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Preface

Cullural changes 1n the past few decades have pro-
voked hitter criticisms of science and technology,
which are blamed tor such undesirable trends in our
society as materalism, job dissatisfaction, loss of indi-
viduality, invasion of privacy. and destruction of our
environment. The fifteen articles in this booklet shed
light on the controversies involving science, technol-
ogy. and socicty by exploring the nature of technologi-
cal developmentan g historical context and in its relation
to contemporary problems. The effects. preconditions.
and sources ot technological change are among the
issues probed.

These articles were ongmnally written for the eleventh
Counc by Newspaper. CONNECTIONS: TECHNOL-
0GY AND CHANGE, offered in newspapers through-
out the country for the finst time in fall 1979, John G.
Burke, Professor of History at the University of Cali-
fornia, Los Angeles, coordinated this course.

Courses by Newspaper (CbN), a national program
onginated and administered by University Extension,
University of Califorma, San Diego, develops news-
paper articles and related educational materials that are
uscd as the basis of college-level courses. Hundreds of
newspapers and participatingg colleges and universities
throughout the country cooperate in presenting these
courses to the general public.

Fach course features a serics of weekly newspaper
articles. written by distinguished university scholars and

other experts. Supplementary materials include a book

of readings and a study guide for interested readers,
with a Source Book available for community discussion
leaders and instructors.

In addition, for this course a related ten-part series
of television programs, ~“Connections,” has been pro-
duced by BBC and Time Life Films for airing over the

/ Public Broadcasting Service in fall 1979, the programs

are also available for purchase or rent from Time Life
Multimedia. A Viewer's Guide, relating the print and
video materials, and a narrative text, Connections, by

James Burke. the TV-series narrator, are also available.

Colleges within the circulation area of paiticipating
newspapers offer the opportunity for readers to meet
with local professors and earn college credit. 1f no local
college or university is participating, credit arrange-
ments can be made with the Department of Indepen-
dent Study, University of Minnesota, Minneapolis,
Minnesota 55455.

The first Course by Newspaper, America and the
Future of Man, was offered in the fall of 1973. Subse-
quent courses have included:

In Search of the American Dream

Two segments of The American Issues Forum
Oceans: Qur Continuing Frontier

Moral Choices in Contemporary Society
Crime and Justice in America

Popular Culture: Mirror of American Life
Taxation: Myt'is and Realities

Death and Dying: Challenge and Change

To date, approximately 1250 newspapers and 800
colleges and universities have presented the courscs.
Approximately 1S million people read the articles for
each course and almost fifty thousand persons have
earned credit through Courses by Newspaper.

Courses by Newspaper has_been funded since its
inception by the National Endowment for the Human-
ties, an independent federal agency created in 1965
to support cducation, research, and public activity in
the humanities. Supplemental funding for individual
courses has been provided by the Exxon Education
Foundation and the Center for Studies of Crime and
Delinquency, National Institute for Mental Health. We
gratefully acknowledge their support.

We also wish to thank United Press International,
which has cooperated with CbN since 1975 in distribut-
ing the articles to participating newspapers across the
country.

The views presented in these articles, however, are
those of the authors only and do not necessarily reflect
the views of the University of California or the funding
and distributing agencies.
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Smug! Water poliution! Excessive noise! Urban filth!
Shoddy products! Lethal food additives! Radio-
active wastes! Genetic manipulation! Dehumanization!

These are the results, crities charge, of our blind faith
m technological progress. Rebuttals calling attention to
our high standard of living, improved health, longer life
spans, better working conditions, and increased educa-
tional opportunitics do aot still the crities” voices.

Technology s on trial.

The mosi omindus assertion is that technology is now
completely out of human control. Technology. the
prosecution says, has become an independent entity,
a thing apart from humans who gave it birth. We have
become cogs 1n a huge system of production and con-
sumption, a machine having no human purposc. Cer-
tainly, modern technology gives most of us a4 means of
livelihood, food, shelter, and leisure to watch TV. But
the price we pay for these material satisfactions. it 1s
said, 1 our freedom.

Technology. critics declare, not only shapes and di-
rects every aspect of our hves, but threatens the very
cxistence Of the human species. Qur increasing love
affair with rationality and efficiency — that is, science
and engineering — is responsible for creating this tech-
nological monstrosity. We are thus caught in a web ot
our own making.

One ‘possible escape route may be open, decldre the
anti-technologists. but only if we act guickly and force-
fully. Repudiate modern science and high technology.
Return to a simplef way of life.

Even if these prophets of doom are exaggerating or
are mistaken. there are many signs, such as pollution,
which indicate that something has gone wrong. We are
constantly surprised by technology's shortcomings.
Dangerously defective tires nullify the safety advantages
of mandatory seat belts. Cancer-pgdducing food addi-
tives are bunned. and later their replacements are found
to be just as lethal.

Technology resembiles the Hydra, the awesome nine-
headed beast finally slain by Hercules, which grew two
heads from the root of cach he struck off.

Will we succeed in overcoming our problems as Her-
cules did his? Do humans have enough resilience to
maintain freedom and’ choice in spite of burgeoning
technology?

Assertions and predictions about technology usually
are based on several assumptions that are difficult.if not
impassible to prove. One is that technological change is
taking place more rapidly than in the past. Another is
that technological change has a much greater social
impact than ever before. A third is that scientific re-
search and development are exclusively responsible for
present technological innovations.

A useful way of assessing our present situation, of
judging whether it is indeed unique, is to look at techno-
logical development in a historical cantext and in its

e

relation to contemporary problems. This series of fifteen
articles has that goal. .

Effects of Technology

Three of the more important effects of technological
advance are the increasing complexity of our civiliza-
tion, the changes in our culture and institutions, and
the impact of innovations on work. The complexity of
our technological society, indeed, is one of the reasons
critics give either for our loss of control or for their
charge that the system is manipulated for the benefit
of a scientific-technological elite. One frequently cited
example is the 1965 ﬁ;w York blackout, which plunged
the city into darkness for hours before power was re-
stored, and the cause of which stumped experts for

Is complexity a novel feature of modern technology?

Similarly, societal and ‘institutional changes are ap-
parently occuiting with astonishing rapidity. A century
ago, for example, any proposal for a U.S. Department
of Energy would have appeared ludicrous. But now, as
we worty about an energy shortage, it has become a
necessity.

Have advancing technologles always had the effect of
altering cultures? Has the pace of change quickened?

Only when we look to the past do we realize fully
how very different our methods of producing goods
are from those of our forebears. Technology has un-
questionably affected the work process. However, the
important questions are whether our labor has be-
come more individually rewarding and more socially
beneficial.

Preconditions

Yet, effects do not occur without preconditions. One s
our physical enviroment, which isnecessary to life and
crucial in the development of technology. The exploita-
tion and misuse of the environment is one of our most
urgent problems.

How have past cultures or those in other parts.of the
world come to terms with nature or arrived at a com-
promis¢ between the environment and technological
progress? Does high technology inevitably entail en-
viromental deterioration? ,

Another apparent precondition of technological ad-
vance is the size, distribution, and migration of popu-
lations. Some critics maintain that the size of our
population and its increasing concentration in urban

- areas are primarily responsible for environmental poliu-

tion. Others declare that without technological progress
the growing populations in developing nations will
perish. Yet historically, the links between technological
progress and population growth are puzzling.

What advice, if any, should we give to developing
nations? Or, to ourselves?

Societal values constitute a third precondition of

..'



" technological innovation. For example, gunpowder, in-
vented in Ching, was not used there for firearms. When
it appeared in Western Europe, however, military engi-
neers immediately grasped its military potentialities.

Why do some cultures accept technological innova-
tions that others reject?

Sources of Technological Ciumgc

Given these preconditions, howeser, what stimulates
technological progress, and who or which institutions
accomphish innovation?

Humamtarian concerns, the spirit of adventure. or the
wish to transtorm idleness to active leisure, have pro-
duced some innovations. But the pnincipal agencies of
technological innov ation are economic activity, science,
engineering. war, and government, although some
economists would maintain that all of these ultimately
¢an be lumped under cconomic activity.

The desire to satisfy material needs, individual or
soctal, has always been o major source of innovation. In
western cultures, lusunies have become necessities with
resulting economic growth  Indeed. some critics blame
the “growth ethic™ for both environmental deteriora-
tion and tor the purported decline in the quality of life,

To what extent is this cthic the cause of our diffi-
culties”

From small beginnings in the seventeenth century,
scientific research activity has now grown to substantial
size. On the one hand. the rational and objective ap-
proach of scientists provokes criticism : on the other, the

-

discoveries, which give rise to technological innovation,
cause worry.

How has science grown? What is its interaction with
technology? How do scientists perceive themselves?
And, inasmuch as sciznce receives the credit or blame
tor innovation, what is the engineers’ role, and to what
extent should their activities cause concern?

;War has always encouraged technotogical innovation,
not just in the development of new weapons, but also in
stimulating new industries and methods that have pro-
foundly affected society. Military needs were the chief
stimuli for the development of aircraft, space ships, and
computers. _

Similarly, governments have encouraged innovations
through the patent system, agricultural experiment sta-
tions, and agencies that aid industry.

To what degree does this activity, both military and
civilian, contribute to our present problems?

The subjects described above and the questions raised
comprise the main body of this series of articles. The
final three articles will consider both the past and the
future prospect. They will investigate the nature of
inventive activity, the relation of technology to ethical
principles, and the merits and shortcomings of current
attempts to direct the course of technc logical develop-
ment for human purposes.

Serious public consideration of these issues and par-
ticipation in the on-going debites is necessary. For it is
only through our collective wisdom that the problems
concerning technological advance and its effects can be
resolved.

ABOUT THE AUTHOR

JOHN G. BURKE is Professor of History at the

University of California, Los Angeles, where he has
also served as Dean of the Division of Social Sciences
and Dean of the College of Letters and Science. He
joined the faculty there in 1962 after .. successful
business career. He holds degrees in both metaliurgy
and history. and his awards include three grants from
the National Endowment for the Humanities for
seminars on Technology, Society, and Values in
Twentieth Century America. Among his publications
are Origins of the Science of Crystals; The Science of
Minerals in the Age of sefferson (coauthored with

J. C. Greene); anr; The New Technology and Human
Values.
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' Mujur technological developments, —from tele-

vision and computens to satellites and nuclear
energy— are profoundly affecting the' way we live. They

are thereby causing concern about the social impact of |

technological change.

Technology does indeed often have greit sotial or
political impact. But it is far from predictable whether
this or that techmfbgy will hiave impact, letalone what it
will be. The impact depends as much on the response of

- people und of cultures asddoes on the new technology.

For example, the first “"women's liberation " occurred

in the 11th and 12th centuries. In the history books, this -

'sharp change in the position of women-is recorded in
terms of literature, religion, or law. For the trouba-
dour who emerged in Southern France, woman was no
longer a “sex object,” but an object of adogation to
whom he addressed his poems from afar (or at least
pretended to). .

In Christianity, the Virgin Mary replaced God the
Father as the centrg] figure in popular worship and in
religious art. And legally, women acquired property
rights as widows, the right to maintain property they
brought into the marriage. and the right to their own
camings.

The Spinster

But the underlying cause of these tremendous social
changes was a technolegical innovation in France — the
spinning wheel. With it came the “'spinster"'— actually,
anyone who spins, although we use the word today to
denote an unmarried woman who is no longer young,

Spinning has been women's work from time immemo-
rial— we still speak of the “distaff " side of the house.
But spinning on the distaff was inefficient. It took ten
spinsters with distaffs to keep one weaver going. With
the spinning wheel. the relationship was reversed. One
spinster could supply half a dozen weavers with yagn.

When spinsters became productive, they became in-
dependent. Suddenly, a woman could be in society and
be respectable without being dependent upon a male.
Until then, only a nun or prostitute could survive with-
out being a wife or concubine. Girls, therefore, had to be
betrothed in infancy. Now they could remain single until
old enough to choose whom to marry or CVeR not marry
at all. They could be “spinsters.” o

The great changes in culture, in religious worship, and
in law then followed in short order. '

The Second Women's Lid ;

The second ““women's liberation.” that of today, also
has its roots in technological innovation— in the scwing
machine, the typewriter, and the telephone.

Before the sewing machine was invented, a little over
a hundred years ago, sewing was the hardest, most time-
consuming job of the housewife. Only the very rich
could afford to have their clothes made by a tailor. The

A Y
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rest had to make and mend their own clothes. The farm
wife or worker's wife of 1860 speng four to six hours a
day plying the needie. .
The sewing machine cut this time to “approximately
30 minutes a day. It also made clothes so cheap~—cutting

“prices by more than three-quarters— that even ordinary
~ people could @ford “*store-bought " clothes, -

. The typewriter and the telephone, by creating middle-
class employment opportunities cutside the home, made
it possible, as had the spinning wheel eight hundred

~years carlier; for “respectable™ women to carn their

living without being dependent upon a male. Even in
Dickens® last siovel, written around 1870, there are only
male clerks in offices. **Respectable” women did not go .
out without an escort. _

Twenty-five years later,”an " advertisement for a_
“clerk” generally meant a woman rather than a man; .
and “respectable”” women were going to work by them-
s¢lves, traveling by themselves, and altogether leading
lives of their own. Higher education for women, con-
sidered a luxury or an ornament in Victorian times, soon
became a necessity. The demand for the vote, for equal-
ity before the law, and for equality in careers inevitabfy
followed.

The First Civilization

But perhaps the most important example of the connec-
tion between technology and social order is the first true
“civilization,” that of the irrigation cities of antiguity —
of Egypt along the Nile five or six thousand years ago;
of Mesopotamia about the same time ; of the Indus Val-
ley a thousand years or so later; and of Southern China,
from which Chinese civilization arose¢ four thousand
years ago.

What made the irrigation city possible was technol-
ogy: the ability to erect and maintain civil engineering
works to lead the flood waters of the rivers to the land. 10

. prevent their running back into th river again, and to

circulate them.

These irrigation works— the first, and perhaps the
most impressive, achievements of “*modem*" technol-
ogy— required measurement, which led to the develop-
ment of geometry. They required ability to forecast the
flood, that is, a calendar and astronomy. They brought
people together into very large settlements and thus
required water supply, sanitation, city walls, and public
buildings.

They required specialists: scientists, physicians, bu-
reaucrats, tax collectors, lawyers, scribes, teachers, and
engineers. The irrigation city required writing to record
contracts and tax receipts. It required law—and the
codes developed then, whether in Babylon or in China,
would still serve most needs of modern commerce today.
The irrigation city required law courts to settle disputes

~ and police to maintain safety.

Above all, irtigation developed city and citizen. It

47
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developed a common deity, where there had been un.lv
tribial gods. And from this came the delief in 4 universal
God of all manhmﬂ and indeed the Kk.u of**Mankind "
itself.

In other words, the wngation aity develuped what we

still call “civilization.”

nology.

Technology and Society

These examples show, first, that technology is not some-
thing outside of society: Itis society itself. But it does not
“determine’” socicty and calture. It must fit both to
become effective technology. -

The spinning wheel was an obvioug invention once.
the carriage wheel and the potter’s Kpcel had been
introduced—several thousand yeary before the spin-

And ity foundation was Sech-

ning wheel feplaced the distaff. Socitty was snmply not’
receptive ; the lady of the house spinning with her daugh- -

ters and maids—a scene (he Hwmeric Epics- Uepict
again and again—fulfilled tmpurt.m! functioqs t?ut
society 'did not want to do without.
Secondly. these examples show that technology pm—
vides only optiens. The spinning whéel diffused rapidly,
throughout the Old World. Yet it had social and cul-?

tural impacts only in thg areas of Westem Cathalicism—

not in the regions of Greek Catholicism. 1t had none at -
all outside the (hnsn.m world, that is in China or
India. i —

The irngation city ssmilarly evoked different social
and political responses. In Egvpt.. a religious bureau-

el

|

cracy emerged, but there were no political or social
theories and no secular institutions. In.China, the irri-
gation city brought about great political and social
theory—~the Confucian concept of social harmony,
based on interpersonal relations and aiming fo make
human society conform to a pre-vstablished harmony
6f the universe.

Equally great was the impact in the Mid-East. In
Saweria and Babylonia it was soon seen that the cen-
tralized governance of the irrigation city could become
a tyraniy—exploiting the weak and poor, but also a
force foy good, the engine of justice and compassion.
And polmwl philosophy as we now know it thus arose
:n the irrjgation city of Mesopo.amia and thence in
Greece.

These illustrations show that technology is first and

~ foremost a “humanity.” Technologies are rot created

- makes tools.
" capacity. They make-us, in effect,’

+ - Thus they pose new human options, create new hu-
“man opportunities, and demand new human answers.’

w

by nature or by elves in the Black Forest. They are
created by humans. They are extensions of Man, to be
used by humanity.

Alfred Russell Wallace, who wnh Charles Darwin
formulated the theory of natural selection, said **‘Man is
the only animal capable of purposeful evolution; he
" These tools bespeak human needs and
values. They give us new performance and new survival
different animal.

Technology liberates by giving us choices.

~
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he foree of science and technology controls much

of the modern world, It holds the purse-strings of

civitization, forms tive Dasis of military might, and domi-

nates the quality of life and the possibilities of the future
tor every person on earth.

"Why then does it seem beyond the control of the’

people, bevond their comprehension? Why do scien-
tists talk learned gobbledegook and behave like an clite
power group, protecting their mysteries and the basis of
their power? At the same time, why does the mass of
humanity scem herded into a world of nuclear rebel-
lion, megadeaths, food additives, conspicuous tech-
nological consumption, and mindless computerization®?

The rapid growth of science and our increasing de-
pendence on high technology have produced a widen-
ing gap beiween scientists and the general public—a gap
that has been oniy partially bridged by education—and
that only in the few most developed nations,

From the beginning science and technology were like
any other field in which some people were cleverer that
others. Right at the start of history in Mesopotamia five
thousand years ago, a most sophisticated and compli-
cated craft of arithmetic and 3 mathematical treatment
of astronomy developed. It was incredibly successful
and accurate—and as incomprehensible to the common
persons as higher mathematics has been ever since. It
sct a pattern that has persisted right down 1o modern
mathematical physies and the other sciences related
to 1,

Mathematies trom the start lnvolvcd not only a
special talent but also a long, difficult investment in
years of learning. We do not know the practical func-
tion—if anyv-—that these mathematical skills had. Were
the learned Mesopotamian priests and the Greeks,
Aruabs. and medieval and renaissance scholars that fol-
fowed them deliberately hiding their skills from the
common people” There was no conspiracy of an elite.

Two Revolutions

In the counse of history two great changes in technology
caused saentific knowledge to become more elite.
Around 1500 AD came the Gutenberg Printing Revo-

“lution. The book very quickly changed the entire soci-

ety. Presses were built and run by craftspeople in the
citics rather than by scholars in monasteries and uni-

__versities, and both the writers and the readers of the

new books were a new class.

What happened with the opening up of science to
its new public? Certainly there was a general democra-
tization, but the arcane mysteries of highly technical
knowledge pemsisted.

Then in the 17th century came the Scientific Revolu-
tion. The telescope and other instruments changed the
status of our attempts to understand the universe. Be-
fore, it had depended only on brain-power, and ail
philosophers worked with the same evidence. Suddenly

.

Galileo saw mountains on the moon, satellites around
Jupiter, thousands of stars nopc.dy had seen before.

It was a discovery of an artificial method of revela-
tion (which the chu‘rch could not then accept). and it
changed the universe that was to be explainéd. From
then till now, the effect of technology upon science has
been the most powerful means of improving our under-
standing of both the natural universe and mdnmade
technologies.

Scientific Journals

To cope with e new flood of learning. enthusiasts
began to band together into societies. Making use of
the presses, they began a fresh tradition of scientific
journals in which they published items of new knowl-
edge as they came in.'

At first it seemed illicit to publish atoms ot knowl-
edge in this way without maturing them into a life's

‘work book, but the method flourished particularly wel!

with science, and a society of writers and readers of
scientific research papers grew with enormous rapidity.
The papers themselves became a world body of litera-
ture incorporating the new understan of science
and technologies.

Had the technologies of communication and instru-
ments bred a new clite? Certainly they developed
new set of words and a special impersonal literary style
appropriate for new thoughts. Some scientists were
noblemen, physicians, clergymen, professors,  but
others were artisan instrument-makers, working sur-
veyors and navigators, and mechanics or just enthusi-
asts, like modern stamp collectors or birdwatchers.

What happened, however, was that the cnormously
accelerated pace of new knowledge andever-inereasing
sophistication of theory continuously remaoved the new
scientific understanding from the majority of people
simply because with each generation, despite increased
education, more had to be learned. more skills had to
be acquired. -

By the 18th century the exponential growth of new
knowledge (doubling every ten years) and new tech-
nologies had reached the point where workers like the
Luddites in England broke the machines that threat-
ened their livelihood. Even the scientists could not
keep up.

Encyclopaediasand summary abstracts of research
papers to wrap“up the leaming into digestible form
offered one solution. The great French Encyclopaedia
was frankly political in its attitude to the technicul
knowledge of all skilled trades, publishing all the alleged
secrets that might oppress the populace by forcing them
to toil as apprentices rather than read and become
masters. In the same ¢ pirit, new democratic elements in
society forced disclosure of technical secrets as a pub-
lished patent, in exchange for a commercial monopoly
on the new device.

¥



Needless to say. the encyclopaedias and patents did
not sulve the problems of nonscientists, but merely
enabled the basic probiem of availabitity of knowledge
to grow another stage.

New Technologies

Around 1800 there was another crucial growth in sci-
ence: Galvani and Volta, looking for the secrets of life,
found current eiectricity. Within a single generation,
clectricity transformed chemistry into a wealth of new
substances and new understandings. The 19th century
saw such new technologies as fertilizers and soil chemis-
try. dye chemistry and explosives, steam engines and
locomotives, as well as electrical energy.

The steam engine had grown from a “low" (non-
scientific) technology of water-pumps, but the chemical
and electrical high technologies required the scientific
knowledge of the day. In industrial nations education
had to be expanded to produce the technica! workers,
and populanization prepared the public for the new age.

By 1900 the weaith of the major nations and the
quality of life for their people were linked more to the
new technologies, low and high. of manufacture than to

the natural wealth of the land. Increased understanding
brought forth more and more high technologies. .

By 1950 the wealth and power of nations and lives of
all people began . sepend ever more on the high
technologies and thei: inevitable link with sciences that
were increasingly technical and learned, and beyond
the understanding of the general public.

In the last quarter century, new efforts to popularize
science and m:ke it understandable to the lay person
have lent increased urgency to the problem of the closed
shop of science. But workers suffering from the impact
of new technolegies, appropriate and inappropriate,
have broken the machines like the original Luddites.
Today the popular rebellion is against nuclear reactors
and genetic engineering, and in nations like Iran, every-
thing technical.

We cannot all be scientists (nor want to), and we
cannot ignore the existence of the world's stock of
science. But we are of necessity all consumers of more
or less free choice in the technological world.

The traditional answer to ignorant domination by
technologies is education, but it is still only a partial
solution of an irritating and desperate problem— one
that we may never be able to solve completely.
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chhno!ugical innovations— aew  tools, new ma-
chines, new progesse “— affect not only human soci-
ety but, directly and immcduiately, the producing work-
ers. Today, it is possible to-envision a society in which
technology will liberate workers from much of the physi-
cal drudgery and boredom that have marked their lives
in the past.

Better tools permit worken to produce more (and
better) work: machines replacing tools save their
labor and multiply their production; and computers-
programmed automated factories turn them into moni-
toring eagineers, emploving mental more than physical
skills.

Nevertheless, workers typically, have not welecom:d
innovations in production technology — far from it. Nor
are they entirely mistaken in their apprehensions about
new techniques. Quite apart from their principal fear—
that it may bring uncinployment— new technology may
have unforeseen effects on their working lives and per-
sonal destinies.

The outstanding  historical example of the impact
of changing technology on workers® lives is the de-
velopment of factory mass production. Even while cre-
ating the abundance that has transformed the modern
world. mass production has had a dehumanizing effect
which governments, workers’ organizations, enlight-
encd management, and modern socizl science still seek
to mitigate.

Fighting the Factories

The modern factory system has an ancestry going back
many centurics. Medieval wool merchants in Flanders
and Italy began “putting out™ their wool successively
to spinners, weavens, fullers, and dyers in what amount-
ed to tactonies scattered through a town. The system
foreshadowed the true factory both in increased volume
of production and in the stimulation of class confiict. By
no coincidence. history’s first strike, in 1245, was by
weavers of Doual, in Flanders. ,

The “Commercial Revolution” in which the Flemish
wool entreprencurs participated provided the basis for
the later Industrial Revolution centered in 18th-century
Britain. Spinning and weaving there were mechuanized
and steam-powcered, multiplying productivity but alarm-
ing the hand weavers. In the early 19th century, bands
of “Luddites.” fearing loss of jobs, tried to destroy the
new machinery but they were brutally suppressed by
government troops.

In France, workers kicked machines to pieces with
- their Reavy wooden shoes. or.“sabots”— giving nise to
the word “sabotage.” Similar worker protests occurred
in Germany and were memorialized by Nobel prize-
winner Gerhardt Hauptmann in his drama “"The
Weavers.”

British workers resisted another innovation: work
discipline. At his celebrated pottery works at Etruria,
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Eagland, Josiah Wedgwood, in the Lstter half ot the INth
century, was one of the first .o divide his labor force into
sequential groups— potters, painters, firers, finishers—
achieving both increased production and enhanced
quality.

But the new arrangement required that workers con-
form to the pattern imposed by the flow of production.
Previously, as craftsmen, each performing’ the whole
range of functions in pottery making, the worken had
frequently " kept St. Monday " (taken Monday off ), and
on other days had sometimes deserted their benches tor
an ale or a game of handball. Wedgwood posted rules
and levied fines, bat remained chronically vexed by
labor troubles.

Loss of Dignity

As powered machines supplanted skill with semi-skill
or lack of skill in industry after industry, workers in
Britain and clsewhere lost their old sense of creativity
and even their old dignity. An observer at a British
trades inion congress in 1890 recorded the difference in
appeasance between the old aristocracy of craft union-
ists. with their respectable dress, oftenincluding top hats
and watch chains, and the *"new ™ unionists, the shabby,
nondescript factory workers.

In America the industrial revolution at first produced
a quite different effect. The wealth of natural resources
and severe shortage of labor made the country highly
receptive to the textile machinery spirited out of Britain
(against ineffective laws forbidding its export) by
Samuel Slater, a youthful immigrant of 1789 who be-
came the “Father of American Manufacture.” Native
mechanics such as David Wilkinson and Paul Moody
added Yankee improvements and helped found Amer-
ica’s own machine-tool industry, that is, machines to
make machines.

It was not surprising, therefore, that the next major
production breakthrough, interchangeable parts manu-
facture, achieved its triumph in America. The concept
had originated in France and Britain, where experi-
ments had indicated its promise, but craft-minded Euro-
pean industry held back. In America, Eli Whitney, John
Hall, and others developed it in the government-
supported arms industry. It soon gravitated to produc-
tion of iron stoves, sewing machines, and farm im-
plements. '

The American System

By the time Henry Ford appeared on the industrial scene
about 1900, interchangeable-parts manufacture was
known throughout the world as ““the Americansystem.™
From Chicago and Cincinnati meat packing plants, Ford
got the inspiration for his assembly line, which brought
parts directly to the workers in a continuous flow.

No rules needed posting, no fines were required. The
moving line’s inexorable pace enslaved the men feeding



it, exacting repetitive functions performed with an in-
human consistency. Assembly -line workers were turned
into the human machines satirized by Charlie Chaplin in
his 1936 film “Modern Times.”

Mecanwhile. at the turn of the century, a Philadelphia
‘engineer, Frederick W. Taylor, devised a way to increase
steel workers” output by minutely analyzing their jobs.
By tollowing Tavlor's instructions faithfully, a worker
could substantially improve his piecework earnings. But
“Taylonsm.” or scientfic management, copied and
often abused, won a reputation for efficiency at the
expense of humanity.

A glimmer of insight into worker psychology came in

the 19208, quite by acadent. In studying the effects of
improved illumination on worker performance at the
Western Electric Company plant at Hawthorne, Tllinos,
Elton Mavo was astonished to find that a control group,
under the old lighting, improved its production as much
as did an experimental group under better lighting. The
“Hawthorne ceffect’ showed that workers responded
with better performance to the mere fact of being con-
sulted. asked to cooperate. dealt with as human beings.

Further experiments explored the relationship be-
tween man and maching and the worker subculture,
virtualy creating a new sociology. Human-factors engi-
neering, an outgrowth of Taylorism and the Hawthorne
experiment, sought to design machinery and equipment
for maximum case, convenience, and suitability.

¥ .
Automation

The most recent stage in mass production, dutomation,
came immediatels tollowing Werld War 11 (though ma-
chines basic to factory sutomation go back to the Wal-

tham Company in the 1880s). Workers' resistance in
some industries, such as railroading and printing, has
brought considerable conflict. Yet overall, automation's
impact on employment so far has proved limited.

Mecanwhile, factory working conditions continue to
cry out for improvement, particularly the reduction of
heavy labor, noise, and the provision of amenities.
“Flexitime,” by which workers are allowed to arrange
their own schedules within certain limits, has enjoyed
success in a number of U.S. and European plants and
oftices, measured in part by a reduction in absentecism.

**Job enrichment,” aimed at combatting **anomie”—
the boredom of repetitive work— has also had some
success, though in its more radical forms, such as non-
assembly-line production of automobiles in Italy and
Sweden, the outcome is not yet clear. Essentially the
recent experiments have been attempts to exploit the
principles discovered by Elton Mayo by providing
greater scope for personal achievement and recognition
for the workers.

In recent decades as in times past, however, such
conscious efforts have been less significant in altering the
worker’s relation to.work than the large-scale and usu-
ally unpredictable changes imposed by the general direc-
tion of technology and economics. These include the
shift toward the service industries and high-technology
clerical jobs, and from fabrication to processing indus-
tries. such as chemicals, plastics, and synthetics, in

+"which automation flourishes.

These changes and the rapid strides made by indus-
trial robots, which perform mechanically some of the
functions previously performed by humans, give cause
for hope that in the not too distant future physical
drudgery and anomie may boti be eliminated.
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¢ live in a period in which technology is complex

and rapidly changing and are inclined to think of
it in terms of computers, machine and precision tools,
and electronics. However, even in prehistoric times,
humans used simple but powertul technologies, such as
fire, to madity nature,

The relationship between nature and technology. .

whether simple or complex, can be understood only
in terms of culture—those patterns of behavior and
thought common to a people.

Culture 1s the crucial link between nature and tech-
nology. Culture determines both how we use and modify
nature and how we think about it.

Let us think of the earth’s surface as if it were a huye
relief map. We can place thousands of overlays on it to
show various distributions: physical elements like cli-
mates, mountains, minerals. and oceans; organic cle-
ments like forests, swamps, and cultivated lands: cul-
tural elements hike settlements, religions, languages,
and technologies.

Any inhabited area on the earth’s surface is composed
of ditferent combinations of these distributions. We may
have Spanish-speaking Catholic farmers with i few
sheep living on adry plateau. and Hindus, to whom cows
are sacred, speaking English and growing nice, where
monsoon rams cause disastrous floods. ¢

The existence of these mosaics is the reason we cannot
profitably talk abstractly about technology and nature.
There is no direct relationship between them except
through the medium of culture.

Values and Concepts

Throughout history. and up to the present, different
cultures have valued and sought in nature different
things. For example, the native Americans did not
search for plutonium as we do now. We no longer seek
whale oil for lamps; as our forebears did.

Every culture, prehistoric, primitive, and civilized, so
far as we know, has developed a conception of nature. In
primitive and prehistoric cultures, it may be a form of
nature worship. or nature-spirits, or the personification
of nature like ““Mother Earth.”” Some modern societies
have a purely utilitarian conception of nature, as a
resource there for human beings to use. Others may
think of it esthetically or biologically or both, as a beauti-
ful, harmonious but fragile system of interlocking physi-
cal and biologieal elemems.

Esrly Technologies
If we look back to prehistoric times, two technologies

that modified nature stand out: plant and animal domes-
tication, and the use of fire.

The domestication of plants and animals began the

long series of experiments in breeding which have com-
pletely transformed the nature of orgsnic life on earth.
Miltions of square miles are now in cultivated crops;
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they are vast substitutiors for what was there before the
intervention of human beings with their tools. With
animal domestication, the dog, the horse, the oxbecame
agents in the modification of nature by-human beings.
The use of fire to clear land for grazing, to deforest it
for agriculture or other purposes, has been of the utmost
importance. We cannot study the resources and geogra-
phy of large parts of Southeast Asia, Latin America,and
Africa— especially south of the Sahara— without re
nizing that fire, now as in the past, is an agent of signifi-
cant environmental change. Peole living in a culture like
our own, dependent on advanced technologies based on
applications of theoretical science, either overlook these
fundamental facts or are unaware of them.

Thus, there has been a tendency to think that tech-
nology is 3 modern phenomenon coming from the basic
inventions, like the steam engine, of the Industrial
Revolution in the latter part of the 18th century, and that
before then, humanity relied primarily on its own and
animal power.

This belief ignores the role of water and wind in the
history of technology. Water management by aque-
ducts, canals, stream diversion, and draining is ancient.
Drainage has been one of the fundamental activities ot
the human race in many parts of the earth, and its cumu-
lative effects have been to make the earth drier.

Pmblem and Solutions

Have such inventions and technologies been developed
as solutions to problems that nature creates for the
human race? This is an influential and ancient idea,
which we can restate in the words of the old and fariiliar
proverb, “Necessity is the mother of invention.”

We do not know if it is or not, or if necessity explains
the origin of technology. The late geographer Carl Sauer
in his classic study, Agricultural Origins and Dispersals,
argued that leisure may have been necessary for the
discoveries leading to plant domestication: ** The needy
and miserable societies are not inventive, for they lack
the leisure for reflection, experimentation, and discus-
sion.” One might think the wheel would be an excellent
example of necessity being the mother of invention, but
it was not known as a technological device in the New
World before Columbus.

Since ancient times, people exploiting the earth’s
resources have tried to interpret what they have done
and have often philosophized about it. Such interpreta-
tions go back in China at least to the time of Mencius
(4th-3rd cerityries B.C.) and in Greece to Plato (Sth-

.4th centuries B.C.). Both men were interested in the

effects of deforestation.

In the last two centuries an enormous literature cover-
ing many parts of the world has come to light regarding
these environmental changes through various technolo-
gies, simple and complex; it had been slowly accumulat-
ing since antiquity.

Iy
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Conflicting Views

Qur conclusions regarding nature and technology de-
pend partly on how we look at history. If we study the
history of technology. we are apt to be impressed by
inventions, successes and tailures, anticipations, im-
provements, and applications. Qur perspectives would
be different were we to study the history of the modifica-
tionof the carth by human beings and their technologies.

The first view of history is likely to show purpose and
rational acts based on theory or experience ; the second,
to uncover unforeseen consequences of buman intru-
stony into the natural world.

In our times. we are seeing a dramatic meeting of
these historic and often opposing streams of thought:
(1) dn optimistic belief that science and technology.
through directed and rational change of physical and
Organic nature, can manage the environment for con-
tinuing human use indetinitely and (2) a pessimistic view
based on an organic conception of niaturg whose delicate
balances can casily be dcslmwvly(lfl;mns with only
partial knowledge of extremely complex interrelation-
ships.

Hints of this second. or ecological, viewpoint (the
Tecosystem concept 7)) appear in antiquity, but the sig-
nificant developments began in the last years of the 17th

century. Its outstanding contribution is the stress on the
int:rrelationships in nature.

In an 18th-century examplc farmers killed birds lx-
canse they ate the fruit in their orchards: they later
regretted doing so because insects quickly multiplied. 1t
is this concept that makes possible a deeper understand-
ing of the effects of pollutants, plant and animal exting-
tions, deforestation, the use of fire, soil erosion, and
other massive transformations of nature.

The mosaic pattern of the carth with its physical, big-
logical, and human elements and the distributions of
simple and complex technologies, ancient and modem,
have made culture the crucial pivot in the relationship.
And human cultures now give little evidence of becom-
ing homogeneous.

On the contrary, people wish to keep their customs,
traditions, religions, languages, arts and literatures.
Many of these are intimately concerned with their atti-
tudes toward their natural surroundings and to their
tools, whether they are computers or digging sticks.

" This means a compiex worldwide diversity of attitudes
both to nature and to technology. They have now be-
come key elements in the future of the earth and of its

pevples.
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enry Ford once said that purchasers of his famous
Model T could have any color they wanted—so
long as it was black.

Certainly technology did not force Ford to produce
automubiles in only one color. This was a case where
socictal values influenced technology.

Ford's “Tin Lizzy" was not merely popular; it aroused
deep affections. 1t did this precisely because it embodied
many American values. The color was in keeping with a
religious and cultural heritage that valued plainness.

But the Model T also reflected American democracy.
Before Ford the automobile had been the plaything of

. the rich; after him it became available to the masses.

Putting Americans behind the wheel fulfilled values
nourished on the froptier: mobility, restlessness, indi-
vidualism, and a conception of personal freedom that
bordered on anarchy.

Ungainly as it was, the Model T nevertheless ex-
pressed an aesthetic principle that form should follo
function. Perhaps the finest expression of this principle
was the Clipper ship, now often considered the most
beautiful of all sailing ships. It was, however, criticized
on aesthetic gfounds by contemporaries. John Griffiths,
who invented the Clipper, defended it by arguing that
beauty consisted of “fitness for the purpose, and pro-
portion to effect the object designed.”

This functionalist aesthetic, sometimes called Ameri-
can “vemacular,” helped to give form to a vast number
of !hmgs made in America. Here, too, societal values
helped guide technology.

Societal values also account for the demise of the
Model T. Ford's masterpiece admirably fitted the needs
and values of a rural market. But urbanization and a
growing taste for luxury doomed the Model T. In the
1920s, General Motors wrested automotive leadership
from Ford by catering to the new public tastes, offering
choices of color, models, and luxury features.

Technology and Social Change

Though technology is manifestly influenced by societal
values, many people think that technology cannot be
controlled. ‘

Karl Marx was one of the first to express the idea that
technology determines the course of social change.
Marx argued that *the hand-mill gives you society with
the feudal lord ; the steam-mill gives you society with the
industrial capitalist.”

In this case, historical research has refuted Marx. The
Doomsday census of 1086 A.D. inventoried more than
5,000 mills driven by water-power—not by hand—in
England alone, at a time when the feudal lord was still
very much in evidence. Conversely, we find industrial
capitalists with factories driven by hand, wind, or water
power before the adoption of steam.

There is no inevitablie cause-and-effect relationship

between technological and social change. Each advance
in technology creates many new possibilities ; only a few
are realized by a particular society. The Amish provide
an interesting example; they reject most modern tech-
nology for religious reasons.

Over the course of centuries China and the West often
made strikingly different choices conceming the social
uses of technology. The printing press and paper served
to entrench the Mandarin establishment in China, but
stimulated radical social changes in Europe. The Chi-
nese also invented. gunpowder, but used it for fire-
crackers; the West used it in cannon.

Social Lag

The idea that technology is out of control may result
from the way we frame our questions. A useful way to
understand the interaction of technology and society is
through the theory of *social lag™ developed by the
American sociologist William F. Ogbumn.

The interval between an innovation and society's
adjustment is what Ogburn called *social lag.” This
theory emphasizes the disruptive effects of technological
change and the need for mechanisms to protect society.
It therefore helps us understand a good deal of recent
social history.

But if we take the new technologies as “'given,"” then
social problems such as air pollution and urban decay
appear to be imposed upon society by some mysterious
force of technology. When we examine the sources of
new technologies, however, this is clearly not the case.

The automobile, for example, is one of the most
important causes of both air pollution and urban decay.
But automobiles were not forced upon the public. Ropu-
lar literature prior to the introduction of the Model T
shows that Americans hoped for, and wanted, a cheap
car for the masses. Americans saw the automobile as a
way of reducing urban congestion by letting people
move to green suburbs, It did just that, but it left the
inner cities to decay.

Automaobiles were expected to eliminate **horse pol-
lution,” no small matter. They did so, but they created a
new, insidious form of air pollution, “smog.” Thus the
urban decay and air pollution produced by automobiles

“were not caused by some mysterious force of technol-

ogy. They are by-products of doing something that the
public clearly wanted to do. In this case technology is not
out of control. Rather, we are paying a penalty for our

own lack of foresight.

Social Needs

Technology does not exist for its own sake. It is the
means by which society achieves certain ends. Techno-
logical activities are initiated to meet social needs.

The crucial question, then, is how are social needs

" determined? In America the traditional answer has



been market demand. But cheap cars, along with other
thir ~s that society wanted, require very large, complex
industrial organizations for their production. A compact
car would cost about $50,000 if produced by hand.

As a result, fiee competition in the open market has
been replaced by conscious control by d small number of
industrial giants. The “invisible hand™ of the free mar-
ket has been replaced by the “visible hand™ of mana-
perial planning.

Despite the enormous concentration of power in the
hands of a tiny ¢lite. there has been little public quarrel
with the criteria of chowe. Americans grumbled about
the big corporations. but until recently they appear
to have approved of their products, if not all their
practices.

The American automobile manufacturers, for ex-
ample, had little difficulty ~selling™ the American con-
sumer the wdea ot larger, heavier, more luxurious, and
more powerful cars. They were more profitable to pro-
duce, and Amernicans secemed very pleased with their
gas guzzlers.” '

But increased weight required more efficient engines,
which meant increasing the compression ratio, which in
turn caused a large increase in the emission of nitrous
oxides. Higher compression in automotive engines was
ihe most important single cause of a staggering 628
percent increase in the rate of production of these
harmful poltlutants from 1946 to 1967.

Comm;n' Revolt

As Ogburn might have predicted, dissuptive and threat-
ening technological cinnges produced a reaction from
socicty. The auto makers” neglect of safety led Ralph
Nader in 1965 to mount a crusade that broadened into
a consumers’ revolt. Environmentalists, following the
pioneering work of Rachel Carson in 1963, had al-
ready begun their protests through such agencies as the
Sierra Club.

Scientists also made an important contribution, point-
ing to the public dungers inherent in radioactive fall-out
in the 1950s. More recently, scientists have raised seri-
ous questions conceming the safety of nuclear power.

In all of these cases the force of aroused public opinion
brought government action. Perhaps the clearest case is
provided by the automobile : government, responding to
public pressures, is attempting to impose a new set of
value priorities upon manufacturérs, particularly in the
areas of safety, pollution, and fuel consumption.

Behind the rancorous debates over particular issues
something important is taking place. We are being
forced to rethink long-accepted fundamentals. Our
democratic society is attempting to redefine its values,
reorder its priorities, and reshape the mechanisms
through which these values guide the course of techno-
logical development. ’

It is too soon to predict the outcome. But one thing is
clear: societal values do influence technology.

Ed
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heoretically, technology gives man the unique

power to determune his own tate. In practice, how-
ever, the long-run consequences are unforeseen and
usually undesired.

A tragic illustration is the population crisis. Technol-
ogy has made possible a formudable increase in popula-
tion that now threatens to ¢xhaust the energy resources
on which the growth itself has depended. If not stopped
by deliberate policy. population growth will probably be

" stopped in umintended, less humane ways.

During most of human existence there was no popula-
tion problem. Human fertility was low because children
require a long period of learning and hence dependence.
Mortality, on the other hand. was substantial, partly
because of wartare, predation, and occasional famine,
but mainly because of parasitic and infectious diseases.

Such long-run population growth as did occur was made

possible by nugration into new areas.

Fhus, although man has existed for more than half a
nullion years and probably numbered S0,000 some
SO0 years ago. by 80 B C. there were probably
= only about S million people, according to the estimates
of demographer John D. Durand. The rate of increase
wis only one-tenth of one percent per century. (See
Table 1) .

Table 1: Growth of Homan Population

——~— S

t stimated P".r"f“'
Population Increase
. per Century
400,000 Years Apo SO AN
10,000 Years Ago £.000,000 01
AD 1750 TOLO00,(XX) 5.2
AD NN

4,285, (K0 (XK} 1w 1

If that rate had continued after 8000 B.C., it would
‘have required over TIOLRN years to reach the present
world population—4.3 billion. Tnstead, it took only
10KK) years. Why?

Destroying the Balance of Births and Deaths

The answer i technology.

At first used mainly for hunting, technology was
applied to agriculture and animal husbandry about
10,000 years ago. Since then, the balance between fer-
tility and mortality has been destroyed. The improve-
ment in production streqgthened people’s resistance to

disease but did not, since it came too swiftly, cause -

fertility to adjust to reduced mortality. Between 10.000
years ago and 1750 A.D., the rate of population in-
crease, 5.2 percent per century, was fifty times the rate
before then. ‘
The coming of industriglism dramatically reduced the
death rate in two ways: first, enormous further improve-

ments in productive techiology strikingly improved
shelter and diets, and second, the development of medi-
sl technology began, after about 1850, to contsol infec-
tivus diseases. As a result, between 1750 and 1979 the
rate of global population growth was twenty-one times
as fast as it had been during the preceding 10,000 years.

Yet the level of living rose simultancously, becususe
the harnessing of fossil energy meant seemingly un-

* limited productive capacity. Population growth and

prosperity came to be equated.

Populstion Growth Today

Since 1950 the rate of population growth has remained
approximately stable, around 1.9 percent per year. This
is little cause for joy, however, because the rate is
extremely high: it would double the population every 37
years. And, because of the enlargement of the base, that
is, the greater number of people cach year, the absolute
increase continues to rise ( Table 2). From 1975 to 1979
the absolute increase was 64 percent greater than it was
between 1950 and 1955, although the rate was almost
identical.

At present approximately 80 million people are being
added each year!

Ironically, 79 percent of the world's population
growth is occurring in the 45 percent of the world'$ area
that is still underdeveloped, an area mostly in the tropics
which is already 2%z times as densely settled as ‘the
developed regions.

The reason is that the medical knowledge that de-
veloped slowly in the industrial nations can now be
transferred overnight to backward areas, causing death
rates to drop about four times faster than they did from
similar levels in the industrial nations. Yet the social
structure has changed only slightly, and incentives for
having children remain strong.

Thus the less developed countries have the highest

Table 2: Recent Increases in the World's Popalation

or——

Estimated Increase m Five Years®
World -

Population Absolute Percent
1950 2,526,000 (K0
f955 2,779.{!!),(!!) 244 (XX 000 9.68
1960 3.088,000,000 288,000,000 10.40
1965 3.371.000,000 314,000,000 10.25
{970 3.722.000,000 350,000,000 10.39
197§ 4,100,000 ,000 379,000,000 10.18
1979 4.421,000,000%  401,000,000¢ 9.78

*Calculated on the basis of figures less rounded than those shown
in Column t.

tEstimated by present author.

$Adjusted to a 5-year basis.

* Saurce: U.S. Bureau of the Census, World Population 1977 (Wash-

ington.'D.C.: 1978), pp. 14-1S.
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natural incréase ever known. In Syna, tor example, it is

oo /ggm:ed at 4 percent per year, @ rate that will double

the population-in tess than (8years, In Egypt, where the

- density on agricultural land s already unbelievable and

advanced technology can keep them alive, much less
give them a decent living, ’

The reason is simple: We use more energy to produce
food than the food itself supplies. We are thus eating

the poverty legendary, the nutural increase is 2.6 perdIT=¥™wossil energy. The countries in which half to four-fifths of

per yeuar, enough to double the population in 27 years.

. Technology and Resources

Fundamentally, the §':-told upsurge in the carth’s
population since 1750 rests on fossil energy. Coal, wil,
and gas permitted a novel dovelopment: a simultancous
rise in population and in level of living.

In the past, productive gains were used to sustain
more people rather than to raise standards. Now the use
of seemingly inexhaustible energy meant that each hu-
man being could have the equivalent of dozens of ser-
vants. It meant that -costly medical science could be
developed and death rates around the world reduced.

But alas, the heedless consumption of energy is ex-
hausting the carth’s supply of oil and gas, forcing a new
reliance on coal, the best deposits oi which have been
mined. Furthermore, the world's population is so huge
that any satisfuction of energy demands, from whatever
source, endangers the environment.

_ The desperate search has turned to nuclear energy,

-

but the morg-comples the technology required, the nmr.e/./ -

- dangerous itis. The problems of urdnium suppiy. radios
active wastes, and nuglear weapons and

accidemts™Te
not casdy solved. Nuclear fusion remains a cSstly dream

hikely to consume huge amounts of energy before yield-
Ang a nef returmsome tifty to a hundred years from now.

Although predictions are uncertain, it seems probable
that either the world's consumption or the world's popu-

" lation will have to be reduced.

Many people advocate the first bilternative:: returning

v to g smpler technology based more on muscle than on
mechanical power. The world's population, however, is
far beyond that possibility. Human beings are now so

the labor force is engaged in agriculture — that is, where
human muscle s important in cultivation— nearly all
import food from countries where mechanical energy
is abundantly used. As the energy dries up, so will the
food supply. :

_Since 1955 the world's arable land has hardly in-
creased, while the population has risen by 60 percent.
As. much farm land is lost each year through erosion,
urban encroachment, and descrtification as is added by
irrigation, drainage, and terracing. There are now ap-
proximately 789 persons in the world per square mile of
arable land. Thus the huge increase in the world's food
supply, ‘paralleling the growth of population, has heen
due almost entirely to greater use of energy for ferti-
lizers, irrigation, and so forth rather than expansion of
agricultural land.

In the next four decades humans will doubtlessly
strain every nerve to support an ever larger population.

‘1t so, it will demonstrate that the species is tool-smart

but goal-stupid. No purpose is served by adding more
people to an overcrowded planet.

The hope that the world's birth rate will drop to match
the low death rate is forlorn, because most governmients
are content merely to institute * fumily planning" pro-
grams and hope for the best. Because of their birth rates,

" less developed countries have an extremely young popu-

lation. Even with low fertility per woman, they will

. expand their population prodigiously.

The struggle for dwindling resources,may cause the
small wars now raging in the world to flare into a major
conflagration. v .

If so. the frightful weapons that modern technology
can create may wipe out most—or perhaps all— of the

humerous 1 relation fo resources that only the most..  human population. c
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apid and pervasive technological innovation has

_Rbeen primarily responsibie for the long-term im-
provements in material well-being that have character-
zed western industrial societies.

But it has also been responsible for such undesirable
consequences as ddmage to the environment and deple-
tion of some natural resources.

The development of an effective set of policies toward
the generation of new technologies— technologies that
will meet our social goals—is therefore one of the
highest prioritics confronting our society.

Technological innovation has. of course, done more
than just increase the output of goods with unchanged
characteristics. Its effects are not adequately summar-
ized in terms of so many more automobiles, bushels of
wheat, or square yards of cotton textiles.

Rather, and more importantly, technological innova-
tion over the past two centuries has dramatically trans-
formed the composition of the economy’s output as well
as increasing its volume. In doing this it has also trans-
formed our lives.

position: not only does a capitalist economy offer
powerful incentives to innovation; it is also essential for
the very survival of the entrepreneur that he innovate
as rapidly as possible. As they had pointed out earlier:
*The bourgeoisie cannot exist without constantly revo-
lutionizing the instruments of production.. . .”

Profit Motive

Subsequent history has lent support to this aspect of
Marx's analysis of capitalism. The market economy, in
which private entrepreneurs actively seek to increase
their private profits, has proven to be immensely effec-

* tive in mobilizing inventive and innovative talent.

It would be an unproductive intellectual exercise even

to look for 18th-century equivalernits (or even the recog-
nizable antecedents) of certain products that we take for
granted today — jet airplanes, computers, plastics and
synthetic fibers. vast quantities of electric power avail-
able at the touch of a switch, television, telephones,
antibiotics.

Technology and Cabitslism

Historically, this technological development has been
very closely connected with the rise of capitalist institu-
tions and the powerful incentives that these institutions
have provided, through the profit motive, for new tech-
nologies. The point was forcefully highlighted well over
a century ago by even the severest critics of capitalist
society, Marx and Engels. in the Communist Manifesto,
published in 1848:

The bourgeoisie. dunng its rule of scarce one hundred
vears, has created more massive and more colossal pro-
ductive forces than have all preceding generations to-
gether. Subpection of Nature's forces to man, machinery,
application of chemistry to industry and agriculture,
steam -navigation, railways, electric telegraphs, clearing of
whole continents for cultivation, canalisation of nivers,
whole populations conjured out of the ground—what
carlier century had even a presentiment that such produc-
‘tive forces slumbered in the lap of socisl labour?

Note that Marx and Engels do not attribute this ex-
plosion in productivity to the emergence of science, or to
a religious ethic, or to some new impulse to human inge-
nuity. They attribute it specifically to the rise of bour-
geois (that is, capitalist) institutions.

In a capitalist market place, the possibilities for profit-
making through the introduction of new technologies
are vast. Indeed. Marx and Engels take an even stronger

24

At the same time, the market economy has strongly
shaped the direction of technological innovation as well
as its rapid rate. )

Unfortunately, the profit motive has not always
worked to advance society's interests. Consequently,

the goverment has supplemented the operation of the.

market place with public institutions or financial support
for specific kinds of activities. These include agricultural
experiment stations and a wide range of public subsidies
to basic scientific research, from which private profits
are not readily available and for which market incentives
alone are therefore insufficient.

Additionally, we have become increasingly concerned
in recent years with aspects of the innovative process to
which we were surprisingly indifferent in the past. New
technologies often inflict certain costs upon their natural
and human environment that deserve to be recognized
in any social accounting but are not ordinarily part of
private profit accounting. These include environmental
pollution in a variety of forms and safety and health
hazards to workers and consumers.

New Policies

We urgently need new public policies that will -offer
incentives for innovation and at the same time protect us
against some of the undesirable side effects of tech-
nology. Developing such policies will tall for political
courage and leadership as well as social imagination.
The task of reconciling conflicting group interests and
priorities without, at the same time, dulling or even
destroying the incentive mechanisms underlying techno-
logical innovation, will be an extremely delicate under-
taking.

Large issues are at stake. History makes # clear that
private business is strongly influenced by market forces
concerning the direction as well as the pace of inventive
activity. '

Thus, for example, the abundance of forest lands and
the cheapness of forest products in colonial America
(and later) led to the invention of a vast array of
ingenious technologies for exploiting wood. The abun-
dance of good farmland in the American mid-west in the
19th century generated an incredible p. >fusion of ma-
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chines enabling a single farmer 1o cultivate 4 far larger
acreage than his European counterpart. And the ex-
h\m;:im of high quality mineral deposits in the 20th
century has already prompted the development of tech-
nigues for exploiting low quality ores that were previ-
ously neglected.

Shaping Te-hnology
Qur history also shows us that technology is extremely
versatile and that it is highly responsive to changes in
incentives and rewards. It should not be beyond our
ingenuity to use the incentives of the market place to
develop new technologies that will deal much more
effectively with such current concerns as environment
and energy.

Itis hardly surprising. for example. that private enter-
prise developed technologies that fouled the air and
treated watercourses as open sewers for the effluents

- when no cost was imposed upon them for doing so. On
* the other hand, we can confidently predict that a system

of taxes or other charges for industrial activities that
pollute the environment will eventually lead to the de-

R e e e e e e i — e e

velopment of new technologies that produce far less
pollution. Indeed, in many industries far less pouutms

technologies are already emerging.

It is a mistake to regard technology as simply consti-
tuting part of the problem, although that has undoubi-
edly sometimes been the case in the past. Technology is
an extremely powerful force whose shape and thrust can
be influenced to a far greater extent than is generally
recognized. But we cannot shape technology if we reject
or straitjacket it, as has been increasingly the case with
some of the regulatory activities of government in recent
years.

Rather, we should seek ways of increasing the rewards
for technological innovations of the kind that we regard
as socially desirable. Prizes, patent grants, and fa orable
tax treatment are some of the mechanisms devised in the
past to encourage innovation.

By strengthening such incentives and developing new
ones, we can assure that technology will, in the future,
be more consistently arrayed on the side of the solutions
rather than on the side of the problems.
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R Alﬂmugh scientists and technologists still think of

themselves as doing different things— thi former

TF-<exploring nature's mysteries, the lutter satisfying human

needs— they have come. to recognize their increasing
interdependence, and many people today have trouble
distinguishing between them.

To the 19th-century American, the puttering of
“pure” scientists seemed in ridiculous contrast to the
ever more fiuitful business of inventors.

A century before, Benjamin Franklin, a distinguished
practitioner of both science and technology, favored
science, but he was remembered mainly as a political
hero. Joseph Henry, probably the most important
American scientist of the mid-19th century, also prac-
ticed both, and clearly preferred science. He deplored
the American mania for novelty and, as first Secretary of
the Smithsonian Institution, convinced Congress to es-
tablish in the Smithsonian the nation's firs scientific
research laboratory.

‘But science was dull stuff compared to the inventor's
apparently inexhaustible bag of tricks. Before 1850 the
inventor turned out such wonders as the cotton gin,
patent leather, the harvesting machine, clipper ship,
Coit revolver, and mass-produced clocks and guns.

A Genius for lnvemionJ

Europeans began to suspect that Americans had a pecu-
liar genius for invention. By the 1880s they were con-
- vinced of it by the inventions of Thomas Alva Edison,
who was entertained as an equal by the greatest sclentnst
of France. Louis Pasteur.

Edison called himself an inventor, and was as em-
phatic about it as Henry had been in calling himself a
scientist. Like Franklin before them, Henry and Edison
worked in electricity, a field that changed in Franklin's
youth from a collection of lore about sparks and **attrac-
tions’’ into a new science.

But even while electricity remained largely a mystery,
it was readily exploited by inventors. Always alert for
utility, Franklin supplemented his science by inventing a
toy electric machine that turned a wheel. In the 19th
century, such electrical toys evolved into practical ma-
chines. Edison combined the steam driven generator
with the electric light and a distribution system to in-
augurate the modern era of electric power.

By the ' I880s the cornucopia of technology had
yiclded artificial plastics, aluminum, the calculating ma-
chine, typewriter, and machine gun.

But the most startling inventions were still in elec-
tricity, where Americans remained preeminent. The
electromagnetic telegraph had cut the time for com-
municating between cities and countries from days to
seconds. The most successful was that of Samuel F. B.
Morse, a painter who knew little of electricity, but who
fad an indispensable ides, the **Morse code.” Morse
. consuited Henry, whose annoyance at this exploitation

of his favorite science increased when Morse utilizedone

- of Henry's incidental mvenncns. the electmmasnc&c

relay.
Henry's indignation had scarcely subsided when he

was visited by a teacher of speech named Alexander

Graham Bell, who wanted to transmit speech by elec-
tricity but admitted knowing nothing about electricity.

- Henry's gruff advice that he *“‘leamn it " masked a willing-
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ness to help, and Bell became in 1878 the most success-
ful of numerous inventors of the telephone.

Eminent Mechanics

American inventiveness was, in fact, a culmination of
events that began in Europe in the Middle Ages, when

nophuman sources of power first mechanized metal

working and textile production. Anonymous craftsmen
in Italy and Germany were mainly responsibie for these
innovations, but by the 18th century Britain had taken
the lead, with the invention of the steam engine and its

development into a versatile source of power for fac-

tories, railroads, and steamships.

These inventors were no longer anonymous laborers
in the vineyard of technology. James Watt, Henry
Maudslay, and other “eminent mechanics” were prede-
cessors of 19th-century American inventors.

These events paralleled a revival of the rational ex-

planation of nature which we call science—a more.

visible development since it involved educated upper
and middle class men such as René Descartes, Christian
Huygens, and Isaac Newton. Science also became a
hobby of the wealthy, thanks largely to new instruments,
such as the telescope and microscope.

There was no gulf between science and technology in
the 17th century. Scientists agreed with the English
philosopher Francis Bacon that science should be ap-
plied to the useful arts, and many scientists tried their
own hands at invention.

The scientist-inventor, however, proved to be a dud.
Science and technology seemed, in the last analysis, to
require different kinds of talent. In time the European
scientist decided to stick to his specialty, which was,
after all, more intellectual, less commercial, and clearly
a higher cslling. “Eminent mechanics™ were still me-
chanics, beneath the level of what came to be called pure
science.

In the United States this bias was reversed. Demoe-
racy was the ideal, and “monarchical institutions " such
as academies of science were rejected. The eminent
mechanic was honored in America both socially and
economically.

Thus Franklin, Henry, and Edison represent phases in

the relationship of science and technology. Franklin

was intellectually s European, a scient'm-_inventor im-
bued with Baconian ideas. Henry was a scientist in an
America where scientists were held in low esteem.
Edison was a technofogist in an America where the
eminent mechanic reigned unchallenged.
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Bat other phases were to follow. Even as Edison en-
joyed his triumph, Bacon’s long disregarded assumption
that science could be useful to technology was becoming
a reality.

In 1856, A. W. von Hofmann. a German who headed
the Royal College of Chemistry in London, was appalled
when his student, William Henry Perkin, tried to salvage
an unsuccessful experiment that yielded a messy purple
sediment by marketing the stuff as 2 dye. It was the fiest
of many artificial dyes that were commercially profit-
able, and eventually scientifically interesting.

By the 1870s the production of dyes had become too
. complicated for the uneducated and required the special
knowledge of the scientist. Only Germany possessed
many such chemists and by 1900 enjoyed a near monop-
oly on artificial dyes.

By the 1920s others began to imitate the Germans,
and the chemical industry everywhere came to be domi-
nated by chemists holding university degives.

In other fields the eminent mechanic held on for a
time, but one industry after another has fallen under the
shadow of academic science. Edison lived to see this
happen in his own field. Electricity had continued,
through the invention of radio. to reward the unedu-
cated genius. But by the 1920s the electrical engineer

was finding mathematics and physics unavmdable and
the eminent mechanic fornd himself an outsider.

In one of his last interviews, Edison predicted that
man would invent a weapon so horrible that he would
*abandon war forever.” Such a weapon was indeed
developed, not under the leadership of eminent me-
chanics but of university trained scientists and engineers.

Scientists and engineers have found a psychologically

~ acceptable middle ground in *applied science,” while
military necessity and government support enable them
to produce marvels far beyond the capacity, if not the
imagination, of the now legendary Edison.

Since 1945 science and technology have become vir-
tually indistinguishable, except as preferences of par-
ticular individuals. **Improvements™ have gushed forth
across the whole spectrum of stience and technology,
and Francis Bacon has been justified. ‘

The late 20th-century American no longer laughs at
science, while his enthusiasm for tecknology has
dimmed considerably, and he has increasing difficulty
telling which is which.

It seems that we have entered not just another phase
in the relationship between science and technology, but
another era, with a different question: the relationship
between science-technology and society.
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ngineers have a greater effect on the kind of world

we will live in than must of us recognize. Less than
one Americar in & fundred i an engineer, but betause
they are decision-makers, engineers are far more influ-
ential than their numbers suggest.

Many engineers deny this influence, insisting that they
merely carry out the iinstructions of others— of politi-
cians, for example. Yet in fact, engincers write a politi-
cian’s shopping list by furnishing alternative solutions to
particular problems— solutions that require engineers
to darry them out!

Mast of us highly approve of the world our engineers
have built for us. Yet some of us become angry and frus-
trated when technical systems often seem to demand
that we adapt to the system’s needs, rather than the
other way around.

To understand why technical considerations in engi-
neering projects tend to submerge social or human
needs, we must examine the controlling principles, or
imperatives, that shape the way engineers think. Engi-
neering imperatives are often more powerful than the
needs and wants of whose who use what engineers
design.

An engincer (1) strives for efficiency, (2) designs
labor-saving systems, (3) tries to design the control of a
system into it, so the user will have limited choices.

The engineer is also fascinated by his or her ability to
disregard human scale, so he (4) favors the very large,
the very powerful. and (in the electronic revolution) the
very small.

Finally, because an enginecring problem is inherently
interesting, (5) it becomes an end in itself, rather than a
means to satisfy a human need.

Let us consider these imperatives.

Efficiency

(1) Efficiency comes easily to the technical mind, even
though it is one of the slipperiest words in our language.
High efficiency means high output for a given input. For
example, if a quantity of fuel is the given input to an
automobile engine, the power output from a diesel
engine will be the highest; from a conventional gas
engine one-third less; and from a gas-turbine engine,
one-haif that of the gasoline engine.

Efficiency " as used in engineering also has a rhetori-
cal meaning. It may mean “more powerful™ or **better
performance.” When an engineer secks efficiency, his
ideal is Rexible — enabling him to think of a machine or
system that performs the way he thinks best (high
torgue, satisfying roar, whatever) as “'most efficient.”
Gas turbines have their advocates, and most engineers
continue to choose gasoline engines over diesels.

Labor-Savisg Synem'
{2) Labor-saving systems arc generally preferred by

" engineers. with no serious thought given to alternative

possibilitics, Thus, machines are being developed in

agricultural expenment stations to climinate workers,
particularly in harvesting fruits and vegetables, The -
consequent drift of displaced farm workers to city slums
is not seen by engineers as part of the problem.

Many engineers believe that labor-saving without
limit is a positive and unquestionable good.

In 1916, for example, the president of A. O. Smith
Corporaﬂon a maker of automobile frames sought to
build a *‘plant that would run without men.’

Bankers advised against spending money on so costly
and uncertain a goal, but company president L. R. Smith
and his engineers worked doggedly to build an auto-
mated factory of unprecedented mechanical complexity.
. Ten years and several million dollars later, Smith
proudly un a vast machine that turned out a thou-
sand automobile frames per hour. It required so few
men to tend it that the labor cost per frame was less than
25 cents! The plant was a marvel of the particular “effi-
ciency " that obsessed Smith, which was to eliminate all
workers.

Built-in Controls

(3) Control is an imperative that guides the design of
systems such as an assembly line and the new Metro
subway ir. Washington, D.C.

Engineers decide who will do what on an assembly
line. Subdividing work into minute tasks that require
mere dexterity and minimum training and skill goes back
200 years to the French pin-makers who supplied Adam
Smith with his often-quoted example of the division of
labor. Drawing the wire to proper size, straightening it,
cutting it to length, forming the head—each was as-
signed to a different worker.

. The assembly line was brought to its logical extreme
by Henry Ford in 1914, It took charge of both a worker’s

. time and his sense of timing. The assembly line moved

inexorably, dragging work along on a chain, and pacmg
the workers. Aside from doing as told (efficiency engi-
neers called it ““cooperation™), the worker had no op-
portunity to use choice or judgment.

Paradoxically, designing an assembly line provndes an
absorbing challenge to the engineer who decides how
work will be subdivided. In so doing. he reduces to a
minimum the. mental effort required of people who
spend their working lives on the line.

Washmgton s new Metro subway is operated by com-
puterized controls put Metro yielded to public pressure
and put an attendant at the head end of each train. Ona '
receht trip on the Metro, 1 noticed that the head of the
train stopped automatically at the center of edch station
platform. After a delay, the human being in the front car
regained control momentarily and inched the train for-
ward to the proper position.

Difficulties with the Metro train operations pale. how-
ever, before the nightmare of the fare-card system. A
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magnetivally coded card 1s purchased from a machine,
shoved into sl to gair sdmittance and into another
stot for departure from the station. The record of

broken-down card dispensers and unresponsive tum-

stiles has forced management to admit that its fare-card
swstem s its “Achilies’ heel.”

But rather than replace the system \uth responsive
perony, the next move (in stervotyped phrases of man-
agement) is to redesign the system to make it “more
cticient.”

Nonhuman Scale

{4) The urge o transcend human scale is as old as

engimeering. Some famous structures whose builders
were guided by this imperative include the Egyptian and |
Mexican pyramids, the enigmatic statues on Easter Is-
land, and the Eitfel Tower,

Since 1957 and Sputnik: a new imperative has been

added : Space vchic'l‘c:s requiring small, light, extremely ¢

complex instruments pushed engineers toward minia-
turization of clectronic computers and instruments.,
Small and large. the imperative nt nonhuman scale is
powertul.

.

Eads and Means

_ (5) Despite their frequent disclaimess of emutional in-
volvement in the work they do, engineers are conscien-
tious workers and can hardly escape the inherent inter-
est of the problems with which they are concerned.
Engineers’ devotion to their work helps explain why so
much engincering is so good, and changes and innova- -
tions so freque:.t and ingenious.

When an engineering project goes sour from a social - .
standpoint, the trouble is often in the engineer’s absorp-
tion in the technical aspects of the project and his for-
getting or misjudging the human dimensions. '

Yet it is precisely these human aspects that have
become of concern. Instead of massive, centrally con-
trolled systems, some of us are now calling for simpler
solutions on a human scale. We want to see more
solytions that fit the problems.

Social problems can have social solutions, which usu-
ally require discussion and compromise. Unless we insist
on this, we can expect technological solutions to all
problems because they are easiest to devise.

* EUGENE S. FERGUSON has been .
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For more than three decades now, we have lived
under the threat of a nuclear holocaust, But the

7. ¢ relationship between national secusity and technology

did not emerge with the nuclear age.

From the time that one group of prehistoric men first
used clubs and spears tw force their will on another
gropp, war amd technology have been closely -inter-
related.

And throughout history, political and military leaders
on the one hand have used science and technology to
turther their ends, and scientists and engineers on the

- uther have exploited the spécial interests of the state to
advance their own guoals.

In recent years, and througbout the world, such inter-

action between scientists and policymakers has greatly
increased. Traditionally, this partnership has employed
technology to produce ever deadlier weapons. But to-
day, advanced technology can also provide the means
for arms control.

The continuing partnership between government and
science seems assured: how that partnership will be
used is less certain.

Escalation

. From eacliest times until the present, new offensive
technologies have always been countered by defensive
developments or more powerful offensive systems.

~ Thus, technology has produced a steady progression of
more efficient instruments of death and destruction:
swords, longbows, firearms, aircraft, atomic bombs,
missiles.

Special new institutions, both inside and outside the
government, had to be created to make this interaction.
work effectively. Such institutions have continued to
evolve and proliferate since then. .

Current versions include so-catled **think tanks,” such
as RAND and other private research institutes; univer-
sity operated institutions, such as the University of Cali-
fornia’s two nuclear weapons laboratories and MIT's
Lincoln Lab; and permanent government committees
composed of both academic and industrial scientists and
engineery, which provide input on all matters from

- weapons development and deployment to arms control

During World War II, for example, the Germans

launched a successful blitzkrieg against most of the
nations of central and western Europe. They came close
to overrunning Britain and Russia as well by exploiting
the latest technological developments in aircraft, tanks,
and related equipment.

In the West, the British stopped the Nazi advance by
making full use of another new technology. radar.

German technology, in the form of modern sub-
marines and torpedoes. almost cut off American sup-
plies from Europe. American technology. in the form of
antisubmarine warfare and intelligence techniques, re-
versed that process.

And. perhaps most dramatic and politically porten-
tous of all, World War 11 ended with the ruclear attacks
on Hiroshima and Nagasaki.

New Role for Scicntists

During that conflagration, moreover, scientists and en-

" gineers did not simply respond to requests from military
authoritics. Rather, they became full participants in the
planning process. They not only invented and built
weapons, but they shared in making the decisions about
which ones were needed, and even how they should
be used.

3

and disarmament.

Weapous Development

e Cold War and the wars in Korea and Vietnam
cauded these new relationships to continue long after -
World War II. Whenever there seemed to be a lull
in the process, an event like the Russian launching of
Sputnik came along to reinforce this political and scien-
tific collaboration. P*

One major result of this further interaction of science
and technology with national security needs was the.
invention of the hydrogen bomb— in its first version,
1000 times as powerful as its predecessor, the A-bomb—
and the spread of both types of nuclear weapons to
Russia, Britain, France, and China. .

Another very significant result was the further de-
velopment of rockets, which had been invented a thou-
sand years earlier in a simple form, into huge and
powerful devices capable of delivering nuclear weapons
to within a few hundred feet of any specified point on
the globe in a half :50[.

The possession of some thousands of such weapons,

in several different forms, by both the U.S.A. and the

U.S.S.R. has defined the relationship of the two super-
powers for the last two decades. It largely explains,
moreover, why these nations occupy the positions of
world power and influence that they do.

Policy Options

Throughout the post—~World War [l period, scientists
and engineers have continued to be full partners with
state authorities, participating at all levels of govern-
ment, from the President’s Office down, in determining
what should be done as well as how to do it.

Some of these participants have placed special em-
phasis on our exploiting the possibilities inherent in the
latest scientific discoveries before some potential enemy
does. Edward Teller, commonly known as the " father
of the H-bomb,” and the late Wemher von Braun, a
leading developer of large rockets both in Germany
before World War 11 and in America afterwards, are two
well knowncxamplesﬁomslargegmupofwchpeopb.

Each of these scientists testified many times before

35



congressional committees; cach served as advisen to
Presidents, Sceretarios of Defense, and other leaders:
cach served on many special comtitittees: and euch
mide countless public appraratises in suppun of their
VICWA,

Working in a similar fashion, others have pmmutcd
the use of modern saience for some military applications
but have opposed other applications that they consid-
ered to be especially dangerous. In short, they became
not only developers of arms, but advocates of arms
control.

-One prominént example is. Robert Oppenheimer,
who led in the development of the A-bomb but who
oppused development of the H-bomb. Others are James
. Killian and George Kistiskowsky, who served as science
advisen to President Eisenhower during the missile gap
crisis but who abo have become Ic.xdmg advocates of
nuclear arms control.

Anms Development and Arms Control

lud.u the imteractions between scientists and govern-
ment are continging along two main lines: finst, the
deselopment of more sophisticated weaponry and, sec-
. ond, the punsuit of political agreements to stop or at
least moderate such developments.

Vietnam, the tirst war in which technological superni-
ority did not work to the advantage of a state, demon-
strated the need to control weapons so deadly that
nations are bterally afraid to use them

The development of nuclear weapons and long range
delivery systems continues: the recent advances in
sicroprocessors and other computers are niaking these
and other weapons much “smarter™ (and more devil-
ish); and we are hearing talk that laser beams and other
so-called death rays are somewhere around the corner.

In the case of arms control and difarmament, some
treaties have been worked out placing modest limits on
the development of some weapons and limiting the
deployment and use of certain others. The Strategic
Arms Limitation Talks (SALT) are now attempting to

extend these treaties, but the outlook for significant new

agreements is mixed.
Advanced technology plays a key role in arms control
as well as in arms development The principal means

. for determining whether the various parties are cogply-

ing with existing arms control treaties involves the use
of very sophisticated devices. Satellites, for example,
monitor both missile deployment and missile develop-
ment, and very modern seismic detectors coupled with
the latest data processing techniques make it possible to
observe nuclear explosions from great distances.

The ever-increasing complexity of both weapons de-
velopment and efforts to control these devices thus
guarantees the continued partnership of government
and science in the technological process. How this part-
nership will ultimately influence society as a whole
remains perhaps the most perplexing problem facing
mankind.
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- ast vear the U.S. government spent more than $25
billion on sciemtific research and technological de-
welopment. :

- Sfightly fess than half this amount was spent ot de-
tense research. generally recognized as a legitimate
tunction of all governments. But what about the rest?

Why should the government of a nation that has
traditionally been committed to the concept of tree
enterprise be pouring billions of dollars annually into
rescarch and development? '

Until the 19th century. goverament involvement with
technology grew very slowly. It then became apparent
thut modern science through technology could effect
rapid— and, it was hoped, beneficial — social change.

The crises of the 20th century, particularly World
War I, stimulated an even closer relationship and an

even greater interaction between government and tech-

nology.

Critics now charge that government is controlling
the direction of scientific research and the course of
technological development and that this influence is
corrupting both.

Proponents. however, argue that even more govern-
ment involvement s necessary to support the research
and development required to maintain our standard of
living and to help the poorer nations of the world.

Early lmﬁlvemenl

The connection between government and technology is
not necessartly close. Throughout much of history, gov-
ernment has been the special concern of the powerful.
Technology. an the other hand, very carly became the
special concern of craftspeople — often of humble ori-
gms but with «kills that made possible weaving, potiery.
metalworking. building of shelter.“and all the other
Processes necessary to provide for human needs.

Since people specialized in certain crafts and then
exchanged their products for those of others, questions
of the value of weights and measures arose: ThGS, more
than 2500 vears ago governments became referees in
seiting the standards of weights and measures.

Also, since money came to be measured by the weight
of gold or silver, governments not only made coins but
insured their value by imprinting them with official seals
and by milling the edges to prevent clipping.

in the same way governments established standard
measures of volume for grain and liquids, standard
weights, and standard rulers of length. The power of
government guaranteed the integrity of these measures

used in technology. -Governments still perform these.

tunctions through thei: mints and their national bureaus
of standards. '
The Natios State and Techniology

In western Europe in the later Middle Agcs. technolo-
gics arose capable not only of building Gothic cathedrals

but also of sustaining cities and trading with Asia. At the
same time, the national governments of France, Spain,
Portugal, and England came into existence.

By the end of the 15th century, this combination of
technology and nation states made possible the exten-
sion of trade and colonization to the Western Hemi-
sphere. : .

The governments of these nations did not create the
technology of the sailing ship that made this expansion
possible. But they were called upon to provide support
to shipmasters and sailors of a kind beyond the resources
of private individuals.

This support included the development of mapmaking
and the astronomical observations necessary for a reli-
able worldwide navigation system. By the 17th century,

for example, such great institutions as the Royal Ob- '

servatory at Greenwich, England, had been founded to
develop astronomical charts for navigators: Govern-
ments continue to provide such scrvices as mapmaking
today. : ¢

Since traders and colonizers rarely had the time and
energy to explore unknown territory, governments
gradually took on the function. By the 18th century
these expeditions. for example, those sent to the Pacific
by the British Admiraity under Captain James Cook,
had penetrated to most parts of the globe. Today, gov-
craments continue to send out exploring expeditions ~
to Antarctica and even to the moon.

Government Research and Technology

During the 19th century, as natural science took on its
modern form, the governments of western Europe and
the United States realized that they could help their
people develop. more powerful technology if they pro-
vided scientific research which was beyond the means of
universities and other private institutions.

Despite some opposition to “impractical " research,
governments increa\inglyconcluded that the best way fo
attack the human sco s of scarcity and disease was to
support laboratories for the production of seemingly
“‘useless™ knowledge. Hence, through agencies such as
the U.S. Department of Agriculture, governments be-
gan to shift from a passive to an active attack on human
problems by supporting basic scientific research.

World War Ii and' After

?hk most impoﬂﬂan_t shift in the government's relation

to science came at the outbreak of World War II. War-
time leaders saw the need to mobilize all the nation's
scientific resources that were applicable to weapons
and medicine.

Instead of just strengthiening government labora-
tories, they turned to the universities, industry, and

private foundations to find the laboratory facilities and -

the scientists, especially in medicine, electronics, and
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atomic encrgy. whose research might mean the differ-

_ence between victory and defeat.

The neswork of contracts which they set up carried

© governinent money out to the scientists and laboia.

tories, resulting in such discoveries as penicillin, the
atomic bomb, and radar. '

At the end of World War 11, government and science
leaders agreed that the system of contracts tying to-
gether the universities, industry, and the foundations
with government support should become permanent.
The government made a definite commitment to main-

‘Tain America’s role as the world's leader in science and

technology.

By the mid-1960s some $16 billion of government
money was flowing into research and development.
Every branch of technology was affected in some way.
The National Science Foundation, the Atomic Energy
Commission. the National Aeronautics and Space Ad-
ministration. and much-expanded National Institutes of
Health became the dominant research agencies of the
U.S. Government. .

This new trend stimulated controversy. Opponents
claimed that university scientists, in order to receive
government grants, were forced to pursue research in
specified areas. Others charged that some programs
were wasteful . the manned lunar landing program, for
example, was criticized as being political and not justifi-
able on any scientifi¢ grounds.

Such criticisms resulted in a new emphasis on research
concerned with pressing national needs, that is, projects
that would visibly benefit the general public such as
cancer research.

The Need for Reassessment

In the past 15 years, a whole new series of issues
developes that increased pmem involvement with
technology.

The very success of modern chemistry and physics in
industry produced pollutants that themselves became a
threat. Scientific, machine-based agriculture triggered
large migrations of people and transformed the inner
districts of large cities. Atomic energy eased the pres-
sure on scarce fossil fuels, but created new safety and
waste-disposal problems.

- Although government regulation of technology to
combat the worst abuses of environment dates back to
the late 19th century, active rescarch on an unprece-
dented scale was clearly needed. Congress responded by

setting up an Environmental Protection Agency, by

changing the Atomic Energy Commission into a Depart-
ment of Energy and a Nuclear Regulatory Commissiof,
and by creating an Office of Technology Assessment.
But these actions did not silence critics of the burgeon-
ing relation between government and technology. The
federal government’s encouragement of nuclear power,
for example, was seen as a threat to the health and safety
of people, and the accident at the nuclear plant at Three

Mile Island confirmed these fears. Government policies

relating to the environment, consumer products, and
worker safety have also been challenged as unrespansive
to public needs and wishes.

Such controversies will undoubtedly continue as long

as the majority of our citizens are committed to a society

characterized by high technolog)g which only the gov-
ernment can support. KN
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How the minds of inventors work is a puzzling prob-
lem. Why people invent what they do, when they
do, remains a mystery.

Indeed, there may be no such single thms as “the
innuvative process.” A study of a number of different
inventions shows that a variety of factors enters into
technological creativity. Most inventions, however, re-
sult from systematic attempts to solve specific problems.

‘Take the homeshoe. The world should be full of
monuments to the unknown genius who first nailed iron
shoes to the feet of a horse.

For nearly 3000 years after its domestication, the
horse was used in warfare and sport, but only for fairly
light hauling — tor example. of chariots. One difficulty

arose because the yoke-harness was transferred from. |

oxen. to which it was well adapted, to horses, on which
it way very inetficient for reasons of anatomy.

Al last. about A .D. 800, a new harness. consisting of
a rigid hone collar connected to the wagon by traces.
appeared in Europe. perhaps having come from Central
Asia. Without adding cost, it increased the pulling ca-
pacity of a team of horses by four or five times.

But another problem had to be solved before the new
harness could become really effective. In moist regions
like northern Europe, the hoofs of horses are much
more fragile than those of oxen. They break easily and
wear down quickly with hard usage.

Our inventor. doubtless a blacksmith who lived in
northern Europe duning the late ninth century, was
probably familiar with the iron sandals that ancient
veterinanans wired to broken hoofs to help their heal-
ing. But he also knew that these often worked loose and
chafed the horse’s feet.

He had a sudden, breakthrough, idea: to reduce
wear and breakage, he would nail iron shoes to the
hoofs! It was a bold, even foolhardy, notion. Horses
were valuable. and to lame one deliberately would cer-
tainly have been a crime in his society. But he hammered
on those shoes and they worked.

About A 1. 900 nailed horseshoes began to spread
swiftly on the plains from the Atlantic into central
Siberia. The importance of horses in the medieval and
carly modern development of agriculture, transport,
and ecarly industrialization is indicated by the fact that
even today, when horses are used mainly for sport, the
standard measure for the work-capacity of any engine —
clectrical. in(ernal combustion, or other—is called

horse-power.’ :

. Our deh to that anonymous hlacksmnh is immense.

~ C fearly. he had thought his problem through before he

drove those nails.

The Intcrnal Combustion Engine

There are times. however, when too much ,awaremsé of
past experience can handicap inventors. The develop-
ment of the internal combustion engine — which evolved

3

from the cannon—offers an example.

The formula for gunpowder reached Europe from
China by 1260. But in both East and West, gunpowder
was used not in guns but simply in rockets, *Roman”
candles, and firecrackers, although often for military
ends. The cannon was invented in Europe, more than

" half a century later. It appears at Florence in 1326, and

we have a picture of one in England in 1327. The first
known Chinese cannon is dated 1332: the idea was
probably taken to China by an Italian merchant, for
many of them were trading there at that time.

The cannon is a one-cylinder internal combustion
engine. Leonardo da Vinci (1452-1519) was the first

engineer to glimpse its non-military potential: he tried ‘

to substitute a piston for the ball, but failed. Several
inventors in the 17th and 18th centuries followed Leo-
nardo’s intuition. but without success. The trouble was
that all of them were too keenly aware of the cannon as
the source of their ideas, so they kept trying to use gun-
powder as their fuel.

Not until the 19th century did engineers conclude that
powder was too clumsy to run a continuously operating
engine. They then turned for their power to the lighter
distillates of petroleum— like kerosene or gasoline—
that first had been produced by medieval Byzantine and
Islamic alchemists for chemical warfare.

In inventing, knowing too much may be as great an
obstacle as knowing too little because it may hinder

spontaneity.

The Crankshaft

Concern for human safety has often been a motive for
invention— as in the case of the crankshaft.

Many of our internal combustion engines today de-
pend on crankshafts for conversion and transmission of

" motion. Indeed. modern machine design is inconceiv-

able without the crankshaft. It was invented shortly be-
fore 1335 by Guido da Vigevano, a famous medic who
was then in Paris as personal physician to the queen of
France.

Guido was interested in nedumng casualties among
soldiers pushing siege towers toward enemy walls. If the
men could move a tower from inside it rather than from
the outside, they would be better protected from enemy
fire. So he drew two diagrams of rolling towers, each

equipped with a double or compound crank in the center

of each of its two axles. He was so pleased with this -

notion that he also sketched a submarine propelled by
paddle-wheels turmned from inside by man-operated
crankshafts.

Engineers in the French royal service were clearly
interested. They developed Guido's device for the the-
atrical machinery of the great pageants of the court at
Paris. In the 15th century, crankshafts became part of
the accepted engineering repertory of Europe.
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 The Parschute

/Fhere isone early instance when we can almost look into
themvemmsmmdauwummtwheahepmmm
invention of much significance for our own century: the
pauchute

In London there is the sketchbook of an anenymous
engineer, probably of Siena in Tuscany, that dates from
the late 1470s and early 1480s. At one point, he secems
to be worrying about a friend imprisoned in a tower. Is

‘there any way for the captive to jump and still survive?
We see a drawing of a man dropping from a considerable
height, his fall braked by two large, fluttering cloth
streamers attached to his belt. In his mouth is a sponge to
protect his jaws from the shock of landing. He looks
terrified— and should be.

The next pages of the manuscript are filled with mili-
tary engines and the like. But our engineer-sketcher
is worried - “out that man jumping. The streamers won't
decelerate his fall enough. Something more effective is
needed. So, after 21 pages. our jumper reappears. The
sponge is now strapped around his head so that if he cries
out in fright he will not lose it. The streamers have been
replaced by a conical parachute, the world's first;

A very few years later, Leonardo da Vinei sketched a
pyramidal parachute. About 1615 a Hungarian bishop

/
published a book on new engineering devices that con-
tained the first printed picture of a parachute. There-
after every European engincer knew the theoretical
passibility of parachutes; but there were no avtual situa-
tions in which one was needed.
Only after the Montgolfier brothers of France started

ballooning in 1783 did the parachute find a function—

to allow descent from a gas-filled baloon. The first
human jump with one was made that same year. Our
anonymous Sienese engineer had created the idea of a
device that remained dormant, although known, for
300 years before it was used.

In our own time, in every major hrmy, parachute

‘troops are the spearhead of swift infantry attack, and

without parachutes the manned exploration of space
might well have proved infeasible.
~ In pure science, great discovery, especially if it has
technological overtones, occasionally comes by accident
or happy chance to researchers. Famous examples are
Hans Christian Oersted's observation in 1819 of the
relation between magnetism and electricity, William H.
Perkin's discovery of aniline dyes in 1856, and Alexan-
der Fleming’s of penicillin in 1928.

In engineering, such luck is curiously rare. Inventors
seem to have to work for everything they invent.

For them, fairy godmothers are in short .upply.

- 41

ABOUT THE AUTHOR

LYNN WHITE, JR. is.University Professor of
History, Emeritus, at the University of California, Los
Angeles, where he joined the facuity in 1958. He had
previously served as President of Mills College from
1943 to 1958 and taught at Stanford University. He is
the author of several books, including Medieval
Technology and Social Change and Medieval Religion
and Technology, and since 1970 has been editor of
Viator: Medieval and Renaissance Studies.

3
o

R o e
m eeem ms n mmmman v atme e 4 Gmege e mBa o amAmmgam, e £ 7t aRens e . Aot fe e gmade i m mim i e o amme e e W



- i S
”_ T : o i
&

14, Technology and the

- Seamless Web: T
. Ethical Dilemmas .
' ' BERTRAMMORRIS

~ -
B . ~
B -
e . ’ \ ‘2

-
Q0 , i
e . ' . ? ) ikl
i (PR . . : \ e S
] o . - . Tl T
FulToxt Provided by ERIC . . . Y
M ' . ey b - wa W s e X
v ol e ey o avTL 4 w 5. ar LR v T N




| dcmcd range of material goods a

- for technology,

M odern technrology has had a revolutionary impact
upon saciety, upon nature, .md upon human be-

N mgs themsehves.

Technology today has presented us with an unprece-
degree of control
over mature. Yet the sheer powgr let loose by this
technalogy with insufficient respect 1o human needs has
created new ethical dilemmas of ends and means and
raised new questions about freedom, justice, anu peace
i our world:

To what ends will we use the new powers of technol-
ogy, and what values will guide us in our choices?

Early vs. Modern Technologies

The question of how humans can come 1o terms with
nature has troubled them since Adam and Eve had to
tend for themselves outside the Garden of Eden. Tech-
nology, primitive in the beginning. provided the indis-
peasable means to secure food, clothing, shelter, and
tuel.

But the necessities of sustenance were nof all of life.
Myth and story and ritual gave meaning to these primi-
tive technologies and relief from an arduous existence.
By inventing gods— tire gods, rain gods. sun gods, and
other deities— and by interpreting their arts, such as

that of the blacksmith, 1n terms of divine gifts— in such -

ways myth provided primitives with peace of mind andg
cxplanations for those huappenings of life beyond human
control.

Modern technology relies not on- myth but on science
and rutional engineening methods. The result has been
more eftective inventions for meeting social and political
demands. The machine. the steam (and internal com-
bustion ) engine. the hvdraulic (and auamc) gv.nerdtor
vacane and antibioties, lasers and “*smart weapons,”
and the comput e among its products.

However, wien\e? in replacing myth as the rationale
produced a comparable value
system. one that rgally mdkes us feel comfortable in the
world.

Revolutionary Imp:

In its reliance on scieree, modern ‘technalogy differs
from prinutive technoloky both in its revolutionary im-
pact upon all aspecpotsociety and in its stand in relation
{o nature. '

The methogd of providing food, drink, clothes, shel-

“ter. and fue are.revolutionary—and abundant— from

soft drinks fo polyester to freeway motels,

- technology without losing the

"Gioods hafe never been so profuse ; people have never

moved sboulso much and so far; leisure has never been
so widespredd: education never so avsiluble: and a
world of pegple never so closely tied together..

Modep tedmology is responsible for the creation of

MESy socu:ty-«a soctety of large-scale mdustry massive _
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transportation, world-wide commerce, and a multitude
of citjes.
The results of technology show also on nature. Atomic

-bombs, strip-mining, asphalt roads, indiscriminate use -

of fertilizers and pesticides— these and other techniques
have taken their toll on nature,

Mountains have been levelled, the countryside has
been industrialized. water. has turned green, the air
brown— all this and more on a world-wide scale.

In consequence, nature has increasingly become an
artifact, a creation of man— dr if not man-made, at least
mai-modified.

But the effects of technology go even further: they
show on man himself. Whilé modern technology offers
new options, a new spirit of doing things, a challenge to
old ways of life, it also offers countless hazasds and perils
of life — physical and spiritual.

Thus technology, by its very power, creates tragic
dilemmas. These dilemmas are questions of ends and
means, among which we may single out the crucial ones
of freedom, justice, and peace:” Together, they consti-
tute the humanistic dilemraas of technology. )

Freedom and Choice

Freedom appears to be the legacy of the new technol-
ogy. Our range of choices is endlessly multiplied by the
technology that underlies our tools, our goods, our live-
lihood.

But this freedom may be more apparent than real.
Our cheap pleasures, our reliance on gadgetry, our
luxuriant excesses still havé to be paid for according to
what David Lilienthal called **nature’s remorseless
arithmetic.” The price includes pollution, destruction of
the environmeni, depletion of limited natural resources.

We exert our technological power not only on nature
but also on ourselves. The tools we use and the machines
we operate make us tools of our tools and robots of our
machines. Inexorably-moving assembly lines give us
little freedom of choice — or satisfaction from work.

Ironically, we become prisoners of our work, of our
baubles, of our debilitating fantasies about them. In-
creasingly we work not just for the age-old necessities of
food, clothing, and shelter, but for luxuries— the color
TV, the fancy car, the larger house — which now seem
necessary for happiness.

In course, do we not lose our authentic freedom" The
dilemma we face is that of how to enjoy the fruits of
tha is initiated
within us. Can technology feed this or does it
simply dissoive it? ,

Freedom is to be measured not by the number of
options one has but by the meaning they give to life.

Justice

Should freedom be limited? : A
If one is to be free, should not all be free? This ques- .
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tion turns out to be one of justice — namely, that we
fashion technology to make availuble redl opportunities
for afl, not just more for the och.or the powerful.

-§f our technology denics some of us equality. oot just
in a formal sense but concretely, then itisa poor thing. A
life that concerns the whole society, not one of case or
mediocrity — this is the sort of justice technology needs
to serve. It s a technology that is reconcilable with
juyfice — und with an intelligent and compassionate, an
exacting and exciting existence — which s its own justifi-
cation.

Technology does not make nevitable SST's, gas-
guzeling cars, and techmques ot mind-modifying behav-
tor, whether chemical, biologeal, or electronic. Tech-
nolagy is not irreconcilable with justice, technocrats are.
The difterence lies in those who place private gaods and
the goods ot special interests aheadd of the public good.
Conflict 1s the result, at home or abroad.

Peace and Power

Thus. our most far-reaching moral problem is the tragic
dilemma of peace versus naked power. This was first
clearly posed by the Greek poet Aeschylus in tive Sth
century B O in hs mythical rragedy, Prometheus
Bound.

Acschylus contrasted the immoral, warlike and death-
making force of the ommpotent deity, Zeus, with the

“peaceful practices of Prometheus, who gave mankind

fire—the knowledge of technical crafts and other arts
that make life livable, make memory memorabic, and
distinguish waking vision from idle dream. These ends
hold good for guiding us as they did for the ancient
Greeks.

Technology is at its best today when it contributes to
the arts of civilization, It does this through the advance-
ment of the practical arts, such as those that revivify
cities, purify air and water, rationalize transportation,
employ solar energy. and invent an architecture meas-
ured to the human dimension. .

Complementing the practical arts are the arts of ex-
pression, the song, the colored shapes, the dance, in
their endlessly creative forms that supply the kind of
vitality to a modern culture that myth did for primitive
times. ,

. How to establish these new arts, consonant with the
new technology for a new age ~— this is the dilemma that

‘technology faces in a world of turbulence, despair, and

discontent. We need a genuine culture in which humans
become an integral part of the seamless web of nature.

The destruction of this web is conflict, whether be-
tween nations or between groups of a single society.
Only the arts of peacefare can combat those of warfare,
and in the process make technology a fitting expression
of human well-being.
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an technology.be controlled? If so, how should it
be done and. in 8 democratic society, who is to
do it And towards what eads should it be directed?

These questions involve value judgments as well as
technical judgments.

In the past dozen years, the search for answen to
these questions has led to Technology Assessment— the
attempt: by experts, the public, gnd the government to
torecast and evaluate the pussibéiucial. environmental,
and’ human consequences of technological develop-
meats before they are applied.

Until recently. technology was judged primarily in
terms of its immediate — or “first-order”— effects. For
example. the immediate effects of the automobile are
transportation tor its driver and ssles for the manu-
facturer.

However, technology also has many broader im-
pacth—on the environment. on social structure and
institutions, on human values and people’s lives. These
are known as “second- and third-order™ effects.

Thus the automobite has led to treeways, suburbs, and
a high acadent toll. It hay affected leisure activities,
value systems (America’s “love affair’” with the auto-

wmobile )| the environment (pollution), and even inter-

national polities (rehiance upon imported oil).

Along with the benetits of increased mobility. the
automobile has had some undesirable consequences.
Technology Assessmerit evaluates the social benefits
and compares them with the social costs (" disbenefits ™)
by a process called nisk analysis. or social cost/benefit
analysis. Action can then be taken 1o maximize the
benefits while minimizing the possitility of socially-
harmful results

The possible negative consequences of technological
advances were of little concern throughout much of
history because technological and social changes oc-

‘curred at a smanl's pace.

Accelerated Change

The Industrial Revolution of the 18th and 19th cen-
turies. however, speeded up technological develop-
ments and aceelerated social change. As the new ma-
chines poured out goods, the old “economy of scarcity ™
began giving way to the * mass-consumption” society.

Most people approved of these benefits of advancing
technology Nevertheless, legislation to control some
unanticipated, undesirable impacts of technical advance
became necessary. The U.S. governmeént’s intervention
in the 1830s.to end a series of disasters caused by burst-
ing boilers on river steambaats was only the first of many

s

day's Technology Assessment can be viewed as another.

step in governmental action for the public welfare.
Questionixg Technol :
Although technology’s impact had been a social, politi-
cal and economic issue in Britain and Europe for more
than a century, not until the mid-196{)s was technologi-
cal advance seriously questioned in the United States.
Why? _ g

The combined impact of Vietnam, the civil rights
movement, and the social and cultural aftermath of
World War 11 led to a value crisis and some dis¢enchant-
ment with the “American Dream.” Technology inevi-
tably was questioned along with other values and insti-
tutions.

At almost the same time, some highly publicized
accounts of harmful by-products of technical develop-
ments led to mounting public concern: Rachel Carson,
in Silert Spring (1963) described the danger of DDT ; in
Unsafe a1 Any Speed (1965), Ralph Nader alleged that
car manufacturers i§;ored safety factors; and in the
same petiod the media publicized the birth deformities
from thalidomide, a drug that had been administered to
help expectant mothers.

The ensuing public outcry forced governmental ac-
tion: Thalidomide and DDT were banned; and the
government mandated safety belts in automobiles. Al-

" most overnight the environmentalist and consumerist

occasions when the government exercised its regulatory

power on technical matters.

For. while technology was changing the face of Amer-
ica, American democracy was demanding an increasing
role for government in protecting the public. Thus. to-

movements came to maturity and * Technology Assess-
ment”” was born. _

‘The term was first used in 1966 in a public document
by Congressman Emilio Daddario (Connecticut) who
asked if it would be possible to anticipate undesirable
side-effects of new technologies before they were actu-
ally employed. .

Congress eventually established (1972) the Office «f
Technology Assessment (OTA), which joined other
agencies in evaluating and regulating the second- and
third-order effetts of technological changes: Environ-
mental Protection Agency, Occupational Safety and
Health Administtation, and Consumer Products Safety
Commission.

Problems of Assessment

The American people, finally aware of the importance
of technology in”their lives, were demanding govern-
ment protection from its possible negative side effects,

RERY RS

But there were—and are— problems in Technology
‘Assessmicr :

First, there is fear that assessing social impacts might
delay, and thereby impede, technological advance.
Technology Assessment might become **Technology

Arrestment.” :

Second, assessing a given technology's effects is par-
ticularly difficult when some impacts are long delayed or



are dependent upon scafe of use. For example, only
when employed on a large scale, over a long period of

... time, was DDT seen'to threatea the food chain of birds,

T fishes, andeventually humans, . -

Even more difficult to evaluate are the consequences
of a combination of technical developments interacting
with other sacial forces. For example, farm mechaniza-
tion did away with backbreaking labor but also deprived
unskilled farmhands of their livelihood. Leaving the
farms, they migrated to the urban centers, where they
created a serivus urban problem because they licked the
skills necussary for employment.

We have finally come to realize that technological
changes can have both positive and negative effects. But
how can one decide if the benefits of a new technology
outweigh its risks? Some people demand that no new

technology be introduced if it poses a possible risk to

anyone at all. But is it possible — or desirable — to create
a risk-free society?

Besides, how do we compare risks with benefits when
the dangers might be limited to a small group. such as

.. miners, while the gains might accrue to a larger public.

such as producers and users of electrical power from
coal? '

Furthermore, how do we decide ~Nat constitutes a
social benefit? How do we measure * the quality of
life ? To this end sovial scientists are developing **sociil
indicators” to measure social impacts.

Butis it possible to measure items which really depend
on subjective judgments? What are the tradeoffs be-
tween, say, driving our cars to work or keeping the

- thermostats in our homes at 65°7 (Or should it be 68°

ar 70°7?)

Valaes and Actions

Taese are questions of values. Do we value the speed.
comfort, and power that modern technology gives us

‘

over our desire to preserve the environment and con-
serve our raw materials and energy supplies for futyre
generations? Technology Assessment thus confronts us
with a basic question: How can we bring our technology
into line with our values? .

Even if we can agree on values such as liberty and
justice for all, there is little consensus on how to trans-
late these values into specific actions. We know, for
example, that we must conserve petroleum supplies and
control pollution, but most of us continue to drive our
cars; it is the other fellow who should walk or take public
transportation.

Yet the difficulties of assessing technology should not

blind us to its potentially positive role in controlling
technology. Technology Assessment conforms to one
law of common sense: Think about what you are doing
before you do it. Technology Assessment means looking
ahead—not just letting the future happen to us.
Technology Assessment also represents a democratic
means for dealing with technological change. It insists
that technology be used for the good of the whole, not
just for & few; it would leave decisions on technologies

. having major social impacts to the political process—

which is exactly where they belong in a democratic
society.

The problem, then, becomes one of educating the
citizenry and its elected representatives to understand
the potentialities and limitations of scientific-technical
advances. _

Finally, Technology Assessment asserts that we can
control our own technology and that we are not the
creatures of a mindless technology which could ¢rush us
underfoot. ~

Based upon the premise that we can use our own
technology to help bring about the kind of life and
society we want, Technology Assessment clearly asks: If
ours is a8 man-made world, why can’t man remake it?

————— g = e e -
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