persuade individuals to forgo
immediate personal gain or pleasure (as seen by the individual) in favor of longer
term social gain. And, indeed, the aim of social engineering is to invent the social
devices — usually legal, but also moral and educational and organizational — that
will change each person’s motivation and redirect his activities along ways that are
more acceptable to the society.

The technologist is appalled by the difficulties faced by the social engineer;
to engineer even a small social change by inducing individuals to behave differ-
ently is always hard, even when the change is rather neutral or even beneficial.
For example, some rice eaters in India are reported to prefer starvation to eating
wheat that we send to them. How much harder it is to change motivations
where the individual is insecure and feels threatened if she acts differently, as
illustrated by the poor white’s reluctance to accept the black as an equal. By
contrast, technological engineering is simple: The rocket, the reactor, and the
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desalination plants are devices that are expensive to develop, to be sure, bur their
feasibility is relatively easy to assess and their success relatively easy to achieve
once one understands the scientific principles that underlie them. It is, therefore,
tempting to raise the following question: In view of the simplicity of technolog-
ical engineering, and the complexity of social engineering, to what extent can
social problems be circumvented by reducing them to technological problems?
Can we identify “Quick Technological Fixes” for profound and almost infinitely
complicated social problems, “fixes” that are within the grasp of modem tech-
nology and which would either eliminate the original social problem without
requiring a change in the individual’s social artitudes, or would so alter the prob-
lem as to make its resolution more feasible? To paraphrase Ralph Nader, ro what
extent can technological remedies be found for social problems without first hav-
ing to remove the causes of the problem? It is in this sense that T ask, “Can tech-
nology replace social engineenng?”

THE MAJOR TECHNOLOGICAL FIXES OF THE PAST

To better explain what I have in mind, I shall describe how two of our most
profound social problems —- poverty and war ~— have in some limited degree
been solved by the “Technological Fix,” rather than by the methods of social
engineering. Let me begin with poverty.

The traditional Marxian view of poverty regarded our economic ills as being
primarily a guestion of maldistribution of goods. The Mardst recipe for elimina-
tion of poverty, therefore, was to eliminate profit, in the erroneous belief that it
was the loss of this relatively small increment from the worker’s paycheck that
kept him poverty stricken. The Mandst dogma is typical of the approach of the
social engineer: One tries to convince or coerce many people to forgo their
short-term profits in what is presumed to be the long-term interest of the society
as a whole.

The Marxian view seems archaic in this age of mass production and auroma-
tion not only to us, but apparently to many Eastern bloc economists. For the
brilliant advances in the technology of energy, of mass production, and of auto-
mation have created the affluent society. Technology has expanded our produc-
tive capacity so greatly that even though our distribution is still inefficient, and
unfair by Marxian precepts, there is more than enough to go around. Technol-
ogy has provided a “fix” - greatly expanded production of goods — which
enables our capitalistic society to achieve many of the aims of the Marxist social
engineer without going through the social revolution Marx viewed as inevitable,
Technology has converted the seemingly intractable social problem of wide~
spread poverty into a relatively tractable one.

My second example is war. The traditional Christian position views war as
primarily a moral issue: If people become good, and model themselves after the
Prince of Peace, they will live in peace. This doctrine is so deeply ingrained in
the spirit of all civilized people that I suppose i¢ is a blasphemy to point out that
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it has never worked very well — that people have not been good and that they
are not paragons of virtue or even of reasonableness.

Though I realize it is terribly presumptuous to claim, [ believe that Edward
Teller may have supplied the nearest thing w a Quick Technological Fix to the
problem of war. The hydrogen bomb greatly increases the provocation that would
precipitate large-scale war ~— and not because people’s motivations have been
changed, not because people have become more tolerant and understanding, but
rather because the appeal to the primitive instinct of self-preservation has been
intensified far beyond anything we could have imagined before the H-bomb
was invented. To point out these things today {in 1966}, with the United States
involved in a shooting war, may sound hollow and unconvincing, yet the desper-
ate and partial peace we have now is much better than a full-fledged exchange
of thermonuclear weapons. One cannot deny that the Soviet leaders now recog-
nize the force of H-bombs and that this has surely conuibuted to the less militant
attitude of the USSR. One can only hope that the Chinese leademship, as it
acquires familiarity with H-bombs, will also become less militant. If I were to
be asked who has given the world a more effective means of achieving peace,
our great religious leaders who urge people to love their neighbors and, thus,
avoid fights, or our weapons technologists who simply present people with no
rational alternative to peace, I would vote for the weapons technologists. That
the peace we get is at best termbly fragile, I cannot deny; yet, as [ shall explain,
I think technology can help stabilize our imperfect and precarious peace.

THE TECHNOLOGICAL FIXES OF THE FUTURE

Are there other Technological Fixes on the horizon, other technologies that can
reduce immensely complicated social questions to a matter of “engineering”™? Are
there new technologies that offer society ways of circumventing social problems
and at the same time do not require individuals to renounce short-term advan-
tage for long-term gain?

Probably the most imporant new Technological Fix is the intrauterine
device for bhirth control. Before the [UID was invented, birth control demanded
very strong motivation of countless individuals. Even with the Pill, the indi-
vidual’'s motivation had to be sustained day in and day out; should it flag even
temporarily, the strong motivation of the previous month might go for naught.
But the IUD, being a one-shot method, greatly reduces the individual motiva-
tion required to induce a social change. To be sure, the mother must be suffi-
ciently motivated to accept the IUD in the first place, but, as experience in India
already seems to show, it is much easier to persuade the Indian mother to accept
the TUD once than it is to persuade her to take a pill every day. The FUD does
not completely replace social engineering by technology, and, indeed, in some
Spanish American cultures where the husband’s manliness is measured by the
number of children he has, the TUD attacks only part of the problem. Yet, in
many other situations, as in India, the TUD so reduces the social component o
the problem as to make an impossibly difficult social problem much less hopeless
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Let me turn now o problems that fom the beginning have had both tech-
nical and social components - broadly, those concerned with conservation of
OUT resources: our environment, our water, and our raw materials for production
of the means of subsistence, The social issue here arises because many people by
their individual acts cause shortages and, thus, create economic, and ultimately
social, imbalance. For example, people use water wastefully, or they insist on
moving to California because of its climate, and so we have water shortages, or
too many people drive cars in Los Angeles with its curlous meteorology, and so
Los Angeles suffocates from smog.

The water resources problem is a particularly good example of a complicated
problem with strong social and technological connotations. Our management of
water resources in the past has been based largely on the ancient Roman device,
the aqueduct: Every water shortage was to be relieved by stealing water from
someone ¢lse who at the moment didn't need the water or was too poor or
too weak to prevent the steal. Southern California would steal from Northern
California, New York City from upstate New York, the farmer who could
afford a cloud-seeder from the farmer who could not afford 2 cloud-seeder.
The social engineer insists that such shortsighted expedients have gotten us into
serious trouble; we have no water resources policy, we waste water disgracefully,
and, perhaps, in denying the ethic of thriftiness in using water we have generaily
undermined our moral fiber. The social eagineer, therefore, views such techno-
logical shenanigans as being shortsighted, if not downright immoral. Instead, he
says, we should persuade or force people to use less water or to stay in the cold
Middle West where water is plentful instead of migrating to California where
water is scarce.

The water technologist, on the other hand, views the social engineer’s
approach as rather impractical. To persuade people to use less water, to get
along with expensive water, is difficult, time-consuming, and uncertain in the
extreme. Moreover, say the technologists, what right does the water resources
expert have to insist that people use water less wastefully? Green lawns and
clean cars and swimming pools are part of the good life, American style ... and
what right do we have to deny this luxury if there is some alternative to cutting
down the water we use?

Here we have a sharp confrontation of the two ways of dealing with a com-
plex social issue: the social engineering way, which asks people to behave more
“reasonably,” and the technologists” way, which wies to avoid changing people’s
habits or motivation. Even though I am a technologist, I have sympathy for the
social engineer. [ think we must use our water as efficiently as possible, that we
ought to improve people’s attitudes toward the use of water, and that everything
that can be done to rationalize our water policy will be welcome. Yet, as a tech-
nologist, 1 believe | see ways of providing more water more cheaply than the
social engineers may concede is possible.

I refer to the possibility of nuclear desalination. The social engineer dismisses
the technologist’s simpleminded idea of solving a water shortage by transposting
more water primarily because, in so doing, the water user steals water from some-
one else — possibly foreclosing the possibilicy of ultimately utilizing land now
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only sparsely settled. But surely water drawn from the sea deprives no one of his
share of water. The whole issue is then a technological one: Can fresh water be
drawn from the sea cheaply enough to have a major impact on our chronically
water-short areas, like Southem California, Arizona, and the eastern seaboard?

I believe the answer is yes, though much hard technical work remains to
be done. A large program to develop cheap methods of nuclear desalting has
been undertaken by the United States, and I have lide doubt that within the
next ten to twenty years we shall see huge dual-purpose desalting plants springing
up on many parched seacoasts of the world.” At first, these plants will produce
water at municipal prices. But, [ believe, on the basis of research now in progress
at ORNL [Oak Ridge National Laboratory] and elsewhere, water from the sea at a
cost acceptable for agriculeure — less than ten cents per 1,000 gallons — is eventu-
ally in the cards. In short, for areas close to the seacoasts, technology can provide
water without requiring a great and difficult-to-accomplish change in people’s atti-
titdes toward the udlization of water,

The Technological Fix for water is based on the availability of extremely cheap
energy from very large nuclear reactors. What other social consequences can one
foresee flowing from really cheap energy eventually available to every country,
regardless of its endowment of conventional resources? Though we now see only
vaguely the outlines of the possibilities, it does seem likely that from very cheap
nuclear energy we shall get hydrogen by electrolysis of water, and, thence, the all-
important ammonia fertilizer necessary to help feed the hungry of the world; we
shall reduce metals without requiring coking coal; we shall even power automobiles
with electricity, via fuel cells or storage batteries, thus reducing our world’s depen-
dence on crude ofl, as well as eliminating our air pollution insofar as it is caused by
automobile exhaust or by the burning of fossil fuels. In short, the widespread avail-
ability of very cheap energy everywhere in the world ought to lead to an energy
autarky in every country of the world and evenmually to an autarky in the many
staples of life that shouid flow from really cheap energy.

WILL TECHNOLOGY REPLACE
SOCIAL ENGINEERING?

I hope these examples suggest how social problems can be circumvented or at
least reduced to less formidable proportions by the application of the Technolog-
ical Fix. The examples I have given do not strike me as being fanciful, nor are
they at all exhausdve. I have not touched, for example, upon the extent tc
which really cheap computers and improved technology of communication can
help improve elementary teaching without having first to improve our elemen-
tary teachers. Nor have I mentioned Ralph Nader’s brilliant observation that =
safer car, and even its development and adoption by the auto company, 15 ¢

* . n . .
Hore, as elsewhere in the chapter, the reader should bear in mind that the essay dates from the mid-1960s. — Ed.
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quicker and probably surer way to reduce traffic deaths than is a campaign to
teach people to drive more carefully. Nor have 1 invoked some really fanciful
Technological Fixes — lke providing air conditioners and free electricity to
operate them for every black family in Watts on the assumption (suggested by
Huntington) that race roting is correlated with hot, humid weather, or the ulti-
mate Technological Fix, Aldous Huxley’s soma pills that eliminate haman
unhappiness without improving human relations in the usual sense.

My examples illustrate both the strength and the weakness of the Technolog-
ical Fix for social problems. The Technological Fix accepts man’s intrinsic short-
comings and circumvents them or capitalizes on them for socially useful ends. The
Fix is, therefore, eminently practicai and, in the short term, relatively effective.
One does not wait around orying to change people’s minds: If people want more
water, one gets them more water rather than requiring them to reduce their use of
water; if people insist on driving autos while they are drunk, one provides safer
autos that prevent injuries even after a severe accident.

But the technological solutions to social problems tend to be incomplete and
metastable, to replace one social problem with another. Perhaps the best example
of this instability is the peace imposed upon us by the H-bomb. Evidently the
pax hydrogenica is metastable in two senses: in the short term, because the aggres-
sor still enjoys such an advantage; the long temm, because the discrepancy and
have-not nations must eventually be resolved if we are to have permanent peace.
Vet, for these particular shortcomings, technology has something to offer. To the
imbalance berween offense and defense, technology says let us devise passive
defense that redresses the balance. A world with H-bombs and adeguate civil
defense i less likely to lapse into thermonuclear war than a world with H-bombs
alone, at least if one concedes that the danger of the thermanuclear war mainly lies
in the acts of irresponsible leaders, Anything that deters the irresponsible feader is a
force for peace: A rechnologically sound civil defense therefore would help stabi-
lize the balance of terror,

To the discrepancy between haves and have-nots, technology offers the
nuclear energy revolution, with its possibility of autarky for haves and have-nots
alike. Hlow this might work to stabilize our mezastable thermonnclear peace is
suggested by the possible politic effect of the recently proposed Israeli desalting
plant. The Arab states I should think would be much less set upon destroying
the Jordan River Project if the Israelis had a desalination plant in reserve that
would nullify the effect of such actions. In this connecton, 1 think countries fike
ours can contribute very much, Qur country will soon have o decide whether to
conrtinue to spend $5.5 ,><,.,.J___09 per year for space exploration after our funar land-
ing. Is it too outrageous to suggest that some of this money be devoted to building
huge nuciear desalting complexes in the arid ocean fms of the troubled world? If
the plants are powered with breeder reactors, the outr-of-pocket costs, once the
plants are built, shouid be low enough to make large-scale agriculture feasible in
these areas. I estimate that for M,QB__EW year we could build enough desaliing
capacity to feed more than ten million new mouths per year (provided we use
agricultural methods that husband water), and we would, thereby, help stabilize
the metastable, bomb-imposed balance of terror.
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Yet, I am afraid we technologists shall not satisfy our social engineers, who
tell us that our Technological Fixes do not get to the heart of the problem, they
are at best temporary expedients; they create new problems as they solve old
ones; to put a Technological Fix into effect requires a positive social action.
Eventually, social engineering, like the Supreme Court decision on desegre-
gation, must be invoked to solve social problems. And, of course, our social
engineers are righe. Technology will never replace social engineering. But tech-
nology has provided and will continue to provide to the social engineer broader
options, to make intractable social problems less intractable; perhaps, most of all,
technology will buy time - that precious commodity that converts violent
social revolution into acceptable social evolution.

Qur country now recognizes and is mobilizing around the great social pro-
blems that corrupt and disfigure our human existence. It is natural that in this
mobilization we should look first to the social engineer, But, unfortunately, the
apparatus most readily available to the government, like the great federal labora-
taries, is technologically oriented, not socially oriented. | believe we have a great
opportunity here; for, as I hope I have persuaded you, many of our seemingly
social problems do admit of partial technological solutions. Our already deployed
technological apparatus can contribute to the resolution of social guestions.
I plead, therefore, first for our government to deploy its laboratories, its hardware
contractors, and its engineering universities around social problems. And I plead,
secondly, for understanding and cooperation between technologist and social
ith all the help he can get from the technologist, the social
really solved. It is onlmopuqtson between
ngmeer that we can hope to_achieve “what i the aim
T3 —— a betto:r society and, thereby, a bettér
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Technology and the
Tragic View

SAMUEL C. FLORMAN

In Part Two of this book, wihich fellows Chapter 6, two writers of an earlier
generation engage in a _famous debate that, in many ways, cpitomizes the bitter
divisions between the advocates and critics of technology in the late 19605 and
early 1970s. Though no louger tied to the dowestic conflict ever U.S. participa-
tion fin the Vietnam War or to the social revolution that was then raging in the
United States, these pro- and anti-technology divisions still exist today, How-
ever, 1o treat a subject as complex as the relations of technology and society in
such simplistic, for-or-against terms is wltinately less than satisfying. Samuel
Florman’s insightful essay, “Technology and the Tragic View,” taken from his
book, Blaming Technology, suggests another approacl. Florman draws on
the classical Greele concept of tragedy to develop a new perspective on technelogy.
In the tragic view of life, says Florman,

fit] is man’s destiny to die, to be defeated by the forces of the
universe. But in challenging his destiny, in being brave, deter-
mined, ambitious, resourceful, the tragic hero shows to what
heights a human being can soar, This is an inspiration to the rest of
us. After witnessing a tragedy we feel good, because the magnifi-
cence of the hwman spiric has been demonstrated.

Thie tragic view accepts responsibility but does not seek to cast blame, It challenges
us to de, with cantion, what needs to be done, and to consider at the same time
the consequences of not acting. Flonma’s view is ultimately an affinnation of the
value of technology in human life, tempered by a recognition of iis limits in

From Blaming Technology: The Imationaf Seards for Seapegoats by Samue! C. Flormun, Copyright © 1981 by the author and
reprinted with permission of St Maztin's Press, LLC.
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sustaining luman happiness. It is a uniguely constructive approach fo thinking
about technology and society,

Samuel C. Florman, author of The Existential Pleasures of Engineering
(1976) and several other baoks, is a practicing engineer and chairman of Kreisler
Borg Florman Construction Company in Scarsdale, New York, one of the top
100 constrction finms in the United States. His more than 100 articles dealing
with the relationship of technology to general culture have appeared in professional
journals and popular magazines. His most recent book, The Aftermath: A
Novel of Survival (2001), is an adventure story set on Earth after a cataclysinic
collision with a comet. Florman was born in New York Ciry in 1925, He was
elected a member of the National Academy of Engineering in 1995 and is also a
fellosw of the American Society of Civil Engineers. He holds a baclielor’s degree and
a civil engineer’s degree from Dartmonth College and an M.A. in English litera-
fnre from Coelumbia Unfversity.

he blaming of technology starts with the making of myths ~— most impor-

tantly, the myth of the technological imperative and the myth of the tech-
nocratic elite. In spite of the injunctions of common sense, and contrary to the
evidence at hand, the myths flourish,

False premises are followed by confused deductions ~ a maligning of the
scientific view, the assertion that small is beautiful, the mistake about job enrich-
ment, an excessive zeal for government regulation, the hostility of feminists
toward engineering, and the wishful thinking of the Club of Rome. These, in
tummn, are followed by distracted rejoinders from the technological community,
cubminating in the bizarre exaltation of engineering ethics.

In all of this it is difficult to determine how much is simple misunderstanding
and how much is willful evasion of the truth, a refusal to face up to the harsh
realities that underlie life, not only in a technological age, but in every age since
the beginning of civilization.

Out of the confusion has come a dialogue of sorts, shaped around views that
are deemed “pro” technology or “anti,” “optimistic” or “pessimistic.” I believe
that we should be thinking in different terms altogether.

House & Gardenn magazine, in celebration of the American Bicentennial,
devoted its July 1976 issue to the topic “American Know-How.” The editors
invited me to contribute an article, and, enticed by the opportunity to address
a new audience, plus the offer of a handsome fee, I accepted. We agreed that
the title of my piece would be “Technology and the Human Adventure,” and
I thereupon embarked on a strange adventure of my own.

I thought that it would be appropriate to begin my Bicentennial-inspired
essay with a discussion of technology in the time of the Founding Fathers, so
I went to the library and immersed myself in the works of Benjamin Franklin,
surely the most famous technologist of America’s early days. Remembering stor-
ies from my childhood about Ben Franklin the clever tinkerer, | expected to find
a pleasant recounting of inventions and successful experiments, a cheering tale of
technological triumphs. I found such a tale, to be sure, but along with it I found
a record of calamities caused by the technological advances of his day.
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In several letters and essays, Franklin expressed concern about fire, an ever-
threatening scourge in Colonial times. Efficient sawmills made it possible to build
frame houses, more versatile and economical than log cabins — but less fire resis-
tant. Advances in transport made it possible for people to crowd these frame
houses together in cities, Cleverly conceived fireplaces, stoves, Jamps, and warm-
ing pans made life more comfortable, but contributed to the likelihood of
catastrophic fires in which many lives were lost.

To deal with this problem, Franklin recommended architectural modifica-
tons to make houses more fireproof. He proposed the licensing and supervision
of chimney sweeps and the establishment of volunteer fire companies, well sup-
plied and trained in the science of firefighting. As is well known, he invented the
lightning rod. In other words, he proposed technological ways of coping with
the unpleasant consequences of technology. He applied Yankee ingenuity to
solve problems arising out of Yankee ingenuity.

In Franklin’s writings I found other examples of technological advances that
brought with them unanticipated problems. Lead poisoning was a peril. Con-
taminated rum was discovered coming from distilleries where lead parts had
been substituted for wood in the distlling apparatus. Deinking water collected
from lead-coated roofs was also making peaple seriously i

disease. (In a p:m:sculaﬂy poignant article, Franklin was at pains to point out that
his four-year-old son’s death from smallpox was atiributable to the boy’s not
having been vaccinated and did not result, as rumor had it, from the vaccination
itself’)

After a while, I put aside the writings of Franklin and ramed my attention to
Amencan know-how in the nineteenth century. 1 became engrossed in the
story of the early days of steamboat transport. This importanc step forward in
American technology was far from being the unsullied thumph that ic appears
to be in our popular histories.

Manufacturers of the earliest high-pressure steam engines often used materi~
als of inferior quality. They were slow to recognize the weakening of boiler
shells caused by rivet holes and the danger of using wrought-iron shells topether
with cast iron heads that had a different coefficient of expansion. Safery valve
openings were often not properly proportioned, and gauges had a tendency to
malfunction, Even well-designed equipment quickly became defective through
the effects of corresion and sediment. On top of it all, competition for prestige
led to racing between boats, and, during a race, the wsual practice was to tie
down the safety valve so that excessive steam pressure would not be relieved.

From 1825 to 1830, 42 recorded explosions killed upward of 270 persons.
When, in 1830, an explosion aboard the Felen McGregor near Memphis killed
more than fifty passengers, public outrage forced the federal government to take
action. Funds were granted to the Franklin Institute of Philadelphia to purchase
apparatus needed to conduct experiments on steam boilers. This was a notable
event; the first technological research grant made by the federal government.
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The institute made a comprehensive report in 1838, but it was not until
fourteen years later that a workable bill was passed by Congress providing at
least minimal safeguards for the citizenry. Today, we may wonder why the
process took so long, but at the time Congress was stifl uncertain about s
right, under the interstate commerce provision of the Constitution, to conerol
the activities of individual entrepreneurs.

When I tarned from steamboats to raitroads I found another long-forgotren
stary of catastrophe. Not only were there problems with the trains themselves, but
the roadbeds, and parucularly the bndges, made even the shortest train journey
a hazardous adventure. In the late 1860s, more than twenty-five American bridges
were collapsing each year, with appalling loss of life. In 1873, the American
Sociery of Civil Engineers set up a special commission to address the problem,
and eventually the safety of our bridges came 1o be taken for granted.

The more I researched the history of American know-how, the more 1
perceived that practically every technological advance had unexpected and
unwanted side effects. Along with each triumph of mechanical genius came an
inevitable portion of death and destruction, Instead of becoming discouraged,
however, our forebears seemed to be resolute in confronting the adverse conse-
quences of their own inventiveness. I was impressed by this pattemn of progress/
setback/renewed creative effort, it seemed to have a special message for our day,
and 1 made it the theme of my essay for House & Garden.

No matrer how many articles one has published, and no matter how mauch
one likes the article most recently submitted, waiting to hear fiom an editor is an
anxious experience. In this case, as it turned out, [ had reason to be apprehensive.
I soon heard from one of the editors who, although she tried to be encouraging,
was obviously distressed. “We liked the part about tenacity and ingenuity,” she
said, “but, oh dear, all those disasters — they are so depressing.” [ need not go
into the details of what follows: the rewriting, the telephone conferences,
the rewriting — the gradual elimination of accidents and casualty statistics and a
subtle change in emphasis. I retreated, with some honor intact 1 like to believe,
until the article was deemed to be suitably upbeat.

I should have known that che Bicentennial issue of Honse & Garden was not
the forum in which to consider the dark complexities of technological change.
My piece was to appear side by side with such articles as, “A House That Has
Everything,” “Live Longer, Look Younger,” and “Everything’s Coming Up
Roses” (devoted to a review of Gloria Vanderbilt's latest designs).

In the United States today, magazines ke House & Garden speak for those,
and to those, who are optimistic about technology, Through technology we
get beteer dishwashers, permanent-press blouses, and rust-proof lawn fumiture.
“Better living through chemistry,” the old DuPont commercial used to say,
Not anly is House & Garden optimistic, that 15, hopeful, about technology, it is
cheerfully optimistic. There is no room I its pages for faslure, or even for strug-
gle, and in this view it speaks for many Americans, perhaps a majority. This s the
lesson I learned - or I should say, relearned — in the Bicentennial year.

Much has been wrtten abour the shallow optimism of the United States:
about life viewed as a Horatio Alger success story or as a romantic movie with
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a happy ending. This optimism is less widespread than it used to be, particularly
as it relates to technology. Talk of nuclear warfare and a poisoned environment
tends to dampen one’s enthusiasm. Yet, optimistic matesialism remains a power-
ful force in American life. The poli-takers teli us that people believe technology
is, on balance, beneficial. And we all know a lot of people who, even at this
troublesome moment in history, define happiness in terms of their ability to
accumulate new gadgets. The business community, anxious to sell merchandise,
spares no expense in promoting a gleeful consumerism.

Side by side with what I have come to think of as House & Garden opu-
mism, there is a mood that we might call New York Review of Books pessimism,
Qur intellectual journals are full of gloomy tracts that depict a society debased by
technology. Our health is being ruined, according to this view, our landscape
despoiled, and our social institutions laid waste. We are forced to do demeaning
work and consume unwanted products. We are being dehumanized. This is hap-
pening because 1 technological demon has escaped from human control or, in a
slightly different version, because evil technocraws are leading us astray.

It is clear that in recent years the resoluteness exhibited by Benjamin FPranklin,
and other Americans of similarly robuse character, has been largely displaced
by a foolish optimism on the one hand and an abject pessimism on the other.
These two opposing cutlooks are actually manifestations of the same defect in
the American chamcter. One is the obverse, the “flip side,” of the other. Both
reflect a flaw that I can best descabe as immarurity.

A young child is optimistic, naively assuming that his needs can always be
satisfied and that his parents have it within their power to “make things right.”
A child frustrated becomes petulant. With the onset of puberty a morose sense of
disillusionment is apt to take hold. Sulky pessimisin is something we associate
with the teenager.

It is not surprising that many inhabisants of the United States, a rich nation
with seemingly boundless frontiers, should have evinced a childish optimism and
declared their faith in technology, endowing it with the reassuring power of a
parent - also regarding it with the love of a child for a favorite toy. It then
follows that technological setbacks would be greeted by some with the naive
assumption that all would wrm out for the best and by others with peevish
declarations of despair. Intellectuals have been in the forefront of this childish
display, but every segment of society has been caughe up in it. Technologists
themselves have not been immune. In the speeches of nineteenth-century engi-
neers, we find bombasdc promises that make us blush. Teday, the profession is
torn between a blustering optimism and & confused guik,

The past fifty years have seen many hopes dashed, but we can see in retro-
spect that they were unrealistic hopes. We simply cannot make use 6 €oal with-

out killing miners and polluting the air, Neither can we manufacture solar panels
without worker fatalities and environmental degradation. (We assume that it will
be less than with coal, but we are not sure.) We cannot build highways or canals
or sirports without despoiling the landscape. Not only have we learned that
environmental dangers are inherent in every technological advance, but we find
that we are fated to be dissatisfied with much of what we produce because our
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tastes keep changing. The sparkling, humming, paved metropolises of science
fiction — even if they could be realized — are not, after all, the home to
which humankind aspires. It seems that many people find such an environmens
“alienating.” There can never be a technologically based utopia because we dis-
cover belatedly that we cannot agree on what form that utopia might take.

To express our disillusionment, we have invented a new word: “trade~oft.”
It s an ugly word, totally withour grace, bur it signifies, [ believe, the beginning
of maturity for American society.

It is important to remember that our disappointments have not been limiced
to technology. (This is 2 fact that the antitechnologists usually choose to ignore.)
Wonderful dreams attended the birth of the New Ieal, and later the founding of
the United Nations, yet we have since awakened to face unyielding economic
and political difficulties. Socialism has been discredited, as was laissez-faire capital~
ism before it. We have been bitterly disappointed by the labor movement, the
educational establishment, efforts at crime prevention, the ministrations of psy-
chiatry, and, most recently, by the abortive experiments of the so-called coun-~
terculture. We have come face to face with Hmits that we had presumed to hope
might not exist.

Those of us who have lived through the past fifty years have passed person-
ally from vouthful presumptuousness to mature skepticism at the very moment
that American society has been going through the same transition. We have to
be careful not to define the popular mood in terms of our persenal sentiments,
but I do not think I am doing that when 1 observe the muluple disenchanuments
of our time. We also have to be careful not to deprecate youthfil enthusiasm,
which is a force for good, along with immaturity, which is tolerable only in
the young.

It can be argued that there was for a while good reason to hold out hope for
utopia, since modemn science and technology appeared to be completely new fac-
tors in human existence. But now that they have been given a fair tial, we per-
ceive their inherent limitations. The human condirion is the hwman condition sill.

To persist in saying that we are optimistic or pessimistic about technology is
to acknowledge that we will not grow up.

I suggest that an appropriate response to our new wisdom is neither optimism
nor pessimism, but rather the espousal of an artitude that has traditionally been
associated with men and women of noble character — the tragic view of life.

As a student 1 high school, and later in college, 1 found it difficult to com-
prehend what my teachers toid me about comedy and tragedy. Comedy, they
said, expresses despair. When there 15 no hope, we make jokes. We depict peo-
ple as puny, ridiculous creatures. We laugh to keep from crying.

Tragedy, on the other hand, s uplifting. It depicts heroes wrestling with
fate. It is man’s destiny to die, to be defeated by the forces of the universe. But
in challenging his destiny, in being brave, determined, ambitious, resourceful, the
tragic hero shows to what heights a human being can soar. This is an inspiration
to the rest of us, After witnessing a tragedy, we feel good, because the magnifi-
cence of the human spint has been demonstrated. Tragic drama is an affirmation
of the value of life.
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Students pay lip service to this theory and give the expected answers in
examinations. But sometimes the idea seems to fly in the face of reason. FHow
can we say we feel better after Oedipus puts out his eyes, or Othello kills his
beloved wife and commits suicide, than we do after laughing heartily over a bed-
room farce?

Yet, this concept, which is so hard to grasp in the classroom, where students
are young and the environment is serene, rings true in the world where mature
people wrestle with burdensome problems.

I do not intend to preach a message of stoicism. The tragic view is not to be
confused with world-weary resignation. As Moses Hadas, a great classical scholar
of a generation ago, wrote about the Greek tragedians, “Their gloom is not fatal-
istic pessimism but an adult confrontation of reality, and their emphasis 1s not on
the grimness of life but on the capacity of great figures to adequate themselves
to ie.”!

It is not an accident that tragic drama flourished in societies that were
dynamic: Periclean Athens, Elizabethan England, and the France of Louis XIV.
For magedy speaks of ambition, effort, and unquenchable spirit. Technological
creativity is one manifestation of this spirit, and it is only a dyspeptic antihumanist
who can feel otherwise. Even the Greeks, who for a while placed technologists
low on the social scale, recognized the glory of creative engineering. Prometheus
is one of the quintessential tragic heroes. In viewing technology through a tragic
prism, we are at once exalted by its accomplishments and sobered by its limica-
tions, We thus ally ourselves with the spirt of great ages past.

The fate of Prometheus, as well as that of most tragic heroes, Is associated
with the concept of hubris, “overweening pride.” Yet pride, which in drama
invariably leads to a fall, s not considered sinful by the great tragedians. It is an
essential element of humanity’s greatness. It is what inspires heroes to coniront
the universe, to challenge the status quo. Prometheus defied Zeus and brought
technological knowledge to the human race. Prometheus was a revolutionary.
So were Gutenberg, Watt, Edison, and Ford. Technology is revolutionary.
Therefore, hostility toward technology is antrevolutionary, which is to say it is
reactionary. This charge is currently being leveled against environmentalists and
other enemies of technology. Since antitechnologists are traditionally “liberal™ in
their attitudes, the idea that they are reactionary confronts us with a paradox.

The wagic view does not shrink from paradox; it teaches us to live with
ambiguity. It is at once revolutionary and cautionary. Hubris, as revealed in
tragic drama, is an essential element of creativity; it is also a wagic flaw that con-
tributes to the failure of human enterprise. Without effort, however, and daring,
we are nothing, Walter Kerr has spoken of “tragedy’s commitment to freedom,
to the unflinching exploration of the possible.” “At the heart of tragedy,” he
writes, “feeding it energy, stands godlike man passionately desifing a state of
affairs more perfect than any that now exists.”

This description of the tragic hero well serves, in my opinion, as a definition
of the questing technologist.

A aspect of the tragic view that particularly appeals to me is its reluctance to
place blame. Those people who hold pessimistic views about technology are
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forever reproaching others, if not individual engineers, then the “technocratic
establishment,” the “megastate,” “the pentagon of power,” or some equally
amorphous entity. Everywhere they look they see evil intent.

There is evil in the world, of course, but most of our disappointments with
technology come when decent people are trying to act constructively. “The
essentially tragic fact,” says Hegel, “is not so much the war of good with evil as
the war of good with good.”

Pesticides serve to keep millions of poor people from starving. To use pesti-
cides is good; to oppose them when they create havoc in the foad chain is also
good. To drill for oil and to transport it across the oceans is good, since petro-
leum provides lifesaving chemicals and heat for homes. To prevent ol spills is
also good. Nuclear energy is good, as is the attempt to eliminate rachoactivity.
To seek safety is a worthy goal, but in a world of limited resources, the pursuit
of economy is also worthy. We are constantly accusing each other of villainy
when we should be consulting together on how best to solve our common
problems.

Although the tragic view shuns blame, it does not shirk responsibility. *The
fault, dear Brutus, is not in our stars, but in ourselves....” We are accountable for
what we do or, more often, for what we neglect to do. The most shameful fea~
ture of the antitechnological creed is that it so often fails to consider the conse-
quences of not taking action. The lives lost or wasted that might have been saved
by exploiting our resources are the responsibility of those who counse] inaction.
The tragic view is consistent with good citizenship. Jt advocates making the most
of our opportunities; it challenges us to do the work that needs doing,

Life, it may be said, is not a play. Yet we are constandy talking about roles ——
role-playing, role models, and so forth. It is a primordial urge to want to play one’s
part. The outlook I advocate sees value in many different people playing many
different parts. A vital society, like a meaningfil drama, feeds on diversity. Each
participant contributes to the body social: scientist, engineer, farmer, craftsman,
laborer, politician, jurist, teacher, artist, merchant, entertainer.... The pro-growth
industrialist and the environmentalist are both needed, and, in a strange way, they
need each other.

Out of conflict comes resolution; out of variety comes health. This is the
lesson of the matural world. It is the moral of ecological balance; it is also the
moral of great drama. We cannot but admire Caesar, Brutus, and Antony al
together. So should we applaud the guardians of our wilderness, even as we
applaud the creators of dams and paper mills. 1 am a builder, but I feel for
those who are afraid of building, and I admire those who want to endow all
building with grace.

George Steiner, in The Death of Tragedy (1961}, claimed that the tragic spirit
was rendered impotent by Christianity’s promise of salvation. But I do not think
that most people today are thinking in terms of salvation. They are thinking of
doing the best they can in a world that promises neither damnation nor transcen-
dent victories, but instead confronts us with both perils and opportunities for
achievement. In such a world, the tragic spirit is very much alive. Neither opti-
mism nor pessimism is a worthy alternative to this noble spirit.
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We use words to comumnunicate, but sometimes they are not as precise as we
pretend, and then we confuse ourselves and each other. “Optimism,” “pessimism,”
“tragic view” ~- these are mere sounds or scratches on paper. The way we feel is
not adequately defined by such sounds or scratches. René Dubos used to write a
column for The American Scholar that he called “The Despairing Optimist.” I seem
to recall that he once gave his reasons for not calling it “The Hopeful Pessimist,”
although I cannot remember what they were. What really counts, I suppose, is not
what we say, or even what we feel, but what we want to do.

By saying that I espouse the tragic view of technology | mean to ally myself
with those who, aware of the dangers and without foolish illusions about what
can be accomplished, still want to move on, actively seeking to realize our con~
stantly changing vision of a more satisfactory society. I mean to oppose those
who would evade harsh truths by intoning platitudes, T particelarly mean to
challenge those who enjoy the benefits of technology but refuse to accept
responsibility for ixs consequences.

Eatlier in this essay I mentioned the problems I encountered in preparing an
article for Honse & Garden, and 1 would like to close by quoting the last few lines
from that much-rewrittenn opus. The prose is somewhat florid, but please re-
member that it was written in celebration of the American Bicentennial:

For all our apprehensions, we have no choice but to press ahead. We
must do so, first, in the name of compassion. By tuming our backs on
technological change, we would be expressing our satisfaction with
current world levels of hunger, disease, and privation. Further, we must
press ahead in the name of human adventure, Without experimentation
and change our existence would be a dull business. We simply cannot
stop while there are masses to feed and diseases to conquer, seas to
explore and heavens to survey.

The editors of Home & Garden thought I was being optimistic. I knew that T was
being tragic, but I did not argue the point,
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Do Artifacts Have Politics?

LANGDON WINNER

Do the propertics of technological systems embody specific kinds of power and
anthority relationships? Are nuclear power systems inherently centralizing and
authoritarian? Are selar power systems, ds seme of their advocates claim, more
democratic and consistent with the values of pluralistic societies? Langdon Winner
looks for answers to questions such as these in the following essay, onginally pub-
lished in a 1980 symposium issue of the journal Daedalus cntitled “Modern
Technolagy: Problem or Opportunity?” Winner belicves that, findeed, technological
choices do have political consequences. He cites many examples, including a partic-
wlarly egregions one: Robert Moses designed bridges over his parlaways on Long
Island 100 low for buses in order to keep members of the wrban lower dlasses (wito
could not afford private automobiles) from crowding the suburban parks and beaches.

“Technologies,” Winner conchudes, “are ways of building order in our
world, ™ which, by their namre, influence the way people live and work over long
periods of time. We need to study and snderstand their consequences and to
develop smeans of making technelogical choices i a more open and participatory
fashion if we are to maintain a democratic society. A prolific writer whose works
have appeared it both scholarly and popular publications and who served as
contributing editor to Rolling Stone magazine from 1969 to 1971, Langdon
Winner is Thomas Phelan Chair of Humanities and Social Sciences at Rensselaer
Polytechnic Institute (RP) in Troy, New York. He teaches in the Department of
Science and Technology Studies. Prior to coming fo RPI in 1985, he taught at the
Massachusetts Institute of Technology, Leiden University (in the Netherlands), and
the University of California at Berkeley and at Santa Cruz. Among Winner's
hooles are Autonomous Technology (1977) and The Whale and the
Reactor (1986).

I3 Amifaces Have Politics?” from Dacdalus, Jounal of the American Acaderny of Ans and Siences, feons the isue entitled,
“Modern Technology: Prablem or QOppormumity?” Whter 1980, Vol. 109, No, L. Reprinted by pennission of the author,
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In controversies about technology and society, there is no idea more provoea-
tive than the notion that technicai things have political qualities. At issue s the
claim that the machines, souctures, and systems of modern material culture can
be accurately judged not only for their contributions of efficiency and productiv-
ity, not merely for their positive and negadive environmental side effects, but also
for the ways in which they can embaody specific forms of power and authoriry.
Since ideas of this kind have a persistent and troubling presence in discussions
about the meaning of technology, they deserve explicit attencion.’

Writing in Technology and Culture almost two decades ago, Lewis Mumford
gave classic statement to one version of the theme, arguing that “from late neo-
lithic times in the Near East, nght down to our own day, rwo technologies have
recurrently existed side by side: one autheritarian, the other democratic, the first
system centered, immensely powerful, but inherently unstable; the other man cen-
tered, relatively weak, but resourceful and durable.” This thesis stands at the heart
of Mumford's studies of the city, architecture, and the history of technics and mir-
rors concerns voiced earlier in the works of Peter Kropotkin, Willlam Maoiris, and
other nineteenth-century critics of industrialism. Mare recendly, antinuclear and
prosolar energy movements in Europe and America have adopted a similar notion
as a centerpiece in their arguments. Thus, environmentalist Denis Hayes con-
cludes, “The increased deployment of nuclear power facilities must lead society
toward authoritarianism. Indeed, safe reliance upon nuclear power as the principal
source of energy may be possible only in a totalitarian state.” Echoing the views of
many proponents of appropriate technelogy and the soft energy path, Hayes con-
tends that “dispersed solar sources are more compatible than centralized technolo-
gies with social equity, freedom, and cubtural pluralism.”™

An eagerness to interpret technical artifacts in political language is by no
means the exclusive property of critics of Jarge-scale, high-technology systems.
A long lineage of boosters have insisted that the “biggest and best” that science
and industry made available were the best guarantees of democracy, freedom,
and social justice. The factory system, automobile, telephone, radio, television,
the space program, and, of course, nuclear power itself have alf at one time or
another been described as democratizing, liberating forces. David Lilienthal, in
T.V.A.: Democracy on the March, for example, found this promise in the phos-
phate fertilizers and electricity that technical progress was bringing to rural
Americans during the 1940s.% In a recent essay, The Republic of Technology, Daniel
Boorstin extolled television for “its power to disband ammies, to cashier presi-
dents, to create a whole new democratic world — democratic in ways never
before imagined, even in America.”™ Scarcely a new invention comes along
that someone does not proclaim it the salvation of a free society.

It is no surprise to leam that technical systems of various kinds are deeply
interwoven in the conditions of modem politics. The physical arrangements of
industrial production, warfare, communications, and the like have fundamentally
changed the exercise of power and the experience of citizenship. Bur to go
beyond this obvious fact and to argue that certain technologies in themselves
have political properties seems, at first glance, completely mistaken. We all
know that people have politics, not things. To discover either virtues or evils



CHAPTER 6: DO ARTIFACTS HAVE POLITICS? 53

in aggregates of steel, plastic, transistors, integrated circuits, and chemicals seems
just plain wrong, a way of mystifying human artifice and of avoiding the true
sources, the human sources of freedom and oppression, justice and injustice.
Blaming the hardware appears even more foolish than blaming the victims
when it comes to judging conditions of public life.

Mence, the stern advice commonly given those who flirt with the notion
that technical artifacts have political qualities: What matters is not technology
itself, but the social or economic system in which it is embedded. This maxim,
which in a number of varations is the central premise of a theory that can be
called the social determination of technology, has an obvious wisdom. It serves
as a needed corrective to those who focus uncritically on such things as “the
computer and its social impacts” but who fail to look behind technical things
to notice the sacial circumstances of their development, deployment, and use.
This view provides an antidote to naive technological determinism -— the idea
that technology develops as the sole result of an internal dynamic, and then,
unmediated by any other influence, molds society to fit its patterns. Those who
have not recognized the ways in which technologies are shaped by social and
economic forces have not gotten very far.

But the corrective has its own shortcomings; taken literally, it suggests that
technical things do not matter at all. Once one has done the detective work
necessary to reveal the social origins —— power holders behind a particular
instance of technological change — one will have explained everything of
impostance. This conclusion offers comfort to social scientists: It validates what
they had always suspected, namely, that there is nothing distinctive about the
study of technology in the first place. Hence, they can retum to their standarc
models of social power —- those of interest group politics, bureaucratic politics
Marxist models of class struggle, and the like — and have everything they need
The social determination of technology is, in this view, essentially no differen:
from the social determination of, say, welfare policy or taxation.

There are, however, good reasons technology has of late taken on a specia
fascination in its own right for historians, philosophers, and political scientists
good reasons the standard models of social science only go so far in accounting
for what is most interesting and troublesome about the subject. In another plac
[ have tred to show why so much of modem social and political though
contains recurting statements of what can be called a theory of technologica
politics, an odd mongrel of notions often crossbred with orthodox liberal
conservative, and socialist philosophies.® The theory of technological politic
draws attention to the momentum of large-scale sociotechnical systems, to the
response of modemn societies to certain technological imperatives, and to thi
all-too-commeon signs of the adaptation of human ends to technical means. b
so doing, it offers a novel framework of interpretation and explanation fo
some of the more puzzling patterns that have taken shape in and around th
growth of medern material culture. One strength of this point of view is that ;
takes technical artifacts seriously. Rather than insist that we immediately reduc
everything to the interplay of social forces, it suggests that we pay attention ¢
the characteristics of technical objects and the meaning of those characteristic:
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A necessary complement to, rather than a replacement for, theories of the social
determination of technology, this perspective identifies certain technologies as
political phenomena in their own right. It points us back, to borrow Edmund
Husseri’s philosophical injunction, to the things themselves.

In what follows, I shall offer outlines and iHlustrations of two ways in which
artifacts can contain political properties, First are instances in which the invention,
design, or arrangement of a specific technical device or system becomes a way of
settling an issue in a particular community. Seen in the proper light, examples of
this kind are fairly straightforward and easily understood. Second are cases of what
can be called inherently political technologies, man-made systems that appear to
require, or to be strongly compatible with, particular kinds of political relation-
ships. Arguments about cases of this kind are much more troublesome and closer
to the heart of the matter. By “politics,” I mean arrangements of power and
authority in human associations as well as the activities that take place within
those arrangements. For my purposes, “technology” here is understood to mean
all of modern practical artifice,” but to avoid confusion I prefer to speak of tech-
nologies, smaller or larger pieces or systems of hardware of a specific kind. My
intention is not o settle any of the issues here once and for all, but to indicate
their general dimensions and significance.

TECHNICAL ARRANGEMENTS AS FORMS
OF ORDER

Anyone who has traveled the highways of America and has become used to the
normal height of overpasses may well find something a listle odd about some of
the bridges over the parkways on Long Island, New York. Many of the overpasses
are extraordinarily low, having as little as nine feet of clearance at the curb. Even
those who happened to notice this structural peculiarity would not be inclined to
attach any special meaning to it. In our accustomed way of looking at things like
roads and bridges we see the details of fonn as innocuous and seldom give them a
second thought.

It tums out, however, that the 200 or so low-hanging overpasses on Long
Island were deliberately designed to achieve a_particular social. effect. Robert
Moses, the master builder of ”romad';' par}ss bndges and other public works from
the 19205 to the 1970s in New York, had these overpasses buile to specifications
that would discourage the presence of buses on his parkways. According to evi-
dence provided by Robert A. Caro in his biography of Moses, the reasons refiect
Moses’s social-class bias and racial prejudice. Automobile-owning whites of
“upper” and “comfortable middle” classes, as he called them, would be free to
use the parkways for recreation and commuting, Poor people and blacks, who
normally used public transit, were kept off the roads because the twelve-foor-tall
buses could not get through the overpasses. One consequence was to limit access
of racial minorities and low-income groups to Jones Beach, Moses’s widely
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acclaimed public park. Moses made doubly sure of this result by vetoing a pro-
posed extension of the Long {sland Railroad to Jones Beach.®

As a story in recent American political history, Robert Moses’s life is fasci-
nating. His dealings with mayors, governors, and presidents, and his careful
manipulation of legislatures, banks, labor unions, the press, and public opinion,
are all matters that polirical scientises could study for years. But the most impor-
tant and enduring results of his work are his technologies, the vast engineering
projects that give New York much of its present form. For generations after
Moses has gone and the alliances he forged have fallen apart, his public works,
especially the highways and bridges he built to favor the use of the automobile
over the development of mass transit, will continue to shape that ciry. Many of
his monumental structures of concrete and steel embody a systematic social
inequality, a way of engineering relationships among people that, after a time,
becomes just another part of the landscape. As plammer Lee Koppelman told
Caro about the low bridges on Wantagh Parkway, “The old son-of-a~-gun had
made sure that buses would never be able to use his goddamned parkways.””

Histories of architecture, city planning, and public works contain many exam-
ples of physical armangements that contain explicit or implicit political purposes.
One can point to Baron Haussmann’s broad Parisian thoroughfares, engineered at
Louis Napoleon's direction to prevent any recurrence of street fighting of the kind
that took place during the revolution of 1848. Or one can visit any number of
grotesque concrete buildings and huge plazas constructed on American university
campuses during the late 19605 and early 19705 to defise student demonstrations.
Studies of industrial machines and instruments also tum up interesting political
stories, including some that violate cur normal expectarions about why technologi-

will sometimes be “disappointed. Technological change expresses a panoply of
human motives, not the least of which is the desire of some to have dominion
over others, even though it may require an occasional sacrifice of cost cutting and
some violence to the norm of getting more from less.

One poignane llustration can be found in the history of nineteenth-century
industrial mechanization. At Cyrus McConnick’s reaper manufacturing plant in
Chicago in the middle 1880s, pneumatic molding machines, a new and largely
untested innovation, were added to the foundry at an estimaced cost of $500,000.
In the standard economic interpretation of such things, we would expect that this
step was taken to modemize the plant and achieve the kind of efficiencies that
mechanization brings. But historian Robert Ozanne has shown why the develop-
ment must be seen in a broader context. At the dme, Cyrus McConmick IT was
engaged in a battle with the National Union of Iron Molders. He saw the addition
of the new machines as 2 way to “weed out the bad element among the men,”
namely, the skilled workers who had organized the union local in Chicago.” The
new machines, manned by unskilled labor, actually produced inferior castings at ¢
higher cost than the eatlier process. After three years of use, the machines were, ir
fact, abandoned, but by that time they had served their purpose — the destructior
of the union. Thus, the story of these technical developments at the McCormick
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factory cannot be understood adequately outside the record of workers’ attempts 1o
organize, police repression of the labor movement in Chicago during that period,
and the events sumrounding the bombing at Haymarket Square. Technological
history and American political history were at that moment deeply intertwined.

In cases like those of Moses’s low bridges and McCormick’s molding
machines, one sees the importance of technical armangements that precede the
use of the things in question. It is obvious that technologies can be used in
ways that enhance the power, authority, and privilege of some over others, for
example, the use of television to sell a candidate. To our accustomed way of
thinking, technologies are seen as neutral tools that can be used well or poorly,
for good, evil, or something in between. But we usually do not stop to inguire
whether 2 given device might have been designed and built in such a way that it
produces a set of consequences logically and temporally prior to any of its
professed uses. Robert Moses’s bridges, after all, were used to carry automaobiles
from one point to another; McCormick’s machines were used to make metal
castings; both technologies, however, encompassed purposes far beyond their
immediate use. If our moral and political language for evaluating technology
includes only categories having to do with tools and uses, if it does not include
attention to the meaning of the designs and arrangements of our artifacts, then
we will be blinded to much that is intellectually and practically crucial.

Because the point is most easily understood in the light of particular inten-
tions embaodied in physical form, I have so far offered illustrations that seem
almost conspiratorial. But to recognize the political dimensions in the shapes
of technology does not require that we look for conscious conspiracies or mali-
cious intentions. The organized movement of handicapped people in the
United States during the 1970s pointed out the countless ways in which
machines, instruments, and structures of common use -— buses, buildings, side-
walks, plumbing fixtures, and so forth — made it impossible for many handi~
capped persons to move about freely, a condition that systematically excluded
them from public life. It is safe to say that designs unsuited for the handicapped
arose more from long-standing neglect than from anyone’s active intention.
But now that the issue has been raised for public atwention, it is evident that
justice requires a remedy. A whole range of artifacts are now being redesigned
and rebuilt to accommodate this minority,

Indeed, many of the most important examples of technologies that have
political consequences are those that transcend the simple categories of “intended”
and “unintended” altogether, These are instances in which the very process of
technical development is so thoroughly biased in a particular direction that it
regularly produces results counted as wonderful breakehroughs by some social
interests and crushing setbacks by others. In such cases, it is neither correct nor
insightful to say, “Someone intended to do somebody else harm.” Rather, one
must say that the technological deck has been stacked long in advance to favor
certain social interests and that some people were bound to receive a better
hand than others.

The mechanical tomato harvester, a remarkable device perfected by research-
ers at the University of California from the late 1940s to the present, offers an
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illustrative tale. The machine is able to harvest tomatoes in a single pass through a
row, cutting the plants from the ground, shaking the fruit loose, and, in the newaest
models, sorting the tomatoes electronically into large plastic gondofas that hold up
to twenty-five tons of produce headed for canning. To accommodate the rough
motion of these “factories in the field,” agricultural researchers have bred new
varieties of tomatoes that are hardier, sturdier, and less tasty. The harvesters replace
the system of handpicking, in which crews of farmworkers would pass through
the fields three or four times putting ripe tomatoes in lug boxes and saving
immature fruit for later harvest.'' Studies in California indicate that the machine
reduces costs by approxiniately five to seven dollars per ton as compared to hand
harvesting, '~ But the benefits are by no means equally divided in the agricultural
economy. In fact, the machine in the garden has in this instance been the occasion
for a thorough reshaping of social relationships of tomato production in rurl
Califomia.

By their very size and cost, more than $50,000 each to purchase, the
machines are compatible only with a highly concentrated form of tomato grow-
ing. With the introduction of this new method of harvesting, the number of
romato growers declined from approximately 4,000 in the early 19605 to about
600 in 1973, yet with a substantial increase in tons of tomatoes produced. By the
late 1970s, an estimated 32,000 jobs in the tomato mdustry had been eliminated
as a direct consequence of mechanization.” Thus, a jump in productivity to the
benefit of very large growers has occurred at a sacrifice to other rural agricultural
COMImUINties.

The University of California’s research and development on agricultural
machines like the tomato harvester is at this time the subject of a lawsuit filed
by attorneys for California Rural Legal Assistance, an organization representing
a group of farmworkers and other interested parties. The suit charges that
University officials are spending tax monies on projeces that benefit a handful
of private mterests to the detriment of farmworkers, small farmers, consumers,
and rural California generaily and asks for a court injunction to stop the practice.
The University has denied these charges, arguing that to accept them “would
require elimination of all research with any potential practical application.”"

As far as 1 know, no one has argued that the development of the tomato
harvester was the result of a plot. Two students of the controversy, William
Friedland and Amy Barton, specifically exonerate both the original developers
of the machine and the hard tomato from any desire to facilitate economic
concentration in that industry.'” What we see here instead is an ongoing social
process in which scientific knowledge, technological invention, and corporate
profit reinforce each other in deeply entrenched patterns that bear the unmistak-
able stamp of political and economic power. Over many decades, agricultural
research and development in American land-grant colleges and universities has
tended to favor the interests of large agribusiness concerns.'” It is in che face of
such subtly ingrained patterns that opponents of innovations like the tomato
harvester are made to seem “antitechnology” or “antiprogress.” For the harvester
is not merely the symbol of a social order that rewards some while punishing
others; it is in a true sense an embodiment of that order.
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Within a given category of technological change there are, roughly speaking,
two kinds of choices that can affect the relative dissribusion of power, authority,
and privilege in a community. Often the crucial decision is a simple “yes or no”
choice — Are we going to develop and adopt the thing or not? In recent years,
many local, national, and international disputes about technology have centered on
“yes or na” judgments about such things as food additives, pesticides, the building
of highways, nuclear reactors, and dam projects. The fundamental choice about an
ABM [ansi-ballistic missile] or an SST [supersonic transport] is whether or not the
thing is going to join society as a piece of its operating equipment. Reasons for
and against are frequently as important as those concerning the adoption of an
unportant new Liw,

A second range of choices, equally critical in many instances, has to do with
specific features in the design or arrangement of a technical system after the deci-
sion to go ahead with it has already been made. Even after a utility company wins
permission to build a large electric power line, important controversies can remain
with respect to the placement of its route and the design of its towers; even after
an organization has decided to institute a system of computers, controversies can
still arise with regard to the kinds of components, programs, modes of access, and
other specific features the system will include. Once the mechanical tomato har-
vester had been developed in its basic form, design alteration of critical social
significance - the addition of electronic sorters, for example ~— changed the
character of the machine’s effects on the balance of wealth and power in California
agriculture. Some of the most interesting research on technology and politics at
present focuses on the attempt to demonstrate in a detailed, concrete fashion
how seemingly innocuous design features in mass transit systems, water projects,
industrial machinery, and other technologies actually mask social choices of
profound significance. Historian David Noble is now studying two kinds of auto-
mated machine tool systems that have different implications for the relative power
of management and labor in the industries that might employ them. He is able to
show that, although the basic electronic and mechanical components of the
record/playback and numerical control systems are similar, the choice of one
design over another has crucial consequences for social struggles on the shop
floor. To see the matter solely in terms of cost cutting, efficiency, or the moderni-
zation of equipment is to miss a decisive element in the story.”

From such examples I would offer the following general conclusions. The
things we call “technologies” are ways of building order in our world. Many tech-
nical devices and systems important in everyday life contain possibilities for many
different ways of ordering human activity. Consciously or not, deliberately or
inadvertently, societies choose structures for technologies that influence how peo-
ple are going to work, communicate, travel, consume, and so forth over a very
long time. In the processes by which structuring decisions are made, different peo-
ple are differently situated and possess unequal degrees of power, as well as unequal
levels of awareness. By far the greatest latitude of choice exists the very first time a
particular instrument, system, ot technique is introduced. Because choices tend to
become strongly fixed in material equipment, economic investment, and social
habit, the orginal flexibility vanishes for all practical purposes once the initial
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commitments are made. In that sense, technological innovatons are similar to
legislative acts or political foundings that establish a framework for public order
that will endure over many generations. For that reason, the same careful attention
one would give to the rules, roles, and relationships of politics must also be given
to such things as the building of highways, the creation of television networks, and
the tailoring of seemingly insignificant features on new machines. The issues that
divide or unite people in society are settled not only in the institutions and prac-
tices of politics proper, but also, and less obviously, in tangible arrangements of
steel and concrete, wires and transistors, nuts and bolss.

INHERENTLY POLITICAL TECHNOLOGIES

None of the arguments and examples considered thus far address a stronger, more
troubling claim often made in writings about technology and society — the belief
that some technologies are by their very nature political in a specific way. According
to this view, the adoption of a given technical system unavoidably brings with it
conditions for human reladonships that have a distinctive political case — for exam~
ple, centralized or decentralized, egalitarian or inegalitarian, repressive or liberating.
This is ultimately what is at stake in assertions like those of Lewis Mumford that two
traditions of technology, one authoritarian, the other democratic, exist side by side in
Western history. In all the cases I cited, the technologies are relatively flexable
in design and arrangement and variable in their effects. Although one can recognize
a particular result produced in a particular setting, one can also easily imagine how a
roughly similar device or system might have been buiit or situated with very much
different political consequences. The idea we mast now examine and evaluate is that
certzin kinds of technology do not allow such flexibility and that to choose them is
to choose a particular form of political life.

A remarkably forceful statement of one version of this argument appears in
Friedrich Engels’s little essay “On Authonty,” written in 1872, Answering anar-
chists who believed that authority is an evil that ought to be abolished altogether,
Engels launches into a panegyric for authoritarianism, maintaining, among other
things, that strong authority is a necessary condition in modern industry. To
advance his case in the strongest possible way, he asks his readers to imagine that
the revolution has already occurred. “Supposing a social revolution dethroned the
capitalists, who now exercise their authority over the production and circulation of
wealth. Supposing, to adopt entirely the point of view of the antiauthoritarians,
that the land and the instruments of labor had become the collective property of
the workers who use them. Will anthority have disappeared or will it have only
changed its form?”'®

His answer draws upon lessons from three sociotechnical systems of his day:
cotton-spinning mills, railways, and ships at sea. He observes that, on its way t¢
becoming finished thread, cotton moves through a number of different opera-
tions at different locations in the factory. The workers perform a wide vanety
of tasks, from running the steam engine to carrying the products' from one
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room to another. Because these tasks must be coordinated, and because the
riming of the work is “fixed by the authority of the steam,” laborers must learn
to accept a rigid discipline. They must, according to Engels, work at regular
hours and agree to subordinate their individual wills to the persons in charge of
factory operations. If they fail to do so, they risk the hormifying possibility that
production will come to a grinding halt. Engels pulls no punches. "“The auto~-
matic machinery of a big factory,” he writes, “is much more despotic than the
small capitalists who employ workers ever have been.""”

Similar lessons are adduced in Engels’s analysis of the necessary operating
conditions for railways and ships at sea. Both require the subordination of work-
ers to an “imperious authorty” that sees to it that things run according to plan.
Engels finds that, far from being an idiosyncrasy of capitalist social organization,
relationships of authority and subordination arise “independently of all social
organization, [and} are imposed upon us together with the material conditions
under which we produce and make products circulate.” Again, he intends this
to be stern advice to the anarchists who, according to Engels, thoughe it possible
simply to eradicate subordination and superordination ac a single stroke. All such
schemes are nonsense. The roots of unavoidable authoritardanism are, he argues,
deeply implanted in the human involvement with science and technology. “If
man, by dint of his knowledge and inventive genius, has subdued the forces of
nature, the latter avenge themselves upon him by subjecting him, insofar as he
employs them, ta a veritable despotism independent of all social organization.”"

Attempts to justify strong authority on the basis of supposedly necessary con-
ditions of technical practice have an ancient history. A pivotal theme in The
Republic is Plato’s quest to borrow the authority of techne and employ it by anal-
ogy to buttress his argument in favor of authority in the state. Among the illus-
trations he chooses, like Engels, is that of a ship on the high seas. Because large
sailing vessels by their very nature need to be steered with a firm hand, sailors
must yield to their captain’s commands; no reasonable person believes that ships
can be run democratically. Plato goes on to suggest that governing a state is
rather like being captain of a ship or like practicing medicine as a physician.
Much the same conditions that require central rule and decisive action in orga-
nized technical activity also create this need in government,

In Engels’s argument, and arguments like it, the justfication for authority is no
longer made by Plato’s classic analogy, but rather directly with reference to tech-
nology iwelf. If the basic case is as compelling as Engels believed it to be, one
would expect that, as a society adopted increasingly complicated technical systems
as its material basis, the prospects for authostarian ways of life would be greatly
enhanced. Central control by knowledgeable people acting at the top of a rigid
social hierarchy would seem increasingly prudent. In this respect, his stand in
“On Authority” appears to be at vardance with Karl Marx's position in Volume
One of Capital. Marx tries to show that increasing mechanization will render obso-
lete the hierarchical division of lasbor and the relatonships of subordination that, in
his view, were necessary during the early stages of modem manufacturing. The
“Modern Industry,” he writes, sweeps away by technical means the
manufacturing division of labor, under which each man is bound hand and foot

3
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for life to a single detail operation. At the same time, the capitalistic form of that
industry reproduces this same division of labor in a still more monstrous shape; in
the factory proper, by converting the workman into a living appendage of the
machine.?’ In Marx's view, the conditions that will eventually dissolve the capital-
ist division of labor and facilitate proletarian revolution are conditions latent in
industrial technology iself, The differences between Marx’s position in Capital
and Engels’s in his essay raise an important question for socialism: What, after all,
does modem technology make possible or necessary in political life? The theoreti-
cal tension we see here mirrors many troubles in the practice of freedom and
authority that have muddied the tracks of socialist revolution.

Arguments to the effect that technologies are In some sense inherently polit-
cal have been advanced in a wide variety of contexts, far too many to SELTMTIATIZE
here. In my reading of such notions, however, there are two basic ways of stating
the case. One version claims that the adoption of a given technical system actually
requires the creation and Thaintenance of a particiilar set of soc '

{2 pariciilar set of social conditions &
the opérating environment of that system. Engels’s position is of this kind."A
simitar view is offered by a contemporary writer who holds that “if you accept
nuclear power plants, you also accept a techno-scientific-industrial-mihicary ehte.
Without these people in charge, you could not have nuclear power.”™ In this
conception, some kinds of technology require their social environments to be
structured in a particular way in much the same sense that an automobile requires
wheels in order to run. The thing could not exist as an effective operating entity
unless certain social as well as material conditions were met. The meaning of
“required” here is that of practical (rather than logical) necessity. Thus, Plato
thought it a practical necessity that a ship at sea have one captain and an ungues-
tioningly obedient crew.

A second, somewhat weaker, version of the argument holds that a_given kinc
of technology is strongly compatible with, but does not strictly require, social anc

lationships of a particular stripe. Many advacates of solar energy now
old that technologies of that variety are more compatible with a democratic
egalitarian society than energy systems based on coal, oil, and nuclear power; a
tlié same time, they do rot maintain. that anything about solar ehergy réquire
democracy, Their case is, briefly, that solar energy 1s decentralizing in both a tech.
nical and political sense: Technically speaking, it is vastly more reasonable to buile
solar systems in a disaggregated, widely distributed manner than in large-scale
centralized plants; politically speaking, solar energy accommodates the attempt
of individuals and local communities to manage their affairs effectively becaus
they are dealing with systems that are more accessible, comprehensible, and con
trollable than huge centralized sources. In this view, solar energy s desirable nc
only for its economic and environmental benefits, but also for the salutary institu
tions it is likely to permit in other areas of public life. ™

Within both versions of the argument there is a further distnction to b
made between conditions that are internal to the workings of a given technic
systern and those that are external to it. Engels's thesis concerns internal sock
relations said to be required within cotton factories and railways, for example
what such relationships mean for the condition of society at large is for him
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separate question. In contrast, the solar advocate’s belief that solar technologies
are compatible with democracy pertains to the way they complement aspects of
society removed from the organization of those technologies as such.

There are, then, several different directions that arguments of this kind can
follow. Are the social conditions predicated said to be required by, or strongly
compatible with, the workings of a given technical system? Are those conditions
internal to that system or external to it (or both)? Aldhough writings that address
such questions are often unclear about what is being asserted, arguments in this
general category do have an important presence in moder political discourse.
They enter into many attempts to explain how changes in social life wake place
in the wake of technological innovation. More importantly, they are often used
to buttress attempts to justify or criticize proposed courses of action involving
new technology. By offering distinctly political reasons for or against the adop-
don of a particular technology, arguments of this kind stand apart from more
commonly employed, more easily quantifiable claims about economic costs and
benefits, environmental impacts, and possible risks o public health and safety chat
technical systems may involve. The issue here does not concern how many jobs
will be created, how much income generated, how many pollutants added, or
how many cancers produced. Rather, the issue has o do with ways in which
choices about rechnology have tmportant consequences for the form and quality
of human associations.

If we examine social patterns that compnse the environments of rechnical
systems, we find certain devices and systems almost invariably linked to specific
ways of organizing power and authority. The important question is: Does this
state of affairs derive from an unavoidable social response to intractable properties
in the things themselves, or is it instead a pattern imposed independenty by a
governing body, ruling class, or some other social or cultural insdtution to fur-
ther its own purposes?

Taking the most obvious example, the atom bomb is an inherently political
artifact. As long as it exists at all, its lethal properties demand that it be controlled
by 2 centralized, rigidly hierarchical chain of command closed to all influences
that might make its workings unpredictable. The internal social system of the
bomb must be authoritarian; there is no other way. The state of affairs stands as
a practical necessity independent of any larger political system in which the
bomb is embedded, independent of the kind of regime or character of its rulers.
Indeed, democratic states must try to fnd ways to ensure that the social struc-
tures and mentality that characterize the management of nuclear weapons do not
“spin off” or “spill over” invo the polity as a whole.

The bomb is, of course, a special case. The reasons very rigid relationships of
authority are necessary in its immediate presence should be clear to anyone. If,
however, we look for other instances in which particular varieties of technology
are widely perceived to need the maintenance of a special pattem of power and
authority, modern technical history contains a wealth of examples.

Alfred ID. Chandler in The Visible Hand, 3 monumental study of modern
business enterprise, presents impressive documentation to defend the hypothesis
that the construction and day-to-day operation of many systems of production,
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transportation, and communication in the nineteenth and rwentieth centunes
require the development of a particular social form — a large-scale, centralized,
hierarchical organization administered by highly skilled managers. Typical of
Chandler’s reasoning is his analysis of the growth of the railroads:

Technology made possible fast, all-weather transportation; but safe,
regular, reliable movement of goods and passengers, as well as the
continuing maintenance and repair of locomotives, rolling stock, and
track, roadbed, stations, roundhouses, and other equipment, required
the creation of a sizable administrative organization, It meant the
employment of a set of managers to supervise these functional activities
over an extensive geographical area; and the appointment of an admin-
istrative command of middie and top executives to monitor, evaluate,
and coordinate the work of managers responsible for the day-to-day
opemtions.z‘4

Throughout his book, Chandler points to ways in which technologies used
in the production and discribution of electricity, chemicals, and a wide range of
industrial goods “demanded” or “required” this form of human asseciation.
“Hence, the operational requirements of railroads demanded the creation of the
first administrative hierarchies in American business.””

Were there other conceivable ways of organizing these aggregates of peopie
and apparatus? Chandler shows that a previously dominant social form, the small
traditional family firm, simply could not handle the task in most cases. Although
he does not speculate further, it is clear that he believes there is, to be realistic,
very little latitude in the forms of power and authority appropriate within mod-
emn sociotechnical systems. The properties of many modem technologies — ol
pipelines and refineries, for example — are such that overwhelmingly impressive
economies of scale and speed are possible. If such systems are 10 work effectively
efficiently, quickly, and safely, certain requirements of internal social organizatior
have to be fulfilled; the matedal possibilities that modem technologies make
available could not be exploited otherwise. Chandler acknowledges that as one
compares sociotechnical institutions of different nations, one sees “ways in whick
cultural attitudes, values, ideologies, political systems, and social structure affec
these imperatives.””® But the weight of argument and empirical evidence i
The Visible Hand suggests that any significant departure from the basic patien
would be, at best, highly unlikely.

It may be that other conceivable arrangements of power and authority, fo
example, those of decentralized, democratic worker self-management, coul
prove capable of administering factories, refineries, communications systems
and railroads as well as or better than the organizations Chandler describes
Evidence from automobile assembly teams in Sweden and worker-manage
plants in Yugoslavia and other countries is often presented to salvage these pos
sibilities. I shall not be able to settde controversies over this matter here, bu
merely point to what 1 consider to be their bone of contention. The availabl
evidence tends to show that many large, sophisticated technological systems ar
in fact highly compatible with centralized, hierarchical managerial contro
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The interesting question, however, has to do with whether or not this pattern is in
any sense a requirement of such systems, a question that is not solely an empirical
one, The matter ultimately rests on our judgments about what steps, if any, are
practically necessary in the workings of particular kinds of technology and what,
if anything, such measures require of the structure of human associations. Was
Plato right in saying that a ship at sea needs steering by a decisive hand and
that this could only be accomplished by a single caprain and an obedient crew?
Is Chandler correct in saving that the properties of large-scale systems require
cengralized, hierarchical, managerial control?

To answer such questions, we would have to examine in some detail the
moral claims of practical necessity (including those advocated in the doctrines of
economicsy and weigh them against moral claims of other sorts, for example, the
nation that it is good for sailors to parmicipate in the command of a ship or that
workers have a right to be involved in making and admimistering decisions in a
factory. It is characteristic of societies based on large, complex rechnological sys-
tems, however, that moral reasons other than those of practical necessity appear
increasingly obsolete, “idealistic,” and irrelevant. Whatever claims one may wish
to make on behalf of liberty, justice, or equality can be immediately neusralized
when confronted with arguments to the effect: “Fine, but that’s no way to run a
railroad” (or steel mill, or aitline, or communications system, and so on). Here we
encounter an important quality in modern political discourse and in the way peo-
ple commonly think about what measures are justified in response to the possibil-
ities technologies make available. In many instances, to say that some technologies
are icherently political is to say that certain widely accepted reasons of pracdcal
necessity - especially the need to maineain crucial technological systems as
smoathly working entities — have tended to eclipse other sorts of moral and
political reasoning.

One attempt to salvage the autonomy of politics from the bind of practical
necessity involves the notion that conditions of human association found in the
internal workings of technological systems can easily be kept separate from the
polity as a whole. Americans have long rested content in the belief that arrange-
ments of power and authority inside industrial corporations, public utilities, and
the like have little bearing on public institutions, practices, and ideas at Jarge.

That “democracy stops at the factory gates” was taken as a fact of life that had
nothing o do with the practice of political freedom, But can the internal politics
of technology and the politics of the whole community be so easily separated? A
recent study of American business leaders, contemporary exemplass of Chandler’s
“visible hand of management,” found them remarkably impatient with such dem-
ocratic scruples as “one man, ane vote.” If democracy doesn't work for the firm,
the most critical institution in all of society, American executives ask, how well
can it be expected to work for the government of a nation — particularly when
that government attempts to interfere with the achievements of the firm? The
authors of the report observe that patterns of authority that work effectively in
the corpomtion become for businessmen “the desirable model againse which to
compare political and economic relationships in the rest of society.”™ While
such findings are far from conclusive, they do reflect a sentiment increasingly
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commeon in the land: What dilemmas like the energy crisis require is not a re-
distribution of wealth or broader public participation but, rather, stronger, cen-
tralized, public management -— President Carter’s proposal for an Energy
Mobilization Board and the like.

An especially vivid case in which the operational requirements of a technical
system might influence the quality of public life is now ac issue in debates about
the risks of nuclear power. As the supply of uranium for nuclear reactors runs
out, a proposed alternative fuel is the plutonium generated as a by-product in
reactor cores. Well-known objections to plutonium recycling focus on its unac-
ceptable economic costs, its risks of environmental contamination, and is dan-
gers in regard to the international proliferation of nuclear weapons. Beyond these
concerns, however, stands another, less widely appreciated set of hazards ~- those
that involve the sacrifice of civil liberties. The widespread use of plutonium as a
firel increases the chance that this toxic substance might be stolen by terrorists,
[members of] organized crime, or other persons. This raises the prospect, and not
a trivial one, that extraordinary measures would have to be taken to safeguard
plutonium from theft and to recover it if ever the substance were stolen.
Workers in the nuclear industry, as well as ordinary citizens outside, could well
become subject to background security checks, covert surveillance, wiretapping,
informers, and even emergency measures under mastial law — all justified by the
need to safeguard plutonium.

Russell W. Ayres’s study of the Jegal ramifications of plutonium recycling
concludes, “With the passage of time and the increase in the quantity of pluto-
nium in existence will come pressure to eliminate the traditional checks the
courts and legislatures place on the activities of the executive and to develop a
powerful central authority better able to enforce strict safeguards.” He avers that
“once & quantity of plutonium had been stolen, the case for literally turning the
country upside down to get it back would be overwhelming.” Ayres anticipates
and worries about the kinds of thinking that, I have argued, characterize inher~
ently political technologies. It is still true that, in a world in which human beings
make and maintain artificial systems, nothing is “required” in an absolute sense.
Nevertheless, once a course of action is under way, once artifacts like nuclear
power plants have been built and put in operation, the kinds of reasoning that
justify the adaptation of social life to technical requirements pop up as spontane-
ously as flowers in the spring. In Ayres’s words, “Once recycling begins and the
risks of plutonium theft become real rather than hypothetical, the case for
governmental infringement of protected rights will seem compelling.”** After a
certain point, those who cannot accept the hard requirements and imperatives
will be dismissed as dreamers and fools.

* k *

The two varieties of interpretation I have outlined indicate how artifacts car
have political qualities. In the first instance, we noticed ways in which specific
features in the design or arrangement of a device or system could provide a con-
venient means of establishing patterns of power and authority in a given setting
Technologies of this kind have a range of flexibility in the dimensions of thei
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material form. It is precisely because they are flexible that their consequences for
society must be understood with reference to the social actors able to influence
which designs and arrangements are chosen. In the second instance, we exam-
ined ways in which the intractable properties of certain kinds of technology are
strongly, perhaps unavoidably, linked to particular institutionalized patterns of
power and authority. Here, the initial choice about whether or not to adopt
something is decisive in regard to its consequences. There are no alternative
physical designs or arrangements that would make a significant difference; there
are, furthermore, no genuine possibilities for creative intervention by different
social systems — capitalist or socialist —- that could change the intractability of
the entiry or significantdy aleer the quality of its political effects.

To know which variety of interpretation is applicable in a given case is often
what is at stake in disputes, some of them passionate ones, abowt the meaning of
technology for how we live. I have argued a “both/and” position here, for it
seems to me that both kinds of undesstanding are applicable in different circum-
stances. Indeed, it can happen that within a particular complex of technolagy —
a system of communication or transportation, for example ~ some aspects may
be flexible in their possibilities for society, while other aspects may be (for better
or wose) completely intractable. The two varieties of interpretation I have
examined here can overlap and intersect at many points,

These are, of course, issues on which people can disagree. Thus, some propo-
nents of energy from renewable resources now believe they have ar last discovered
a set of intrinsically democratic, egalitarian, communitarian technologies. In my
best estimanon, however, the soctl consequences of building renewable energy
systems will surely depend on the specific configurations of both hardware and
the social institutions created to bring that energy to us. It may be that we will
find ways to tumn this silk purse into a sow’s ear. By comparison, advocates of
the further development of nuclear power seem to believe that they are woriung
on a rather flexible thlmology whose adverse social effects can be fixed by ct 1ang-
ing the design parameters of reactors md nucicar “waste-disposal systérms. For rea-
sons indicated above, 1 believe them to bc dead wrong in tbat faith. Yes, we may

: lon;:,urmgze toll in human frccdom’

“ My ‘belief that we ought to attend more closely to technical objects them-
selves s not to say that we can ignore the contexts in which those objects are
situated. A ship at sea may well require, as Plato and Engeks msisted, a single
captain and obedient crew. But a ship out of service, parked at the dock, needs
only a caretaker. To understand which technologies and which contexts are
important to us, and why, 15 an enterprise that must involve both the study of
specific technical systems and their history as well as a thorough grasp of the con-
cepts and controversies of political theory. In our times, people are often willing
to make drastic changes in the way they live to accord with technological inno-
vation at the same time they would resist similar kinds of changes justified on
political grounds. If for no other reason than that, it is important for us to
achieve a clearer view of these matters than has been our habit so far.
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Debating Technology:
1960s Style

hapter 7, Emmanuel Mesthene's essay, “The Role of Technology in

Society,” and the piece that follows it, “Technology: The Opiate of the
Intellectuals” by John McDermott (Chapter 8), constitute a classic debate about
the role of technology in society. The ardcles date from the late 1960s, when
the war in Viemam was in full swing, and intellectual and political Life in the
United States was torn by bitter conflicts between the “establishment” and the
“New Left.” The use of high tech weapons by U.S. forces in the war provoked
an intense debate about technology and its impacts.

These two articles are included here, as they have been in every edition ol
Technology and the Futuie since the book was first published in 1972, as a means
of illustrating in sharp relief the different perspectives on technology of the power-
ful and powerless. Mesthene, a Harvard professor and former RAND Corporatior:
analyst, head of a large research program funded by a multimillion dollar gram
from IBM, is comfortable with technology. He and his colleagues feel that tech-
nology is something that they can control and use. It is a neutral tool that can be
employed for purposes that are good and evil, and it often has both positive anc
negative effects on sociery.

McDermott, on the other hand, sees technology from the lower rungs o
society’s ladder. A professor of labor studies writing in the then-radical left-wing
New York Review of Books, he adopts the viewpoint of a factory worker struggling t«
make ends meet rather than the highly paid industry executive. He is the foot soldie
slogging through the jungles of Viemam in a war whose purpose he does not under
stand, rather than the systems analyst comfortably ensconced in the Pentagon or b
RAND's Santa Monica headquarters. Technology, seen from McDermott's side ¢
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the fence, is hardly a neutral tool; it is the means by which those in power mamnmin
their control of society while perpetuating social injustice.

Some of the #Hlustrations the authors use in these two essays — which were
mnstantly recognizable and comjured up clear images to readers of their day —
may be unfamiliar to readers in the twenty-first century, Bur the issues they
raise and the differing perspectives on technology of the rulers and the ruled
are as important today as they were almost four decades ago,
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The Role of Technology

in Society
EMMANUEL G. MESTHENE
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Emmannel Mesthene's essay, “The Role of Technology in Society,” originated
as the overview section of the fourth annual report of the Harvard Progrant on
Technology and Society, an interdisciplinary program of academic studies funded
by a §5 million grant from the IBM Corporation. Mesthene (pronounced
ness-then-ce) was the program’s director, and this essay was his general statement
of what the program had learned during its first four years about the implications
of techrw!oqzml cimnqe for somty

JeHES: “It has both positive and Jwgarwc ([ﬁcrs, mza‘ it uszmﬂy
Jias the nvo at the same time and in virtue of each other.” By enlarging the realin
of goal choice, or by altering the relative costs associated with d ﬁirwt valies,

techology can induce value change. Ly all aveas, technology s seen. fo have po’ i

fuces, oric: positive-and one negative,

Emmanuel G, Mesthene directed the Harvard Program on Technology and
Saciety from 1964 through 1974, following eleven years witl the RAND
Corporation. He joined Rutgers University in 1974, serving as dean of
Livingston College for several years, then as distinguished professor of philosophy
and professor of management. Mesthene died in 1990. Among his books arc
Technological Change: Its Impact on Man and Society (1970) and How
Language Makes Us Know (1964).

Frosn Tecmwlogy ad Coltre 1024 {1969), pp. 489-536, € Society for the History of Technology. Reprinted with
pennission of The Johns Hopkins University Press.
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SOCIAL CHANGE
Three Unhelpful Views about Technology

hile a good deal of research is aimed at discerning the particular effects of tech-

nological change on industry, government, or education, systematic inquiry
devoted to seeing these effects together and to assessing their implications for con-
temporary society as a whole is relatively recent and does not enjoy the strong meth-
odology and richness of theory and data that mark more established fields of
scholarship. It therefore often has to contend with facile or one-dimensional views
about what technology means for saciety. Three such views, which are prevalent at
the present time, may be mildly caricatured somewhat as follows.

Thie: first. holds that technology is an vnalloyed blessing for man ind s6cis”
ety: Technology is seen as the motor of all progress, as halding the solution to
most of our social problems, as helping to liberate the individual from the
clutches of a complex and highly organized society, and as the source of per-
manent prosperity; in shaort, as the promise of utopia in our time. This view has
its modern origins in the social philosophies of such nineteenth-century
thinkers as Saint Sititen; Karl Mars;and-Auguste-Comite. 1t tends to be held
by many scientists and engineers, by many military leaders and aerospace indus-
trialists, by peeple who believe that man s fully in command of his tools and
his destiny, and by many of the devotees of modern techniques of “seientific.
management.”

Asecond view holds thit technology is an-tniniitigated cutse. Technology is
said to rob people of their jobs, their prsvacy thelr participation in democratic
government, and even, in the end, their:di : an beings. It is seen as
autonomous and uncontrollable, as fostering » materialistic values and as destructive
of religion, as bringing about a technocratic society and bureaucratic state in which
the individual is increasingly submerged, and as threatening, ultimately, to poison
nature and blow up the world, This view is akin to historical “back-to-nature”
attitudes coward the world and is propounded mainly by artists, literary commen-
tators, popular social critics, and existentialist philosophers. It is becoming increas-
ingly attractive to many of our youth, and it tends to be held, understandably
enough, by segments of the population thatr have suffered dislocazion as a result
of technological change.

The tiiiidview issofadifferent sorta e arguessthavtechnolopgy A5 EE et
worthy-of special Tiotice, because it has been well recognized as a factor in social
change at least since the Industrial Revolution, because it 1s unlikely that the
social effects of computers will be nearly $o°tfumatic:as thé-dntroduction of the
factory systeni “in-eighteenth-century Englanid, because research has shown that
technology has done little to accelerate the rate of economic productivity since
tiie 1880s, because there has been no significant change in recent decades in the
time periods between invention and widespread adoption of new tecl
and~because“improved, commusications and higher. lwels of eduicitio
people much-more-adaptable than.- heretofore to new ideas’ anid to mew social
reforms required by techiiology.
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This view is supported by a good deal of empirical evidence; however, it
tends to ignore a number of social, cultural, psychological, and political effects
of technological change that are less easy to identify with precision. It thus
reflects the difficulty of coming to grips with a new or broadened subject matter
by means of concepts and intellectual categories designed to deal with older and
different subject matters, This view tends to be held by historians, for whom
continuity is an indispensable methodological assumption, and by many econo-
mists, who find that their instruments measure some things guite well while
those of the other social sciences do not yet measure much of anything,

Stnppeci f caricature; each: of these. views contains a measure. of-truth and -

Lo : ..aépﬁctz of the relationship- of tcchnology and society: Yet they are
ovemlmphﬁcataous that do not contribute much to understanding. One can find
empirical evidence to support each of them without gaining much knowledge
about the actual mechanism by which technology leads to social change or sig-
nificant insight into its implications for the future. Al ‘three remain to0 uncritical
or-too- partial £6 giide inguiry. Researchiand: analysis-lead to-more differentiated:
cmnclusmns andreveal more subtle relationship : o N

* ok Kk

Vore Fher
How Technologlcai Change Impinges on Socrety

of tachnochgy and society. than the partial views outhned.'{here] chhﬂoiogzcal
change would appear to mduce or motor socaal change in two; prmi:lpal WaYs.
' Oppe i i 'd._.tt also

SeHERIEs HewW problems for them It has both’ pesmv&, an
it wsually: has the two ae the same time and inevirtite: ‘of each othet: Thus mdus«
trial tcchnolog"y strengthens the econony, as our measures of growth and pro-
ductivity show. ... However, it also induces changes in the relative importance of
individual supplying sectors in the economy as new techniques of production
alter the amounts and kinds of materials, parts and components, energy, and ser~
vice inputs used by each industry to produce its output. Ir thus tends to bring
about dislocations of businesses and people as a resule of changes in industrial
patterns and in the structure of occupations.

«dhesclose relatmmlnp ‘between technological and social change itself helps to
explain. why-any given-technological development. is likely:to have both- positive

a new opportunity to achieve some desired goal; (2) this requires (except in triv-
ial cases) alerations in social organization if advantage is to be taken of the new
opportunity; (3} which means that the functions of existing social structures wiil
be interfered with; (4) with the result that other goals, which were served by the
older structures, are now only inadequately achieved.

As the Meyer-Kain' study has shown, forexample, improved transportation
technology and increased ownership of private automobiles have increased the
mobility of businesses and individuals. This has led to altered pattems of
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industrial and residential location, so that older unified cities are being increas-
ingly transformed into larger metropolitan complexes. The new opportunities
for mobility are largely denied to the poor and black populations of the core
cities, however, partly for economic reasons, and partly as a resule of restrictions
on choice of residence by blacks, thus leading to persistent black unemployment
despite a generally high level of economic activity. Cities are thus increasingly
unable to perform their traditional functions of providing employment opportu-
nities for all segments of their populations and an integrated social environnent
that can temper ethnic and racial differences. The new urban complexes are nei-
ther fully viable economic units nor effective political organizations able to upgrade
and mtegrate their core populations into new economic and social structures, The
resilting instability is further aggravated by modern mass communications technol-
ogy, which heighrens the expectations of the poor and the fears of the well-to-do
and adds frustration and bittersiess to the urban crisis. . .. o

Irivall sueh’ éases; technology: creates a.new. opportunity.and:a new probles:
at'thesame time. That §s Whyisolatnig the opporunity o the problemand ¢on-

understanding:”

How Society Reacts to Technological Change

The heightened prominence of technology in our society makes the interrelated
tasks of profiting from its opportunities and containing its dangers a major intel-
lectual and political challénge of oiir time:

Failure of society to respond to the opportunities created by new technology
means that much actual or potential technology lies fallow, that is, is not used at
all or is not used to its full capacity. Thisscan:mean that potentially solvable

problems:aresleftunsolved and poterdally achievabile:goals wnachievid, because

we waste our technological resources or use them inefficiently. A society has at
least as much stake in the efficient urilization of technology as in that of its natu-
ral or human resources.

There are often good reasons, of course, for not developing or utilizing a
particular technology. The mere fact that it can be developed is not sufficient
reason for doing so....

But there are also cases where technology lies fllow because existing social
structures are inadequate to exploit the opportunites it offers.... Community
institutions wither for want of interest and partcipation by residents. City
agencies are unable to marshal the skills and take the systematic approach
needed to deal with new and intensified problems of education, crime control,
and public welfare. Business corporations, finally, which are organized around
the expectation of private profic, are insufficiently motivated to bring new
technology and management know-how to bear on urban projects where the
benefits will be largely social. All these factors combine to dilute what may
otherwise be a genuine desire to apply our best knowledge and adequate
resources to the resolution of urban tensions and the eradication of poverty in
the nation....
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Containing the Negative Effects of Technology

The kinds and magnitude of the negative effects of technology are no more inde-
pendent of the institutional structures and cultural atdtudes of society than is real-
ization of the new opportunities that technology offers. In our society, there are
individuals or individual finns always on the lookous for new technological
opportunities, and large corporations hire scientists and engineers to invent such
opportunities. In deciding whether to develop a new technology, individual
entrepreneurs engage in caleulations of expected benefits and expected costs to
themselves and proceed if the former are likely to exceed the latter. Their caleu-
lations do not take adequate account of the probable benefits and costs of the new
developments to others than themselves or to society generally. These latter are
what economists call external benefits and costs.

The external benefits potential in new technology will thus not be realized
by the individual developer and will rather accrue to society as a result of dehib-
erate social action, as has been argued above. Similarly with the external costs. In
minimizing only expected costs to himself, the individual decision maker helps
to contam os’zly some of the potentially negative effects of the new technology.
; eforethe negatwe effe ts on ocl ty_;lt lax’gs arégot-of.

Mnst of the consequences of technology that are causing concern at the pres-
ent time ~ pollution of the environment, potential damage to the ecology of the
planet, occupational and social dislocations, threats o the privacy and political
sienificance of the individual, social and psychological malaise ~- are negative
externalities of this kind. They are with us in large measure because it has not
been anybody’s explicit business to foresee and anticipate them. They have fallen
between the stools of innumerable individual decisions to develop individual
technologies for individual purposes without explicit attention to what all these
decisions add up to for society as a whole and for people as human beings. This
freedom of individual decision making is a value that we have cherished and that
is built into the institutional fabric of our society. The negative effects of technol-
ogy that we deplore are a measuse of what this traditional freedom is beginning to
cost us. They are traceable, less to some miystical autonomy presumed to lie in
technology, and much more to the autonomy that our economic and political
insticutions grant to individual decision making....

Measures to control and mitigate the negative effects of technology, how-
ever, often appear to threaten freedoms that our tradirions still take for granted as
inalienable rights of men and good societies, however much they may have been
tempered in practice by the social pressures of modemn times: the freedom of the
markes, the freedom of private enterprise, the freedom of the scientist to follow
truth wherever it may lead, and the freedom of the individual to pursue his for-
tune and decide his fate. There is thus set up a tension between the need to
control technology and our wish to preserve our values, which leads some peo-
ple to conclude that technology is inherently inimical to human values. The
political effect of this tension takes the form of inability to adjust our decision
making structures to the realities of technology so as to take maximum advantage
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of the opportunities it offers and so that we can act to contain its potental ill

effects before they become so pervasive and urgent as to seem uncontroliable.
To understand why such fensions:are.so. pmmment asocial:consequence:of
ogi : the effects. of

_technology.on: socmi and: mdmdual 5.va1ﬁe

VALUES
* k ok

TechnoEogy as a Cause of Value Change

LW o_pp_o_rwm_ﬁes. By makmg p0551b§e wh;zt was not possxble before, it offers
individuals and society new options to choose from. Fo#ekample, space technol-
ogy makes it possible for the first time to go to the moon or to communicate by
satellite and thereby adds those two new options to the spectrum of choices
available to society, By adding new options in this way, technology can lead 1o
changes in values in the same way that the appearance of new dishes on the
heretofore standard meng of one’s favorite restaurant can lead to changes in
one’s tastes and choices of food. Specifically, weehinologicatidlead towiliigchatige:
cither(1) by bringing some previously unattaimable goal within the realm of
choice or (2) by making some values easier to implement than heretofore, that
is, by changing the costs associated with realizing them..

Oresexample related 1o the effect of technoEoglcal ci@ange on values is nnphu{;
in our concept of democracy. The ideal
town: meeting is that each titizen should have 3 direct voice'in, pohmc'ti decisions;
Since this has not been possible, we have elected representatives to serve our inter-
ests and vote our opinions. Sophisticated computer technology, however, now
makes possible rapid and efficient collection and analysis of voter opinion and
could eventually provide for “instant voting” by the whole electorate on any
issue presented to it via television a few hours before. It thus raises the possibility
of mstituting a system of direct democracy and gives rise to tensions between those
who would be violendy oppo%d o such 2 prospect and those who are already
advocating some system of participatory demacracy.

This:niew techislogical possibility challenges us to tlarify what we niean. by
.dc_n_lq)_r_;_racy. Do we construe it as the will of an undifferentiared majority, as the
resultant of transient coalitions of different interest groups representing different
value conumitments, as the considered judgiment of the people’s elected repre-
sentatives, or as by and large the kind of government we actually have in the
United States, minus the flaws in it that we would like to correct? By bringing
us face o face with such questions, technology has the effect of calling society’s
bluff and thereby preparing the ground for changes in its values.

In the case where technological change alters the relative costs of imple-
menting different values, it impinges on inherent contradictions in our value sys-
temn. To puorsue the same example, modern technology can enhance the values
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we associate with democracy. But it can also enhance another American value —
that of “secular rationality,” as sociologists call it — by facilitating the use of sci-
entific and technical expertise in the process of political decision making. This
can in turn further reduce citizen participation in the democratic process. Tech-
nology thus has the effect of facing us with contradictions in our value system
and of calling for deliberate atcention to their resolution.

* ok ®

ECONOMIC AND POLITICAL ORGANIZATION

The Enlarged Scope of Public Decision Making

When technology brings about social changes {as described in the first section of
¢his essay) that impinge on our existing system of values (in ways reviewed in the
second section), it poses for society 3 number of problems that are ultimately
political in nature. The term “political” is used here in the broadest sense: It
encompasses all of the decision making structures and procadarm that have to do
with the allocation and distribution of wealth and power in society. The political
organization of society thus includes not only the formal apparatus of the state
but also industrial organizations and other private insticutions that play a role in
the decision making process. It is particularly important o attend to the organiza-
tion of the entire body politic when technological change leads to a blurring of
once-clear distinctions between the public and private sectors of society and to
changes in the roles of its principal mstitutions.

It was suggested above that the political requirements of our modem tech-
nological society call for a relatively greater public commitment on the part of
mdimduals th:m in prnvmus_ﬂmts The reason {or this, stated most generally, i§
' alic : e reing thte un;mrtance ‘of pubhc:

A socmy tint undcrtakcs to foeter technology on a large scale in fact com-
mits itself to social complexity and to facing and dealing with new problems as a
normal feature of political life. Not much is yet known with any precision about
the political imperatives inherent in technological change, but one may neverthe-
less speculate about the reasons why an increasingly technological society seems to
be characterized by enlargement of the scope of public decision making.

For one thing, the development and application of technology seems tc
require large-scale, and hence increasingly complex, social concentrations, whethe
these be large cities, large corporations, big universities, or big government. Iy
instances where technological advance appears to facilitate reduction of such first-
order concentrations, it tends to instead enlarge the relevant system of social orga-
nization, that is, to lead to increased centralizadon. Thus, the physical dispersior
made possible by transportation and communications technologies, as Meyer anc
Kain have shown, enlarges the urban complex that must be governed as a unit.

A second characteristic of advanced technology is that ics effects cover large
distanices. in both the geographical and social senses of the term. Both its positivi
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and negative features are more extensive. Horse-powered transportation technol-
ogy was limited in its speed and capacity, but its nuisance value was also limited,
in most cases to the owner and to the occupant of the next farm. The supersonic
transport can carry hundreds across long distances in minutes, but ity noise and
vibration damage must also be suffered willy-nilly by everyone within the limits
of a swath 3,000 miles long and several miles wide,

The concatenation of increased density (or enlarged system) and extended
technological “distance™ means that technological applications have increasingly
wider ramifications and that increasingly large concentrations of people and orga-
mizations become dependent on technological systems.... The result is not only
that more and more decisions must be social decisions taken in public ways, as
already noted, but that, once made, decisions are likely to have a shorter usefil
life than heretofore. That is partly because technology is continually altering the
spectrum of choices and problems that society faces, and partly because any deci-
sion taken is likely to generate a need to take ten more.

These speculations about the effects of technology on public decision mak-
ing raise the problem of restructuring our decision making mechanisms -
including the system of market incentives ~ so that the increasing number

and importance of social issues that confront us can be resolved equitably and
effectively.

* * *

The Promise and Problems of Scientific Decision Making

There are” two- further consequences of the .expanding role of public. decisisi
making:“The first is that the latest information-handiing devices and techniques
tend to be utilized in the decision making process, This is so (1} because public
policy can be effective only to the degree that it is based on reliable knowledge
about the actual state of the society, and thus requires a strong capability to
collect, aggregate, and analyze detaifed data about economic activities, social pat-
terns, popular attitudes, and political erends, and (2) because it is recognized
increasingly that decisions taken in one area impinge on and have consequences
for other policy areas often thought of as unrelated, so that it becomes necessary
to base decisions on a model of soctety that sees it as a system and that it is capa-
ble of signaling as many as possible of the probable consequences of a contem-
plated acton.

As Professor Alan F. Westin points out, reactions to the prospect of more deci-
sion making based on computerized data bantks and scientific management tech-
nigues run the gamut of optinusm to pessimistn mentioned in the opening of this
essay. Negative reactions take the form of rising political demands for greater pop-
ular participation in decision making, for more equality among different segments
of the population, and for greater regard for the dignity of individuals. The increas-
ing dependence of decision making on scientific and technological devices and
techniques is seen as posing a threat to these goals, and pressures are generated in
opposition to further “rationalization” of decision making processes, These pressures
have the paradoxical effect, however, not of deflecting the supporters of
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technological decision making from their course, but of spurring them on to re-
newed effort to save the society before it explodes under planlessness and inade-
quate administration.

The paradox goes further and helps to explain much of the social discontent
that we are witnessing at the present time, The greater complexity and the more
extensive ramifications that rechnology brings about in society tend to make social
processes increasingly circuitous and indirect. The effects of actions are widespread
and difficult to keep track of, so that experts and sophisticated techniques are
increasingly needed to detect and analyze social events and to formulate policies
adequate to the complexity of social issues. The “logic” of modern decision mak-
ing thus appears to require greater and greater dependence on the collection and
analysis of data and on the use of technological devices and scientific techniques.
Indeed, many observers would agree that there is an “increasing relegation of
questions which used to be matters of political debate to professional cadres of
technicians and experts which function almost independensly of the democratic
political process.”” In recent times, that process has been most noticeable, perhaps,
in the areas of economic policy and national security affairs.

"This “logic” of modern decision making, however, runs counter to that ele-
ment of traditional democratic theory that places high value on direct participa-
tion in the political processes and generates the kind of discontent referred to
above. If it turns out on more careful examination that direct participation is
becoming less relevant to a society in which the connections beeween causes
and effects are long and often hidden ~- which is an increasingly “indirect” soci-
ety, in other words — elaboration of a new democratic ethos and of new dem-
ocradc processes more adequate to the realities of modern society will emerge as
perhaps the major intellectual and political challenge of our tme.

The Need for Institutional innovation

The challenge is, indeed, already upon us, for the second consequence of the
enlarged scope of public decision making is the need to develop new institu-
tional forms and new mechanisms to replace established ones that can no longer
deal effectively with the new kinds of problems with which we are increasingly
faced. Much of the political ferment of the present time ~- over the problems of
technology assessment, the introduction of seagistical data banks, the extension to
domestic problems of techniques of analysis developed for the milicary services,
and the modification of the institutions of local government — is evidence of the
need for new institutions. ...

CONCLUSION

sAsswe teview wharswe are leariihgabont the relatienship of technolo gical and
secial.change; ifitisaber of conclusions bégin tozemeifsl We find, on the one
hand, that the creation of new physical possibilities and social options by
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technology tends toward, and appears to require the emergence of, new values,
new forms of economic activity, and new political organizations. On the other
hand, technological change also poses problems of social and psychological
displacement.

The rwo phenomena are not unconnected, nor is the tension between them
new. Man’s technical prowess always seems to run ahead of his ability to deal
with and profit from it. In America, especially, we are becoming adept at
extracting the new techniques, the physical power, and the economic productiv-
iy that are inherent in our knowledge and its associated technologies. Yet we
have not fully accepted the fact that our progress in the technical realm does
not leave our institutions, values, and political processes unaffected. Individuals
will be fully integrated into society only when we can extract from our knowk
edge not only its technological potental but also its implications for a system of
values and a social, economic, and political organization appropriate to a society
in which technology Is so prevalent....

ENDNOTES

1. Unless otherwise noted, studies referred to in this article are described in the Fourth
Annual Report (1967-68) of the Harvard University Program on Technology and
Society.

2. Harvey Brooks, “Scientific Concepts and Cultural Changes,” in G. Holton, ed.,
Stience and Culture (Boston: Houghron Mifflin, 1965), p. 71.
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Technology: The Opiate
of the Intellectuals

JOHN McDERMOTT

Several sonths affer the report containing Emmanucl Mesthene’s article was published
by Harvard, a sharply critical revieu—essay by John McDermott appeared in The
New York Review of Books, McDemroft’s essay, which follows here, is not a
pointby-point analysis or rebuttal of the Mesthene work. Rather, it is McDermott's
attempt to critiquie the entire point of viw that hie sees as epitomized by Mesthene —
“sot of a new but of a newly aggressive right-wing ideology in this country.”
MeDenmott focuses on a notion he calls laissez innover, from the Frendh for “let them
instovate,” an adaptation of the more commion laissez faire meaning “let them de as
they pleasc (i.e., in a frec market economy).” The idea behind laissez innover (which
McDermott rejects) is that technology can be seen as a self-correcting system. Mesthene,
he daims, finds this principle acceptable becanise he defines technology abstractly.
MeDernott himself, however, rejects lassez innover becanse he daims 1o sce specific
characteristics in contemporary techmology that consradict the abstraction.

Concentrating on the application of technology to the war tn Vietnam, McDenmott
excanines its nature and conchdes that “teciology, i its conerete, empirical meaning,
refers _ﬁmdnmuzmﬁy fo systems of rationalized control over large groups of men, cvents,
and it s of teehmicaily, skilled men operating throueh orpanized
lierarchy.” Usmg this dcﬁmrmn, he proceeds to discuss the social effect of modern tech-
nology in America, concluding that the ideology of latssez innover is aifractive to those
in power since they are in a position to reap technology's benefits while avoiding its costs.

Jolin MeDenmott is professor emeritus of labor studies at the State University
of New York at Old Westbury. He is the author of Economics in Real

From “Technology: The Opiste of the Masses,” from The New York Review of Bocks, July 31, 1969, © 1969 NYREV, Inc,
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Time: A Theoretical Reconstruction (2003}, McDermott received s B.A,
Srort Brooklyn College, a unit of CUNY, the City University of New York.

f religion was formerly the opiate of the masses, then surely technology is ...
... R the opiate of the educated public today, or at least of its favorite authors. No
other single subject is so upiversally invested with high hopes for the improve-
ment of mankind generally and of Americans in particular....

These hopes for mankind's, or techmology's, future, however, are not unailoyed.
Technology’s defenders, being otherwise reasonable men, are also aware that the world
population explosion and the nuclear missile race are also the fuit of the enommous
advances made in technology durng the past half-century or so. But here, too, a cur-
sory reading of their litereure would reveal widespread though qualified optimism that
these scourges, too, will fall before technology’s might. Thus, population (and genetic)
control and permanent peace are sometimes added to the already imposing roster of
technology’s promises. What are we to make of such extravagant optimisim?

In ey 1968, Harvard University’s Program on Technology and Sodiety ...
issued is Fourth Annual Report to the accompaniment of full front-page coverage
in The New York Times (Janvary 18). Within the brief (fewer than 100} pages of that
report, and most clearly in the concluding essay by the Program’s director, Emmanuel
G. Mesthene, one can discem some of the important threads of belief that bind
together much current writing on the social implications of technology. Mesthene’s
essay Is worth extended analysis, because these beliefs are of interest in themselves and,
of greater importance, because they form the basis not of a new but of a newly aggres-
sive right~wing ideology in this country, an ideology whose growing importance was
accurately measured by the magnitude of the Times's news report.

... Mesthene believes there zre two distinet problems in technology’s rela-
tion to society, a positive one of taking full advantage of the opportunity it offers
and the negative one of avoiding unfortunate consequences that flow from the
exploitation of those opportunities. Positive opportunities may be missed because
the costs of technological development outweigh likely benefits (e.g., Herman
Kahn's “Doomsday Machine”). Mesthene seems convinced, however, that a
more important case is that in which

... technology Hes fallow because existing social structures are inadequate
to exploit the opportunities it offers. This is revealed clearly in the
examination of institutional failure in the ghetto carmed on by

fthe Programj....

His diagnosis of these problems is generous in the extreme:

All these factors combine to dilute what may be otherwise a genuine
desire to apply our best knowledge and adequate resources to the reso-
lution of urban tensions and the eradication of poverty in the nation.

Moreover, because governmens and the media “are not yet equipped for the
massive task of public education that is needed,” if we are to exploit technology
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more fully, many technological opportunities are lost because of the lack of pab-
lic support. This, too, is a problem primarily of “institutional innovation.”

Mesthene believes that institutional innovation is no less important in com-
bating the negative effects of technology. Individuals or individual firms that
decide to develop new technologies normally do not take “adequate account”
of their likely social benefits or costs. His eritique 15 antcapitalist i spirit, but
lacks bite, for he goes on to add that

[most of the negative] consequences of technology that are causing
concern at the present time —— pollution of the environment, potential
damage to the ecology of the planet, cccupational and social disloca-
tions, threats to the privacy and political significance of the individual,
social and psychelogical malaise — are negative externalities of this kind.
They are with us in large measure because it has not been anybody’s
explicit business to foresee and anncipate them. [Iralics added]

Mesthene’s abstract analysis and is equally abstract diagnosis in favor of
“Institetional innovation™ place him in a curious and, for us, instructive position.
If existing social structures are inadequate to exploit technology’s full potential,
or if, on the other hand, so-called negative externalities assail us because it is
nobody’s business to foresee and anticipate them, doesn’t this say that we should
apply technelogy to this problem, too? That is, we ought to apply and organize
the appropriate organizational knowledge for the practical purpose of solving
the prablems of institutional inadequacy and “negative externalities.” Hence, in
principle, Mesthene is in the position of arguing that the cure for technology’s
problems, whether positive or negative, is still more technology. This is the first
theme of the technological school of writers and its ultimate First Principle.

Technology, in their view, is a self-correcting system. Temporary oversight
or W will and should be corrected by technological means.

Attempts to restrict the free play of technological innovation are, in the nature of

the case, self deteatmg chhnologn:al innovation exhlblts a distinct tendency to

1 have so far dehbemte y refrained from gmng into any greatc:r detail than does
Mesthene on the empirical character of contermporary technology, for it is impostant
to bring out the force of the principle of lafssez fnnover in its full generality. Many
writers on technology appear to deny in their definition of the subject — organized
knowledge for practical purposes — that contemporary technology exhibits distinet
trends, which can be idenufied or projected. Others, like Mesthene, appear to accept
these trends, but then blunt the conclusion by attributing to technology so much
flexibility and “scientific” punty that it becomes an abstraction infinitely malleable
in behalf of good, pacific, just, and egalitarian purposes. Thus, the analogy to the
laissez-faire principle of another time is quite justified. Just as the market or the free
play of competition provided in theory the optimum long-run solution for virtually
every aspect of virtually every social and economic problem, so too does the free play
of technology, according to iss writers. Only if technology or innovatien (or some
other synonym) is allowed the freest possible reign, they beheve, will the maximum
social good be realized.
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What reasons do they give to believe that the principle of laissez imover will nor-
mally function for the benefit of humankind rather than, say, merely for the belief of
the immediate practitioners of technology, their managerial cronies, and for the prof-
its accruing to their corporations? As Mesthene and other writers of his school are
aware, this i a very real problem, for they all believe that the normal tendency of
technology is, and ought to be, the increasing concengration of decision-making
power in the hands of larger and farger scientific-technical bureaucracies. In principle,
their solution is relatively simple, though not often explicitly stated.’

Their argument goes as follows: The men and women who are elevated by
technology into commanding positions within various decision~-making bureaucra-
cies exhibit no generalized drive for power such as charmcterized by, say, the
landed gentry of pre-induserial Europe or the capitalist entrepreneur of the last
century, for their social and institutional position and its supporting culture as
well are defined solely by the fact that these men are problem-solvers. (Organized
knowledge for pracdcal purposes again} That is, they gain advantage and reward
only to the extent that they can brng specific technical knowledge to bear on the
solution of specific technical problems. Any more general drive for power would
undercut the bases of their usefulness and legitimacy.

Moreover, their specific training and professional commitment to solving

“technical problems creates a bias against ideologies in general, which inhibits
any atcempts to formulate a justifying ideology for the group. Consequently,
they do not constitute a class and have no general interests antagonistic to those
of their problem-beset clients. We may refer to all of this as the disinterested
character of the scientific-technical decision-maker, or, more brefly and cyni-
cally, as the principle of the Altruistic Bureaucrat....

This combination of guileless optimism with scientific tough-mindedness
might seem to be no more than an eccentric delusion were the Amercan tech-
nolegy it supports not moving in direcdons that are strongly antidemocratic. To
show why this i so, we must examine more closely Mesthene’s seemingly
innocuous distinctdon berween technology’s positive opportunities and its “neg-
ative externalities.” In order to do this, I will make use of an example drawn
from the very frontder of American technology: the war in Viemam.

* * k

Advanced technological systems such as those employed in the bombardment of
South Vietnam make use not only of extremely complex and expensive equipnient
but, quite as important, of large numbers of relatively scarce and expensive-to-train
technicians. They have immense capital costs: a thousand aircraft of a very advanced
type; literally hundreds of thousands of spare parts; enonmous stocks of rockets,
bombs, shells, and bullets; in addition to tens of thousands of technical specialists —
pilots, bombardiers, navigators, radar operators, computer prograrmmers, accoun-
tants, engineers, electronic and mechanical technicians, to name only a few. In
short, they are “capital intensive.”



