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Preface

Sclcncc and technology stand at the center of many of the
cntical ssues facing society m the final two decades of the
twenticth century The arms race, the energy cnsis, the prob-
lems of producing sufficient food, shelter, an matenal re-
sources for a world population that will swell to 6 bithion by the
vear 2000—all have technological dimensions Small wonder,
therefore, that science and technoiogy occupy a promnnent
position in the hopes and fears of mauy people

This book s an attempt to shed hght on some of the relation-
shaps between technological change and socicty 1 have looked
at the role of technology m a global cconomy that has under-
gore profound—and probably irreversible—changes - the




10. Preface

past decade ¢r so, and | have explored the social, pohtical, and
economic forces that shape the processes of technological
change I make no claims of comprehensiveness, and this book
1s certainly not an attempt to survey the world's problems and
suggest technological solutions for thern Rather, 1t 1s intended
to show how political, social, and technological forces interact,
and why reforms will be needed 1n all these areas 1if the prob-
lems confronting global society are to be resolved

The Umited Nations Environment Programme and World-
watch Institute jortly supported the rescarch and wnting
that went nto this book, and | am gratcful to them for this
support  Worldwatch Institute President Lester R Brown
ongnally suggested the 1dea of a book on technology, and his
enthustasm and encouragement throughout the project were
wraluable

The entire manusenpt was reviewed by Lester Brown, Enk
Eckholin, Chnstopher Flavin, Damel Greenberg, Kathleen
Newland, Pamela Shaw, Nigel Smith, Tinda Starke, Bruce
Stokes, Ann Thrupp, and Nicholas Wade It benehted greatly
from therr cntical nsights

Some of the ideas and analysis 1 this book are drawn from
Worldwatch Papers T have wntten on issues connected wath
science and technology Scores of people helped ine i prepar-
mg thosc papers, and T would hke to thank m particular David
ickson, Robert Fuller, Dems Haves, Nicholas Jequier, Damel
Creenberg, Colin Hines, Ted Owens, Arthur Robmson Nich-
olas Wade, and Charles Weass, all of whom put aside therr
work to review carly drafts I am doubly indebted to Nicholas
Wade for suggestng the title for the book

Preparing « manusenpt under tight deadhines 1s always an
arduous process, but it was made considerably casier by Blon-
deen Gravely's impressive speed and cficiencey i typing suc-
cessive drafts Ehzabeth Arnault and Oretta Tarkhan chupped
m with welcome assistance when needed, and Macinda Byrd

helped greath in collecting rescarch matenals
]
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Preface 11

John Donahue brought his editing skills to bear on the
manuscript at short notice, and pros :ded many valuable sugges-
tions for improving not only the style but the logic as well

W\ riting a book places many demands on taculy 2nd friends
I am indebted, as always, to Anne Norman for providing much-
needed support and encouragement over many long montbs

COLIN NORMAN
Worldwatch Institute
1~~6 Massachusetts Avenue, MW
Washington, D C 20036
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Hephacstus, the Greek god of fire and metal vorking, had a
pronounced himp Entrusted with the development and raam-
tenance of many key technologies, Hephacstus was responsible
for keeping society runmng smoothly and perfectly Yet he
was, iromcally, the only imperfect member of the pantheon of
classical gods This ancient rony 1s compounded by current
athtudes toward Hephacestus's crafts Technology 1s the focus
of much public homage, for it 1s often scen as the chief hope
for solving the mynad problemns facing socicty—a hope embod-
ied 1n the oft-heard lament, “If they can put a man on the
moon, why can’t they ?” Yet, at the same time, many of
the alls of the modern world, from pollution to the threat of

B ]
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16 The God 'That Limps

nuclear Armageddon, are frequenth blamed on iechnological
developments As in Hephacestus himself, the power and versa-
hibty of technology are often marred by enipphng defects

There 15, conscquently; a good deal of ambnalence and
uncertainty about technology and s role i soaicty The past
decade has witnessed an ntense and at tunes acnmomons
debate about the nature and direction of technological devel-
opments No longer are the frts of technolegy recer o with
unquestiomng faith Instead, battle lines have formed around
many prominent technological ventures and the foundatiens of
technological society have come under intense attack from a
varicty of critics

This debate ebbed and dowed durning the seventies, as a
series of shocks ran through the global cconomv and as senous
social problems surfaced m o virtually every country Ay these
cconomie and socual problems deepencd, it gradually became
clear that fundamental changes would be needed i the com-
g vears as the world moves from an era of rapd economi
growth and relatively abundant energy and matenal roources
mto a more wncertam penod  Technological change has be
come urgent momany areas 1tas thus not surpnsing that an
mtense debate has erupted o er the contribution of technologs
both to the problems facing the world and to tharr potential
resolution

I'he growmg doubts about the nature and direction of tech
nological chavi,e are a far ery from the teclmological optimsin
that reigned wn the fifties and carly sixhies T those heads dass,
technology scemed to hold the key to a prosperous new world
The global cconorr was boonnng, humans were makmg ther
first tentatne ventures mto space, the Green Revolution
seemed to pronnse a4 solution to the world food problem, and
nuclear power was being proclanmed as a source of cheap, clean
enerey T was a period when, as former U'S Seeretary of the
Intenior Stewart Udall has aptly put at, “there were ne prob-
lems, ouly solutions”™ and when misgivings about technological

13




The God That Limps 17

developments could casily be brushed asice !

There can be hittle real doubt that the steady stream of
mnovations produced 1 the past few decades has brought
immense benefit to society By virtually every measure, people
are better clothed, housed, educated, and fed than they were
a gencration or so ago New medical knowledge has led to the
control of a host of fectious discases, transportation and
commumecations technologies have shrunk the planet, new ag-
ricultural and ndustrial processes have boosted productiv:.y to
unprecedented heights, and a wealth of new scientific indings
have inmeasurably enniched human culture: The Good Old
Days. when dhscase, hunger, and backbreaking toil were every-
dav expenences, seem good only when viewed througl the
distorting lens of nostalgia

But the benefits of these technological advancees are at least
partually offset by serous soaal and environmental costs,
among which pollution, energy shortages. and growng depen-
dence on nonrenewable resources are the most obvious More-
over, technological skills have proven impotent i the face ot
such problems as urban decay. poverty, unemplovment, racial
strafe, and dismtegrating faimb structures Indeed, many as-
pects of technological change have aggravated such problems

In poor countries, too, the benefits of new technologies have
been counterbalanced by heasy socual costs In the postwar
vears, when many former colomes achieved pohtical mdepen-
dencee, the accepted path to prospenty lay i rarsing cconomic
growth rates as swifthy as possible The transformation of agn-
culture and mdustn by technologies imported from the imndus-
trial countrics was widely regarded as the open sesame 'o “nich-
country” status It has become clear, however, that these
pohcics b brought hittle benefit to many of the world's
poorest peopk while cconomic growth rates have inereased as
cxpectedin e my developing countries, poserty, underemploy -
ment, an. sttendant nusenies have aiso nereased The
Green Re m has rased gram vields, or example, but

O
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18: The God That Limps

malnutntion 1s still a fact of hfe and death for hundreds of
millions of people—a grim reminder that techmcal fixes alone
cannot solve complex social problems

These tangible social and environimental costs explain some
of the current feelings of ambivalence about modern technol-
ogy. But there are other, deeper concerns Among them 1s the
widespread and deep-seated feeling that technology is out of
control, that technological developments have a momentum of
their own that 1s difficult, if not impossible, for individuals to
ifluence Former Bntish Pnime Mimster Harold Wilson
sunmed up this feehng 0 a speech in 1973, when he com-
plained that technology 1s “running over people’s hives ™ Ironi-
cally, a decade carlier, Wilson had led the Labour Party to
victory with a campaign pledge to forge Bntam’s prosperity m
the “white heat of technological revolution ™ So much for the
techniological optumism of the early sixtics 2

The notion that technology 1s out of control has diverse
roots It stems in part from the verv complexity of industnal
society, i which most people are consigned to play relatively
small roles n large cconvmmc orgamzations The centrahization
of decision making m governments and guant corporations has
deprived individuals of a real role in shaping policies that affect
their ives—not only in the realm of technology, but i other
arcas as well Bevond that, however, there is the mescapable
fact that most technologies that imtimately affect everyday hfe,
f.om power plants to automohiles, are highly complex Conse-
quently, v ny peonle find thair hves shaped by technologies
that they wo not understand and over which they have hittle
control

Government burcaucracies and large corporations account
for most of the global expenditures on rescarch and develop-
ment, and they have the resources to take innovations from the
laboratory bench through the testing stage and mto widespread
use They are thus the pnme actors in the development and
apphcation of new technologies Public mfluence over this
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process 1s exercised chiefly through purchasing power in the
ma ketplace—which 15 1t-elf shaped by the advertising budgets
of the industnes that develop new technologies—and through
political pressures .n the halls of government Usually, how-
ever, pubhic influence 1s hmited to attempts to curb the usc of
tecknologies that are already well along the path to develop-
ment, such as nuclear power or supersomc transportation, there
15 httle opportumty for individuals to have much impact on the
processes that lezd to the generation of new tecknologies

Devcloping countries, moreover, are in an especially weak
position to influence the direction of technological change,
though they are fundamentally affected by it Because they
have httle technological capacity of their own, most developing
countnes 1m, o technologies for their mdustnal and agncul-
tural developmie.... paying large sums of money for the tech-
nologies they acquire and beceming technologically dependent
on the mdustrnial conntries And, since those technologies are
deveioped m the econonme and cultural chinate of the ndus-
tnal world, they are not 2!'wavs well sinted to the Third World's
most pressing needs

The technological revolution of the past few aecades thus
scems hke a Faustian bargam to manv people—<cconomce and
matenal progress bought at the expense of growing depen-
dence on nonrenewable resources, of environmental degrada
tion, and of loss of control over many aspects of evervday hfe
And the terms of the bargain scem to be quickly detenorating
as the world enters the final two decades of the twenticth
century

Although = schizopl-cine mix of hope and concern charac-
tenzes public attitudes tovard technology. there 18 httle gen-
cral under:tanding of how new technology s developed and
apphed Yet the forces that shape the development of technol-
ogy are key clements m determining the structure of society,
for technology is so deeply embedded i virtually everv aspect

| 2
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20 The God That Lamps

of life that technological changes and social changes often go
hand-in-hand

There s a widespread, if subconscious, belief that technolog-
ical change 1s dniven cluefly by its own momentum, advances
i knowledge and techmical understanding mevitably lead to
the production and apphication of new technology which then
causes changes n society This notion hes behind such well-
worn phrases as “the march of technology” and, as Langdon
Winner has pointed out in his book, Autonomous Technology,
it pervades much wnting on technology and undergirds fears
that technology 1s out of control 3

Technological development, according to this view, is an
evolutionary process, not unlke biological evolution We even
speak of new “generations” of computers, automobiles, and
other ligh-technology goods as if they were biological descend-
ants of carlier models, and key techmcal developments are
often regarded as the progenitors of a whole range of subse-
quent inmovations Closely inked to this view 1s the idea that
social changes are technologically determmed new technolo-
gics, mtroduced into society, change the way society functions
Society, m other words, 1s largely a product of 1ts technology
This cencept hies unstated behind such terms as the Bronze
Age, the Machine Age, and the Computer Age

Thus, for example, the nse of cities in ancient Sumena 1s
often explamed by the introduction of agneultural technologies
that raised the production of food to a level that conld support
large numbers of people living away from the land The har-
nessing of steam power has been described as giving birth to
the machines of the Industrial Revolution And, more recently,
popular writers sucl as Alvin Toffler have portrayed a society
shaped by technologies that flow in an endless stream from the
world’s laboratories “Technology,” asserts Toffler, 1s a “great,
growling engme of change ™*

These views of technology and social change provide a uscful
perspective on technology and society, and thev offer a seduc-

17
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tnely suople explanation for complex socal and pohtical
cvents But they also raise some dificult questions, and thes
certamly cannot explamn mamy aspects of technological devel-
opnient  1f techmology evolves largely according to its own
dviamies, bringing sociat changes i ats wake, why, for exam-
ple, did the Industrial Revolution not take place m Ancient
Greece, when the prmaiples of steam power were first discos
cred” Why did other saentifically advanced avilizations not
develop manufacturmg technologies” And why are some tech-
nologies pursued while other, equallv attractive techmologies
are neglected?

The answer to such questions 1s burnied e the very coneept
of avolution: Technological evolution, like bological evolution
responds to a vanety of forces Biological evolunion s drven In
cnvironmental pressures that favor the survivability of some
speaies over others—insects resistant to an amsectiade wall
swiftly predominate i a spraved area, tor examiple—and the
kev to the development of Tmang things can be found onlv by
looking at them m relation to thar environment Simlarh | the
kev to technological developiient lies i the environment m
which technological change takes place—10 this casc, the so
aal, cconomic, political, and phyvsical environment

Corporations donimate the development of new techpology
m the western mdustral conntnes and Japan, and commercual
forces thus constitute a proment part of the environment m
which technological change takes place They provide a power
ful thrust that gudes both the pace and direction of much
technological devcddopment The corporate svstem has been
cnormowsh productive e generating new technologies The
ceonomic meentives to wnovate—and the econonnc costs of
not domg so m a competivne environment —have made corpo-
rations “lughly efiaent m explonng technological possibilities
for new consmmer producis and devices that can be marketed
and sold at a profit,” notes Emmanuel Mesthene, former head
of Harvard Uninversity's Program on Science and Socrety

ERIC
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22 The God That Limps

Economie forces m general help explam many aspects of
technological development Corporations are mterested i de-
veloping and applying techuologies that will reduce the costs
of production, capture a larger share of the market, raise the
productivity of their workers, and otherwise contribute to the
bottom line on their profit and loss statements Sumilar, though
less obvious, pressures alse guide technological development n
the centrally-planned idustrial countnies, where planming tar-
gets and a vanety of inccatives seck to raise productvity and
to push down the costs of production Thus, in an cra when
o1l and gas wer. sold for next to nething and the priee of many
matenials was low and even dechming, economic considerations
led to the prohferation of technologies profligate m their use
of energy and matenals Sumilarly, econonne forees provide one
reason why production processes have become mereasmgly
capital-mtensive and labor-saving m a penod when capital has
been relatively cheap and labor relatively expensive m the m-
dustrial world  And the ccononne advantages of producing
goods 1 large quanhties help explaim why production pro-
cesses, from power plants to automobile assembly hues, have
become mereasimgly centrahzed and larger i scale

Although econonne forces clearly play a pronmment role m
shapg technological development, there 1s a vast amount of
mnavation for which thev cannot account Weapons, space
velides, law enforcement technologies, health care systems,
and education techmques are not developed primanly for their
ceonome pavoff Nor are such actiaties as astronomy, igh
energy physics, and molecular bology supported simply be-
cause they offer a promsing rate of finanaal return Indeed, f
cconomie forces alone were sufficient to dnive technological
development, corporations could be expected to carry out all
the necessary mnovation, and the role of governments could be
hinited to setting the correct econonne and regulatory environ-
ment—or, accordmg to the free marketeers, governments
should sunph get out of the wav In reality, every government

1)
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The God That Limps 23

has a direct stake in technological development Government
agencies fund a large fraction of nationdl research and develop-
ment efforts, they provide a major thrust to the development
cf new technologies through their purchasing prograns, and
they underwnte the costs of educating and traiming scicntists
and engineers

Overt political and social pressures thus shape a good deal
of technological development, providing a driving force that
extends well beyond stnictly econotme metivations But there
are other, more subtle forces at work as well These stem from
the very nature of industnal production and from the seientific
values that undergird industnal society

David Landes has ponted out, 1n lus monumental study of
techmcal change, The Unbound P-ometheus, that technologr-
cal changes are closeh intertwined with changes in the organi-
ration of production “Factory discipline,” writes I andes, “re-
quired and eventually created a new breed of worker, broken
to the inexorable demands of the clock Tt also held withus itself
the seeds for further technological advance, for control of labor
nnphes the possibility of the rationahization of labor From the
start, the speaahization of production functions was pushed
further i the factors thawat had been i shops ard cottages.
at the same time, the difficultics of manpulating men and
atenals wathin a honted area gave nise to improvements n
lavout and organization ¢

In other words, production techno’ogies not onlv combme
encrgy and raw maternals in the manufacture of goods, but the
also provide the means by which labor forces are rationahzed
and controlled David Dickson puts the case more directh
“Contemporary technology has been developed mindustnal-
1sed socicties i a wav that secks to secure maximum control
over labour, as much as maximum production of goods ™~

This view of technological change suggests that the develop-
nent of new technology tends to build upon and remforee the
cxisting soqial and political relationships within society Tech-
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24 The God That Limps

nology. m short, 1s part and parcel of the lierarchical pawer
structure of industrial socicties Morceover, the development of
increasingly complex and centrally-controlled  technological
systems, according to this mterpretation, tends to mercase the
importance and mfluence of small groups of experts at the
center of pohtical and corporate power

A simular impact 1s frequently seen when technologies devel-
oped n the industnial countries are transferred into the devel-
oping world The transfer of tractors nto rural arcas where
there are wide disparities i wealth and ecenomie power, for
example, has often resulted i mcereased mcomes for the farm-
ers who could afford to buy the maclines, while small farmers
and sharecroppers have been foreed off the land as the large
farms expanded Modern mdustries m Third World cities have
also tended to fragment and destroy local networks of small
busmesses, resulting in greater wealth for those associated wath
the moderm scctor and relatively poorer conditions for those
outside it Of course, technological change 1s not always detni-
mental m s social impacts But no technology—however “ap-
propriate” —can by itself change the social and pohtical struc-
tures that underpin many problems

These mterpretations of technological development provide
mmportant msights mto the processes of technological change,
and cach of them helps explam why mnovation has become so
central to wdustrial society Yet none provides a convinang
framework, on its own, to account for evert fucet of technologi-
cal change The reason 1s that technological, econonne, and
political forces are all imvolved m one way or another, and thev
mteract to produce a complex aray of pressnres that push and
pull techmological development along certan paths

Societs 1< thus not amplv a product of ats technology
Rather, the dommant econonne, pohtical, and socwal forees
actmg mn soaety gide the direction of technological change
David Noble, a historan at the Massachsetts Inshitute ot
Technology . sums up the process sucancthy “Techmealhwper-

21
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atnves define only what 1s possible, not what 1s necessary, what
can be done, not what must be done The latter decisions are
soctal m nature Unfortunately, this distinction between possi-
bility and necessity 1s lost on most contemporary obsenvers, and
with 1t a large measure of mmagination and socual vision 8

An understandmg of the forces that lead to technological
change helps explain how it 1s that humanity has acquired such
spectacular technological prowess yet continues to face prob-
lems that scem to defs technolugical solntion Part of the
reason 1s that many of the problems are political, econonne, or
socul rather than technological Technological fixes can over-
come strictly technological problems, such as how to improve
the efficiency of an automobile engine, but they cannot sohve
wider political problems, such as how to reduce public depen-
dence on automobiles

Modern technology thus reflects the ccononne and pohtical
forces that have dommated industral societs m the past few
decades These forces have shaped the world's rescarch and
development svstem, gded the appheation of new scientific
knowledge, and mfluenced much technological development
i the Third World But m the past few vears, many of these
forces have themsehves changed fundamentally, s cnerey
prices have soared, econoune growth has slumped, and public
resistance to the growing power of big governent and large
corporations has found widespread political expression Thus,
mam of the technologies developed n the postwar era have
become mappropnate m-a fundamentaih changed world

The ancient story of Hephaestus, the lame Greek god of fire
and metalworking, provides many symbols for the role of scr-
ence and technology m the eighties Hephaestus was one of the
ughest and most rasaible of the gods and was often dishked
He was twice cast from Olympus, once by lns mother, Hera,
who cast hum out at birth because she was isgusted with hns
appearance, and the second time by Zcus, who was angry with
him for siding with Tus mother m a conjugal dispute (Ths
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second fall from Olympus, according to some accounts, was
responsible for his hmp, for he 1s said to have broken his legs
when he landed on the island of Lemnos ) Yet, in spite of the
antipathy that many of the other gods displayed toward Hepha-
estus, he was eagerly sought after for his technological skills
Hephaestus was an architect, a smith, an armorer, a chariot-
builder, and an artist He fashioned dehicate works of art, fur-
rished weapons, and provided transportation in the form of the
golden shoes with which the gods moved through the air In
short, he was a central and indispensable part ot the workings
of Olympus ¥
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Technology in
aNewkra

Somctnnc in the early seventies, the postwar era drew to a
close No single event marked its passing, and only m retro-
spect has 1t become clear that the world went through funda-
mental changes in those years But it 1s now evident that shifts
in the international balance of economic and political power,
abrupt changes in the world oil market, nising levels of inflation
aud unemployment, and the emergence of new social values
and asprrations all contributed to an rreversible transformation
in global affawrs This transformation has had major direct and
ndirect impacts on the chimate for technological change
Two events in particular—the 1969 moon landing and the
1973-74 o1l embargo—symibolized the decp changes that had

24
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taken place The moon landing, the pmmnacle of a long and
complex effort, demonstrated humamty’s technological prow-
essan no uncertam terms It was a spectacular renninder of the
success of the scientific and technological programs that were
launched throughout the mdustnal world m the aftermath of
World War [T But jast four years later, the o1l embargo
demonstrated the vulnerability of the industrial conntries” pe-
troleum-based economes, 1t exposed the vital links between
the very technologies that had been at the core of dustral
expansion and a hmite resource whose control had largely
passed nto the hands of a few oil-producing countries The
embargo signalled the end of an extraordinary era of cheap
energy

Abrupt shufts in the geopolitics, and hence the econommes,
of ol were not the only signs that the world was undergong
fundamental and irreversible changes The decade that began
with men walking on the moon and which ended with men and
women waiting m hne for gasolme also saw the postwar cco-
nomic boom sputter to an end A quarter-century of unprece-
dented cconomic growth gave way to a senes of recessions,
high rates of mflation, and lengthemng unemployment lines
And as the decade advanced, hopes for a return to the postwar
trends gradually dinmed

\nother sign that the postwar era had ended was the fact
that the United States emerged from the seventies s no longer
the undisputed world econonnc leader Duning the past dec-
ade, Japan and some Furopean countrnies began to offer a
senous challenge to the Umted States i world markets—
particularly those for tagh technology goods m whach \men
can compaines had long been dommant-—and the balance of
cconomme power shufted perceptibly awav from the North
Amencan contiment A few developg countries began to pen
ctrate markets i the mdustrual world with exports of manufac
tured goods, a development that hewghtened economic compe-
tition and altered the postwar structure of mtermational
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ccononie relationships

In many arcas, these transforimations, problems, and discon-
tinuties have heightened the need for imnovation: One urgent
and obvious need. for example, 15 to move quickly awas from
the postwar patterns of energy production and constmption,
a task that will require new energv-conserving techmologies and
the development of new resources And the increased compett-
tion m markets for lngh-technology goods provides a major
meentive for compames to mnovate m order to mamtam their
products at the cutting edge ot new technology—an meentive
that 1s also causing many governments to pav atterttion to wavs
i which they can support their high-technology mdustries Yet
the ccononne downturn has sunnlttancously rarsed the need for
new technologies and dampened the chmate for wmnovation,
for hugh levels of wiflation and slaggish econonnc growth have
depressed spending on rescarch and development e some
fickds. and they have made mam companies unwitheg to com
ant large amounts of capital to new processes

I any case, recent experience has shown that the technolog-
wal formulas that appeared to work so well m the fifties and
antics 1o Jonger seem capable of produang the reguired re
sults Simply poumg woney mto the devclopment of new
technologies—n the manner of the effort to land a man on the
mooti—cannot sohve the energy crisis, produce a cure for can
cer. or overcome hunger and malnatntion And even it there
were a resurgence of imnovation by dustrial corporations, it
i unhikels that there would be a retune to the fehatous combre
nation of high rates of economic growth, low levels of mflation,
and virtually full emplovment that charactenized muchof the
quarter-centurs followmg Worid War 1

The reasons are compley, hut thev are rooted i the fact that
many of the most pressing problems now facng the world are
as ttch socual and pohtical as technological Attempts to solve
energy problems by force-feedimg the development of nuclear
power or by buning more coal, for example, have clashed with
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new social values that place a prc mium on safety and environ-
mental preservation And cfforts to increase food production m
developing countries by the use of tractors, high-vieldi~ 5 varie
ties. and farming systemns appropnate to ndustnial ¢ untnics
have raised grain yields, but they have done little to improve
the nutntion of hundreds of nulhons of the world’s poorest
people—small farmers, the landless, and urban slum dwellers
Current systems for generating and applying new technolo-
gies were estabhshed in the economic and pohitical chmate of
the fiftics and sixties,-and they are slow to adapt to new reah-
tics The world has chaaged fundamentally, but technological
systems have changed httle A3 a 1980 report by the Organisa-
tion for Economic Coope.ation and Development (OECD)
has put it “Techmcal advance cannot be taken for granted
N\either the rate nor the direction can now be regarded as
sabisfactory  The rate has slowed down substantially, and
the direction has meant that it 1s lacking in some arcas
where 1t 1s vitally needed !

The £nd of Cheap O1l

Nowherce are these 1ssues more prominently displayed than
n1 the upheavals in world energy markets and in the responses
of governments to the energy cnises that have erupted m (he
past decade The upheavals conveyed two clear messages the
western industnial countries, together with many developing
countries have become cntically dependent on a pohtically
volatile region of the world for a substantial fraction of their
ol supphes, and the long period of stable energy supphies and
prices that stretched back for almost three decades has abruptly
ended The responses to these upheavals have had an equally
clear imphcation there is no technological fix, whether 1t be
4 massive program to develop nuclear power cr a crash cffort
to produce synthetic fuels, that will ensure independence from
unported oil or provide immumty from higher energy prices
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The 1973-74 oil embargo and the associated nise in ol prices
forcefully demonstrated the deep structural changes that had
taken place in the world oil market over the previous decade
Between 1950 and 1973, world o1l production increased from
4 bilhon to 20 billion barrels per vear, chmbing at a steady 7
percent annual rate This gusher of cheap ol—its price de-
chned substantially m real terms in this penod—was poured
into the growmg automobile fleets, residential and industnal
boilers, chemical factor-s, and electricity-generating plants of
the industnal world Energy-ntensive technologies developed
1 this penod helped chang= the shape of cities, factones, and
daily Ines But these devclopments carned a idden price
growing dependence on ol supphiers halfway around the world

Until 1970, o1l production in the Umited States, the world’s
most voracious consumer, expanded steadily to meet most of
the nation’s growmng demand These domestic supphes were
supplemented by imports that came mostly from Canada and
Latin Amenca But i 1970, production from Amencan oil
wells peaked and began to dechine while demand kept on
growmg As a result, the Umted States turned mereasingly to
the Middle East to fill the widemng gap between its need for
ol and its capacity to produce it Europe and Japan had long
been dependent on Middle Eastern suppliers for much of their
ol unports, with Japan unporting almoct 100 percent of its
requirement This growing deprndence was made panfully
appatent when Arab ail producers shut off supphes to the
Umited States and sonte European countries in 1973, and the
Orgamsation of Petroleum Exporting Countnes {OPEC)
abruptly guadrupled the price of its product 2

The events of 197374 sparked a good deal of consternation
m the industrial countnies and prompted a sheaf of studies on
the world ol outlook The realization had finallv begun to sink
an that mdustnal technology had become dangerously depen-
dent on 1 source of energy that would eventually run out and
that the patterns of production and consumption established
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dunng the fiftics and sixties would be unsustainable over the
long term How long it would take before world oil production
peaked and began to dechne became a matter of intense de-
bate, but the consensus during the late seventies was that the
downturn would begin within twenty years 3

In the meantime, world o1l demand slackened The 7 per-
cent growth rate of the sixties dropped to about 2 percent a
vear, and ol prices faled even o keep pace with flation
between 1974 and 1978 The ail cnsis dropped out of the
headlines But the Iraman Revolution provided another sharp
reminder of the instabiity of world oil supplics

The tight ol market that had been predicted for the nincties
appeared abruptly in 1979, when Iraman production was
sharply curtailed Although less than 3 milhon barrels of ol per
day were removed from the world market—an amount equina-
lent to only about 5 percent of global consumptior —the loss
was sufficient to transform a small glut into a shortage OPEC
members, taking advantage of the shortfall, boosted prices
from $13 == to $28 45 per barrel between January 1979 and
January 1980 [n a decade, the price of oil had jumped by a
factor of 15+ Cheap energy, which had exerted a major mflu-
ence on technological change for a generation, had finally
passed into history

The disruptions i the world ol market that marked the
close of the seventies underscored a key pomnt pohitical as well
as physical limits will deternmne the amount and cost of oil
fAowing in the world's tankers and pipelines duning the nest two
or three decades Although the physical depletion of ol re-
senves will mevitably cause ol production to dechne m some
conntnes—such as the Umted States, Venczuelr, Romania,
and pethaps the Soviet Unon—in many others, production
will dehberately be kept below maximum levels

There are sound reasons for such a pohey IPor one thing, ol
m the ground s a more dependable asset than are shninking
douars m the bank  And for another, many ol producers have

ERIC

Aruitoxt provided by Eic:




ERI!

Tecknology in a New Fra 33

come to realize that therr economic and pohtical goals are best
met by geaung their ol mcome to thair development needs
That was the declared mtention of the Traman government
tollowing the downfall of the Shah, and Mewican President
Lopes Porhllo announced that, in developing his country’s
new-found oil nches, “output should be kept down to levels
commensurate wath the country’s abihity to absorb the resulting
inassive revenues ® Kuwait, Iran, Iraq, Saudi Arabia, and Bah-
ram have ali hinuted ther nroduction to levels well below thar
max:mum capaaty

In addition to plainced production hnmts, sudden and uney-
pected curtailment of o1l supphiess an ever present threat The
Iran-Iraq war i late 1980, for example, again removed some
3 mullion barrels of ol per dav from the world market, and the
hostilities threatened to spread to other ol producing coun-
trics \ major calatmty could result frem a shutdown of the
Strait of Hermuz (at the mouth of the Perstan Gult) for it
would chicke off some 4o percent of the Western world’s ol
supplies And a revolution or abrupt change of poliey i Saudh
Arabia could have a devastabing impact on world o1l markets

Saudi Arabia s the world’s largest o1l exporter, accounting
for about 15 percent of global production, and iths sitting atop
almost one-third of the world's proven o1l reserves 1t s the
pinotal power m the world ol market, for 1t can adjust 1ts
production rates to keep total supply and demand m balance
and it has the greatest potential of any nation to mcerease its
production 1 future vears “The massive dependence of tae
mdustrial world on one fragile regime 1s a inghtening fact of
modern hfe,” states Harvard Business School Professor Robert
Stobaugh ©

The seventies thus saw a dramatic and fundamental change
in the world's energy picture A quarter-century of steachly
grow,ng demand for ol and of steadily expanding production
gave way to a senies of uphearals, sharp price increases, and a
growing precacionsness i global ol supphies The outlook for
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the nevt decade and besond gives hittle cause for optamsni, tor
even without a major distuption 1 supphies, markets are ex-
pected to reman: tight and prices are sure to merease rapidh
Survevig the prospects fate m 1980 the U'S Offce of Tech-
nology Assessment concluded that it w lnghly hkelv that there
will be httle or no crease e world production of ol from
comentional sources
These developments have had a vanety of direct and indhrect
mipacts on saence and technology The most obvions 1s the
pamfut demonstration that scientists and engineers hold no
winple technological solutions to the world's energs problems
the expectation, built up during the fifties and sixties, that the
O1l Age would dissohve smoothly nto the Atomie Age, has
foundered on the harsh expenience of the seventies And wlunle
governm nts Continue to pour vast sums into the development
of major technologies such as the prodiction of svnthetic fuels
and the construchion of experimental nuclear breeder reacors,
it has become dear that such programs alone cannot puy salva-
tion from escalating ol prices Each new technology spavins 2
host of new soaal, political, and economic problens ®

\ll ot ths has affected public attitudes toward saience and
technology, for largescale energy projects have become the
most pronmment svinbols of the negative side effects of techno-
logical advance, and they have become the major battlegrounds
on which new soctal and environmental values have dashed
with the technocratic, gronth-onented values that have shapad
industrial soaety for several generations

The fate of President Nixon's hughlv publiaized Project In
dependence demonstrates the mmpossibihty of trving to per-
petuate the patterns of energy consumption established the
postwar cra by relving on massive technological programs to
bing forth new encrgy supphes  Launched w1973, m the
wake of the o1l cmbargo, Project Tndependence was designed
to make the United States mdependent of mported ol by
1953, clnefly by boostmg nuclear power, coal, and domestic oil
and gas production  (Nivon mtally stunned even Ins own
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advisers by ammouncing thot mdependence would be acheved
by 1980, but the target was quickl moved ahead five vears)
Announced with the same tanfare that surrounded President
Kennedy's pledge of a decade earlier to put aman on the moon
—and using a sular approach—Nixon's appeal to the was-
ardry of American technology was tar less successful

Instead of beconnng less dependent on foreign ail, the
Uted States increased ats unports substantiallh durimg most
of the seventies By 1978, unported ol accounted for almost
half the nation’s ol consumption, compared with less than
one-third when Projeet Independence was launched Nuclear
power, the centerpicee of the project, suffered severe setbacks
as public opposition mounted, construction costs escalated.
major uncertamnties surroundmg waste disposal and safety re-
mamed unsesolved, and, with the acadent at Three Mile Ts-
land. public fears deepened The development of coal and ol
shale resources also ran nto a daunting array of environmental
and cconome barners The estimated cost of producing svin-
thetic fuels from coal and shale, for example, has risen even
faster than the price of ol and the projected contnibution of
these fuels to domestic energy snpplies has shpped steadily
Uhe harsh lesson of the Project Independence fasco was ths
the United States mav well have the technological capacits to
achieve energy independence by a crash program to develop
cnergy supplies, but exerewang that capaaity 1s not pohitically,
enviromnentally, o1 socally acceptable

For mamy scentists and engmeers, the difficalties encomn
tered by attempts to boost comventional and nucdlear energy
techmologies are not easy to aceept Acantomed to the well
defined world of facts, figures, and nsk analvses, scientists have
often argued that those wiho oppose nuclear power, svuthetic
fuels plants, and sinmlar technological projects, display an ant
saentific or antitechnological athitnde Yet solar energy and
energs comservation, winch enjos popular support among those
who question the desirabihits of pushing ahicad with massive,
centralized energy-devcpiment programs, themselves require
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the developraent of 4 range of sophisticated new technologies
Indeed, the path to mcreased energy efficieney and greater
rehance on renewable energy resources s no less technologr-
cally challenging than one that emphasizes growth i conven-
tional energy production and consumption

The example of the Amencan automobile industry indscates
the scale of the technological changes needed to adjust from
an era of cheap ob to one m which il prices are chmbing
sharply Dunng the fifties and sixties, Amenican automobiles
became heavier, more powerful, and laden with energy-con-
suming accessories Technological nnévation m this era con-
aisted mostly of annual changes i body design As a result, the
average energy eficiency of new cars dropped steadily, m 1973,
when the o1l embargo struck, Detroit was producing sts most
mefficient range of cars i atmost hatf a century: But in the past
few years, prodded first by government regulations and then by
threats of bankruptey, the mdustry has been transforming ats
products Technologicat change has been more rapid than at
ant time i the antomobile industry’s history, aud by 1985, the
average car rolling off the assembly hnes wall get more than
twice as many nules per gallon as didats predecessor of a decade
carher !

Between 1975 and 1953, the mdustry will have spent some
$50 billion on new assembly plants, and 1t will have niade
technological changes ranging from the development of nnm-
computers for the control of engime performance, to the manu-
racture of lighter body components Inindustry after mdustry,
amilar efforts will be required to transform technologies devel-
oped m an era of $2-a-barrel il to technologies smta®le for an
cra when ol costs $50 a barrel As a study by the U'S National
\cademy of Sciences concluded, “a low-energy future offers
strong meentives for technological mnovation The tech
niques used to bring about energy reductions reported i this
study 1 almost every case rely o the use of advanced technol-
0gy 10

The Academy commnttee’s central conclusion was that the
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Umted States could enjov strong cconome growth while hold-
ing 1ts demand for energy virtually constant or, under some
conditions, even reducngats overall energy consumption The
hev to these projections 1s the use of strong energy consery ation
measures and the development of new technologies that use
energy more cefhaenth

I mam respects, such projections are based on a trend that
appeared m the seventies, a trend that represents a marked
break with postwar patterns of energy consumption and cco-
nomic growth Throughout the fitties and sinties, energy con-
sumption and cconomne growth were tightly hmked e the
industral countries Each percentage ncrease m gross national
product w s matched by a sinnlar pereentage mcrease m eneres
demand But by the late seventies, energy consumption was
mereasing at about half the rate of GNP growth momam
countnies the hnks between encrgy demand and ccononx
growth were not as strong as they appeared to be m the pestwar
cra

The energy cnises that emerged durmg the seventies have
thu, raised a host of 1ssues i which saence and tedhnology
olav a central role: But urdcrlving the fierce debate over energy
pohce that has erupted throughoat the imdustnal world s a
clash of values Chowces of energy supph technologies, and
deasions to stumulate energy conservation, are not simphy tech-
nological matters They mvolve a compley arrav of ceconone,
soadl, pohtical, and environmental issues Not only have the
energy upheavals of the seventies ushered m a new energy era,
hut they have also exposed the wider contest 1 which techno-
logical decisions are made

From Vbundance to Scarcib

For a generation raised on the heady brew of cheap resources
and rapidlv advancing technology, the encrgy <nsis of the carly
seventies came as quite o shock 1t provoked a searching mqun
mto the fimite natare of global resources md the capabilits of
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technology to overcome himts to growth But the changing
energy picture was not the onh mdication that the world was
i the nudst of a transition from abundance to relative scarcity
i a few vital areas

The carly seventies saw a sudden and disturbing detenora-
tion of the world food economy, as rescrve stocks dwindled to
almost nothing and widespread stanvation appeared i Afnca
and Asia The immedhate cause of the scaraity was a combina-
tion of poor hanvests i the Soviet Union, the Indhan subconti-
nent, and sub-Saharan Afnica, together with a deaision by the
Soviet government to make up ats shortfall of gram by record
purchases from the Umted States The world food cconomy
mproved m the late seventies, however, thanks to a string of
good harvests, but as the world entered the eighties, there were
gathering signs of further shortages !

These ups and downs i the avarlabilits of food on the world
market were primanh cansed by chmatic fluctuations, but the
masked a dangerous underhving trend  In the quarter-century
following W orld War I, the world gram hanvest nearly dou
bled. chmbing from 683 milhon tons to 135 bilthon tons Thy
uprecedented mcrease was suffiaent to keep food production
at least a half step ahead of demand from a rapidh swelling
world population But by the mid-seventies, one of the prime
cources of mereasmg crop production had virtuallv been ex-
hausted. for almost all the world's available cropland had been
brought under cultwation Indeed, 1 the past few vears, there
have heen warming signs that some of the land now m cultiva-
tion 1 detenorating, as soil erosion has reached unsustaitiable
levels i many regions 12

This means that virtually all the imcrease n food production
for the foreseeable future wall have to coe from rasing vields
per acre, a prospect made especrally difhcult by the fact that
all the yield-mcreasmg technologies mtroduced n the past few
decades—fertilizers, pesticides, herbiades, and imgation—are
energy-ntensne A projection publshed by the U § govern-
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ment puts the task m perspectine “In the early 1970s, one
hectare of arable land supported an average of 2 6 persons, by
2000 one hectare will have to support 4 persons 13

These global estimates hide vet another fundamentally in-
portant feature of the world food economy that has developed
over the past generation the growmg dependence on North
Amernica On the eve of World W ar 1, only Western Furope
was a major unporter of gram, most other regions of the world
were at least self-sufficient But during the past quarter-cen-
tury, fewer and fewer countries have been able to meet ther
gramn needs through domestic production, and they have
turned mcreasigh to the Umited States and Canada to fill the
gap By the imd-seventies, North America was the only region
of the world with a substantial food surplus. its exports ac-
counted for about two-thirds of the global gram trade This
heavy dependence on North Amencan croplands has made
gram importers cvenvw here dangerously vulnerable to shifts i
the weather patterns fand shifts i the agncultural pohaes of
4 sigle chiaahc region

It 15 not past e terms of crop production that the world tood
prospect has undergone a major transtoriation m the past
decade  \s Lester Brown has pomted out, the per capita pro-
duction worldwide of fish, beef. and muatton all |.caked durnng
the sevenhics, and have now begun to decline These trends
rarse the need for new technologies to boost food production
m the vears ahieaa But the expenience of the past generabon
has shown that new technologies alone wall not be enough to
ensure that food 1s avalable to those who cannot afford to bas
it These trends have sobermg imphcations for the food outlook
i the cighties and bevond 1+

W ater 1 another resource whose abundance has been taken
tor granted m past decades bat wlich may become mereasingy
scarce 1 the vears dhead Richard Barnet argues in s book
The Lean Years that “because water 1s so obvioushy a funte and
scarce resonree, and becanse there are alwavs competing drink-
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ers, irngators, and industrial users for the same water, conflict
is mevitable ™ Yet water, hke energy, has for decades been
taken for granted Technological development has conse-
quently treated it as a “free good,” a renewable resouree whose
cost could virtually be ignored in the planning of new projects
Ity real value will only become obvious whea, hke cnergy,
reservorrs become depleted The report of the Global 2000
studv, a maor US government projection of resource and
environmental trends to the end of the century, estunates that
demand for fresh water worldwide will inerease by between zoo
and 300 percent dunng the final quarter of the twenticth
centurv " Much of the ncreased demand for water wall be
the (developing) countries of Afnica, South Asia, the Muddle
Fast. and Latin Amenca, where m many areas fresh water for
human consumption and irrigation is alreadv i short supph,”
the study notes 15

In the industnal countries, too, competition for water sup-
phes between mdustrial uses, energy production, urban expan
sion, and agncattur < hikeh to mtensifv. The western United
States, which has < ive untapped energy resources, large
arcas of irngated agnculture, and rapidly expanding aties, 18
hkelv to see mcreasing competitium for water supphes m the
vears dhead Aready, water s :n short supply The waters of the
Colorado River, the hfehne o the and Southwest, are almost
fully used, and there 1s hittle scope for mecting further de
mands More worrving the Ogallala agquifer, an undergroundd
reservorr that supphes ingation water for a large area of the
western plans, 15 showing signs of depletion Some 4o percent
of the gran fed beef raied m the Umted States are fattened
aan area dependent on the Ogallala, notes seience wnter John
Walsh, but “engimenmg studies indicate that underground
water i tHus region mav be depleted e three to twenty
v Cars 16

Renewable resources, by defuntion, are not supposed to run
out But durmg the seventies, evidence mounted that so-called
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renewable resources in many regons were under severe pres-
sure as rising demands began to push biological systems to the
himts of their prodnctive capacity and beyond The detenorat-
ing soils m many parts of the world, dechmng fish catches, and
deforested hillsides bear wituess to these trends But the re-
source that 1s i perhaps the most parlous state 1n some regrons
iswood Studs after study has indicated that tropical forests are
shrinking at an alarmeng rate under the pressure of nsig de-
mand for agncultural land, commercial loggimg operations, and
the collection of Airewood This has already resulted i severe
soc1al and ecological problems m many areas, as firewood prices
have soared. and as sail erosion has accelerated on deforested
hallsides  As a result, the Global 2000 studvy concludes that
“the real prices of wood products—fuelwood, sawn lumber,
wood pandls, paper, wood-based chenneals, and so on—are
expected to nise considerably In the mndustrialized nations
the effects mav be disruptive, but not catastrophic In the less
developed countries, however, wood 1s a necessity of hfe 1oss
of woodlands wili force people i manv LDCs to pav steeph
nsing prices for fuelwood and charcoal or to spend much more
ctfort collectmg wood—or else to do without 17

The transition trom abundance to scarcrty was precheted
even before the energy cenisis of the carlv seventies, with the
19=2 pubhcation of [ ity to Growth A computenzed study
of the world econonn and global resources, it essentially con-
cluded that contimned economie grow th would result 1n senous
resource depletion, coupied with nsig levels of pollution The
study sparked a heated controversy, it came under heavy fire
for 1ignoring the potential for technological change to break
through the planetary linuts that e ahead Technology, atter
all, had overcome shortages of food, encrgy. and raw matenals
m past centunies, and there was no reason to expeet that it
would not be able to repeat the performance m tl.e future ¥

The Lanits to Growth mav indeed have beer unduly pessi-
mstic in some respects But impendimg, of not actual, shortages
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of both renewable and nonrenew ibie resources place a hieavs
burden on technological change The encrgy-intensive, envi-
ronmentally disruptive technologies developed i an era of
cheap and abnindant resources are contnbutmg to some of the
problems that have emerged i the past decade Changes m
technological direetion have become imperative

A New Feononue uvironment

Fayen betore the upheavalsmy world o1l markets broke the
postwar patterns of energy produdtion and use, there were signs
of mounting stress i the world economy  Inflation began to
aecelerate m most conntnies i the late sixties, and unemplov-
ment levels began to dimb But the abrupt nise i ol prices
19~3-=4 cxacerbated these trends, ushermg o a penod of
sluggish ccononne growth, global inflation, and mounting
unemplovment that has stretched mto #'e earlv eighties and
shows httle sign of ending

Technological mnovation s widelv viewed as a solution to
many of these economic probleris, for new technologies have
traditionathy helped boost cconome growth by pioviding new
wavs te produce goads more cheph But mnovation atself s
more difficult to achieve i a depressed econonie Jimate, and
i any case. there 1s no reason to expect thut a return to postwar
patterns of mnovation will be any more successful than areturn
to postwar cconotme planmng 10 oserconnng the economic
problems of the eighties

The svinptoms of global ccenonic malaise are easy to de
wnibe, but the underhving canses are difficult to chagnose The
most obvions ssmpton 1s 2 global mflation rate that continues
to accelerate Inflation, whic b has appeared throughout history
- mdmidual countnies m tunes of war, poor harvests, and
sumlar penods of strcss, has become a global phenomenon 1
It affc cts even the centrally planned econonnes, where control
of prices shonld make than less vulnerable to mtlationan pres
sures (See Table 2 1)
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Table 21 Average Annual Rate of Inflation in Selected Groups of

Countries
Countn group 1060-=0 19~0-50
IPERCENT)
Low-nicome countres 30 10~
\Maddle-imcome countnes 31 131
Industnalized counines 42 94
Capital-surplus ol cxporters 12 222

Source World Bank

At the same time, the global economy has lost much of the
buovancy it displaved in the postwar years The combined gross
national product of the western industrial countries and Japan
grew by more than 4 percent a year in the fiftics, and by more
than 5 percent a vear between 1960 and 1973 But from 1973
to 1979, the industnal econonnes grew by only 25 percent a
year, and they entered the eighties i a state of recession
Sinmlar trends were evident i the Soviet Union and Eastern
Europe, where annual growth rates slumped from 9 5 percent
to 65 percent, and finally to 55 percent dunng the same
periods of time 20

The ollimportmg developing countries also saw ther eco-
nonne growth rates slow down n the seventies Between 1963
and 1973, 1 spite of rapid mereases m thew populations, they
boosted ccononmce output per capitd at a 37 percent annual
rate But between 1975 and 1978, therr per capita growth rates
slumped to 2 3 percent a vear Among the hardest it were the
poorest African countnies, whose per capita growth rates
dropped from 1 6 percent a vear i the sixties to just 02
percent in the seventies *“On average their people are as badly
off at the end of the decade as they were at the beginning,”
stated a 1980 report by the World Bank 21

One consequence of the slowdown i growth rates and of
cfforts to dampen mflation has been a surge i global unem-
plovment Each vear smce 1975, the total number of jobless
people has icreased m Fearope. and i 1980, more than 20
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mullion were out of work m Westcre Europe, North Amenca,
and Japan cormhimed In the devclopig world, unemployment
and underemployment has reached epidemic proportions, as
the number of jobs created wn mdustry has fallen hopelessh
short of the grewth m the number of people looking for woik
While accurate estimates are difhcult to make, the Interna-
tional Labor Office suggested that in the late seventies, close
to a half-billion pecple were unemployved or severely underem-
ploved n thie deeloping countnies “Chronic high unempiov-
ment seems to have become entrenched 1in most of the world
cconomy, and traditional measures for combatting 1t appear
nadequate or nappropnate—or both,” Kathleen Newland
noted 1 a 1979 studv of world unemployment problems 22

These high rates of unemplovment in the mdustral world
make labor-saving technologic . cnange—the basts of much of
the nse in productmity i the postwar penod—both more
difficult and socially divisive And the jobs crisis in the Third
World <alls into question the advisability of basing develop-
ment programs on the use of labor-saving technologies 1
ported from the industnal countries 23

While the economies of individual conntnes have encoun-
tered a combination of seenungly mtractable problems, mter-
national economic refations have also undergone major uphea-
als The carly seventies saw the ' .cakup of the mternation
financial arrangements that were established at the 4
SUorld War 1, under which currency exchanges were -
nally fixed to the price of gold The system began to cremole
i 1971, when President Nixon took the United States off the
gold standard, an action that effectively devalued the dellar
aganst other majer cuirencies And the postwar arrangements
collapsed completely 1n 1973,  * en exchange rates were al
lowed to float

There followed a penod of violent fiurtuations i interna-
tional financial markets, and many governments were farced to
take painful steps, such as tightening credit and reducing gos -
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crnment expenditures, i order to stabilize their currencies
The fluctuations led to changes m terms of trade, those coun-
tries whose currencies were effectivelv devalued saw the cost of
their imports nise, thereby adding to wflationary pressures, and
those countries whose currencies rose found it more difficult to
boost their exports

These gyrations - mternational cconomic affairs were al
readv under wav before the 1973-74 a1l pnce increases, but
those mcereases added to the mstebility They prompted the
largest mternational transter of capital i history, and the oil-
evporting countries ran un current account-surpluses of more
than 60 billion m 1974 Some of this money—which rapidhy
hecame known as petrodollars—was returned to the mdustnal
countries through purchases of capital equpment, technology,
and consumer goods, and some was reevcled thre agh deposits
m private western banks The boost w ol prices that occurred
i 19~y has agam thrown nmense strans on the international
fiancual svstem The combined surpluses of the oll-exporting
countries amounted to about S0 bithon m ¢80 24

I'h.s unprecedented mternational movement of capital has
had widespread repercussions It has aggravated the balance-of-
pavments problems of many oillimporting countnes, especially
of developmg countries, wlich were faced with a combimed ol
il of some Sg= billion i 1950 Tt has greatly ncreased mter-
national compettion 1 export markets, as countries seek to
ruse thar export carmngs i order to pay tor oil imports And
it has vasthy mcreased the role of private connnercial banks m
the mternational economic svstem Private banks have plaved
4 kv role mreavdhing petrodollars, and they have made huge
loans to developmg countries to help them pay ther ol import
bills By nind-1agmg—bcfore the ol-price nises toox place—de-
velopimg conntnes had bult up a combmed debt of $224 bil-
hon to commeraal banks, with Brazil alone owing more than
$35 hilhon The nterest pavments on these huge sums of
mones were begmmng to stram the finances of many coumtrices

4
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by the end of the seventies, raising conceras for the overall
viabihty of the nternational monetary svstem 23

The econoinic problems and dislocations that have surfaced
in the past decade are closely interhnked, and they have sev-
cred the econonie trends and mternational financial relation-
ships that persisted for a quarter-century after World War 11
They have also deeply affected the environment for technologi-
cal change The slowdown in cconomic grow th and constraints
on government spending have reduced the growth m expendi-
tures on research and development i many countries In add-
tion, according to a study by the Organisation for Economic
Cooperation and Development, “the stagnant cconomic clhi-
mate has been attracting R&D in most sectors towaids the
short-term and the safe ™ In an era of slow growth and eco-
nomic uncertaity, prnvate industry 1s more reluctant te make
mvestments n new technotogies to icrease productivity 20

For developimg countnes, the economie uncertamties, ¢s-
calating energy prices, and heaws debt burdens accumulated m
the seventies have made development programs more difheult
te-achieve In partbicular, they have raised senous doubts abount
the wisdom of following the industnat world down the path
toward energv-imtensive svstems of production and consumip-
tion, and they have led some countries to take a new look at
the possibilities for developing thar own energy resourcer

A Restructured Y orld [ 'conomy

The Umted States emerged from World War 11 as the
undispated world leader i mdustnal and technological power
I'hroughout the fifties and sixties, Minenican corporations
domenated world trade m high technology goods, and com
mentators m Europe warned repeatedly of the cconomic dan-
gers nherent i the “technology gap™ between the Umited
States and the rest of the mdustnal world Durmg the seven-
ties, howesver, the mternational distnibution of technological
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power changed fundamentally, with Japan and some European
countnes offening strong competition n world markets

In many respeets, aaese developments are not too surprising
wmencan dommanee i saence and technology m the postwar
vears was partly a result of the fact that the country emerged
from W orld War 11 v .thts mdustrial and technologieal capaz-

—_—

ity essentially mtact indeed. its technological m:ght had been
considerably enhanced by massive government support durning
the war vears and by the immgration of many leading Euro-
pean saentists and engineers before and after the war The
United States technological dommance was, therefore, some-
what artificial. and 1t was bound to erode follow g the success-
ful rehabilitation of the war-torn economies of Europe and
Japan

Meastred m terme « changes i the relative distribution ot
produchon among the .ding noncommunst mdustrial coun
tries, the cconomic nse of Japan and W est Germans s stnking
In the mud-fifties, the Undfed States accounted for almost
two-thirds of the combmed production of the seven largest
OFCD countries, but by the mid-seventies, s share had
shrunk to less than hatf West Germany mereased ats share
steadily . overtahimg Brtan and Francom the mid-asties, while
Japast poasted anprecedented rates of growth By 190, Japan
had become the second largest econonie power i the non-
communist world it share of total procuction among OFECD
countries increased By more than a tactor of fonr betw cen the
nnd fifties and the nosdseventies 27 (See Table 2 )

Althoug!. these trends have been a long time m the making
and reflect cne mentable cconomic tecovery of kurope and
Fripan, they did 1ot become consprcuous until the global econ-
or + lost mementume om the midsseventics A the industinal
Cwminies tned o0 1 oost thar exports morder to pay for -
ported ol Amerc . corporat.ons found themselves na highly
compeitine environimceat Fyven m domestic markets tor goods
aich as steel and automobles, Amencan mannfacturers e

ERIC 14
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‘Table 2.2 Changes in the Share of Production Among the Seven
Largest OECD Countnes. 1955-1974

Countn 1955 1970 1978
(PERCENT)

United States 645 539 450
United Kingdom 56 69 6o
France -8 56 93
West Germam -3 99 125
Canada 13 143 46
Japan 1K 1o 17 8
Italy 17 52 46

Total* 1000 1000 100 0

Sources Organrsation for Fconomc Cooperation and Desclopment and W orld Bank
*Total say not add to 100 becanse of rounding

13

courtered shff competition from European and Japanese com-
panies, and imports captured a growing share of U S sales For
@ nation that had held a dominant position in the world econ-
omy for more t'an a generation, this new economic reahty
becaine a source of deep concern

Just how much has the United States econonne and techno-
logical leadership been eroded” The evidence 1s conflicting, but
it 1s clear that there have been deep stru-tural changes i the
world cconomiy duning the past decade or so Relative changes
in national technological capaaty lic at the center of these
cconomic shifts

In terms of productvity—a key measure of cconomic per-
formance—the Umited States shll ranks above every other
country In 1978, French and West German workers produced
about 15 percent less than thair Amnerican counterparts, Japa-
nese workers produced about one-third less, and British work-
ers about ‘o percent less But every country, including Britain,
has improved its productivity more rapidly than the Umted
States duning the past quarter-century In 1950, productivity in
the United States was more than six times higher than that in
Japan, 2 5 times higher than that in France and West Ger-

45




_—‘

‘fechnology n a New Era 19

many, and almost twice that i Britain 28TSesLable 2 3)

There are many reasons why productivity growth rates have
differed so markedly over the past decade or so Among the
contributing factors are differences m levels of mvestment «..d
savings, differences m structure of labor forees, and differences
i rates of inflation and unemployment A study-by the U§
National Science Foundation has also suggested that “part of
the country differences in productivity gains may stem from
the fact that the Umted States 1s at a much higher level of
national production than other countries and thus may possibhy
be experiencing the dimimshing rates of return effect often
associated with an mcreasing scale of economic activity 727
Furthermore, when Japan and W et Germany rebuilt therr
shattered dustrial plants, they were able to use the latest,
most productne technologies Whatever the causes of the
changes n relative productiaty levels, however, 1t s clear that
the leading nations of the W estern world—with the exception
of Britain—are becomig more homogencous - their indus-
trial productivity, whnch i turn suggests that their technologi-
cal levels have also evenied out How have these shufts affected
mternational markets for high-technology goads?

By all appearances, the Umted States has seen 1ts domiant
posttion greath croded i 1980, for example, more than one
car m four sold m the United States was miported .\ vear

Table 2 2 Gross Domestic Product Per Worker in Selected Countries,
Compared with the Umted States, 19505

(cuntn Iy 1ufo 1T 1oTh

TPERCENT O 1S

U mted States 1 x A 1603 O 1ex
Japan 1y 6 =18 48 63 o
Franc 34 33 -1 535 60
Wt Germuane 0N 6 13 S5
Unted Kingdom 520 34 0 354

Sonrece US Departieenr ot Fabr
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carher, Japan had overtaken the Umted States as the world’s
largest automobile manufacturer By the late seventies, the
Amercan steel mdustry was i senous difficulties, reeling under
the impact of cheaper imports from more productive mulls m
Japan, Europe, and some Third World countnes And in many _
areas of consumer electronies, Japanese compames were doni-
nating world markets to the extent that Amencan companies
had dominated them a decade earher®

In terms of mternational investments by mulhmational cor-
porations, there has also been a dedme wm U'S dommance,
refleching the growmg economic strength of other industral
countnies According to a study by the Umited Nations Com-
mission on Transnational Corporations, the Amencan share of
cirect foragn mvestment worldwide dropped from 53§ per-
cent m 196~ to 4= 6 percent 1976, and Britam’s share sank
trom 16 6 to 1t 2 percent Incontrast, Japan increased its share
from 1 4 to 6 = percent, and West Germany's share rose from
25 to 6 percent Thus, while the Umted States remams by
far the leadmg v urce of forGgn mvestment, some other mdus-
trial countries are ncreasing ther overseas activities at a much
faster pace 3

This trend s evident, for example, in nicroelectromes —one
of the hottest ugh-technology areas un the past fow vears In
the carly seventies, the United Staies held a virtnal monopoly
on this technology, but by the carlv aghties, Ymencan compu.
mes were encountering sttt competthon trom toreign manu
tacturers Japanese and European corporations invested m U8
microclectronics compames, acquinng some 15 pereent ot
\menaan manufactnnng capacaty i this field Several Japa-
nese corporations also established Furopean manutactirmeg
facilities to compete head-on with the United States and
Farope m the Furopean market 31

Yet, mospate of these developments, the Umtod States re
tamed a healthy trade balance in gh-technology goods durmg
the «eventies Tt exported far more m the wav of computers,
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military cquipent, aircraft, and smular sophisticated products
than it imported In 1977, 1ts trade balance m hugh-technology
goods amounted to $27 6 billion, while 1t ran up a trade defiet
of $24 4 billion 1 other goods Amencan high-technology ex-
ports arc clearly a cruaial factor n offsctting the nation’s
mounting odamport blls Indeed, mternational trade i gen-
cral has becomne mereasmgly important to the US econonn
m recent vears Imports and exports combimed rose from 6
percent to 12 pereent of the nation’s GNP between 1970 and
1950, a stnking mdication of the growmg ccononne nter-
dependence among the mdustrial countnes 32

Asat enters the eighties, the Umited States is still the world's
leadhing ccononue and technological power, but its dommancee
1 not as absolute as 1t was m the postwar sears The mdustrial
countnes have become more mterdependent, with industrial
and technological capacaty more evenly dinided among them
For cach of them, mamtammg ther domestic mdustries at the
entting edige of new technology has beeome a central concern,
and as the world cconomy has become flacad, this concern has
mtensificd Technological competition from: abroad has be-
come one of the dief meentives for mnovation m the mdus-
tral worid

W hile the western industral countries and Japan have been
butlding up their lngh-technology mdustries, the Soviet Union
and bastern Furope havé aiso been pumping large amoun s of
resources mto technological development  Although direct
companisons are difficult to make, it 1s behieved that the Soviet
Union 1s devoting a much larger share of 1ts gross national
product to research and development than are the western
mdustrial countries A study by the US National Saence
Foundation has reported, for example, that Soviet outlavs on
R&D m the late seventies amounted to about 3 4 pereent of
the nation’s gross national product, compared with about 2 2
percent in the Umted States The Soviet Umon, moreover, Tts
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more scientists and engmecrs workmg m R&D laboratonies
than has any other country 33

These mvestments of money and talent have produced some
mnpressive results Soviet basic research in fields such as mathe-
matics, clectrochenustry, and theoretical physics 1s widely re-
garded as among the best m the world, and in some heavy
industries such as mming and metallurgy, Soviet technology 1s
on a par with that of the western countres But by several
measures, the overall level of Soviet technology lags behind
that of the Western world

In spite of 1its heavy support for science and technology, the
Soviet Umon continues to import advanced technology from
the West, while exporting very httle of its own outside Eastern
Furope This rehance on technology imports was underlmed n
late 1979, when President Carter curtailed exports of Amen-
can technology to the USSR—a decision that was prompted
by the Soviet v asion ot Afghamstan Between 1970 and 1977,
for example, the Soviet Union imported some $3 3 billion
worth of machme tools from the West, about one-fourth of
which were highly advanced, automated machmes This level
of mmports suggests a lag m a sector that s cntical for 1o
Sovict ndustries 3+

The Soviet Union has been foreed to import large quantities
of oill-dnlhng eqmpment In 1978 alone, some $1 billion worth
of al-dnlling cquipment was bought from W estern Europe
and North Amenica to ard in the USSK s massive eftort to tap
its ol reserves in Siberta and offshore in the Caspuan Sea And
throughout the seventies, Seviet officials went shoppmg for a
vaniety of other items of advanced technology m western coun-
trics, buving entire auto and truck assembly plants, clectronic
cquipment, steel mills, chemicals, and chemncal plants These
purchases were designed to modermize Soviet industry as
swiftly as possible 35

But m a cntical area, mihtary and space technology, the
Sovict Umon has made enormous advances Indeed, a massive
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study prepared for the US National Science Foundati § sue:
gests that the coneentration of scienhfic and tcchn&bgwal
resources on military projects in the USSR may help explain
why Soviet technology in other areas 1s lagging “Much like the
Umted States,” the study suggests, “the Soviet regime has
spent enormous sums on defense, aerospace, and nuclear R&D
while undennvesting in industrial R&D  Nor has there been
any substantial spin-off from these national security and high-
technology related projects in terms of civihian applications to
national needs and improvements 1n the quahty of hfe The
resulting pattern has been a high cei.centration of talent and
moncy 1n defense and space and a senously distorted deploy-
ment of S&T [science and technology] resources 3¢
The Soviet Union's success m developing its miltary tech-

nologies has been both a response and a stunulus to defense-
related science and technology i the United States The vast
sums of money poured into defense and space laboratonies
produce new technologies that i turn prompt further techno-
logical countermeasures Indeed, the threat of Soviet mihtary
developments has always been a major factor m the plannimg
of science and technology m the Umted States, a fact that was
particularly evident in the late fifties and carly sixties following
the launching of the Sputmk satelhte And the technological
arms race will contimue to dommate the saience and technol-
ogy pohcies and resources of the two superpowers during the
cighties (see Chapter 3) This wali further distort their patterns
of technological development compared to those of other -
dustnal countnies, for as the United States and the Soviet
Union continue to divert a large share of their scientific and
technological resources into the nubtary, countnies such as
Japan and West Germany will be pntting most of their scien-
tific funds and talent mto the development of technologies
more closely inked to industrial devs lopment Japan and West
Germany have, in fact, already overtaken the United States
terms of the share of gross national product mvested i non-
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mlitany research and devclopment This measure alone marks
a*significant departure trom the postwar dommance of the
Umted States wn all areas of research and development

A final area of the global economy that has undergonc struc-
tural change m the past decade or so s trade between the
developing and ndustrial countries The rapid industriahzation
of a few developmg countnies in the sinties and carly seventies
has resulted i a major ncrease m their exports of manufac-
tured goods, as well as an increase m the volune of sophis-
ticated products they unport from the nch countnies In other
words, some developmg countnies have become more tightlv
mtegrated mto the world economy, a Jevelopment that has
rarsed inportant questions concerning pohicies for seience and
techmology - developing and industnal countries ahke

This growmg mterdependence between nich and poor coun-
tnes has Jed many nfluential analvsts to argue that further
mdustriahization n developmg countnies and contmued growth
m trade will ultimatels benefit both the developing and *l
mdustnal worlds In effect, the deselopimg countries are seen
as “engnes of growth,” whose mdustral development will lead
to mereased demand for products from the mdustral countries
and hence to mercased global cconomue growth 37

Although there e doubts about how swifthy such a scenano
widl unfold and legyamate concerns about how the benehits ot
such growth will be dwided (see Chapter 50, the ndustrdiizag
tion that has alrcads taken place matew deseloping comntnies
hus ratsed new pressures for mmovation m the mdustnal world
\s a study by the Overseas Development Counail has pomted
out, “some of the more advanced semiamdustralized countnes
are now at a stage where they are shitting from labor-imtensive
mdnstries to those using more capital and higher skille These
comtries are ready reonenting thar exports from products
aich as dothing and shoes toward items such as electrones,
steel antomobiles, and mackmers This suggests that less de
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veleped countries will be able to produce and sell more high-
technology goods and that mdustrial countries will face stifter
competition tor markets tor goods they now produce and ex-
port On the one hand, this shows that the basic dvnamism of
the world cconomy 15 at work, on the other, it unphes that
contimtious pressure will be exerted upon the mdustnal econo-
nies to discover new markets, products, and processes ard to
mtroduce domestic policies to mamtamn ther mternational
competitneness 73S

tn other words, the idustrial countries will be faced with
the need to encourage growth of those imdustries i wieh the
hold 4 comparative advantage m the world cconomy—high-
technology, knowledge-mtensive industries such as computers,
microclectronies, and botechnologyv-—m o-der to offset the
dedhine of tradihional mdustries faced with mounting compets
tion from the developimg countries There will also be -
creased pressure tor mdustnal countnies to automate ther pro-
duction processes - erder to reduce the labor mvolved m
manufactunmy and thereby overcome some of the comparative
advantage cajoved by devdopimg comtries with lower labor
costs

These prossares are mtensified ma slegash world cconoms
m which all countnes, nich and poor abke, arc competing for
a4 share of mited markets That 1s the situation that appeared
i the mud-seventies, and it s hhelv to persist tor the nest
several vaars

New Demands and New Values

Fhe end of the postwar era was not marked solel by changes
menergy production and shifts e ccononne relationships It
was alse charactenized by the appearance of o changed socal
envionmicnt Phie late sivties and carlv seventies saw the cmer-
genee of 4 new set of demands and values, among the most
promimcent of which were nsimg concern about environmental
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degradation, growing ahenation of workers stuck i boring,

mindless jobs, a shift in aggregate demand away from matenal
goods toward services, and increasing calls for the regulation of
food, drugs. chemmceals i the workplace, and other threats to
health Even economic growth atself, the very basis of indus-
trial advancement for generations, came under assault as the
prime cause of many of the problems facing industrial society

The emergence of these new social values resulted from
trends that had gone unrecogmezed for years Their economic
expression 1 new market demands and their pohtical expres-
sion m ncreased regulation of corporate activities was partly a
reaction agamst the forces that had shaped technological devel-
opment during the postwar years These changed values funda-
m tallv altered the environment for technological change
the seventies and bevond

"T'he brmsing battles that erupted over nuclear powe nd the
sting of mzjor energy faciliies were the most conspicuous
manifestations of this change m values Energy projects that
had gone essentially unchallenged durning the ffties and sixties
and which were widely viewed as signs of progress suddenly
found themseh es under senous attack People. i short, were
no longer willing to accept environmental degradation ard
mereased hazards as the mevitable price of progress

Duning much of Fae postwar era, the values that imphiatly
guided technologial development largely disregarded the costs
mvolved - environmental degradation The preservation of
clean air and water and the protection of the natural environ-
ment were accorded a relatively low value morelation to the
matenal benefits dernved from increased production and con-
sumption As a result, the cost of goods did not reflect the full
costs to society of the environmental damage associated with
thewr production and use

fn the absence of regulations to prevent environmental
abuse—and m the absence of strong public support for such
regulations —thiere was httle incentive for aither producers or
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consumess to assume the costs mvolved m protecting the envi-
ronmient  But i the late sixties, nsing public concern over
environmental degradation resulted i the passage of strong
covironmental protection laws  throughont  the industrial
world These have resulted m regulations designed to ensure
that producers, and ultimately censumers, pay the costs of
controlling pollution rather than allowmg the costs of a de-
graded environment to be pad by society at large

Of conrse. the passage of environmental legislation has
bronght governments more firmly into the busmess of regnlat
mg market forces by reallocating costs A simlar trend has
occurred n arcas such as the regulation of the safety ot food
and drugs and the reduction of ocenpational hazards Govern-
ment laws and regulations in these areas have led to the adop-
tion of measures that probably would not have been taken
simph under the push and pull of market forees

The nsing concern over environmental polhition owes umcl
to an improved nnderstanding of the effects of pollutants on
bealth and a heightened awareness of the depletion of re-
sonrces It also represents a shift in demand away from strictly
material goods s Professor Lester Thurow of Massachusetts
Institute of Tecdmology pomts ont. “environmentalism 1s 4
demand for more goods and services (clean air, water, and so
forth) that does not differ from other demands exeept that it
can onlv be achieved collectively ™39

In this respeet, the move toward mereased environmental
protection: matches other trends m mdnstnal ccononues s
meomes have nisen, ademand for collective services such as
health care, education, and so on have been nercasmg rapidhy
m recent vears, assunmme 3 growing proportion of the gross
national prodiet of most industnal countnes X

These shifts m consumption patterns have placed new de-
mands on saence and technology One duect result 1s that
mcustrial corporations have greatly stepped up their spending
on research and developrent related to polhition control and
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cnergs conservation In the Umted States, for example, spend-
mg on pollzhon-control R&D rose by 50 percent and that on
cnergy conservaion doubled between 1976 and 1978 .\ less
conspiciious result 1s that, as Professor Einma Rothsemld has
sucemethy pomted out, “consumption and production are ¢ ut
ob jomt on the one hand, consumphion s increasmgly “social-
rred” as demand grows for environmental goods and for collec
tive senvices, on the other hand, the svstem of production has
Changed more slowly, and resgarch s shil concentrated m re-
source mntensne mdustries 49
Oae result of these trends 1s that governments have beconne
more deephy involved i i broad range of cconomic and private
whritios bedias regulators of industnal prachces and as prov-
iors o rine collectne seraces that have become inercasmgly
i demand Thisicreased government role i econorie aff - s
roe brcct reanlt ot the growing compleaty of technologieal
Cicty and a reachion to many of the adverse trends that took
phice dunng the postwar period of 1apid economue growth
Bt s the seventies nrogressed, and as many of the economic
probloms of the mdestnal world deepened, a react 1 to the
Stowing power ob government took root Its most stutinmg
caprosion came e the 195 Amenican Presidental election,
with the dection of a conservative president and Senate major
£ opladpad to et the zovernment off people’s backs ™ These
wintorvading trends represented deep divisions within soaety
cd rcticcted a lack of consensus on the role of govermnents
o sndimg cconomic and technolezical developiment
P cooncamne and socal enviromment of the early ewglities
thos wrcath different trom that of a decade carlrer The seres
¢ ks that strack the world economy duning the seventies
S ot passing phenomena which woul i disappear i the
<kt L rommiphon of ccononue grow th and a reture to the
ccrovand conomic pohoes of the ifties and sixhies Rather,

~

s foct docn stenctural changes and express the longer-
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term trends that hive been gernunating duning the postwar
vears These structural changes present a severe challenge to
the cconomic pohicies of mdustrial and developing countries
alike. and by extension, they call into question the technologi-

¢ cal policies that have mfluenced cconomic deselopment for a
generation
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and Power

As the world cconoms has grown flacad and as mterna-
tional cconomic competition has mtensified, politicans and
mdustrialists alike have begun to pay more iip service w the
need for new technologies to 1evitalize saggimg industries, gen-
crate new arcas of economic growth, and fend off imports And
bhecause technological changes have helped to overcome short-
ages of food, energy, and raw matenals m the past, future
technological innovation 1s being counted on to overcome the
planctary lirmts that are emergmg m these areas

For example, in words remimscent of Harold Wilson's 1963
pledge to lead Britam through the “winte heat of technological
revolution,” President Carter announced m Ins fiest State of
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the Union address that he would prowote “a surge of techno-
logical mnovation by Amencan mdustry A few vears carlier,
I .conid Breshnev, in rather more colorful terms, exhorted en-
terprises - the Soviet Umon to “chase after scientific and
technological novelties and not to shy awar from {them] as the
devil shies away froin mcense ” And the  emdustrniahization
policies that have come mto vogue i some cotintries m the
carlv eighties rely heavih on technological mnovation to
breathe new life wmto faltenng industries ' Techimological
change, m short, has pecome an mperative

One measure of the global comstment to technological
change 15 the size and scope of mvestments m research and
development  In just one generation, research and develop-
ment has become a highiy orgamzed, Lavishly funded achivity
More than St30 billion 1s now spent on R&D worldwide, and
some three mlhon saentists and engimeers are empioved
saentific laboratories These huge fnancal and mtellectual
resources have helped accelerate the pace of tedhinological
change 1 the past few decades ®

To many people, rescarch and development 1s an arcane
busimess scentists i white coats conductig studies that seem
to bear little relationship to evenvday hife But R&D. which
encompasses activities ranging from the pursuit of acadenne
knowledge about the unverse to the desigin and deselopment
of new weapons, 15 an essentral part of the processes of techno-
logical change  An understanding ot the wav that Reel) s
organized and funded, and of the prionties reflected e the
world's expenditures onrescarch aud development, s vital tor
Ju understandimg of the 1ole that tedhnological change plass
m soacety

Nearly four centines ago. Franas Bacon observed  that
hnowledge s power That remark 18 beconming mcreasimgh
relevant as governments and corporations stk vast amounts of
money into R&ED 1 order to mamtaut an ccorotmic or nilitan
cdee over their mvals National nvestiments now bemng made
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in the production and apphcation of knowledge will nf., ce
economic and political relationships among the 1 dustnal
countnies and between the industnal and developing worlds
decades hence

A Si50 Billion Global Enterprise

Rescarch and development was catapulted mto national
prommence during World War I1, when scienec was harnessed
to the war cffort Scientists working with government funds
produced a dazzhug arrav of new technologics—the atomic
bomb, mass production of pemaithn, radar, long-range mssiles,
to mention just a few—and the base was laid for a long and
frustful partnership between science and government In the
postwar years, scicntists and engineers rose rapidly to positions
of power and prestige n government and industry, government
agencies were estabhshed to channel tax revenues into R&D
laboratories, and unnersity science and engieenng depart-
ments entered a period of unprecedented expansion By the
end of the seventics, the U'S government alone was pouring
$30 bilhon a year into R&D 3

These huge sums of public money have generally supported
rescarch and development that, for onc reason or another, has
not been adequatchy funded by private mdustry - Acadenic
.escarch, mitary science and technology, and the space pro-
gram, for example, all make substantiai clanns ou govanient
budgets Just as the war cffort brought science and government
together i the forties, the arms race and the space 1ace ce-
mented their marnage m the fifties and sisties: More recently,
mcreasing amotnts of pubhc funds have been channeled mto
such areas as energy production, health care, transportation,
and ndustnal mnovation, as governments have sought to enlist
the saentific community m an attack on social and ecmomic
problems

The funding of rescarch and development by private corpo-
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rations has a longer histors Vast mdustrial empires were built
decades ago on the engincering breakthroughs of inventors
such as Thomas Fdison and Alesander Graham Bell and carhier
entreprencurs hke James Watt and Richard Arkwnght In-
deed, corporate laboratories established in the late mineteenth
and carly twentieth centunies became the world's earhest large-
scale R&D centers By the twenties, they employed thousands
of scientists and engmeers #

This carly industnal mvolvement with science and technol
ogy has blossomed nto a close, even ssmbiotic relationship
recent decades, with the nse of new industries based on the
exploitation of scientific knowledge Basic understanding of
the behavior of molecules and atoms hes at the core of such
mdustnies as electronies, commumcations, petrochenncals,
computers. and pharmaceuticals These saence-based mdus-
tries, which have been at the leading edge of mdustrial growth
m the postwar cra. all plow a sigmficant fraction of their profits
back mto their laboratones m an effort to gam an edge over
their competitors

The steep nise in public and private expenditures on R&D
durning the past gereration has been accompamed by the estab
hshment of complex arrangements between governments, uni-
verstties, and indistry for the performance of R&D—arrange-
ments that have blurred the boundarnies between pubhic and
private mstitutions and have plaved a kev role i shaping the
priotities e the global researcin and development budget

[ most of the western industrial countries, between 4o and
50 percent of total national expenditures for R&D come di-
recthy or mdirecthy from government agencies, and m develop-
mg countnies the share s even higher Only a relatively small
fraction of this monev 15 generallh spent - government
laboratories. however The rest 1s channeled into unnersitics
and private corporations

Government support for research and devdopment i the
universtties 15 mosth devoted to basic rescarch-—research that




E

Knowledge and Power 65

1s designed to push back the frontiers of knowledge, but for
which there is no immediate practical apphcation i sight In
the past few decades, most countnies have estabhshed arrange-
ments whereby amnversity researchers recenve government
funding i the form of grants and contracts, and thus govern-
ments have gradually assumed the leading role n supporting
academic science These government-university research hinks
have been enormously valuable m advancimg scientific research
and m supporting higher education m general, but they have
also raised some problems

In the Unjted States, for example, the huge expansion of
unnversity rescarch in the past few decades has fundamentally
altered the character of higher education  As science wnter
Daniel Greenberg has observed, “"Cougress perntted
‘research’ to become the vehicle for pouning federal assistance
mto the university svstem And. not surprisigly, research. with
its own mores, values, and rewards. tended to overwhelm the
educational function of many unnersities ” This heavy depen-
dence on government support has also made research vulnera-
ble to oscillations i government expenditures and to abrupt
simfts m priorities 3

in addition to rundmg R&D 1o advance thar - wn commer
aal nh]cch\cs, private corporations i the western countries
also carry out a wide range of research and development active-
t.cs under contract to government agencies Wilhs Shapley. a
veteran observer of R&D pohicy i the Unnted States, desenbed
these activihies concisels

Companies are developing weapons svsteins, space hardwarc, en-
crev technologies, and new medanes, they are doing apphed re-
scarch and development on new tedimologies, new eqmpment, dnd
new istruments, and they are bulding espertmental and demonstra-
tion plants and federal R&D fachties They are domg an enormous
vohune of paper studies of new concepts and design options, sorie-
tunes backing them up with expesimental tests of cruaal features
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They are providing government with a wide range of support services
for federal rescarch, development, test, and evaluation actmaties,
ranginig from full responsibility for the operation of laboratonies and
test centers to the provision of more specialized anabvsis, computa-
tional and other techmcal services ©

These government contracts for industnial R&D are heavily
concentrated i a few industries—chiefiv those of interest to
defense, space, and energy agenaies For some corporations,
federal contracts dwarf all other business, and a large amount
of corporate energy 1s devoted to seenning a steady flow of
future contracts Activities such as wntmg proposals, bidding
on contracts, and lobbving for congressional support for spe-
cific programs take the place of promotion and advertising in
the selling of the major predu of these companies—scientific
expertise

Aside from these direct funding hinks betw een governments,
wnn ersities. and corporations, there are also indirect hnkages
Academic saientists frequenth advise legislative commnttees
aud government agencies on thair technological programs and
thew often sit on the boards of corporations: Corporation offi-
cuals also somietimes serve as government advisers, cnd some
frins directh fund umversity rescarchers

Research and development i the Soviet Umon and Fastern
Furope tends to be more tighly compartmentahvzed than that
inthe W est In general, mstitutions connec ted with the doviet
Acadenmn of Saences concentrate mostly on basic research
These institutes tend to be large orgamizations concerned with
research i a single saentific diseiphne Apphesd research s
largely the provinee of the mdustral mmistnies, while the pro-
duction enterpnses—the rough equualent of corporations
the W estern world=—carry out the development of new pro-
ducts and processes

Although there are complex hnks between these three com-
ponents of the Soviet research and development system, ths
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division of responsibiities has been cnticized for inhibiting the
processes of technological wmovation A report by rescarchers
from George Washington University suggests that “demand s
created by top-down edicts, the force of these mandates 1s
diluted as they are transmmtted through the manv, often con-
ficting, lavers of bureaucracy ™~

In a single generation, research and development has thus
developed mto a multi-bilhon-dollar global enterprise  that
biids public and private institutions together with a system of
grants, contracts, and planmng directives The whole system s
bult around the interests of governments, corporations, uni-
versities, and researcli agenaies which together constitute the
R&D enterprise These mterests are sometimes complemen-
tary, but they are often m conflict

The Changing Geography of RGDH

These huge mvestinents m the generation of new tedhmol-
ogyv are concentrated m g handful of ndh, wdustnal countries
In rough terms, the Umted States 15 responsible for about
one-third of the worldwide expenditure on R&D Western
Europe and Japan together acconnt for a simular fraction And
the Soviet Union and Fastern Farope combmed spena just
under one-third of the total Thas means that t! ¢ developig
countries of Africa, Ao, and Latin Ninenica account for onh
4 mimseude fraction of the world's research and developmet
achaties-~less than 3 pereent, Jcmrdmg to recent estimates ®

It s difficnlt to develop an accurate picture of who spends
what on research and development Net onlv are national sta
tistics often shetchv and out of date, but international compan
sons are also douded by rapidh Buctuating exchange rates
mconsistent defimtions of what constitutes R&D, and differ-
ences methe makeup of national research and development
programs Nevertheless, its dear that there has been a signifi-
cant shift i the distnbution of R&D expanditures among the
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industnal countries m the past decade or so, a shift that scems
to support Amencan fears that its technological leadership 1s
being eroded

In the mud-sixties, the Umted States accounted for about
two-thirds of the total spending on R&D among the OECD
countries, but by the late seventies, its share had fallen to
one-half Japan and most European countnes had beea expand-
mg thar outlays on R&D during a penod when expenditures
in the Umited States were severely constramned

Additional evidence for thus trend can be scen in changes n
the level of gross national product devoted to R&D among the
western mdustnal countnes and Japan In the early sixtics,
there was wide vanation from country to country The Umted
States devoted a far greater share of its national income to
R&D than any other country It spent aboui 3 percent of ats
GA\P on rescarch and development, compared with 2 6 per-
cent m Great Bntamn, about 2 o percent in France, and close
to1 5 percent m West Germany and Japan The ratio dechned
mn the Umted States duning the sixties and carly scventies, 1t
peaked m Britain duning the late sixtres and dechied during
the seventies, and it rose in West Germany and Japan through-
out this period By the late seventies, all the major industrial
countres in the Western world were devoting between 1 8 and
2 3 percent of ther gross national products to rescarch and
development ¢ (See figure, page 69 )

The change n the distribution of R&D capacity among the
mdustnal countnies was partly due to a dechne in real expendi-
tures on mihtary R&D n the US as the Vietnam war drew
to a close, coupled with a sharp drop m support for spacc
technology m the late sixties and early seventies following the
successful completion of the fabulously cxpensive Apollo Pro-
gram 10 The steep risc and fall of the space program goes a long
way toward explaiming the apparent dechne of the Amencan
R&D enterprise m the seventies.

As for the size of the research and development effort in the
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Soviet Une nand Fastern Burope, there are few relable esti-
indtes The Soviet goverment’s own reported spending 15 not
direetly comparable with that i western countnies because
there 15 considerable doubt about how much nithtary science
15 ncluded and 1t 1s thought to exclude some expenditures—
such as prototype development—that are included m western
hgures Nevertheless, esumates by both Jan Anncrstedt, of
Roskilde Unnersity in Denmark, and the Urnted Nations Fdu-
cational, Scientific and Cultural Orgamsation indicate that the
combined R&D spending by the Fastern bloc countries lagged
onh shghtly behind that of the Umted States w the mma-
seventies ! :
Another indication of the size of the Soviet Umon's research
and development cffort 1s the steady inerease i the number of
researchers s labor force According to a careful estimate
by Louvan Nolting and Murrav Feshbach of the U'S Burean
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of the Census, the USSR had built up the world’s largest body
of rescarch scientists and engineers by the late seventies Its
scientiic labor force ontnumbered that of the United States by
about three to two 12 Yet, i spite of these huge investments
of money and talent, the Soviet Union continues to import key
technologies from the West, and aside from armaments. 1t
exports httle i the way of advanced technology

Whle there have been marked shofts i the distribution of
R&D spending among the industnal countries, one feature of
the global rescarch and development enterpnse has remained
constant the developing countries continue to account for a
tiny share of the world's saentific resources This stnking dis-
panty between nch and poor countnies 1s especially marked
when outlavs on research and development are expressed i per
capita terms In1gmg, the United States spent about $z00 on
R&D for cvery person m the countny, and several Furopean
comntries mvested close to that level T ontrast, most Latin
Amencan nations spent less than S5 per person, and the poorer
coumtries of Afnca aud Asia conld afford less than S1per
person 13

e developmg countries share of the world's pool of re-
searchers has been growing i recent vears, thanks to an expan
aon of nmversitv education m some countries But the Third
W orld has onlv 1 tiny fraction of ats labor force engaged m
research and development compared with the portion i the
mdustrial world  Jan \nnerstedt calcniates that there were
ahout 300 scientists and engmeers working on R&D for evers
nulliem workers m deyelopmeg countries dunng the carl seven-
tics, w e the mdustral world had almost 4,000 researchers per
nnlhon workers

W lule these dispanties suuply mirror many others hetween
rich and poor conntries, they nevertheless have noportant nn-
pheations As long as the world's R&D capaats remams highly
concentrated wr the mdustnal nations, the focus will contmue
tor he largels on the problems of the nch conntries Fven
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arcas such as health and agriculture, global R&D programs are
largely aimed at solving the problems encountered i the rich,
temperate zones -

This skewed distribution of the world’s R& DD resources en-
sures that ost technological development takes place m the
industrial world The developing countnes have thus become
deeply dependent on umported—and often nappropriate—
technology for their economic development Such dependency
1s aggravated when a developing country lacks sufhcient exper-
tise to evaluate and assimmlate technologies offered by multina-
tional corporations

The Worlds Scientific Prionties

While at s difficult conough to estimate how much cach
country spends on R&D, 1t 15 even nore of a problem to
deternume what all this monev actuallv buvs The reason s
sunple much of the world's saentific research s cloaked
secrecv——either for imiditan or commeraal reasons——and there-
fore 1s out of pubhc view Nevertheless, the chief prionties in
the global research and development budget are clear (See
lable 31

Militarw R& 1Y alone accoumts for more finanaal and mtel
lectual resources than are devoted to R&ED on health, food
production. encigy, and environmental protect:on combined
Morcover, as the global distribution of R&D capacity implies,
the world's rescarch and devclopiment euterprise is overwhelin
ingly geared to meeting the pohtical and econorme goals of the
wdnstral nations

These prionties, which differ fronn conntry to countrv, are
the result of a constellation of forces The global rescarch and
development budget is the product of vested interests, whether
they be corporations seeking higher profits, governments seck-
mg greater mihtary and political strength, or unnversity saien-
tists secking larger research budgets The R&D proposals con-
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Table 3.1. The Global Research and Development Budget, 1980

Program Share
(PERCENT)

\Mlitars 24
Basic rescarch 15
Space Y
Enege 5
Health -
Infurmiation processing 5
Fransportahion ;
Pollution control 3
Agniculture 3
Others 0
Total 100

Source Anthor s estirmates based on data from natonal sources and intamational
agenaes Fagures arc approsimate and should be regarded as no more than a rough
gide to rddative Gpenditures

tained m the vearly budgets of the U S government, for exam-
ple, are among the most intensely analyzed and bitterly con-
tested items, even though R&D constitutes less than 6 percent
of total government outlavs The forces that shape the world's
scientific prionties can be discerned from a closer examimation
of some of the components of the global research and desclop-
ment budget

Feeding the Military Machine

The largest single item by far in the global rescarch and
development budget 1s the advancement of nulitary technol-
ogy More than $35 bilhon, roughly one-fourth of the world’s
mvestment in REAT, wax swallowed up by nulitary programs in
1979, and over half a gullion scientists and engincers werce
working on the development of new weapons and defense
systems The feeding of the world’s military machine is thus
the predomiant occopation of the global research and devel-
opment enterpnse 4
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These colossal expenditures are largely concentrated i the
Umted States and the Soviet Union, although military pro-
grams dominate the R&D budgets of Britain and France as
well These four nations imvested heavilv m nuhtary R&D m
the postwar vears, as the superpowers entered wmito ar arms rice
and as ntan and France developed their own independent
nuclear capabilitics Major weapons laboratonies were estab-
isiied in the forties and fftices, hinks vere ferged between
covernmient agencies and private corporations as inchistry
began to builld new weapons and coaduct nnliaary research
ander government contracts, and pronnnent scientists were
oressed into service to advise defense agencies on their weap-
ONS programs

Tax revenues, channeled through governraent agencies. pro-
vide virtually all the Tands for muatary R&I 1n the United
States and Britamn, more public money 1s spent on the develop-
ment of mhtary technology than on all other covernment-
supported R&D programs combined, both ~unges devote
about half their government R&D budgets to their oulitany
torces I France, the share 1s 30 percent, while wr G mam
it 1s 4 more modest 1 percent, and m Japan it as 1 oimuscele
2 pereent 15 (See Table 3 2)

The military R&D effort 1s important not onh for its luge
clann on financal aud tellectual resources, but alse for its kev

Table 3 2 Share of Government R&D Budgets Devoted to Militan

Programs
ounin rfy JoT0 1Ty oS
“EERCENT
U nited States -1 52 52 >
U imtcd Kingdom 63 $! 4 i
brance 44 3. 24 NE
\Woest Germam 22 I i 1

v

Japin 1 N

Sonrce Natoml Science Foundation and Foropaan Foononse Commssaen
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role 1 mamtaning the momentum of the arms race Today's
R&D projects become tomorrow s expensive new weapons, m
an escalation ot armaments that depends as much on techno-
Togical sophistication as it does on sheer 1 ambers Technologi-
cal breakthroughs are 1apidly mcorporac.d mto new weapons
and defense svstems, and the tempo of innovation s driven at
a fast pace by the fear of failing behmd in the saentific race
Thus, n an endless succession of action and reaction, techno-
logical changes i the armaments of one superpower are coun-
tered by changes i the weaponrs of the other

[his heavy rehance on saence and technology to boost mih-
tany strength 1s evident m the defense budgets of the United
States during the past tew vears A buildup of military R&D
began i the late seventies with steadv real mcreases i budget
allocations But m the 1981 budget—released carly i 1980, m
the wake of the Soviet mvasion of Afghamstan—these pro-
grams v ere sigled out for 4 massive mcrease, amounting to
more than 20 percent of the total spent on military R&D 1,
19%0 The Department of Defense is scheduled to spend $16 6
hilhon on R&D m 19581, the Department of Energy will put
another $1 3 bilhon mto nuclear weapons research, aned the
National Aeronautics and Space N minustration will lend more
support with the development of launch vehicles and space
wstenas that will be wsed both for mnlitary and civilian pur-
poses These outlavs, morcover, will almost certainly be m-
creased 1n the carlv cighties as the Reagan Adinnustration
carries out its pledge to expand Amenca’s arsenals 1°

One program alone, the MN mussile svstem, 1s allocated Sv s
billion 1w rescarch and development money m 981 This pro-
gram 18 a prime example of the technological foree, chat govern
the npward sprral i the arms race: The M svstemns designed
to counter what Amencan military planners view as major
advances m the wearaes of Soviet mtercontimental nissiles,
advances that are behieved to make U'S land-based nussiles
vulnerable to a preemptive Sovict stk It would consist of
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hundreds of nules of radwavs, inking cmpty m ssile silos The
idea 1s that nusales will be shuttled from silo ) silo i an
endless shell game designed to outwit Soviet spy satellites, for
it will be mpossible to tell which silos are occupred and which
are empty, and there will be too many < los for Soviet mssiles
to be sure of destroving, thenall in a single stnike By the time
it 15 bult, this fantastic network could cost as much as $60
billion  And the MX piro; - 1s only one of several efforts
designed to counter the abity of the Soviet Union ta launch
a crppling first strike by ensunng that a large number of
Amencan nussiles would sunvive—the tndent submanne and
the cruise nussile are two others that will eventoallv cost tens
of bihens of dollars Moreover, since the MN mssiles them-
sehves will be laghly accurate, Soviet military planners will
andoubtedh press for programs to protect ther own land-
based nussiles from an Amencan first strike 7

Technologmeal forces are not the onls ones to goveru the
armns race The huge defense establishments and mbitars -
mdustrial hnks i the we stern countries provide 4 built-m con-
stitueney i favor of rasing mihtary R&D budgets \nd, with
the global trade m armaments now runming at more than $1:0
billon a vear, there are obvious commercial meentives for
nations to keep thewr nnhtarny hardware at the forefront of
technological advancement to ensure ats attrachiveness on
world markets Small wonder, therefore, that the ecent hage
boost in the US detense badget was greeted with enthusiasin
on Wall Street

Yet, the cconome banehits frem this mahitars spanchug spree
mav bellusons The manafacture of weaponr s an extremely
caprtab intensinve enterprise that creates relatively tew jobs per
dotlar of mvestment and which dramns capital awas from more
productive uses Morcover, those countries that imvest heasils
momhtan R&D are seemg a disproportionate share ot ther
saentific resources devoted to programs that do not contrbute
much to econonne or socal advancement  he 7 cononinst
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recenth asked, “Is 1t sensible for « small country like Biitan
to devote £500 nnllion a vear to iventing tomorrow’s defense
technology when its armed forces are still usually equipped
with vesterday's arms and never scem to have enough money
to buy today’s”” The Economust nght also have questioned
the wisdom of spending so much on nulitany R&D i view of
Britain’s other pressing social and cconomie problems 15

Certamly, there 1s often some cconome and technological
spin-off from the development of nubitary technology  Many
advances i enal aviation and space technology, for example.
owe much to the development of military systeins, and some
of the early developments m microelectronies were spurred by
major finanaal mvestments by the US Department of De-
fense Bt some of these developments would eventualk have
taken place anmvway, and the heavy cencentration on nulitan
technologies i some countries has diverted both funding and
talent away from nonmilitary programs Simon Ramo, four ler
of TRW | a major def . ase ¢.ntractor m the Umted States, has
argucd that “m the past 30 vears, had the total dollars we spent
on militarn R&D been expended mstead i those areas of
saience and technology pronusing the most cconomic progress,
we probably would be today where we are gomg to find our-
selves armving technologically i the vear 000 the employ -
ment of a large fraction of the best scientists and engineers on
military projects means they are not available to advance the
store of knowledge and mnovate Jtong nonumhtary Iines Our
disproportionate share of the military weapons requiremcts of
the noncommuiist world has accordingly handicapped us by
eompanson with our mdustrahzed allies ™1

It 1s perhaps no comeidence that two countries with rela-
tively small mihitary mvestments, West Germany and Japan,
have also had the most buovant economies during the past
decade Indeed, these two countrnies now rank above the
Umited States, Britain, and France m terms of the share of
gross national product devoted to nonmilitary R&D, a position
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5 achieved i the nnd seventies and which has alimost cer-
tainly been consondated i the past few vears 20 (See Table
33 ) There are. of course. Instonical reasons why Japan and
W est Germany spend relativelh ittle on mihitary programs, for
thev rehy heaviby on the Umted States and NATO for thar
defense needs But i ter s of the impact of nonmihtary R&D
on cconommie growth and social development. this ranking may
be tar mere reveahng than a straghtforward companson of
overall expenditures on R&D

Space technology, ke muutary technology, has also been
hoosted by competition between the two superpowers The
launching in 193~ of the Soviet Sputnik satethte sent shock
waves throngh the U'S government, for it suggested that the
Soviet Unnon had pulled ahead ma key area of saence and
technology that had obvious militarny imphcations Research
and development m the Uimted States was consequenthy ginven
2 huge financial shot m the arm m an attempt to close the gap
The Apollo Prograny, launched by Preadent Kennedy 1961,
was the colnmnation of this effgrt

Although it s difficnlt to svﬂétc the mhitans parts of space
R&D from those designed pureh for avihan and scientific
purposes, 1t 1s estimated that abont § percent of the world's
research and development budget s devoted to nenmmhtan

Fable 33 Sharc of Gross Natonal Product Spent on Nommbitars
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space technology The proportion is less than it was duning the
late sixties, at the chimax of the Apollo Program, but it never-
thicless accounts for more than $10 billon a vear The ¢vilian
space program i the Umited States, for example, 1s still the
third largest item i the government’s R&D budget, account-
mg for about $3 billion a vear, and it dwarfs the total R&D
programs of such countries as the Netherlands, Sweden, and
Switzerland 2!

The Sovict Umon s believed to be putting more resovrees
mto its space program thanis the Umted States Between 1973
and 1979, there were more than goo launches of Soviet space
vehidles, compared with just over 100 Amencan launches, for
example 22 The Soviet space effort 1s hehieved to be largeh
geared toward mihitany purposes. and wath the advent m the
carh eighties of the Mmencan space shuttle—a reusable space
launcher that will be used for both military and aviluan pro-
grams—the stage 16 set for an escalation of nuhtary space
technology dunng the cighties and mneties

W hile no other countrs 1s chantehng a substantial share of
its public R&D resources mto space technology at pre ent,
several Furopean countnes are cooperating on the develop-
ment of launchers and satellites. and there s growing commer
il interest m teleconmmunications satellites Japan, Indha, and
Clima also have therr own mdependent space programs Glohbal
mvestments m space R&D are thus kel to contimue to com-
mand a substantial portion of the world’s R&D resonrces tor
the foreseeable future

[he Knowledge Rusimess

\ vast research enterprise has been estabhshed over the past
few decades to develop a better understanding ot eversthimg
from atoms to galaxies and from cells to humans Basic scien-
tific rescarch, wlnch by defimtion 1 undertaken wath no spe-
Qific apphieation m mind. has become big busmess It accounts
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for about $20 bilhon per vear worldwide—roughly one dollar
in every seven spent on R&D—and the conduct of research
has become a major function of the world’s universities

These huge outlavs on basic rescarch have led to breathitak-
mg advances m scientific knowledge during the past genera-
tion In virtually every branch of science. old concepts have
been discarded and new ones formulated m hght of revolution-
ary findings and fresh theones Backed by expensive new n-
struments and lavish research budgets, saientists have begun to
unravel some of the musteries of the universe, probing deeper
and deeper mto the heart of atoms and cells and developing
a better understanding of the workings of the phyvacal and
biological universe

Iu the past three decades, our view of the carth has been
transformed by the knowledge that the continents are grant
plates moving hke rafts on the planet’s surface, driven by un-
mense forces withm the crust “Not sice Copermeus dis-
placed the Farth from the center of the universe has there been
such a revolution msaentists” concept of the planct.” stated
the National Acaden of Saences i a 195 report Fauaily
starthng developments have taken place wn biology Begmmmng
with the 1933 discovery of the nature of DNAL the genetic
materal that governs the processes of heredity, advances
genetics and biochemstry have provided fresh msights into the
molecular workmgs of lving things  And i the subnneroscopic
recesses of the atom, scientists have discovered an endless array
of particles that constitute the basic binlding blocks of matter,
and gamed a deeper understanding of the forces that power the
atomc furiraces of the stars 23

Basic research hes at one end of the broad spectrum of
a tivties that fall nnder the rubric of research and develop-
ment Sometimes described as a search for knowledge for ats
own sake, at should be distmgushed both trom apphied re-
search, which s deaigned to uncarth information with a defi-
mte nse i sight, and from expenmental development, which

-

o’!)




O

ERIC

Aruitoxt provided by Eic:

50 I'he God That Lunps

15 the generation and testing of products and processes that
mcorporate new scientific knowledge

The boundaries separating these three actities are m fact
blurred Itis often difficult to tell where basic rescarch ends and
apphed research begins and where apphed rescarch becomes
cxperimiental development But the evolution of technology
often involves a4 progression along the research and develop-
ment spectrum The development of atonme weapons, for ev-
ample, began with the arcane studies of saentists such as
Albert Eanstein, Niels Bohr, and Ernest Rutherford, who
probed the structure of the atom n the decades betore World
War I Therr secemmghy esotenic research laid the base for the
mtensive apphed rescarch effort dunng the war vears that
calmmated m the production and use of the atonic bomb

Long considered the province of a few lone, even eccentne
scientists, basic rescarch has been transformed 1 the past
generation mto a highly organsed, lavishly funded enterpnse.
imolving large teams of researchers at work with sophusticated
and expensne equipment This transformation has been swaft
and dramatic Eaen durmg the twenties and tharties, most
basic research consisted of relativels small-scale studies, and.
while some European work was supported by government
funds, the Umted States invested bttle pubhc finanang
basic rescarch before World SWar 't The wartime olhance
between saentists and the military began the transformation
of the basic research enterprise

The metamorphosis was completed with hcavy govermment
inestment i the postwar vears, as pubhic authonties n most
countnes assumed the primary responsibihity for supporting
hasic rescarchers and as new channels were established for
funnchng tav revenues nto research laboratones In the
Uaited States, for exaraple, the basis for federal support of
acaderme saence was laid with the publication of a 1945 re-
port, Science  The ['ndless Frontier, wntten by Vannevar
Bush, a semior saentict and airadvisor to Presidents Roosevelt
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and Truman Bush's central argument was that the govern-
ment should assume responsibility for mamtaming the health
and vigor of Amencan research, which had made so decisive
4 contnbution to the war cffort In 1950, following Bush’s
recomsmendation, Congress established the National Seience
Foundation to channel funds to umversity rescarchers 24

Dunng the following two decades. outlays on basic research
rose by leaps and bounds, and thev were given an additional
boost by the post-Sputink painic that swept through the Amen-
can saentific enterprise m- the late fAfties and carly sixties
Durmg the first two decades of the postwar era, budgets -
creased by dlose to 20 percent a year above annual inflation,
and the bulk of the money went nto university laboratories By
the carly seventies, some two-thirds of the basic research con-
ducted m the United States was being performed in academnce
establishments The federal government had become the lead-
mg source of funds for basie research, accounting for about ~o
pereent of the total expenditure natonwide 23

\Most other western countries estabhshed broadly simlar
funding patterns durning the postwar penod, although in addi-
tion to pourmg moncey into unnersity saence departments,
many also set up extensis e government laboratones to conduct
basic rescarch The Soviet Umon and Eastern Europe, mean-
while, established very different anangements About So per-
cent of Soviet hasic research s carnied out - specialized
laboratonies of the Academy of Sciences, a location that scpa-
rates rescarch from teaching A network of Academy laborato-
nes stretehes across the country, and its scientists are the best
and most mghly qualfied scientists m the Soviet Union 26

I'he steep nse m funds for basic science during the fifties and
carlv sicties radically transformed relationships between gov-
crnments and acadenma One reason for pouring rescarch
monev mto the umversities was to encourage and support the
cducation of seientists and engineers From the start, healthy
and vigorons saence departments were seen as an essential
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mgredient i the trannng of the next generation of researchers

Rescarch funding became firmby tied to the annual appro-
priations process m many countries, which meant that long-
termn projects were mereasingly vulnerable to short-term shifts
in funding levels and to changes m overall rescarch priorihies
The time of seror researchers became mereasingly taken up
with wniting and reviewing grant proposals to secure funding
for future vears, while doctoral candhdates and postdoctoral
students did most of the actual research work The age of the
saentist-admimstrator, managing a team of researchers while
stumpiig up grant money, was launched

While these new funding and working arrangements were
bemg establishied, the research emviromuent atself was undergo-
mg fundamental changes The most conspicuous aspect of the
postwar change in the character of science has been the growth
of what saence lastorian Derek de Solla Price has termed “hig
sacnce 27 Nature wields ats seerets grudgingh Fach new
picce of saentific knowledge seems to open up a new and
intngume sct of questions that require more research and more
powerful saentthe mstruments to answer s a result, whole
branches of sacnce now rely on complex and expensive hard-
ware, and many teams of saientists are working on chfferent
aspects of what once seemed a single problem The biologist
with a S100 optical nucroscope i the thirties has become.
the eighties, a molecular biologist with a $100,000 clectron
IMICrOscope

ludeed, developmients 1 the technology of saentific nstru-
ments and grant machmes often determme the pace of scien-
the discovery This progression 1s espeaally evident as saien-
tists have probed deeper and deeper nto the heart of the atom
The research that began a half-century ago to deternune the
strncture of the basie butlding blocks of matter s now carned
ont with atom smushers that cost hundreds of milhons of
dollars to construct and operate i the seventies, for example,
Amencan taxpavers pad some $250 nulhon for the construc
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tion of a large particle accelerator near Chicago. and FEaropean
taxpavers funded the establishinent of a machine near Geneva
that cost a simula- amount Now. more powerful accelerators
are required to ansver new questions about the structure of
atoms and the nature of the forces that bind  abatome: parti-
cles together

Similar trends have occurred - astronomn, as ever more
powerful telescopes are needed to study the onter reaches of
the umverse and as new space velneles are required to provide
close-up views of the planets In November 1980, for example,
a 5=5 mulhon telescope was put into service i the New Mexico
desert and a $300 ilhon spacecraft was on its wav to Saturn
to study that nnstenous planet’s surface

The growth n big science and the growing dependence on
government funds cansed few real problenis m tne first two
decades of the postwar vears That turned out to be a golden
penod i basic saence Budgets rose steeply enough to accom-
modate much of the nsing cost of equipment and to support
the booming expansion of the saentific community

Between the md-fifties and the nnd-sivhies, the number of
saentists and engimeers engploved w1 Amenaan universities
alone more than doubled, from 25,000 to 53,000, and by 1964
then ranks had swollen to 65000 And graduate saence de
partments, cranked up by the flood of federal monev that had
been pounng into rescarch laboratonies, were turmng ont re-
¢ord numbers of PhD scientists and engmeers - the late
sinties Sumalar, thaugh shghthy Tess dramatic, increases took
place throughout the mdustrial world 1 the quarter-centun
followimg World War 1] 22

I'lus burgeonmmg growth m budgets and m nambers of re-
scarchers was reflected e the volnme of saientific iterature
published m rescarch journals By the carls seventies, more
thin 2.000 journals were carmmg research reports from the
world's scientiets, comveving miformation on the resnlts of ex-
periments, new theovos, and new mterpretations of saentific
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phenomena This flood of hterature—more than 300,000 re-
search reports are published i scientific yournals cach year—
1s the chief means of commumeating research results, and it 1s
the primary means by which scientists estabhsh prionty tor
ther findings 29 The saentific publishimg industry atself has
become big busmess i the past few decades, and scientific
papers constitute the most tangible output of the knowledge
mclustry

By the carl seventies, however, stresses and strams began to
appe -t m the basic research enteiprise i several countries
Budgets began to level off, and saentists tound themselves
competing with other daimants for a share of constraned
government budgets Moreover, yust as funding became tight,
the arrangements by which mones 1s channeled into research
laboratones came under fire

Saentists have consequenthy been quick to declare a state of
cnss In November 1978, for example, Jerome W eisner, pres-
dent of the Massachusetts Institute of Technology, announced
that the acadenue rescarch enterpnse i the Umted States had
“begun to detenorate and come apart so badlv that we have
reached a pomnt of crisis that could see the effectiveness of the
nation’s major research universities senously curtailed at a time
when it soreh needs to be enhanced ™3¢

Afthough such statements include more than a httle hyper-
bole, there 15 no doubt that the basic research system has been
gomg through a penod of difficulty At the root of the problems
1s money  The steep growth i financial support for basic re-
search that had taken place throughout the postwar cra tailed
off in most countres i the seventies Tlis trend began earher
and was especialle pronounced m the Umted States, where
rescarch support began to slow down m the late sixties After
inflation 1s taken mto account, spending on basic rescarcli by
the federal government dropped by 16 percent between 1968
and 1973 In West Germany, a 1976 report by the German
Research Society stated that support for scicna o after vears of
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growth, had come to a standstill, and in Britain there has been
virtually no real growth in funds for basic research since the
earlv seventies 31

The difficulties caused by this slowdown have been com-
pounded by structural changes in the universitics as members
of the postwar “baby boom’™ have passed through the higher
education system  Moreover, enrollments 1n many umversity
science courses have dechned i recent vears, and umversities
have consequently been hiring fewer new faculty members As
a result, voung scientists with newly-minted Ph D degrees are
having a tough tune finding academic research and teaching
jobs Consequently, the average age of faculty members 1s
increasing, for those who received tenure dunng the boom
vears of the sixties are still teaching and little fresh blood is
entening the svstem David Davies, former editor of the British
science journal Nature, has pointed out that very few academic
rescarch or teaching posts opened up in British unnersities in
the late seventics, and as a result, a Ph D degree 1s no longer
a passport to an acadermc job Ths, in turn, Davies suggests,
will probably discourage many voung people from enrolling in
graduate science courses, and umversity saience departments
wiil contract even further 32

In spite of these difficulties, however. there is Little tangible
evidence that the quahty of basic research has dechined Funda-
mental breakthroughs continue to be made, and scientific jour-
nals continue to bulge with reports of new findings 1t inay be
that the quahty of the output from basic rescarch sunply can-
not be measured and that a decline could take place without
any overt indications But by at least one mdirect measure—
the award of Nobel Prizes—it scems that basic research i the
Unnted States has not detenorated in relation to that in other
countrnies, m spite of the dechne m U S funding Amencan
scientists won most of the Nobel Prizes for science throughout
the seventies

One reason why the quality of basic research may not have
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suffered 1s that the best rescarchets and the top-quahty iescarch
centers have fared relatinely well n secunng funds It s the
sccond-rank institutions that have suffered most That, indecd,
was the conclusion of a major study, conducted i the late
seventies, of acadenme science m the Umted States 1t sug-
gested that the unnersities would continue to face problems
related to dechmng enrollments in science courses and warned
that some of the lower-ranking wstitutions may be foreed to
drop research n some diseiphines entirely, a move that would
divorce research from teaching m those uniersities 33

Why do governments pour tax revenues into basie research?
There 1s no simple explanation Part of the reason 1s that a
healthy rescarch enterpnse 1s good for national prestige and
that basic scientific knowledge greatly enniches human culture
But, as John Holmfeld, a science adviser to the U'S Congress
has pointed « ut, “Although no one can define what the ‘nght’
level of support for saence as a cultural achivity should be, 1t
1s surely exceeded by the present level ™ Government funding
of other cultural pursuits amounts to only a tiny fraction of that
devoted to basie rescarch nstead, suggests Holmfeld, the huge
outlavs onsaence “can only be justified i terms of an eventual
technological benefit to society "3+ This expectation that the
results of basic research will eventualls be put to practical use
has provided the most powerful mpetus belund the growth of
the knowledze business durmg the past few decades

[nerey The New Growth Ared

\ltheugh detense and space R&D still aceonnt for a huge
chunk of the world's researelr and development expenditures,
therr share dedhimed dunng the seventies This s largels be-
carse spending on health and energy R&D rose sharply, espe-
Gallv mthe Umnted States Between 1972 and 1979, govern-
ment spending on energy R&D m the Umted States rose hom
%200 nilhon to more than $3 5 hithon—an merease of more
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than 300 percent even after mtation is tiken mto account
Omtlavs on health R&D rose by abeut 4o percent m redl terms
dunng that peniod, waith a large fraction of the increased fund-
me gorng mto the much-pubbaized war on cancer Yet, at the
and of the decade, worldwide government spending tor nuli-
tary R&D was still more than twice that for health and eneres
R&D combined 33

Fihe the Sputmk lavach of 195~ the 19733 \rab ol
cbargo galvanized a few western yovernments mto putnping
large amounts of money mto recearch laboratonies It o
catsed mamy corporations to sten up ther own energy R&D
avperditinres as well T the four v w5 following the embargo
ontlavs on encrgy R&D among the countries tha belony to the
Intcmational bnergy Ageney tall the magor v estern countries
exeept Frince almost doubled e real terms The Uinted
States reported the bigsest merease-—151 percent—uwhule the
other conernments rased ther combmed spendimg by abont
onc-third 3"

[n mamy respects, the energy rescarch and de clopment
budgets ot the Western world represent an extension of gov
crnment pohaes dunng the fiftes and snbies, when nuclear
poner was widely expected to offer a satel chieap soarce of
cneres Most zovernments sank virtually ail of tha eneray
R&ED tunds mto nuclear energy e those vears, and mam
oo ted private industy eventually to take over nuclear deved-
opment Phose mvestments shaped the mdustral world's en-
¢ . poliaes dunmg the seventies Governiment spendmg o
e dear energy i most cotintrics 1s now geared toward answer
me ey questions aboat the safety or nucdear plants and timdimg
wavs to dispose safely of radioactive waste matenials Far from
bong able to turn nuclear devclopment over to private indus
trv eovornments dround the world are finding themselves
trced with escalating nudlear erergy rescarch hills

\bont one third of the Western world's mves ntin nn
dear R&ED s spent on de . cloping the breeder reactor, an
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clear plant that will generate plutonniun Breeder -vactors are
not expected to make much of a contnbution to energy sup-
phes before the turn of the century, mst about the tiune when
solar energy could make up a substantial share of the world's
energy budget Yot spendmg on breeder reactor development
m 19=9 was thrce times ngher than on sowar development
among all Intcrnationat Energy Agenoy (1) members Even
m the United States, which spends more on solar R&D than
the rest of thre world combmed. funding for breeder-reactor
development 1s still on a par with that for solar R&D 3™ This
astnbution of expenditires will be even niore skewed m - the
nest few vears, for the Reagan Adnanstration has proposed
sweepmg cuts nospending on solar wnd conservation while
argwng for mcreases i sapport for nuclear R&D The Reagan
Admmntration’s energy pohicy s basedd on the notion that
market torees should deternune the pattera of mvestment in
cnerey techeologies, but this philosophy does not seem to
apply to nudlear power

Pl apparent preference tor nuclear R&D should, neverthe-
wess, be seen e hght ¢ the miarked shifis me energy R&D
priorities m mam countries mrecent . crs For example, i the
[ A manbee countnies, the share of total government energy
R&D expenditures devoted to conservation rose from 2 3 per-
cent to 6 4 percant between 1974 and 1979, and the share
clarmed by renewable resources chimbed from a mere o per-
cent to 12 0 percent over the same penod 3% (See Table 3 4)

Y et m spite of these shufts, even the TEA has suggested that
more could be dene to dange direction Pointing out that fully
three-fourths of the encigy R&D expenditures of its member
governments are directhy concerned with dectnaty gencera-
tion, the T\ suggested i a 1980 report that more emphasis
should be placed on developmg technologies that would ch-
recthy displace ligud fueks Moreover, the “important potential
contribuaon™ of conservation “still does not appear to be re-
fleccted m the level of its fondme,” the TEA stated
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Table 3 4 Duatnbution of knergy R&D Eapenditures m 1E A Member
Countnies, 1974-79

Coonernmont tunds Proate tunds
/)f“L:rLI”I 1) °4 197G 107
TPERCENT

Conservation 23 b3 233
Renewable resources 10 120 4°
Wl and gas 12 34 i h
Caal 55 ic S 124
Naddear fission 68 - 440 157
Nuclear fusion 53 173 -
Otber sources o3 o~ oy
Supporting technologies 1 B PR
Total** 100 0 106 © 1L
Total i doblars thithonss 19 ol AP

ncindes both fission and tision
Nav not add to 100 because of roundng
Sonree totormational Foengy \gone

Knowledge for Profits

Defense. space, and basic rescarch programs together ac-
count for almost half the total gle' sl Gpenditure on R&D
They are mostly supported by government funds The other
half ot the global budgeths largely financed by private mdustry,
although there are substantial government v estineuts wsuch
areas as energy. health, and agniculture

As alreads noted, government contiacts provide a largehare
of the support frr R&D m some compames Close to one-third
of the total research perfonined i cc porate laboratories m
Britain, France, and the Umted States s supported by govern-
ment funds o sharp contrast, 11 Japan and Switzerland. less
the 2 percent of the R&D perforined by corporations 1s paxd
for with tax revenues 49

Government support for industrial R&D 15 heavily concen-
trated in industries related to defense and space In the Umted
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States, tax revenues pay for alinost So pereent ot the research
and developmient performed by the acrospace mdustny and
nearly half ot that carnied out by the clectnieal equipment and
telecommumeations mduostries In France, aercspace compa-
mes draw twothirds and clectromies compames about one-
third of therr research and devdopment tonds from the -
tional exchequer #!

In contrast. corporabions making phannaceuticals, moto
veludles, and won and steel perform very Iittle govermnent
spunsored rosaarch and development For such compamies,
R&D 1 just Tike any other business mvestment—it must he
wistified 1 terms of 1ts potential contribution to profits and it
must compete with advertismg, thie purchase of - apetal equip-
ment, and stmilar items tor ity share of corporate funds In the
U rated States, corporations have plowcd an average of about
= percent of ther gross mcomes nto their research and deved
opment Liboratones over the past fifteen vears, a proportion
that fails well short of the share danmmed by advertismg depart-
ments Fhe proportion vinies greath fronnmdustry to mdustny
however, with the clectromes v lustre actme about o6 pa
cant ot ats income i R&ED and the service mdestries abont o3
percent #:

Botween 1ob~ and 19=35 corporations m W stern Farope,
North Amcnica, and Japan plowed a steadils greswing amonnt
of thar own funds mto laboratories But government support
for indistnal R&ED dunng that panod fell by almost one
tourth, with much of the dechne occnrmng i the United
States aca re ult of shomkage m tie space progiae: I the late
saventics, US government funding picked np agam. wath sap
port for energy R&D and mcreared detense ontlass leading the
warv  Phoe conthictmg trends tend to ndds international
comparsons of mdustral R&D cvpenditures Countries sach
as Japan, i wlich virtualh all mdustrial R&ED s financed In
compary funds " aC seen asteady mscan thar total R&D
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spending, while countries such as the Umited States and France
have seen nsing corporate funding offsct by dwindhing govern-
mnent support 43

Because research and development expen-hitures denved
from company funds provide one measure ot the importance
attached to mnovation by corporate managers, a4 comparson .
among ndustrial countries n the amount of corporate R&Ls
perforined per person mav provide an ndication of relatie
levels of mnovative capaaty  Mccording to this measure, the
Umited States stdl outranks most other ndustrial countnies,
although W est German and Swedish corporations spend al-
most as much per person as American corporations de ## (See
lable 3351 Supenmposed on these trends 15 the fact that
rescarch ind development 1s hughly concentrated i a few cone-
panies 1n the Uited States, for example. although more than
10,000 compames perforr R&D, just four account for fully
20 pereent of the total expenditure and twents companies
together spend about half the total Indeed, the R&D pro
grams of some compames dwart those of entie countnes

Table 15 Corporate Lunded R&ED Par Capita i Sckeeted O1CD
Conntries
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(Sce Table 26

What s all this mones spent on® There 1s no casy anwwer,
for few governments keep accurate information on the R&D
actities of private corporations, and cven m those conntnes
where there s a wealth of data—such as the United States-—
it 18 not casy to gronp corporations imto well-defined industnes
Nesertheless, o rough estimate by the Orgamsation for Fco-
nomic Cooperation and Developmient mdicates that i 1973,
almost two-thirds of the total industnal R&D i the western
mdustral countries was performed by three industrial groups
clectromes and dectncal goods, with 28 percent of the total,
chenmeals, mcloding the dmg mdustry, with 19 pereant
and aerospace with 1= percent In the Unted States, siv m-
distries —acrospace, clectronics, chemicals and drugs, motor
vehides  machimens . and nostruments: =performed  mord
thau tour-ntthe of “he nanon’s mdustral R&D e the Late

sventics

Fable 36 RAD Faponditures by Sdlected Countries and Corporations
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W hile umversities are the chicf focus for basic rescarch,
corporations concentrate on appited research and experimental
development  In the Umted States, less than 3 percent o
mdustrial R&D 15 devoted to basic research, and thes propor-
t:o * has dechned since the late sixties

The vast majonty of ndustnal R&D 1s concerned with de-
agning, developmg, and testing products—activities such as
testmg drugs for adverse side effects, restyhng automobile bod-
165 for cach year's madel change  developing new constmer
goods, and so on It 15 impossible to estimate preasely how
much industrial R&D 15 directed toward relatively trvaal
changes to custing products—changes that serve siply to
m. ntamn a market edge—but some observers suggest that the
proportion 15 substantial and growing “There has beeis recent
evidence of a shrninking of tune horizons and a growing consery-
atisim reg. rding industnial R&D.™ suggests Richard Nelson of
Yale Cimverc by The reason s that high levels of mflation ana
econonnc unwertamty are steening conporations away from ex-
ploratery R&D that 1+ Tikel to have ats pasoff onlv i the long
term and toward activities designed to mavmnze short-tenn
profits Gewverninent regiat-ons are also forcing corporations
booput ore resources into pollntion control energy conserva-
tione and occupational satety and health programs—-tasks that
requate argent attenton 47

These masae mvetments mondustral research and devel
opnient are thus part of 1 comples svstem On the one hand.
the mdustral R&D cnterprise s doven by the dnef corporate
objective of increasng profits, and, on the other, by govern-
ment nee o for v Lapons systeims, space vehides: saentific stad
s, ana other expertise *ts also inghly infleenced by wroad
cconomic tactors such as inflabion and uncertam prospets for
ccononue growth and by more narrow factors such as govern
ment regulations and tav pohaes Govermments thus have a
strong direct mfluence wer ndustrial research and develop-
ment becanse they pav for sen - ofat, and they hasean equally
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strong indirect wfluence through their general economice and
industnal policies

Needs and Prionities

In spite of the heavy relance that government ofhicials and
corporate leaders place on technology to solve thar mamfold
problems, the distribution of scarce scientific resources 1s, by
any rational measure, senoush distorted with respect to soc-
ety's real needs

The prionties reflected i the global research and develop-
ment budget and the arrangements for funding and perform-
g R&D were essentially laid down i the postwar years, m the
corrosive atmosplere of the Cold War and i an era of abun-
dait resources and cheap energy Now, as the world faces
dwindhng reserves of ol and gas, nsing demands tor food and
fber, and detenorating biological systems, such unproductine
tasks as developmg more devastating weapons and restyling
consumer products still damm the bulk of R&D funds around
the world

Thus, the United States has the ability to survev virtualh
cvens square meter of the Soviet Unon, vet the world's saen-
tists and cugmeers have barelv begun to sunev the comples
ccosvsterns of fast-disappeanng troprcal ram forests or the ma
lignant spread of the world’s deserts The nnclear arsenals of
the superpowers contam enough explosne power to reduce to
rubble most of the aties on the globe, vet the more challenging
task of providing clean, safe power for those aities has recenad
tar less saentific attention

Drven by the pohhcal and commercal motwation of gov
ermnents and corporations m the ndustnal werld, the global
resedrch and development budget s poorls attuned to the
needs of the developing countries m general an o the require:
ments of the poorest people m those countres m particular
Not onlv does the lack of R&D capaaty m: Third World
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countres perpetuate thar dependence on mported technol-
ogy. but 1t alo means that the tedhnologies produced are
overshelnmmelh geared o the ccononne environment of the
mdustrial commtrnies—they are capitabmtensive, ibor-saving,
and adapted to largescale enterprises

Wihile 1t w cass to pomt our the mismatch between the
pronties reflccted i the world's mvestment m R&D and at
most urgent problems, it 1 far more difficult to reorder those
prionties When the vanons actors m the global R&D wwstem
porcene 1 comaon mterest, major new nntatives aan he
lannched with duwpatch The Manhattan Project, wluclled to
the atone bomb, and the Apollo Project, which calnnnated
m the 190y moon landime, are the most celebrated examoles
Butt such problems as providing clean and sate energy, reducing
poverty and bnddimg sustunable agricaltural svstems demand
achons that cut across a range of vested mterests And unbke
buddhng hombs and sprccsehicles, they mvolve more than the
sple marshaihing of saiencc and technology to attan a single
obyjectine

Yot there are mamy steps that canand should be taken to
Channd PED vesenrces mto socially prodictive areas: Govera
ments have considerable Tesibiits me reordanmg ther own
R&D priontics nd considerable power to mfluence the pro
srans of privatCnedistry through a combmation ob imcentives
ind -+ oulatons U oinvarsibies constitute a major source of saien
thic and cngmcenng ovpertise, vet thes channel httle ot this
knowledae mto the solution of problenes e ther surromdig
communrtics b the Thrd Word, R&ED nstitutions are m
dire need of and trom the mdustaal world Aud finalh, whide
sovamments and multinationa corporations donnnate the
tunding and pertornance of R&ED they do not hold a monop
olvon b gty appropnate technologs gronps i nch
and poor conntnes e daclopimg technologies that have been
neglcctad by ngor R&OD eoterprses, but nsnalls such gronps
are pooth b dcd and ack efhcal sepport

J1
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Reordenng the world's R&D prionities by channehing more
money mto neglected programs, new orgamzations, and Third
W orld laboratonies will not be sufficient to sohve the world's
problems, however Manv tasks are too urgent to wait for R&D
to provide sclutions and virtually none can be solved by science
and ' schnology alone Indeed, when new knowledge 1s used to
bolster the power of governments, corporations, and mling
chites, 1t can aggravate the social mjustices that ke at the root
of manv of the world's most urgent problems

Nevertheless, there are many areas m which R&D can pla
a kev role m determmnimg how societs responds ta the problems
that will present themselves  the decades ahead The world's
research and development prograns now reflects the needs of
the fifties and carke sixties Major changes wal” be needed to
imah¢ b more rdevant to the achties and nimeties
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>

-l—lw dhstorted prionties relected i the global rescarch and
deselopment budget help explan win so much fechnologeil
hange s anrelated to the problems confronting the world But
R& DY is onlv onc of a constellation of factors that imfluence the
pace and chirection of t chnological mnovation

Innovation, which can lhosel be deseribed as the incorpora
tion ot new knowledge and ideas mto prodacts aned processes
is hnghh susceptible to changimg econonne md pohtical forees
It olot I tooconr mowaves, as techmological Changes m one
mdustn spark mmovations anrelited indostnies \ieds man
mercasmgh ntordependent world coomoms tedimolosica
Change w stromgh affected by presunes of mitcoibonal coo
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nomic competition

The shufting ccononnc tices of the past decade have thus
deeph affected patterns of technological mnovation The rate
of wmnosation has slowed down m some seetors and 1t has
picked up m others, and it seems to be occurnng more rapidh
m some countries than mothers Morcover, thereare signs that
the world mas be m the mudst of a transition between two
technologrcal penods, for nuch of the technological change
that took place m the fifties and sitics rehied heavils on cheap
energy and abundant resources

Two of the most important techrologies on the mnechate
horzon are mueroclectronies and biotechnology - Both hold
mnmense pronuse, for they can help overcome energs and
resource constramts But Iike many other technologies, therr
widespread wse may raise serious problems Thev are hikely to
be at the center of a major restructuring of patterns of produc-
Hon 1 matn sectors m the world cconomy, which m turn will
alter the tupes of jobs and the skills needed i society These
two technologies help dlustrate how mnotation, productivity,
and jobs are tightly bound together !

\n [Innovation Recession

The long cconomuc boom that followed W orld War Hwas
Charactenzed by unpreecdented technological change across a
broad spectrum of industries Products changed dramatically as
new matenials were developed and apphed i a wide range of
acthvities, entirely new technologes, such as antibohce drugs,
nuclear energy, and television were mtroduced, production
processes were transformed with the advent of new machme
tools and new forms of automation This surge of mnovation
w25 both a contnibutor to and a result of the transformations
that were taking place m the postwar world cconomy

One measure of the level of innovation during the fifties and
sixties 1s the sharp nse i prodr.avity that took place through-
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out the mdistoal world Nowhere was thins more obvious than
m agncalture Not only did the mitroduction of fabor-saving
mdachimers directh boost oatput per \mrh'r falvo displacmy
rnbhons of farm workers e the processt, but the spread of new
agnicultural technologies o rosed crop \:(ld\ and led to
imgher levels of production pa person Tn manufacturing -
dustiies, too the apphcation of new technologies ind new
forms ob indostrial organization resalted o sharp incrcases m
output tor cach hour of labor copanded me the factor:

But the unprecadentad prod chvaty growth rates achieved
dunng the postwar penod bege - to tal off m many countries
i the hite sidties, and they wont mto o slump i the cark
seventios The Unmited States anad Brtamn came ddose to the
bottom of the Taagne m produchivity growtl durnyg the saivaie
ties, with crowth rates of around 1 percent avaar between 1973
and the end of the decade, both countries, in tact, entered the
cizhtics with thar prodnctiaty lovels actially dechimmg Other
mdustiial conntries tared «hittie better but as ccononnst Ro
nalld Mudler s pomted ont, “the Nimoncan phenomienon s
begmning tosproad  According co Muller's caleulations i the
annnal prode bt growth ras s o2 are set st
those of thic previons decade, Japan s growth rate dropped by
Oy porcent, West Gennars s b 3z p( cent, brance's v 53

percert, Cooady o by =5 ncrcent, and

C : tah s by S pereent -
Technolograt s hanec v not the ondy na tnr 1 raisige overall
IL\( oot praductioty Prodactiaty s ganerally toshiorm man
Sctunmg mdistr thaot s ncageodture, and thas part of the
rcason fon the a\((;vhnn,x]]\. bugh crowth rates of the Posta gt
penicd e be evplimad by the movemant of workers
frome e aclds mto the tactories Part ot the dowdown
productioty growthon the sovenbic s dic tothe Lot that o
midistrid conntnies now hune o maonty of ther work torce
cnepioved i ofness nd serveCmdudnies whore fske arc it
eyt atomate md where prodinctoty conequenth
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The level of skills n the labor force also affects levels of
productivity, smee skilled workers generally produce . t lngher
levels Thus the mfluy mto the workforee of Targe numbers of
relatively wiskilled voung people and women durmg the past
decade may have reduced rates of productivity growth Finally,
the sharp merease in capital expenditures aimed at controlling
pollution and nnproving safets m the workplace does not regrs-
ter m terms of creased productmty As Michael Harrington
has pomted out, statisticians cousider such expenditures as "
diversion of resources from “productne’ uses, mcluding the
manufacture of caranogene ageiettes Thus, saving mners
iy es i reeent sears has been asource of “negatine” productivity
i the nunng mdustry 3

Yet. even when all these factors are taken mto account, the
steep decline m productivity growth during the seventies re-
mams puzzling For example, masurves of trends m the UFS
cconoms., bndward Denson of the Brookings Institution cou-
Cuded with refreshmg candor that a substantial chunk of the
productivity dedne defies explanation A good deal of evi-
dence, however, pomts to a reduchion m the tempo of techno-
logical change

One possible signal of a slowdown techmological mnova-
tron 1s the fuct that m many countries there has been a leveling
off or even a dedhine i the number of patents apphed for and
awarded cach vear A surves of patent apphcations fled be-
tween 1963 and 19=0 by atizens e major mdustral
comtnes shows conuderable vear-toacar fAuctuation, but
cvers conntry exeept Japan, the peak year occurred betwcen
Lo03 and 19~0 i the Umted States, for exanple, the nuraber
of patent apphcations fited by Nmenican atizens dropped from
a Ingh of pst over =6,000 M 1970 to about 65,000 M 1976
(The total number of patents filed i the Umited States did not
Jdechne so ste: nhyv, Targels because of an werease n the number
of apphications filed by nonaitizens ) Thislevelng off s particu-
larhy noteworthn smce ependitres on industnal research and
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development continued to expand during the seventies, the
productivity of those outlavs seems to have declined 5

Although these figurcs are at least suggestive, patent applica-
tions show, at best, only a fuzzy outline of mnovation trends
Most patents are never put to use, and the overall figures gne
no indication of trends in the quality of innovative activity, for
they make no differentiation between run-of-the-mill inven-
tions and key breakthroughs that launch a major new develop-
ment Trends in the number of truly groundbreaking techno-
logical advances can only be secn in hindsight, and then asually
from a long distance

An indication of a slowdown 1n the number of major ad-
vances—or at least n thewr commercial application—can be
scen in the trends m the number of new compames started up
during the seventies, however New companies, particularly in
the Umited States, have been the source of a disporportionate
amount of groundbreaking technological mmovation Fre-
quently started with a few hundied thousand dollars of venture
capital as seed money, and often based on one or two key
patents, small, high-technology companies have proneered
the devcloprient of several important new technologies Polar-
od and Nerox were launched i this manner, for example, and
most of the important developments in microcleetronies were
carried out by small firms estabhished i the United States
the sixtics

The typical hfe cycle of a new company proceeds through
a start-up phase, m which seed money provides the basis for
carly growth, to the pomt at which shares are sold to the pubhc
i order to gencrate new investment capital The number of
new companies that sell shares for the first time—"go pubhc”
m Wall Street parlance—thus provides an indication of the
level of actmaty m this imiportant arca of the economy and gives
a measure of the financial mterest in supporting new ventures
In 1969, more than 1,000 companies went public in the United
States, and two years later, even though the economy was goimg
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through a difficult period, 646 compames raised more than
$3 3 billion on the stock exchange when they sold shares for
the first time But a slump set i 1974, and during the next
four years only a handful of new companics went public ©

Not all of the compames spawned in the booin years of the
late sixties and carly seventies were based on the latest technol-
ogy But a study conducted by the Department of Commerce
Jows how decply the slump affected simall, high-technology
ventures. In 1969, some 204 technology-based compames went
public, but the number dropped to just four in 197.4 Part of
the reason for this decline was a drought in venture capital, the
sced money that provides the imtal support for many new
compames Between 1970 and 1977, the venture capital busi-
ness was “practically dead,” reported Business Week In the
late seventies and early eighties, however, there were signs of
new hfe in venture capital markets and in the subsequent
public launching of new compames The resurgence was barely
dented by the recession that struck the Amencan cconomy
that penod 7

There were thus several disparate ndiations of a slowdown
i technological advance during the seventies. The appearance
of an mnovation recession 1s, however, easier to discern than
are the causes Part of the explanation lies in the general state
of the world economy The persistence of sluggish cconomie
growth and himited increases productivity have resulted i
a vicious cvcle technological mnovation s needed to raise
growth rates, but industry 1s reluctant, or unable, to unest
new technology during a recession Labor-sav ing technological
change—the basis of much of the productivity surge of the
postwar period—is also more ugorously resisted when unem-
plovment 1s lugh and displaced workers have few alternatwve
employment possibilities

The vicous cvele of slow growth and lagging inovation 1s
particularly evident m industries such as steel and automobile
manufacturing, where internatonal compehition has heated up
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while sales have stagnated A 1980 study of technological
trends i the steel industry, conducted by the Congressional
Office of Technology Assessment (OTA), concluded that
Amencan steel manufacturers must spend at least $3 billion a
vear m the carly eighties to modernize their plants This level
of expenditure will be needed if the US steel industry 1s to
hold its own against imports from technologically more ad-
vanced plants m Japan, West Germany, and some Third
World countnes, OTA suggested Such a modermzation pro-
gram will require aimual investments at least 50 percent higher
than the industry made in the late seventies, and these outlays
will have to be made at a time when sales and profitability are
expected to be low because of sluggish world demand The
alternative, however, is a continued loss of market share and a
further dechne in profits A simlar dismal cheice faces steel-
makers 1n many other countrics where failure to invest in new
technologies during the seventies has made thar plants rela-
tively unproductive #

The problems facimg the automobide industry are simular
Americars car manufacturers are now n the mdst of an $8o
bilhon rctoohng program aimed at producing wore fuci-
efficient cars, at a time when they are reporting record losses
Agam, they have no alternative but to transforin obsolete pr:
ducts that are no match for technologically more sophisticate
mports  Some automobile manufacturers m other ccuntries
are also faced with the necessity of rev imping and automatig
therr production Imes morder to compete effectively with
manufacturers who have raised productiity throngh labor sav-
mg automation Like the steel mdustry, the problems facing
automobile manufacturers stem partly from lack of mnovation
m the seventies and the falure to anticipate the mnpact of
sharphy increased ol prices

The difficulties facmg the steel and automobile mdustries
arc matched 1 nany sectors where growth is sluggish and
demand 1 depressed A report by the Organisation for Eco-
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nomic Cooperation and Development describes how these eco-
nomic conditions affect technological change over the long
term “Slack capacity and dimimshed expectations regarding .
future demands damp down mvestments in new plant and
equipment, reducing the growth of physical capital per em-
ployed worker and diminmishing the pace at which new tech-
nologies are brought inte practice Over the still longer run,
_R&D incentives themselves are damped ™ The study concludes
that “there 1s evidence that all of these reactions have occurred
and are occurring 9

Technological Change and Business Cycles

If sluggish grewth and dampened demand alorie were re-
sponsible for the slowdown in mnovation, an economic upturn
should bring forth a new surge of technological advance But
the mnovation recession of the past decade may actually repre-
sent a transition between two distinet technologieal periods
For one thmg, many of the technologies introduced m the
fifties and sixtics rehed heavily on the availlability of cheap
energy And for another, the wave of mnovation that followed
World War Il may sunply have run its cconomic course and
1 new wave of very different mnovations may be gathering to
take its place

The 1dea that major technological mnovations are often
clumped together and that they coincide with periods of rapid
cconomic growth was put forward m 1939 by the ccononnst
Joseph Schumpceter to explam the reason for long-term cveles
of cconomnic activity m the industnal countries The existence
of such cvcles had been deseribed a decade carhier by the Sovict
cconomist Kondratiev, who pomted out that business activity
occurred mwaves, which took between forty and sixty years to
nse and fall Schumpeter argued that technologieal mnovations
resulting from the development of steam power provided the
driving foree bchimd the first Kondratiey wave m the late
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eighteenth and early mneteenth centunes, the development of
railroads and associated technologies in the late mineteenth
centyry undergirded the second Kondratiev wave, and innova-
tions related to clectric power and the mternal combustion
engine drove the third Kondratiev wave in the first half of the
twentieth century

Although this explanation for evcles of ccononuc growtl
ignores the mfluence of clianging econonne and social forces
on the processes of technological change itself, it 15 clear that
periods of rapid cconomic growth are frequently associated
witl, a cluster of groundbreaking teclmological mnovations
Such was the case in the postwar penod, when technological
advances m a broad range of mdustries spread rapidly through-
out the cconomy as mmovations m onie mdustry were taken up
and exploited by allied .ndustries Many of these mnovations
resulted fronmt the accumulation of knowledge and the develop-
ment of new technologies m the war vears and from the rapid
buildup of research and development immedately following
the war The chemical and petrochenucal industnies are a
prime example of this process

Advances 1 chenustry and m petroleun refimng from the
thirties on lad the basis for an astomshimg vanets of new
matenals, rangmg from syntlictic fibers to new plastics and
svnthetic rubber These matenals n. turn helped to transform
alhed mdustnes. such as testiles, construction, and automobile -
manufacturmg, as the chencal mmovations spread throughout
the cconomy At the same e a combmation of new knowl-
edge m chemstry and biology resulted m the production of an
array of drugs that m turn brought under control a host of
mfectious discases that had dogged humamty for centuries
And a marrage between chennstry and inetallurgy spawned a
ange of new allovs that underpmned developments - the
acrospace, energy, machme tools, and snmlar mdustries

By the late sixties, however, there were signs that tlns post-
war wave of mnovations was begmnmg to die down In syn-
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thetic fiber production, for example, the surge of new products
that began with the introduction of nylon in 1939 and which
saw a range of new materials developed in the fifties and sixtics,
slowed and changed direction in the seventies Virtually no
radicallv new synthetic fiber has been introduced in the past
decade, and the industry has turned its attention toward incre-
mental improvenients in production technology. This trend 1s
not limited solely to fiber production. A 1979 survey of the
chemical industry by the Fconomist reported that “technology
has reached a plateau. The pioncering days of knitting new
molecular combinations for big new plastics and fibers are over
Only the more difficult molecular chains are left to be worked
on, and the promise of high returns has faded.”!0 This innova-
tion slowdown, it should be noted, has occurred in spite of
mcreased expenditures on research and development in these
industrics

Agriculture shows a similar pattern of rapid technologcal
advance and sharp increases in productivity during the quarter-
century following World War 11, but of more limited nova-
tion in the seventics. As Lester Brown has pointed out, “From
the beginrng of agriculture until World War 11, land produc-
tivity increased very slowly For long periods of time, 1t did niot
increase at all Rice yields inn Japan during the nineteenth
century were only marginally higher than those during the
fourteenth century. Corn yields in the United States during
the thirties were the same as those during the 1860s, the first
decade for which reliable yield estimates are available. Follow-
ing World War 11, however, crop yiclds began to rise rapidly
in virtually every industrial country.”1!

Worldwide, the amount of cereals produced per acre
climbed by about 2.4 percent a year throughoat the fifties and
sixties, and in the United States, it rose by a spectacnlar 40
percent a year in that period. Behind these trends lay a variety
of technological innovations, ranging from the development of
new processes for making nitrogen fertilizer cheaply from natu-
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ral gas feedstocks to the intzoduction of a host of new pesticides
and herbicides In addition, the development of new plant
breeding techniques in the sixties led to the spread of varieties
of crop plants that were particularly responsive to increased
fertilizer use—the so-called Green Revolution varietics.12

Since the early seventies, however, yields have grown more
slowly and they have become more erratic. Countries as diverse
as the United States, France, Egypt, and China expenienced a
slowdown in the growth of productivity of their agricultural
lands m the seventies Although the reasons for this break m
the postwar trend differ from country to country, such factors
as the increasing use of more margmal land, the sharp rise in
fertilizer pnces resulting from the oil-price hikes, and poor
weather in the early seventies were significant i cach case. But
there were also signs that the surge in innovation had begun
to dic down

Following the mitial successes m plant breeding in the six
ties, new varicties introduced during the seventics showed less
dramatie yield mcreases There were also some frustrations,
such as difficultics in breeding varieties of corn with high lysine
content and the wmability to repeat with soybeans the yicld
improvements achieved with cereal crops Problems also began
to appear with many pesticides, as signs of environmental con-
tammation became too obvious to ignore and as many pests
developed resistance to the compounds mtroduced in the pre-
«nus decades Since the early seventies, few cffective new
pesticides have peen mtroduced 13

More direet evidence of a slowdown m technological ad-
ance has been reported by Louis Thompson, associate dean
of agniculture at Jowa State University, and Neal jenser, pro-
fessor of plant breeding at Cornell University Thompson has
noted that m the late ffties, there was a wide gap in the yicelds
achieved on expenmental plots and those achieved on average
farm. m Towa, but by the carly seventies, this gap had virtually
isappeared In cffect, the backlog of technology available to
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farmers in lowa had largely been used up. Jensen arnved at a
similar conclusion from studies of wheat vields in New York
State He suggested, n an article published in Science maga-
zine, that “the rate of productivity increase will become slower
and will eventually become level 7 Jensen also suggests that
plant breeders in the advanced industnial countnes have al-
ready raised vields almost as far as they can

These trends in the chemical industry and in agriculture do
not mean that the spectacular wave of mnovation during the
postwar period has fizzled ont entirely The developments of
the past decade reflect a typical maturing process in which
rapid change takes place  the early years as new innovations
are exploited, but the pace of change slows down as the mnova-
tions run their course and as attention turns to ncremental
improvements i existing technologies Jay Forrester, professor
of management at Massachusctts Institute of Technology, puts
the argument succinctly “Our present technology 1s imature
Since 1960 there has not been a major, radically new, commer-
cially successful technological mmovation comparable to air-
craft, television, nvlon, antibotics, computers, or sohd-state
clectronics The things that are truly new do not fit mto the
present technological wfrastructure they must wait until the
next great technological wave We are neanng the end of
a technological era ™'*

It 15 not necessary to take such an apocalyptic view to realize
that fundamental shifts w the patterns of innovation are under
way Innovation has not died down w all mdustries indeed, it
15 accelerating 10 some sectors of the economy Leading the
wav 15 the development and apphication of microclectronics, a
technology that began to flower in the seventies And wiore
recent der elopments i the biological sciences also proimse to
spark off a surge of mnovation m the eighties and bevond I
the theory of Koudratiev waves of mnovation is correet, these
technologies are likely to be the leaders of technological and




Innovation, Productivitv and Jobs :109

innovative growth in the eighties

Just as advances in chemistry and materials technology
sparked technological changes in a broad range of industries m
the postwar era, microelectronics and biotechnology will have
a pervasive impact in the decades ahead As these technologies
are developed and applied, they will lead to fundamental
changes in industrial production and in the organization of
work and daily lives Moreover, uilike most of the technologies
that underpinned the postwar wave of innovation, microelec-
tronics and biotechnotogy do not require the use of large
amounts of energy and material resources The evolution and
potential use of these technologies illustrate many of the key
issues surroundmg  technological change, productivity, and
jobs

The \Microelectronics Revolution

It 1s time to sit vp and take notice when a comnnttee of the
National Academy of Sciences states that “the modern crarof
efectronics has ushered in a second industrial revolution  ats
impact on socicty could be even greater than that of the origr-
nal mdustrial revolution ” Academy committees are not usually
noted for hyperbole 1©

The Academy 1s not alone m suggesting that recent ad-
vances m clectromic technology are harbingers of sweeping
socral changes In the past decade, when most industnies ex-
perienced sluggish growth and flagging nmovation, the clec-
tronics mdustry saw its sales boom and its products change
dramatically The key to these developments is the ability to
mprint tens of thousands of electronic components and com-
plex circurts on chips of silicon one-fourth the size of a postage
stamp This technological feat has shrunk the size of electronic
equipment, mereased the power and flexibility of small com-
puters, and slashed the cost of storng and mampulating mfor-
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mation It also pronuses to revolutionize patterns of mdustrial
production and lead to increased levels of automation in facto-
ries and offices 17

The development of this new microelectronic technology is
being spurred by massive investments from governments and
corporations around the world Indeed, the pressure of interna-
tional competition has become onc of the chief driving forces
behind the swift pace of change in microelectronics The eco-
nomic stakes are high. By the end of the eighties, the electron-
ics industry 1s expected to rival the automobile, steel, and
chemical industries i cconomic importance Indeed, Arthur
Robinson, writing in Science magazine, has suggested that “if
steel and oil have been two of the key ingredients of modern
industrial socicty up to now, many believe that in the reman-
der of ths century it will be the state of a nation’s electromces
industry that significs whether it 15 a developed nation or
not "'18

The technological advances that have propelled the clee-
tronics idustry into the front ranks of the world's leading
economic sectors began n the late forties with the develop-
ment of the transistor But the pace of qhangc quickened
dramatically 11 the seventics as new techniques led to stunning
levels of miniatunzation n ele :tronic compohcnts By the end
of the decade, clectronic circuitry that once would have filled
a room could be ctched on a sihcon chip measuring just five
millimeters across, the most denscly packed chips, known as
integrated circuits, contamed close t¢ 100,000 cle@ronic com-
ponents It 15 expected that by the late eightics, at least one
anlhon components will be cramined onto a single silicon chip

These developments, furthermore, have slashed the cost of
clectrome equipment because once a particular integrated cir-
cutt is designed and tested, it can be mass produced at rela-
tively Tow cost This means that an clectronic creuit that just
a few vears ago wounld have been built by the expensive and
laborious process of wirng together thousands of individual
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parts, can now be bought off the shelf for a few dollars.

Most integrated circuits are designed for specific tasks, such
as operating a digital watch or storing information in a com-
puter memory In 1971, however, the American microelectror-
ics company Intel brought out a radically different, more flexi-
ble type of integrated circuit that vastly extended the range of
applications of microelectronic technology Intel essentially
put the entire central processing unit of a computer—the com-
plex circuitry that processes information and carries out com-
putations-—on a silicon chip The resulting mtegrated circuit,
known as a microprocessor, can be programmed like a com-
puter to carrv out a broad range of functions

The central processing units of powerful computers that
would have cost thousands of dollars to produce a few vears ago
are bemg mass-produced today for a few dollars apicce. A
starthng achievement n its own right, this development icans
that the computer’s ability to process imnformation and carry
out mstructions can now be mcorporatdd relatively cheaply
into a varicty of machines, rangmg from cruise mussiles to
MICTOWaVe Ovens

These tiny clectronie devices did not emerge suddenly from
the laboratory bench and begin to change society, however As
with any new technology. the development of nmeroelectronics
has been pulled along by economic and political forces Dunng
the sixties, the U S mulitary and space programs provided the
driving force, accounting for most of the integrated circuits
produced m the United States This burgeomng nihitary de-
mand provided a stable market for the small, innovative nu-
croelectronies compames that spearheaded the technological
development, and it helped launch the industry on 1its high-
growth trajectory 19 It also changed the nature of many weap-
ons Microclectronie controls now constitute the brams of
gmded nussiles, “smart” bombs, electrome sensors, and other
mgredients of modern warfare, and have played a central role
in the development of mihitary space systems
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During the seventies, the focus shifted toward civihan ap-
plications, and commeraial ncentives are now pushing the
development of the technology The manufacture of inte-
grated circuits has turned mro a s10-billion-a-year mdustry,
and sales have been growing at the phenomenal rate of 30
percent per year Military programs account for about $1 bil-
lion worth of microclectromie devices, and the rest of the ex-
penditure 1s widelv dissemimated throughout the economy 29

The biggest smgle user of ieroclectromies is the computer
industry itself The development of cheap and powerful iniero-
processors and mtegrated memory circunts has spavned a broad
range of small, flexible computers that can be programmed for
a variety of tasks Just a few vears ago, the cheapest computers
on the market cost hundreds of thousands of dollars and they
were big, powerful machines Now home comiputers the size of
a typewniter can be bought for less than $1.000. and powerful
business machies for less than $10,000 These developments
have brought computing power to the fingertips of a rapidly
growmg number of people They have also opened the way for
the widespread use of computers to control mdustrial machin-
erv and for an expansion of clectronie record-keeping, mfornia-
tion processing, and data gathermg

Although for many people the chief mamfestation of this
microelectronics revolution s the transformation that has
taken place in many consumer goods and gadgets—-the manu-
facture of pocket calculators, digital watches, and clectrome
tovs and games mushroomed mto a $.¢-bilhon-a-vear busmess
in the late seventies—it 15 m the workplace that the new
technology will ultimately have ats chief socal impact Elec-
tronic machmery is already begmning to change jobs i estab-
hshments as diverse as banks and steelworks o technology in
history has had such a broad range of apphcations n the work-
place 21

The spreading use of computer-controlled machmery i fac-
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tory production 1s leading to new levels and forms of automa-
tion In gant industnal plants such as oil refineries, power
stations, chemical factories, and steelworks, small computers
and rcroprocessors built dircetly into measuring instiuments
are being used to control temperatures, pressures, and the flow
of materials These tasks are, however, already highly auto-
mated, and the use of microelectromes will essentially allow
more precise control over plant operations In many other
factones, microeleetrome devices will extend computer con-
trols to tasks that have previously remaed relatively immune
to automation Indeed. 1t is in the machme shops and on the
assembly lines of manufacturing industries that microelectron-
ics will ultimately have ats chief industnal nnpact 22

The key to the growing use of electromes on the factory floer
hes wn the ability to incorporate microprocessor controls ch-
reeth into machinery such as lathes, gnnders, and cutting
machmes These computer-controlled machine tools operate
according to sets of programmed mstructions, and by simply
changing the programs, they can swiftly be made to shift from
onc task to anothcr This flexibility 1s of fundamental nnpor-
ance  Until now, antomation has been largely restricted to
factoric.. that turn out *housands of identical products, because
it has been too costly to retool machines at frequent intervals
to perform new tasks But the development of reprogrammable
machimery makes it economicaliy feasible to avtomate produc-
tion processes that involve short production-runs and fregient
changes m machine settings. The majonty of manufacturing
processes fall into this category 23

Computer-based automation is also being extended to the
asscmbly stage of production A new generation of microclec-
tromcally controlled robots 1s being developed to perform
wide range of complex tasks on assembly nes These machines
bear hittle resemblance to the androids of the film Star Wars
They consist of a flexible arm, with two or more joints that are
controlled automatically, on the end of which s a tool such as
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a drill or a pant spray Scme of the more advanced robots can
be reprogrammed by tvping new instructions on a keyboard or
by inscrting a new n. .gnetic disk into'the machine A comput-
er-controlled welding machine, for example, can weld a Ford
Pinto onc¢ minute and a Mustang the next The automobile
industry 1s leading the way in the use of robots. For example,
in Nissar.’s Zama plant near Tokyo, 96 percent of the welding
1s done by robots. a level that is being matched in some of the
newest plants in Furope and the United States By 1987, go
percent of the new machines bought by General Motors will
be computer-controlied, predicts G M president E. M
Istes 24 :

Although the use of robots is mcreasing rapidly, most of the
currert generation of machines are hmited to relatively simple,
routine tasks But as the technology becomes more soplis-
ticated, robots will become more versatile and therr potential
uses will multiply The key step n this development will be to
equip robots with a sense of vision by using powerful nucro-
processors and computer memory to link the image produced
by a camera with the machine’s achions Such robots are al-
ready under development, and prototype production lmes cm-
ploying “scemg” robots have been set up m the Umted States
and Japan Parallel development cfforts mmed at equipping
robots with scnsitive pads that would enable them to discern
objects by a sense of “tonch” are also well along n several
laboratories <3

The development of tlus new generation of more mtelhgent
robots will greatlv extend the number of jobs that machines can
perform, for they would be used to carry out more tnicate
tasks than today’s robots can tackle For example, a Fuat execu-
tive suggested to Busmess Week that with sens , robots it
would be possible to reduce the number of workers required
some plants to about 10 percent of current levels 2

Robots are no cheap The current generator hines
starts at around $33.000 for a model that can be | mmed

11+
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to carry out several tasks One equipped with vision or touch
sensors would cost at least $75,000 But even at these prices,
robots can represent an attractive economic proposition Ac-
cording to Joc Engelberger, president of a large Amencan
obot company, an average robot costs about $.4 8o per hour to
operate when it 1s used for sixteen hours per day That 1s less
than half the wage carned by a worker on an assembly ne As
the market expands and the cost of microelectronic controls
continues to drop, the price of tobots 1s expected to dechine
This trend will be greatly accelerated if some of the major
electronics compames enter the business, for manufacturing
costs are likely to go down 4. production volume rises Accord-
ing to a projection by a leading Wall Street mvestment analyst,
as many 4s 200,000 r~hots per vear could be sold m the US
by the end of the cighties if the major computer makers enter
the business 2°

The growng sophistication and flexibility of microelectrom-
cally-controlled machme tools and robots means that a large
range of jobs can be automated But the ultimate impact of
these machines will extend well beyond the precemeal automa-
tion of lndli'khE‘th?ks, for 1t 1s now possible to devise a factors
in which compiitef-contmlled equipment carnes cut an entire
production operation

In such a plant, a large central computer gndes the opera-
tions of mimcomputers and mcroprocessors that i turn con-
trol the operations of maclhne tools and robots The design of
parts and of fimshed products 15 carried out wath the ad of a
computer, which then generates a program to control the ma-
chine tool that will manufacture the product As the European
Trade Union Institute tersely notes, “the highly skilled tool-
maker’s job 1s thereby completely elimmated 728

Although such a plant sounds like something dreamed up by
science-fiction writers, it may not be tosfar away The produc-
tion of mtegrated arcunts, for example, mcorporates some of
these features, for computer-generated cirent designs are
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transferred onto masks that govern the automated manufactur-
ing process The US Air Force 1s also coordinating a program
in whih about eighty acrospace compames are attempting to
apply computer-aided design and manufacturning techniques to
the production of awcraft and nussiles And w Japan, the
Ministry of Trade and Industry is sponsoring an effort to de-
velop a completely automated production facility by 1985 2

The application of microclectromes in the workplace wll
not stop at the factory gate. Office work is also in the rndst of
fundamental change as computerized equipment is benig de-
veloped to speed up and automate many tasks The incentive
to automate office work 15 obvious enough Although office
employnient has been increasing rapudly in recent decades, the
productivity of office workers has remained relativer, tatic
According to one estimate, while the productivity of otice
workers rose by about 4 percent between 1960 and 1970, that
of blue-collar workers almost doubled The reason is sunple
factory workers are backed by ncreasmgly sophisticated tech-
nologies, vet most officc workers rely on equipment and tech-
nologies that have changed little an- fifty years 30

Le average factory worker operates about $25,000 worth of
machinery, while the average office worker uses less than $2.-
000 worth of typewnters, filing cabmets, copiers, and other
cquipment But the rapid proliferation of smart machmes, such
as small computers, word processors, facsimile maclies, and
computerized telephone terminals, is begmning to change this
pattern of expenditure

Consider, for example, the recent surge m sales of smal)
computers and their use m a broadening array of offices The
Electronic Industries Association (EIA), an Amencan tradc
orgatnzation, has reported that some 138,000 municomputers
—dcfined as machines priced from $5,000 to $40,000—were
sold m the Umted States in 1979 alone By 1984, the associa-
tion predicts, sales could nearly tnple, to 382,00c machines per
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vear Another study reported by EIA found that the sales of
computers priced below $10,000 apiece, which mcludes home
computers as well as business machines, climbed from $276
mullion 1n 1978 to $658 nulthon m 1979 and are headed toward
a projected $2 4 billion m 1984 Just a decade ago. there were
reckoned to be less than 100,000 computers in use worldwide
Saics of word processors have also mushroomed i the past few
vears In 1978, there were estimated to be 100,000 word
processors in Kurope and 400,000 in the Uinted Stateg In
1980, U S sales alone are expected to chmb past $1 billion—
more than 100,000 scparate mgchines—and a $2-ilhon-per-
vear market 1s expected to develop by 1983 31

All of this technological wizardry 1s being pushed along by
some of the biggest names in the corporate world 1BM, Xerox,
and even Exxon are developimg complete lines of office equip-
ment .0 the Umted States, in Enrope, such mdustnal giants as
Siemens and Philips have jomed the fray, and m Japan, giant
clectromic conglomerates such as Fiitachi are pursumg the tech-
nology  Scores of smaller firms are also producing electronic
office equipment, computers, and penpheral devices that can
be hnked to exishing machines It should be noted that all this
activity has Blossomed since microelectromes canie of age less
than a decade ago

These new * ismess imachimes on their own can ncrease the
efficiency with which some office tasks are carnied out But the
full impact of this Aood of office teclmology wall ()nl)‘\w felt
when the machimes are linked m far-lung networks through
which information can be transported, stored, and processed
This potent-al merger of computing, word processing, and
telecommumeations 1s at the heart of the much-touted mfor-
mation revolution

I theory, for examiple, 1t 15 possible to transnit mformation
between word processors, computers, facsinule machmes, and
so on through the telephone system, bypassing the cumber-
some and paper-clogged mails Electiome cash registers—close
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cousms to small computers and word processors—can be
hooked up to bank computers to debit a customer’s account
directly, ehnminating the need for checks or cash They can also
record sales of mdimidual items and relay the mformation to a
central computer that looks after stock control And comput-
ers, word processors, and even modified domestic television sets
can be lmked to clectrore data banks to recerve information
clectromically “without the services of filmg, hibrary, and secre-
tanal staff,” the European Trade Umon Institute lacomcally
notes 32

The expanded use of electrome busmess machines also sug-
gests that there will be sweeping changes in the way that some
offices are structured, with work mereasigly being diverted to
the new machmery, some jobs bemg elimmated, and other jobs
bemg reclassified Al this 1s likely to cause major upheavals and
changes m working conditions  As a teport by Working
% omen, an Amencan association of office workers, pomts out,
“hecause the new technology 1s bemg developed to computer-
17¢ the very flow of work m the office, its potential impact 1
qualitatnely dfferent from previous office equipment which
‘mechamzed” or ‘automated” routine tasks 733

In many respects. the development and apphcation of m-
croclectromes bnngs mto focus the wssues that surround the
so-called remdustrialization pohcies beng pursued by several
western governments At the heart of those poheres s an at-
tempt to boost productivity by stimulating ligh-technology
industries that offer prespects for rapid growthi and Jong-term
cconomic success Smee the clectromes mdustrs 1s one of the
leadnrs growth arcas man otherwise flacad global cconomy,
it has naturally risen to the forefront of discussions of remdus-
tnalization The hope s that microelectronics will be able to
overonte sotne of the constramts on productivity growth that
have emerged 1 virtally every country m recent years Indeed,
the Orgamisation for Fconomic Cooperation and Deselopment
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has suggested that “the electronics complex will be the main
Pole around which the zoductive structures of advanced -
dustrial socicties will be reorganised.”’ 34

In part, the attention being lavished on nucroelectronics—
and the government funds being poured into its development
—is a response to international economic pressures. In an
interdependent world economy, governments have little choice
but to ensure that their high-technology industries are in good
health As a 1978 paper by Britain’s Labour government put
it, “As a trading nation we have only one realistic option—to
seize the opportumty provided by this new technology to catch
up with our industrial competitors and to adopt and develop
it at least as fast and as comprehensively as they do. To opt out
will lead to the very worst fears being realised ~ A report to the
French government put the matter a little more starkly-
“France 1s being forced by the imperative of foreign trade to
compcete 1n a race over which it has no control 3%

There are two dimensions to this international race The first
is the competition to stay in the vanguard of the technology
behind the construction of integrated circuits. And the second
is the competition to use microelectronics in goods and mdm
trial processes in order to boost productivity.

The benefits of keeping abreast of the technology are in one
sense obvious—there is a $10 billion global market in microe-
lectronic components, but there are also hidden advantages in
the cross-fertilization between designers and users of microe-
lectronics. The United States has long dominated the develop-
ment and marketing of microelectronic technology. Virtually
all the early innovations were made in the U.S by a handful
of companies that were established in the sixties with a few
million dollars of venture capital apiece. These initial invest-
ments have since been turned into annual turnovers of hur
dreds of millions of dollars. These small innovative companies
eclipsed the big electronics conglomerates such as RCA and
Westinghouse by moving rapidly into the commercial produc-
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tion of each new technological breakthrough Today, the bulk
of integrated circuits produced in the Umted States s still -
made by semiconductor companies that specialize in the man-
ufacture of microelectronic components and market them to
manufacturers of electronic equipment In the past few years,
however, several of these companics have been taken over by
large corporations that have come up with the capital needed
to finance the costly expansion of production lines.36

United States companies held about 70 percent of the world
market for microelectronics comiponents in 1979, but rapid
technological advances by Japanese companies are beginning
to thicaten Amencan hegemony n some areas The Japanese
recognized n the early seventies that microclectronics and
computer technology would be a cornerstone of industnial
progress  the coming decades, and a government-sponsored
effort was launched to foster a domestic microelectronics in-
dustry This cffort has met with considerable success i several
areas Japanese companies n the late seventies produced about
40 percent cf the world market for the most soplusticated
computer-memory circunt, and they launched the next gencra-
tion of memory chips at the same time as ther Amenican
competitors In this arca, they are now regarded as beng at
lcast on a par with companies in the United States 37

While Amenican and Japanese firms have been racig ahead
with development of the technology, Furopean microcelectron-
ics has been lagging European compantes produced less than
one-third of the integrated circuts used by European industry,
and they arc expected to remam dependent on Amenican and
Japanese supplicrs for some time to come Several Furopean
governments haves however, recently taken steps to foster do-
mestic microclectromes development These mclude the estab-
hshment m Britam of a company called Inmos, with $120
mithon of pubhc funds to produce state-of-the-art mtegrated
ciruts 38

As for the race to mcorporate microclectromie technology
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o products and processes, again, the Umted States holds a
lead but Japan 1s moving up fast Amencan companies use
about half of the mtegrated arcuits produced worldwide,
which 1s partly a reflection of the fact that Arsencan computer
compamies—the largest users of microclectromes—have a
commanding pos:tion it the world market In other areas too, -
such as consumer clectremics, industrial control equipment,
and office machinery, American companies have moved rapidly
to incorporate uncroelectronies mto their products

But, according to a report by the Orgamsation for Economic
Cooperation and Development, “Japan is undoubtedly the
country with the most consistent mediun- and long-term pro-
gramme for industnal eléctronics, ranging from components
through automated control systems, to capital goods ™ Japan
alrcady boasts at least half the world's working robots, and a
wigorous program supported by the Mimistry of Intemational
Trade and Industry 1s racimg to develop new industnal automa-
tion techmgques 37

Furopean govcruments are also sponsoring ambitious pro-
grams to encourage their domestic industries to adopt new
microclectronie technologies  According to one estimate, all
told. Exropean governments have launched programs that wall
entail expenditures of about $1 billion to shmulate the domes-
tic production and use of microclectronics +0

Interuational econonne competition is thus working strongly
to push the development and apphcation of this new technol-
ogy During the next few decades, it wall become pervasive, and
s social impacts are likely to be cqually far-reaching

Biotechnology. A New Source of Growth®
October 14, 1950 was a histonc day on Wall Street A small
genetic engineenng company called Genentech, which had yet

to put a product on the market, broke all records when 1t
offered its scock to the pubhe for the first time The price per
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share soared from $335 to $89 1in a matter of mumutes, making
it the hottest new company to go public for decades It was,
according to the Wall Street fournal, “the most striking price
explosion of a new stock withim memory of most stockbro-
kers 741

This intense financral interest m genetic engineerg reflects
the extraordinary pronuse of a rash of biological technologics
that have been developed over the past few vears Collectively
known as biotechniology, the new field, according to its boost-
ers, could lead to improvements in agricultural productivity,
novel ways to manufacture chemicals and drugs, and new
routes to the development of renewable energy resources 1
the pronnses become reality, biotechnology could be every bit
as sweepmg mats cconomice and social impacts as microclee-
tronics That, at least, 1s the feehng of the Commussion of the
Europcan Commumties, which suggested m a recent study
that “hotechnology could establish itself as the dnving force
of new-found growth over the coming decades ™42

So far, much of the biotechnology boom remams a matter
of speculation, but the devclopment of the technology today
resembles that of microclectronies a decade ago. Genentech
and a handful of other sinall companies, established with ven-
ture captial as seed money, are proneering in the development
of biotechnology Tt s also attracting attention and cash from
some of the world's largest corporations, mecluding Standard
Ol of Califorma, Hoechst, the International Nickel Company,
Impenal Chemeal Industries, DuPont, Monsanto, Actna In-
surance, and Lubrizol In addition, the Bntish and French
governments have launched biotechnology companies with -
jections of public funds This mmmense mdustnal mmght s
pushing the technology along at an astomshing pace 3

Biotechnology encompasses many things In broad terms, it
15 the use of orgamisis and cells to produce a vanety of pro-
ducts and to carry out a broad range of tasks 1t s not exactly
novel people have been using biotechnology for centunies in
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the making of leavened bread and in the fermentation of vege-
table matter to produce beer, wme, and other alcohohe bever-
ages And m the past few decades. microorganisins have been
put to icreasing tse in such areas as sewage treatment and the
productios of antibiotic drugs But some key scientific ad-
vances i the carly seventies have lad the basis for a vast
expansion of biotechnology In essence, these advances permit
scientists i mamnulate cells and orgamisius m a preaise man-
ner, causing them to manufacture suhstances that they would
not normally produce and enhancing their capacity to perform
umportant biological functions
Just as the luistorny of microclectromes can be traced back
three decades to the development of the transistor, the new
otechnology stems from the discovery m 1953 of the nature
¢ DNA, the mmensely complex molecules that contam an
¢rganisnt’s genetie program Building upon this discovery, ad-
.ances m geneties and alhied biologieal saences have led to g
deeper understanduig of the functioning of hvng things In
1972 two decades after the structure of DNA was worked out,
scier sts at Stanford University and the Unnersity of Califor-
ma developed a4 powerful technique for mampulatiag ths ge
netic matenial The techmgue 1s the key to many of the poten-
tial applications of biotechnologsy
In essence, the techmque, knowa as recombimant DNA or
gene sphemg, enables scientists to take genes from one orga-
msm and splice them mto the DNA of another Among other
things, this may periut human genes that govern the natural
production m the bodv of compounds such as msulin, mter-
feron, and growth hormone to be meorporated mto bactena,
which would then be mduced to manufacture the compound
In cffect, the genetically engmeered bactera would become
tiny, lving, chennceal factories
There are, however, dehicate saentific probleis mvolved m
this procedure As science wrnter Nicholas Wade explame
“Though the techmque was unvented seven vears ago, biolo-
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gists are only now working out the nuts and bolts of a commer-
cially viable process The gene of interest, that for human
interferon, say, has first to be fished out of a cell possessing
some 100,000 other genes. Other sequences of DNA must be
attached to it which signal the bacterium’s protein-making
machinery to manufacture the gene’s product m commercially

~ significant quantities "4+

Nevertheless, many of the problems have been overcoine
and it is expected that several comnpanies will be marketing
bacterially-produced insulin and interferon in the early eigh-
ties Both are likely to be big money-spinners. Insulin is ex-
tremely difficult and expensive to produce by conventional
means, and the bacterial route to its production offers a
cheaper and simpler alternative Inteferon, a compound that
destroys viruses and which may have a role in cancer therapy,
is predicted to have a potential market of about $3 bilhon by
the mud-cighties 45

Lucrative though these applications of genctic engineering
may be, they represent only a tiny fraction of the potential
fruits of this new technology Using gene splicing and other
biological techmques developed in the past few vears, scicntists
are working on noyel approaches to the production of vaccines
against discases such as malaria, hepatitis, and hoof and mouth
disease Research mto these areas is already well along in sev-
cral university laboratories and the commercial potential has
not been lost on some of the small genetic engineering compa-
mes, which are also pursumng the technologies

Although these applications of biotechnology have received
most of the attention, developments outside the pharmaceuts-
cal industry are likely to be more far reaching As a chemical
trade publication has noted, *The revolution in apphed biology

has spread far beyond drugmaking It is advancing mto
agniculture, forestry, encrgy, chemeal feedstocks, and other
areas that provide the cl.emical process mdustries with maten-
als or markets 46
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The production of alcohol fucls from biomass 1s one area
that 1s receiving a good deal of attention from several commer-
caial enterprises Ethanol s currently produced in an age-old
process in which veast 1s used to break down sugars derived
from plant materials Crops such as sugar cane, sugar becets, and
sweet sorghum vicld fermentable sugars when they are erushed,
but starchy products such as corn and cassava must first be
heated and treated with acids and enzymes before they can be
fermented, a process that increases costs and requires energy
However, research at several universiies and some commercial
enterprises 1s attemptig to produce yeast strains that will be
able to convert starch directly into alcohol. Another project,
under way at the Genex Corporation, a small biotechnology
company in Marvland, 1s auned at the development of a m-
croorgapusin that will convert sugar to alcohol at high tempera-
turcs, which would enable the aleohol to be distilled off as soon
as 1t 1s manufactured Although some of these processes mvolve
fornnudable problems that have vet to be worked out, they are
far front bemng consigned to the distant realm of scienee fichion
in October 1980, the National Distillers and Chenncal Corpo-
ration announced plans to construct a $100 milhon facility to
produce fuel alcohol using genetically engineered yeast strams
developed by the Cetus Corporation n Berkeley, Cahforma #7

As well as producing energy from renewable resources, bi-
otechnology may also lead to substantial energy savings i the
production of chemeals and other mdustnal products Leshe
Ghck, president of Genex, has pimpomnted a range of orgame
chemicals, worth more than $12 hillion 1979 prices, which
he beheves are hikely to be produced by genetically engineered
bacteria m the relatively near future using processes that are
cheaper and less energy-mtensive than traditional production
mcthods Cetus, for example, has been negotiating wath Stan-
dard Onl of Cahforma to begin a jont venture aimed at using
biotechnology techmques to produce major building blocks for
petrochemicals and synthetic materials The new process
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would work at room temperature and low pressures instead of
the high temperatures and pressures now employed i the
manufacture of these chenucals Peter Farley, president of
Cetus, has suggested that the new process will be “the first
substantive case where aerobiology will take a shot at the
heart of the chenncal mdustry 748

It s 1 agriculture, however, that biotechnology will proba-
bly have 1. most unportant impacts An official at the US
Departmen. of Agriculture has called the new biotechuology
“one of the most important arcas for the growth of agneulture,
if not the most important i the long term 749 Engineering
crop plants to produce higher vields is as old as agnenlture
itselF Farmers have alwavs chosen seeds from their best plants
tor the following vear’s crop, a process that sclects the desirable
genetic strams But m the past few decades, these time-hon-
ored techmques have been greatly extended by the develop-
ment of new plant-breeding methods that have resulted m the
production of highervielding and disease-resistant vanicties
For example, the development of new nice strams, by cross-
breeding dwart vancties with ngh-vielding plants, resulted
ashort, productiye plant that does not fall over when the gram
matures This s the basis of the Green Revolution m mucli of
\sia

These plant-breedimg techmques are slow and aunbersome,
however It can take many vears to crossbreed different vare-
tics, grow them to matunity, and test them for resistance to
plant discases But in recent vears, saentists have begun to
carry out some ot the breedimg steps i test tubes ind petn
dishes, using techmigues that inay eventually speed up breeding
processes and pernnt more prease selection of pronusing
strams The basis of these new techmgues s a4 method of
growmng entire plaats from simgle cells or even trom protoplasts,
cells whose walls have been chemically remosed

These methods, known as tissue culture, resuft i geneticalls
identical plants that can casily be screened for disease resist-
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ance, adaptability to different soils, and so on  Alreads, Uni-
lever, a multinational agribusiness corporation, has grown oil
palms from cells taken from a particularly productive, disease-
resistant plani and is testing them on a plantation in Malaysia
In the same way, disease-resistant potato vanieties have been
grown from plant protoplasts Hugh Bollinger, a plant scientist
who co-founded a sma!! biotechnology company in Utah, has
called tissue culture “the botanical equivalent of the laser, in
that there are more potential applications than onginally con-
cewved ” In parti_ular, he notes, the technique can be used for
growing thousands of copies of endangered plant species—it
has already been applied to a specics of cactus that had alniost
become extinct in the United States—and it may offer a way
to bring little-kmown plant species into rapid agricultural use
“In a fraction of the time required to implement traditional
breeding programs,” Bollinger notes, “‘plant materials can be
produced and dispersed to other farmers for planting or to
other nations {or further research and development.”s0

Further down the road, scientists are hoping tc use gene-
sphicing techniques to equip crop plants with the ability to
manufacture their own nitrogen fertilizers instead of relying on
the application of energy-intensive synthetic feriilizers
Leguminous plants such as peas and soybeans obtain nitrogen
naturally from bacteria that live in nodules on their roots
These orgamisms “fix”" nitrogen irom the atmosphere as part of
their normal metabolic processes, and the plant uses the nitro-
gen compounds in its own growth processes. This p.~~ess does
not occur in cereals and other important food crops, however,
and thus a good deal of research is aimed at trying to adapt it
to those species.

One line of research seeks to isolate the genes responsible for
fixing nitrogen in the root bacteria of leguminous plants and
transplan{ them into the cells of other plants. The result, it is
hoped, would be a plant that could synthesize its own nitrogen
compounds directly from the atmosphere. There are, however,
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enormous scicatific problems involved in this procedure, and
even if it could be accomplished, the result may not be too
useful such genetically engincered plants may have to divert
so much of their metabolic energy into making mtrogen fertil-
wzers that there would be little left over to make the desired
fruit or grains

Potentially more promusing is 1esearch directed toward 1m-
proving the nitrogen-fixing ability of existing bactena, a devel-
opment that should lead to increased yields from leguminor-
plants Eventually, it may also be possible to transfer the mtro-
gen-fixing genes from bacteria associated with legumes to other
stramns of bacteria known to exist in the roots of cereal crops.
If successful, such a development may make fixed nitrogen
available to such crops without the plants themselves having to
use thew own energy n its synthesis

The chief impact of the new biotechnology techmques so far
1s to nrovide scientists with enormously powerful tools for basic
research, which are Jeading to a far deeper understanding of
the molecular workings of plants and animals For example,
scicntists are only now beginming to understand the complex
processes by which plants convert solar energy imo plant tis-
sues, and there 15 as vet only a hazy knowledge of what causes
genes to “switch on and off”” as they manufacture protems As
these and other biological processes become better understood,
new applications for biotechnology are likely to emerge

Many of these appheations remain highly speculative, but
they wall not be unnuxed blessings even if they do become
reahty For one thing, there may be environmental hazards
associated with the genchic engineening of bactena and other
microorganusins The possibility that modified microbes could
have unpredictable and perhaps hazardous properties led a
group of scientists to call for a suspension of gene-sphicing
expenments in the carly scventies, for example As Jonathan
King, a rescarcher at Massachusetts Institute of Technology
has ponted ont, such “*biological pollution 15 quahtatively diff-
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erent from other forms of pollution such as heavy metals, oil,
and synthetic chemicals Organisms reproduce themselves and
cannot easily be removed from the ecosystem” Experience
during the past few years has diminished such fears, however,
and some of the safety precautions that rescarchers were
obliged to follow in government-funded experiments have
been relaxed The fears have not been dismissed entirely, how-
ever 5!

The rapid commercialization of this technology is also creat-
ing stresses and strains in some university laboratories, for
research that would normally be conducted in the open is now
being shrouded in secrecy in case it may be patentable. This
change in the usual methods of scientific collaboration is also
hampering the traditional free exchange of matenals and ccll
cultures among researchers, according to some reports More-
over, since many of the small companies that have been started
in recent years are based on research findings obtained from
publicly funded experiments, there are difficult ethical ques-
tions to be raised about the use of knowledge derived from
taxpavers’ funds for private commercial gain.5?

Nevertheless, 1t is clear that recent advances in biological
technology are laying the basis for far-reaching changes across
a broad range of industnes The way that this technology 1s
developed and apphed will clearly have sweeping social and
€conoinic consequences

Technology and Jobs

Although the traditional industries such as automobiles,
steel, and chemicals will continue to play leading roles in the
world economy in the cighties and beyond, new technologies
will undoubtedlv have a fundamental impact on employment
Not only are they likely to affect the numbers of jobs available,
but they are also likely to influence the types of jobs, the levels
of skill required, and the quahty of worklife
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Technological change has always played a major role in
changing patterns of employment and the organization of
work. For example, the technological in.iovations of the post-
war years have been part and parcel of the deep structurai
changes that have taken place in the industrial labor force.

This impact 1s especially prominent in agriculture, where a
combination of technological changes and economic pressures
has led to a sharp reduction in the agricultural work force in
the developed world In every major western industrial country,
the agricultural labor force now represents iess than 10 percent
of the working population; in the United States and Bri in,
the proportion 1s below 4 percent. However, while the number
of agricultural workers has decreased, output has generally risen
substantially—a phenomenon that has been dubbed “jobless
growth ” Now there are indications that in many parts of the
world jobless growth is occurring in manufacturing industries
as well 33 .

According to studies by the Science Policy Research Ut in
Britain, employment in manufacturing industrics in most west-
ern industrial countnes rose steadily in the fifties, began to tail
off in the sixtics, and declined in the seventics At the same
time, output, while fluctuating in tune with recessions, has
increased “The phenomenon of jobless growth has now be-
come established in the goods procucing sectors of the ad
vanced industnal countries ¢aused mainly through technologi-
cal change,” the study suggests Underlying this trend s the
fact that Investment 1n new production technologies has
largely sought to rationalize and streamline production pro-
cesses rather than to expand output at a time of depressed
demand and high wage rates This was especially true of invest-
ments 11 new autemobile manufacturing technologies n Brit
am and the Umited States during the-late seventies 4

While these job and investment patterns have been develop-
ing, employment in the fertiary sector of the’cconomy—
finance, insurance, government, services, and so on—has besn
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cxpanding rapidly (See Table 4 1) In the United States, for
example, 92 percent of the new jobs created between 1966 and
1973 were in this sector, and i every major industnal country
the tertiary sector now accounts for at least half the labor
force 35 It is important to note that 1t 1s increased productvity
in the manufecturing industnies that has created the economic
growth that in turn has led to the increased demand for the
services of the tertiary sector

This cmployment transition from agnculture to industry,
and more recintly to the terhiary sector, has not been smooth
or even. Sume industries have continued to expand their em-
ployment, while others, such as steel and textiles, have con-
tracted Within the service sector, too, growth rates have been
highly uneven, with sharp increases in government employ-
ment i most gountries and steady gains until recently in bank-
ing, surance, and silar occupations

Technology 1s not the only factor at work behind these
trends During the seventies, the sharp nises i energy prices,
high rates of inflation, and slow rates of productwvity growth
had deep and very obvious impacts on levels of employment
By the end of the seventies, unemployment stood at more than
six million in Europe, about 6 percent of the Amencan work
force was out of work, and even in Japan, the official total of
unemployed reached one nullion %6 These high unemployment
totals are n part due to policies designed to dampen demand
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in order to bring down rates of inflation Yet,a return to high
levels of demand for the products of some labor-intensive in-
dustries, such as steel and shipbuilding, is considered unlikely
even if inflationary pressures moderate, as the market for these
products is reaching saturation

This gloomy economic environment makes some aspects of
technological change at once promising and threatening The
development and application of microelectronics is a case m
point On the one hand, it offers the prospect of enhanced
productivity and the chance to revitalize some economic activi-
ties Rut on the other hand, it threatens to aggravate unem-
ployment in some industrics and to renforce the structural
divisions that have been growing in the industrial countnes
during the past few vears as youtli unemployment has chimbed
to epidemic levels and joblessness among bluce-collar workers 1n
heavy ndustnies has risen sharply

Since most of tne breakthroughs in microclectromes took
place less than a decade ago, 1t is impossible to draw hard and
fast conclusions about the specific impact on job levels as
computer-controlled machinery moves mto factones and
offices and as the much-heralded mformation socicty takes
shape It is even mowe difficult to predict the employment
unplications of the flowering of biotechnology, because few of
its major apphcations have yet become commercially available
Yet hoth will have positive and negative job impacts as they
alter patterns of economic growth and productivity, and as they
change the nature of established industries

As far as microclectronics is concerned, it 1s clear that the
technology will have a fundamental impact on the types of jobs
and the skills needed in the labor force, as some jobs are
climinated through automation and as others are created m
new areas Whether the nct change results in greater unem-
ployment depends in large measure on overall rates of eco-
nomic growth as well as on the speed with which labor-inten-
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sive activities, such as the use of solar energy and conservation
programs, are developed Nevertheless, microelectronics can
be expected to ntensify the trend toward jobless growth in
many sectors

In manufacturing industnies, jobs will be created in the pro-
duction of some electronic goods For example, the $4 billion
now being lavished on electromic watches, calculators, games,
and similar novel products has spawned a whole industry that
did not even exist a decade ago But the total numnber of jobs
created in the clectromes industry may not be all that large,
because as manufacturers incorporate microclectronics into
their products 1n place of mechanical and electromechanical
parts, their labor requirements often plommet For example,
an Amencan company, National Cash Register, noted s
1975 Annual Report that an clectromc cash register requires
only 25 percent as much labor to produce as its nonelectronic
counterpart As a resuit, NCR reduced its workforce at plants
m the United States and Europe durning the late seventies at
a time when overall sales expanded  Telecommunications
manufacturers i several countnes also reported substantial
reductions i their workforees as they switched from making
clectromechamcal equipment to electromic products 7 -

A survey of the world electromes imdustry condncted for the
Organisation for Fconomic Cooperation and Development re-
ported in 1979 that few major clectronics companies expected
to increase employment over the next few years, even though
they anticipated strorg sales The QOECD comnuttee noted
“Electronics has dramatic growth prospects ahead in the next
decade If this industry expects to achieve such growth with
httlé or no increase in employment then the gqnestion may be
asked where in the manufactuning sector 1s growth m
employment to come?'58

Many of the industries that have traditionally been leading
employers, such as those producing automobiles, chemucals,
appliances, and so on, are likely to use microprocessors and
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computers to automate production lines. Some 200,000 jobs
may disappear permanently in the U.S automobile industry in
the eighties as computer-controlled machine tools and robots
take over more and more tasks, and a similar number of jobs
may be lost in textile manufacturing as automation spreads
Already, newspaper printing jobs have been decimated in many
plants as computcrized typesetting has radically altered the
nature of printing operations, and computenzed assembly of
television sets in Japan has eliminated thousands of jobs while
boosting productivity.>® ‘ .

These developments are an extension of trends stretching
back for several decades, in which productivity in manufactur-
ing operations 1s enhanced by the substitution of machinery for
people However, the increased production and incomes made
possible by these technological changes have translated into
higher demands for goods and services, and the number of jobs
has a'so expanded, especially in the service industnies The key
question, therefore, is whether the number of jobs in the terti-
ary sector will continue to expand to absorb the projected
growth n the labor force There are two chicf reasons why the
answer could be negative. First, the number of jobs in goverii-
ment offices—an area of substantial emnloyment growth m
recent years—may not expand much more because of demands
in virtually cvery country to reduce public expenditure and to
cut government payrolls. Second, most observers have pre-
dicted that the most far-reaching impacts of niicroprocessors
will.be felt in offices and in such service activities as retailing
and maintenance work

The use of computers and other intelligent machines will
lead to ncreased employment in some arcas, it should be
noted Computer programming, for example, is a labor-inten-
sive activity that will be a likely source of many thousands of
new jobs in the eighties Demand for programmers is already
outstripping supply, and some analysts have even suggested
that this shortage could constrain the growth in the use of
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computers in the coming years But in most other areas of the
tertiary sector, microelectronics is likely to lead to slower rates
of employment growth or even to job losses.60

In areas such as insurance and banking, which are labor-
intensive occupations that rely primarily on printed paper for
their transactions, the application of electronic technology
could have a major impact. Already, growth in employment in
these industries in Europe has begun to tail off, while their
business continues to expand. Some observers are suggesting
therefore that the jobless growth apparent in agriculture and
manufacturing is now occurring in this sector. The most widely
publicized of such projections was made in a report to the
president of France, which warned that 30 percent of the jobs
in the French banking and insurance industries could disap-
pear during the eignties as more and more work is consigned
to computers.6!

The introduction of word processors, computers, and other
intelligent business machines will not always cause job losses
In many offices, the machines will be used to improve quality
and upgrade services without displacing people But several
studies have suggested that the widespread use of these ma-
chines will ultimately lead to job losses in large numbers of
offices. For example, a much-quoted, but unpublished, study by
Siemens Corporation, a manufacturer of office equipment, has
suggested that some 30 percent of office jobs in West Germ~ny
could be automated 62

Outside the office, microelectronics is likely to affect em-
ployment in szrvice occupations ranging from stock handling
to mail delivery. The ability to link cash registers to a central
computer that monitors stock levels and automatically initiates
reordering, for exaruple, will reduce labor requirements in retail
operations. As more and more messages are relayed electroni-
cally between word processors and computers, a reduction in
the amaunt of paper-based mail can be expected, and hence in
the number of people needed to handle it. The increasing use
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of microelectronic controls in products such as automobiles
could change not only the types of maintenance jobs, but also
the tools needed to carry them oufl A garage lacking highly
sophisticated computerized diagnostic equipment, for exam-
ple, is unlikely to be ablc to service a computer-controlled
automobile.63

While it is difficult to determine just how many jobs will be
lost or gained by the introduction of microelectronics, Clive
Jenkins and Barrie Sherman, officials of a British white-collar
trade union, have attempted to draw up estimates for specific
industnal groups in Britain. Their overall conclusion is that
over the next quarter-century, almost one-fourth of the jobs in
the industries they surveyed are likely to disappear. About 5
percent of them would be lost by 1983, they suggest. A morc
detailed examination of the probable impact of microelectron-
ics on employment in an industrial region in Manchester,
Fngland, reached the conclusion that only about 2 percent of
the jobs i the area would be lost by 1990 as a direct result of
the use of microelectronic technology in both products and
processes The authors of that study, which was conducted at
the University of Manchester, warned, however, that “it is in
the 19g0s that the job losses due to microelectronics will really
make themsclves felt 764 p

Virtually every expert who has studied the employment im-
pacts of technological change in general and of microclectron-
ics in particular has argued, however, that job losses due to
international competition will be much heavier in those coun-
tries that do not move swiftly to adopt new production pro-
cesses and to produce the latest products. The painful example
of the Swiss watch industry, which lost 46,000 jobs in the
mid-seventies as consumers switched in droves to electronic
timepicces made in the United States and Japan, is a casc in
point And the American automobile industry, which failed
until the late seventies to adopt such energy-saving technolo-
gies as front-wheel dnive and lighter materials, provides another
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indication of the consequences of technological backward-
ness.6% ‘

Studies of the impact of technology on jobs have largely
been concerned with aggregate gains and losses; few have
looked deeply into impacts on the types of jobs affected and
on changes in the quality of worklife Yet these impacts are
likely to be just as important as changes in the total number
of jobs. A study conducted for the West German government
shows just how swecping the changes are likely to be in the
coming years. The spread of microelectronics could lead to the
loss of close to two million jobs in that country in the eighties,
the study predicted, but if economic growth remains reason-
ably strong, a similar number of jobs will be created in occupa-
tions associated with computers. The net job impact will not
be very great, but the jobs created would require very different
skills from those that are lost.86

Technological change has always altered the mix of skills
needed n the workforce. but the transition to the computer
and information society is expected to involve an unprece
dented range of jobs and skills. Already, there are signs of .
mismatch in the skill levels available in the workforce and those
required by the new technologies, with shortages of computer
programmers, people trained in the maintenance of electronic
equipment, and similar workers, in the midst of near-record
unemployment. Clearly, there will be an immense need for
retraining in the years ahead.

In Japan, retraining is largely the responsibility of industry
In some selected industries, employees are given guarantees of
lifetime employment, and workers displaced by automation are
reassigned to new jobs and taught the skills needed to do them
This system, incidentally, makes the social impacts of techno-
logical change in those industries easier for workers to accept
since they are guaranteed alternative employment, but it also
gives the corpuration a far greater legree of control over indi-
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vidual workers than s usual in the West

In most westernn countries, retraming is largely left to a
mixture of government-sponsored programs and some industri-
ally financed projects More concerted action by both govern-
ment and industrv 1s needed Even Business \Week has chas-
tised American industry for failing to recognize the importance
of sponsoring more retraining efforts “Managers of U S indus-
try have begun to realize that robots will take over an increasing
number of assembly lines in the coming decade But they still
think of this as a technological challenge They have not yet
come to grips with the problems of retraining and reemploy-
ment it will create,” suggested an editorial in the magazine It
_added “US mdustry cannot leave a retrauung program of
these dimensions to a public education system that 1s having
trouble teacting simple Fnglish aud elementary arthmetic 767

It addition to changing the numbers and types of jobs in
industnal society, techiological change can also have a major
impact on the way work 1s organized and controlled This, n
turn, has a central bearing on the quahty of worklife Technol-
ogy has always played this role One of the most important
features of the Industrial Revolution was the use of technology
to organize factory production in place of the old system of
“putting out,” m which artisans and rural workers supphed
textiles, potterv, and other goods to the bankers and iner-
chants, who provided the money and materials This system of
cottage industrics involved a scattered workforce that, in David
Landes's apt phrase (cited in the first chapter), was not “broken
to the inexorable demands of the clock”™ and which was not
easily controlled by the bankers and merchants. “One can
understand why the thoughts of employers turned to work-
shops where the men would be brought together to labor under
watchful overseers and to machines that would solve the short-
age of manpower while curbing the insolence and dishonesty
of the men,” Landes writes %8

Similarly, the development of mass production and the evo-
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lution of the assembly lne involved the use of technology to
orgamize and rationalize workers in order to increase efficiency
and reduce production costs One element in this rationaliza-
tion process is tncreased control over people on the factory floor
as they became consigned to more and more routine tasks that
involve little imtiative or idependent action The gurding
light behind early efforts to organize labor forces in a way that
made them unthinking links n a larger process was Frederick
Wimnslow Taylor, an American engineer who comed the term
“scientific management * Taylor’s ideas, as David Dickson has
pointed out, involved breaking down each task into its compo-
nent parts and then rearranging these tasks i the most “cfhi-
cient” manner His thinking, Dickson writes, “launched a fash-
on for ‘industnal’ engineering, particularly m the United
Kingdom and the U S, between 1910 and 1930, resulting
techniques that have since become an essenhal part of indus-
trial processes almost everywhere. In particular, what we now
know as ‘automation’ 1s conceptually a logical extension of
Taylor's scientific management ” And the impacts of scientific
management were not hnuted to the capitalist countries of the
West Lenm wrote m 1918 that “we must orgamize m Russia
the study and teaching of the Taylor system and systematically
try it out and adopt it to our own ends ¢°

The spreading use of mcroprocessors and computerized ma-
chinery threatens to carry this process even further in some
applications, increasing the supervision of workers and further
reducing their scope for independent thought and action In
some automobile plants, for example, computers not only con-
trol machines, but in many cases, they are also used to control
the speed of the production lines and to momtor the output
of workers Harley Shaiken, a former consultant to the United
Auto Workers and now a fellow at the Massachusetts Institute
of Technology, describes an automobile plant in which a com-
puter-controlled assembly line had been mstalled “The system
links a large central computer to a microprocessor on a ma-
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chine When the machine cycles, it 1s recorded in [the] central
computer When a machine doesn’t produce a part in its
allotted time, it 1s immediately obvious to more than the com-
i puter that information 1s displayed in the foreman’s office and
recqrded on a computer printout ” Under this system, Shaiken
states, “the foreman no longer decides to disciphne the work-
ers He merely carnes out the ‘automatic’ decisions of the
system 70
The telecommunications system has also seen major changes
in working conditions in the past few years, as computerized
switching systems replace older clectromechamical exchanges
and as computenzed terminals are mcreasingly employed in
the transmussion and processing of information These changes
have had a fundamental impact on the jobs of telephone work-
ers who operate and manage the system Robert Howard,
a writer who has studied the impact of these changes on
the telecommumcations workforce suggests that “the expen-
ences that telephone workers described would have been fa-
mhar to the early mechanics and craftsmen i the Amencan
automobile industry traditional skills made obsolete by new
technology, jobs fragmented and downgraded to lower pay,
work reorganized and ngidly centrahized, workers subjected
to automatic pacing and monitoring, oversupervision, and
job-induced psychological stress Like the shift from craft to
mass production n the auto industry, new technology m
telecommunications has eroded workers™ sense of control
over their work hves 71
As computenzed machmery becomes more and more com-
mon in offices, 1t 15 likely to lead to changes m the patterns of
clerical work, with jobs broken down into parts and work
routed in a way that results n maximum efficiency It will be
possible, moreover, for managers to monitor more closely the
output of workers—indeed, an advertisement in the Umted
States for a business computer makes much of the fact that a
sales manager can call up an wnstant analysis showing which
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members of his sales force are performing above or below
average

There is ho immutable reason why technelogical change
should occur in a way that degrades the quality of worklife But
as long as the decisions about the development and introduc-
tion of new technology are left solely in the hands of managers,
wath little or no input from workers, new technologies are likely
to increase the hierarchical control of factories and offices
Greater industrial democracy a:d sharing of decision making
are required to ensure that new techinologies are not introduced
.+ a way that degrades jobs and de-skills workers (Sec Chapter
6)

The growing international competition among the industnal
countries, together with increasing penetration of markets in
the nch countnes by producers from the Third World, have
mcreased the pressures for technological change T hese pres-
sures nake it incvitable that new technologies will be devel-
oped and applied as swiftly as possible, to push the industrial
cconomics further along the scale of technolog:cal advance
The nostalgic hope seems to be that the introduction of new
technologies will lead the way back to the golden days of the
postwar era, when the world economy expandzd at a rate that
provided a high demand for goods and services, which in turn
created millions of r~w jobs Such a develnpment 1s at best
unhkely

In the fifties and sixties, when there was a fehcitous combi-
nation of rapid technological change and unprecedented eco-
nomic growth, the industrial countries were competing for a_
slice of a rapidly expanding world market. Now they are cou-
peting for a slice of 2 much more constrained market In short,
this means that modernizaton of domestic industries will be
essential to preserve thar ability to compete in international
markets, but it will not necessarily lead to a major expansion
of overall market si: ¢ This suggests that Luddite resistance to
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new technology will ulimately be counterproductive, for fail-
ure to adopt new technology courts the nsk of massive job
losses as domestic industries dechine However, adoption of the
new technologies will bring sweeping changes in the orgamiza-
tion of work and in the types of skills needed in industrial
society This 1s the new reality that faces industnal and social
pohicy in the years to come

A3
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Technology
and Development

-I-;e world’s economic and technological systems are not
working well for either nch or poor countries. The economic
problems, mounting energy bills, and nsing unemployment
levels that have plagued the industrial world in the past decade
have affected the developing world even mort deeply For rich
and poor countries alike, the upheavals of the sevefitics have
called into question many of the policies and programs that
guided-economic and technological development during the
postwar period

The global economic dislocations of the past decade have
also tightened the web of interdependence between rich and
poor countries, bringing to the surface a host of international
political, economic, and technological issues Industrial coun-
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tries are critically dependent on o1l and raw materials from the
developing world to fuel their technological systems. Develop-
ing countries, as well as many industrial nations, rely on North
American wheat and corn for a growing proportion of their
food needs Corporations m the rich countries increasiugly
count on buyers in the poor countries to boost their sales of
technology and manufactured goods And manufacturers in
the developing countries depend on markets n the industna!
North to sustain their economic growth

This growing interdepenaence means that the economic
fortunes of the developing countries are intimately tied tc
those of the industnal world, and vice versa The problems
confronting onc region of the world cannot be seen 1n isolation,
for therr implications extend around.the globe For example,
overconsumption of energy and raw.materials by the mdustnal
countries drives up prices for everybody, rich and poor alike
And the growth m the number of people living in absolute
poverty in the developing countries not only threatens world
peace but 1t also depresses global economic advancement when
the productive capacities of hundreds of millions of people arc
underemployed

Virtually all the problems confronting the developing coun-
tries, and most of the 1ssues that have suifaced 1.1 international
economic relations, have critical technological components As
the seventies progressed, it became increasingly clear that fun-
damental changes were and still are needed n the terms gos-
erning the transfer of techuologies among countries, in tlie bal
ance of technological power 1n the world, aud 1 the types of
technology that arc generated and applied mdifferer:  suntnes

The Technological \World Order

Technological relationships between rich uid poor coumries
rest on two central facts First, virtuallv all the develepnient of
modern technology takes place mn a handful of industnal coun-
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tries, which possess the bulk of the world’s research and devel-
opment capacity and employ most of its scieutists and engi-
neers. Some of this technology is transferred through a variety
of channels across national borders, but the imbalance in tech-
nological capacity means that the flow between rich and poor
countries is almost all one-way Second, the overwhelming
majority of the world’s technology is developed and owned by
private corporations. Their ownership is protected by legal
arrangements such as patents and trademarks and by industnal
secrecy, which govern the terms under which technology is
transferred around the world

Throughout much of the postwar period the global imbal-
ance in technological capacity was not generally vegardcd as
being detrmental to the developing countries It was widely
assumed that the developing countries could bypass some of
the costs of generating technology themselves by buyirg it
intact froni the industrial world The central theme in develop-
ment planmng was thus to maximize the flow of technology
from nich to poor countries in order to boost industrial and
agricultural output Technology was essentlly perceived as a
neutral input into economic growth

Technology 1s transferred across national borders in many
different ways By far the most prominent disseminators of
technology are multinational corporations They transfer in-
dustrial tcchnology by establishing manufactunng plants n
foreign countnes to produce goods for local markets or for
export, they enter into joint ventures with domestic firms that
often involve agreements to use patented technology or trade-
marks under license and sometimes sell the rights to exploit
their technologies to unaffihated foreign enterpnises. Multina-
tional corporations do most of their business in the industrial
countnies, but their investments and licensing arrangements in
developing countries arc a leading source of technology flow
from nch to poor countnes—and a leading focus of interna-
tional debate !

141




146; The God That Linfps

Technology is also transferred in less obvious ways There
has been a vast expansion of the work of international consult-
ants in the past few decades. They advise foreign corporations
and governments in their economic planning, and often help
determinc the choice and suppliers of technology in develop-
ment projects. Similar roles are played in multinational and
bilateral aid agencies, which help to transfer technology by
sending scientists and engineers from the industrial countries
to work on technology assistance projects in the developing
world. And finally, a good deal of technology is transferred
indirectly through the education in colleges and universities in
the industrial countries of scientists and engineers who then
return to their home countnes. Many, hovever, decide to stay
on in the industnal countnes, as part of the well-known brain
drain

As these technological channels were opened and expanded
i the postwa. era, the developing countries saw their overall
rates of economic growth rise sharply. In the three decades
following World War 1I, their growth performance out-
stripped that of the industrial countries by a substantial mar-
gin, and some sectors of their economies went through funda-
mental technological changes But as the seventies progressed,
it becam> appar=ui that some of the anticipated benefits had
not materialized, and new problems arose The number of
people living in absolute poverty increased in spite of the im-
pressive economic expansion lu some of the fastest-growing
countries, agricultural output failed to keep pace with rising
demand for food, and grain imports rose sharply Oil-importing
developing countrics saw their combined ol bills chimb fron
just $2 billion n 1972 to $47 bilhon 1n 1980 And as the world
economy tightened, developing countries experienced mcreas-
mg difficulty in expanding their exports to the industrial
world 2

These problems have prompted a scarching inquiry into the
assumptions behind the postwar models of economic develop-
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ment, and they have provoked a long-running debate about
technological change and the distribution of benchits, both
within and among countries In particular, it has become clear
that theré are many costs as well as benefits in the transfer of
technology from rich to poor countries

Because of their central role in disseminating commercial
technologics around the world, multinational corporations
have been the focus of much of this debate Corporations
invest 1n developing countries and transfer technology across
national boundaries for two chief reasons to make a profit for
their shareholders and to gain access to vital materials As
Professor Harry Johnson has pointed out, a multinational cor-
poration ““1s a competitive profit-secking mstitution, not a gov-
ernment with the powers of taxation, and thercfore it cannot
be expected to assume the responsibility for promoting devel-
opment n the same way as a development plan undertakes that
responsibihity * The goals of corporations and the needs of the
countries in which they invest may thus not always be constst-
ent * )

Multinational corporations can supply the technology, skills,
and capital that many governments of developing countries
need for their industnalization plans But the transfer of tech-
nology through direct investment iicensing, and other chan-
nels often comes at a high price In particular, many studics
have documented mstances of overcharging for products and
services, restuctions on the use of the transferred technology,
and avoidance of taxcs through the manipulation of fimancial
flows—not to mention mstances of bribery, corruption, and
terference 1 domestic pohtics, such as the overthrow of the
Allende regime i Chile Less direct costs arise from the tech-
nological dependence created by the transfer of sophisticated
technology that require continued imports of spare parts and
by the failure to build up the techmical skills needed to service
imported technologies and to develop a domestic capacity for
technological mnovation 3
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These high costs of technology transfer have received ex-
haustive examination in the past decade from numerous na-
tional and international bodies Throughout much of the sev-
enties, for example, negotiations were conducted at the United
Nations Conference on Trade and Development (UNCTAD)
to develop a binding code of conduct for the operations of
multinational corporations, but little agreement was reached
At the same time, talks aimed at reforming the International
Paris Convention governing patents, trademarks, and indus-
trial property dragged on. The developing countries puinted
out in these talks that about go percent of the patents granted
in developing countries were awarded to foreigners and less
than 10 percent of these patents were used. This suggests that
corporations take out patents in developing countries primarily
to preclude others from using their technologies It is, perhaps,
not surprising that these negotiations have made little head-
way, for they are focused on some of the most complex and
difficult issues in international economic relations.®

While these talks and studies were taking place, subtle shifts
occurred in the balance of power between some developing
countries and multinational corporations, as some countrnes
began to bufld up a capacity for bargaining for better terms for
the transfer of technology

Ronald Muller, a political economist who has long been a
critic of the multinafionals, argues in his book Revitalizing
America that “the once-lopsided relationship between the cor-
porations and Third World nations is slowly becoming more
balanced as the governments of those nations acquire new
wealth, power, and sophistication” Two developments are
chiefly responsible for this shift, Muller argues. The first is the
fact that American domination in multinational private invest-
ment has given way during the past decade to a more competi-
tive environment, as Japanese and European multinationals
have stepped up their foreign operations and as some Third
World multinationals also have entered the scene. This devel-
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opment has enabled some Third World governments to play
the multinationals off against each other to gain increased
concessions China, for example, shopped around extensively
for the technology it needed to support its “four moderniza-
tions” program, buying from a varicty of corporations in the
United States, Europe, and Japan 7

The second factor that has begun to alcer the balance of
power between Third World governments and the multina-
tionals is the corporations’ “rapacious need for raw materials,
labor, and new markets,” Muller states “What was once a
David and Golath contest is being transformed as Third
World nations load their slingshots with vital minerals, nar-
kets, and new political and economic sophistication ” Nowhere
is this trend more obvious than in the politics of oil, for most
oil-exporting countries have now taken over much of the busi-
ness of extracting oil and are rapidly developing therr own
capabilities for refining it as well These nations have acquired
the technology from the oil companies in exchange for agree-
ments that allow the companies continued access to ol sup-
plies

The growing cconomic nterdependence between rich and
poor countries s thus beginning to alter some of the relation-
ships between countries and corporations. The problents have
certainly not all been removed, but at least there are signs of
progress. Multinational corporate investment is, however, only
one dspect of technological development in the Third World
Only a handful of countries are reciprents of the bulk of these
mvestments, and ever it most of those countrics, the invest-
ments often bencfit only a smal! fraction of the population

Needed. One Billion Jobs
Behind the impressive figures on cconomic growth i the

developing countries lurks a variety of disquicting facts These
cconomic achievements were mostly liniited to a few develop-
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ing countries, and in many of those, the benefits of growth had
not trickled down to the poorest people. By the end \@ the
seventies, according to the World Bank, some 8oco million
people were living in absolute poverty, unable to meet their
basic needs for food, shelter, education, and health care 8 *

Economic growth is clearly needed if developing countries
are to tackle the immense task of reducing levels of poverty,
but growth alone will not be sufficient. One reason why poverty
levels have remained high, and why they will be difhcult to
reduce, can be found in the combination of rapidly swelling
labor forces and the rising cost of providing jobs with modern
production technologies. A job shortage of colossal proportions
has been building up in the developing countries Until re-
cently 1t has received little public attention, yet it lies at the
heart of much of the poverty in the developing world.

The dimensions of the unemployment problem are noton-
ously difficult to measure, because few people can afford to be
“unemployed,” in the western sense of the term, in countries
that lack unemployment and welfare services. The poor must
support themselves with whatever work they can pick up That
means casual laboring, strect peddling, shining shoes, and simi-
lar marginal occupations that pay little and are barely produc-
tive. Such underemployinent represents a vast waste of human
resources. According to an estimate by the International Labor
Office, nearly 300 million people in the Third World—more
than threc timcs the number who have jobs in the United
States—were barely cking out a living in marginal occupations
in the mid-seventies.?

The seventy of the underemployment problem differs subs-
tantially from country to country In some, such as the People’s
Republic of China and Taiwan—countries at opposite ends of
the political spectrum—employment of some kind is available
for virtually the entire labor force, while on the Indian subcon-
tinent underemployment is already rampant and the labor
force is swelling by more than 100,000 people a week Evenin
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Brazil, which boasted exceptionally high rates of economic
growth during the sixties, at least 30 percent of the labor force
was reckoned to be underemployed in the early seventies 10

In part a result of population growth during the past few
decades, massive underemplovment in the developing world
has been a long time in the making It will take even longer
to abate. During the first three or four decades of the twentieth
century, the developing countries’ labor force grew by less than
1 percent a year, but the growth rate has accelerated in the
postwar years as unprecedented numbers of voung men and
women have rcached employment age About 200 milhon peo-
ple were added to the Third World’s labor force in the seven-
ties, and an additional 700 nulhion are expected to require
emplovment by the turn of the century Although there have
recently been signs that the world's population growth rate has
begun to slacken a hittle, prospects for growth in the labor force
in the near future will be affected little because most of those
who will be looking for work in the next two decades have
alrcady been born 1

The developing world thus faces the daunting challenge of
finding productive employment for at least 35 mullion people
ayear in the next twenty vears merely to keep pace with growth
m the labor force Anything less 1s hikely to widen the gulf
between those who have productive jobs and those cking out
a hving on the fringes of the economv If at the same tine
prochictive emplovment 1s to be found for those who are al-
readv grossly undercmployed—a cntical dimension of any
effort to hft the mcomes and the standard of hving of the
poorest peoplc—about one bithon jobs must be found in the
developing countries by the year 2000

Those figures provide the central reason why economic de-
velopment programs based on modern production technology
alone cannot produce adequate social development The capi-
tal-intensive, labor-saving, energy-consuming technologies that
predominate in the industnal world make lavish use of the very
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resources that are scarce and expensive in the developing coun-
tries, and at the same time they fail to make the best use of
the developing world’s most abundant asset—people. Invest-
ments in such technology do raise the productivity of a few
workers and the gross national product consequently rises But
this approach leaves little capital to aid small farmers, landless
laborers, and small-scale manufacturers—producers who now
constitute the overwhelming majority of the labor force n
most developing countries.

Investments in modern technologies have thus generally
failed to provide sufficient jobs to keep pace with growth in
labor forces in most Third World countries. As a result, un-
deremployment has risen and urban migration has accelerated
as landless laborers and smallholders have left the countryside
in a vain search for urban-based industrial jobs. And prospects
for the rest of the century are grim if the same strategy is
followed It now costs more than $20,000 in capital investment
to establish a single workplace in industry in the United States,
and modern industrial jobs are no cheaper to create in the
developing world Thus, to provide one billion jobs through
capital-intensive industrial expansion during the next two
decades would require a truly staggering level of investment, to
say nothing of the energy and raw materials that such a task
would require 12

But is there any alternative? After all, modern technologies
are used in the industnal world because they are spectacularly
efficient, and efficiency is an important consideration in devel-
oping countries as well. The answer les in the concept of
efficiency In general, technologies are economically efficient if
they blend together the factors of production—land, labor,
capital, and raw materials—roughly in proportion to their cost
and availability. Since those costs vary from country to country,
different countries require different technologics—or at least
different mixes of technology—to make the most efficient use
of their resources A country that has a substantial part of its
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labor force scratching out a bare living in margnal jobs will not
make the most efficient use of its resources by encouraging the
adoption of production technologies that require large capital
cxpendhtures but which employ few people There can, conse-
quently, be no universal blueprint for an cconomically appro-
pnate technology.

Such considerations should not lead to the blanket conclu-
sion that all capital-intensive modern technologes are inappro-
priate in developing countries Far from it Often, there may
be no feasible alternative Imported modern technologies may
offer sigmficant advantages in the production of goods that are
essential for development: China, for exainple, depended on
imported technology for fertilizer production to augment its
ase of natural fertilizers and its production from small-scale
plants long before it began to import other ./estern technolo-
gies And the use of capital-intensive technologies may be
justified to speed up processes that lead to increased cmploy-
ment n other sectors of the economy  Access to medeen tech-
nology on cquitable terms 1s thus an essential requirement for
successful development

Nevertheless, faced with chrome shortages of capital and
foreign exchange and with rapidly swelling labor forces, most
poor count  need to find wavs to raise the productivaty of
large numbers of people wath small expenditures per worker
Economic growt! s essential for generating the means to raise
standards of hving, but the crucial questions are who contrib-
utes to economic expansion, and who benefits from 1t> Or, to
use Mahatma Candhi's apt phrase, 1s 1t possible to achieve
“production by the masses” rather than mass production by a
few?

The question 1s becomning urgent, for unless economic poh-
cies are adjusted to raise the productmity of those who are now
on the fringes of the economy—and who have so far been left
behind by the technological revolution—there will be little
hope of tacklmg the twin problems of undereinployment and
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poverty. Particularly urgent is the need to generate productive
employment in the countryside where most of the people live.
Unless that can be achieved, urban migratiorr, which is causing
cities to double in size every ten to ﬁftecn vears, will condemn
hundreds of millions of people to a bleak existencs i the slums
that now ring most urban centers.

Ensuring that the rural and urban poor share in the fruits of
economic growth will require shaping technologies to suit the
needs of smallholders, and small-scale manufactarers But it
will also require political and social reforms that will help bring
technologies within reach of such producers

Technology For the Small Producer

In spite of rapid industnal growth in the urban centers of
many developing countries during the past few decades, the
vast majonty of the pcople remain scattered across the country-
side Some 50 percent of Latin Amenca's population, 8o per-
cent of the people in India and China, and 9o percent of the
aitizens of some African countrices, hive 1n the rural areas It 1s
i the world's villages, thercfore, that productive employment
will be most urgently needed in the coming decades, and agn-
culture, the chief livelihood of the bulk of humanity, will con-
tinue to supply most of the jobs

Yet the bulk of investments in most countries has been
channeled into urban-based industries and the rural areas have
been relatively neglected, an imbalance that has resulted in a
substantial transfer of wealth from the countryside to the cities
Morcover, in the countryside itself, smallholders, who consti-
tute the majonty of farmers throughout the third world, have
received a disproportionately small share of the rural invest
ments

There 15 a pressing need to raise agnicultural production n
virtually every developing country Though several snccessive
bumper harvests temporarily removed reports of famine from
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the headlines m the late seventies, the prospriis for the re-
mainder of .the century give httle reason fcr excessive opti-
mism Scoics of developing countries are already heavily de-
pendent on tor”’ *mports to micet their domestic needs, and
their tood an ¢ bills are neing rapidly In 1980, acenrding to
World Bank estimates, the developing world as a whole im-
ported $43 bilhon worth of food and beverages 1

The chorce of technology.to raise food production can have
widespread repercussions or. \mploymcnt and social equity m
the rural arcas That lesson has been learned the hard way in
recent vears Many countrigs have encouraged rapid agnicul-
tural mechamzation by -stbsidizing imports of tractors and
making credit readily available for farmers who wan’ to buv
machimers Such pohcies scem eminently reasonable, given the
spectacular productinity of the American agricultural system,
which serves asa model for many developing countries But the
results can he socially catastrophic Consider, for, exaniple, a
program desigeed t b g the benefits of tractors to Pakistam
tarmers .

In an attempt to wase agneultural production to feed ats
b geonmy populatior the government of Pakistan in the late
anties sanght and recenved a $43 milhion loan from the World
Bank to import 15,000 large tractors The machmes were made
asailable to large landholders o.. generous credit terms The
technology transfer seented to work well farmers who bought
tractors mereased therr output and meomes substantially But
by the carh seventies, both the Pakistani government and the
W orld Bank became concerned about the soctal impact of the
progrann, and the Bank asked cconomnst John Mclncmey to
conduct an mvestigation Mclnerney's findings are revealing,
to sav the least 1

F'he supenior power and speed of the tractors compared with
the osen they replaced enabled cach farmer to cultnvate a larger
st On the average, Mclnerney found, the tractoni.ed farms
more than dorbled m size. a development that forced many
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smaltholders and tenant farmers off their small plots The use
of tractors, morcover, reduced the amount of hired labor em-
ployed on the larger farms Labor requirements per acre
dropped by about 4o percent, Mclnerney found, each tractor
resulting in the'met loss of about five jobs The chief aim of the
program was to increase agricultural production, but the trac-
tors were found io have virtually no effect on crop yiclds or on
the number of crops grown each year M Inerney cencluded
that “the distnbution of the benefits from the program has
been biased 11 a way that many would = ' as socially regres-
sne If the approprate accounting pr. “Lres were as well
defined and widely accepted as finanial piocedures they
would surcly show that the widespread introduction of tractors
iff Pakistan agriculture, if it followed the course that was mam-
fested in the past, would be a httle short of a disaster to the
cconomic and soaial fabnie of the rural sector ”

On the other hand, that experience dogs not necessanly
indicate that tractors should always be avoided 1 devcloping
countries On the contrary, thére are many cases n which
tractors are the most appropnate technology The negatinve
social impact of tractors in Pakistan stemnmed from the struc-
ture of rural socicty m the country In common with many
countries in Asia and [ atin Amenica, landholdings 1 Pakistan
are highly uncqual, cobsisting of a few large spreads and manv
small farms Large landholders have traditionally been the first
to benefit from technolpgical change because they usually have
access to techmeal expertise and can secure the credit needed
to purchase new technologies Smaltholders, on the other hand,
arc oi _n forced to rely for finance on local monevlenders who
charge exorbitant rates of interest Consequently, ingation,
ferlizess, new seeds, and other vield-incereasing technologies
usually flow first ¢ the nicher farmers, a process that widens the
gar be ween nich and poor Moreover, the farmers who bought
trac cors i Pakistan were able to expand their holdings because
sharccroppers lacked secunty of tenure T short, the introduc-
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tion of tractors mto the country remnforced existing rural
inequitics.

Similar problems have been encou *ered with the spread of
so-called Green Revolution technologies in many regions The
most widely heralded means of increasing crop vields during
the past twc decades, the Green Revolution is based on the use
of high-yiclding vanetics of wheat and rice that respond well
to large doses of fertihzer The new secds can produce at lcast
double the viclds of traditional vaneties when used under the
appropriate conditions The results have been dramatic Be-
tween 1964 and 1969, thirteen m'thon hectares were planted
with high-viclding varicties in Asia, a development that added
some sixtcen mullion tons of gram to Asia’s food supply—
enough to feed nimety millon people India doubled its wheat
crop between 1966 and 172, a feat unmatched by any other
large country More recently, China has greatly cxpanded 1its
use of high-viciding varieties, purchasing some twenty-three
tons of Mexican seeds 1 the darly seventies By 1977, more
than 23 percent of China's wheat fields were sown with Mew-
can vaneties 15

But this sweeping agnicultural change has brought many
problems i its wake Although high-yielding vanetits work as
well on small farms as on larre holdings, they increase the costs
and complexity of production because they require additional
use of fertihzers, pesticides, and often rngation In countnes
such as Taman and Japan wherce egalitanan credit systems and
techmical assistance programs allow small farmers to purchase
the necessary mputs and to make the best use of the new seeds,
the Gieen Revolution has not aggravated mequties But i
regions = here small producers have difficulty in rasing crecht
and where they lack aceess to technical assistance, they are less
able to take risks with the new techinologies The Green Revo-
lution, hke the introduction of tractors, has thus tended to
exacerbate existing rural inequities in many settings Morcover,
although the Green Revoluthion has brought much-needed m-
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creases 1n food production, it has by no means ehminated
malnutnition Indra, for example, had some twenty million tons
of grain in storage m 1978, but milhons of Indians were unable
to afford sufhicient food for an adequate diet The key to solving
malnutntion will thus mvolve reducing poverty as well as m-
creasing production, a task that will require increased attention
to the needs of small farmers and the nurturing of productive,
labor-intensive agriculturat systems ¢

That 1s a far more difficult task than simply raising overall
agncultural production by charncling resources to the higgest
producers Tt will require structural changes in rural socicty
such as the overhaul of credit institutions and land reforms,
together with the introduction of technologies suitable for use
on small farms and the integration of agnculture wath loca!
manufactunng Many development experts and some govern-
ments m Third World countries have recently begun to advo-
cate such a strategy but it requires a strong political comnut-
ment to overcome the vested interests that support current
mral inequities 17

Technologies designed o benefit small farmers and sinall
manufacturers are not necessanly sophisticated Indeed, n
most cases, apphcation of existing knowledge and techmques,
such as better use of orgamce fertilizers, land terracng, more
efficient ox-carts, and the appheation of wind and water power,
can raise productivity substantially and lav the basis for further
development What s really needed 1s the mstitutional and
soctal structure to ensure that such technologies are available
to those who most need them the vast numbers of people who
are now workiig at pitifully low prochictivity

The productivity of small farmers icreases sharply when
thev move from growing a smgle crop cach vear to systemns of
ultiple-croppimg  Labor cconomst Harry T Oshuna has
found that in Tawan. for example, there s “no donbt that
mmltiple-cropping, by enabling small farmers to make maximal
use of therr small acreage and thar surplus fanulv labor, con-
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tributed to the lowermg of the nationwide inequahty ™ But in
some rural areas the rhythm of agricultural hfe may make it
difficult for farmers to squeeze more than one crop nto a
growing season During planting, weeding, and harvesting,
every available person may be busy from dawn to dusk, while
at other times of the year jobs are scarce and underemployment
is the norm Thus, if shifting to multiple-cropping requires
bringing i the first harvest and preparmg the soil in a matter
of days, in order to leave sufficient time for the second crop to
mature, there may not be enough people available to accom-
phish the task swiftly enough Selective mecharnzation may be
" required 18
Draft oxen, for centunies the chief power source i tracs-
tional agneulture, can provide a vast improvement over hand
cultivation i small-farm agneulture A novel project funded by
the World Bank. for example, 15 mtroducing draft oxen into
cotton-growing arcas of the Ivory Coast The amis to raise the
hving standards of farm fammihies, whose icomes now amount
to less than $100 per vear, by enabling them to grow both
cotton and food crops on larger plots It 1s wonie that the
project 15 encouraging the use 1 the Ivory Coast of the very
technology that the bank was secking to replace in Pakistan—
a change that inchicates a marked shift in direction within some
parts of the Bank In another mechanization effort aimed at
small farmers, the International Rice Rescarch Tnshitute
{IRRI) 1 the Plulippines has developed a range of mexpensne
power-tillers that are now being used m several Asian coun-
tries .
Irngation can also dramatically merease productivity, pastic-
alarly in arcas where the chmate allows year-round cultvation
But the construction and operation of 1rrigation systems 1s
often costly and the wealthier farmers are frequently the first
to bencfit Cheaper alternatives, suitable for use on small
farms, have recently been tested, however The use of bamboo
or bs"ed clay in place of metal filters can cut the cost of asingle
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wellpoint to about $15, and a variety of ddrable and easily
maintained hand and pedal pumps are under development
with the support of organizations ranging from appropriate
technology groups to the World Bank Windmills, constructed
from local matenals and based on a design thousands of years
old, have recently been introduced into the Omo Valley in
Ethiopia, a development that has helped raise crop Y:elds ina
region suffering acute poverty And the World Bank is also
experimenting with a scheme 1n India that involves renting
portable diesel pumps tq farmers for short periods, a strategy
that spreads the, capital’cost of the machinery among several
users 19 .

Although rural development efforts that concentrate on the
needs of small farmers should both raise agricultural produc-
tion and help reduce inequities, such a strategy alone will be
incapable of producing full employment in the rural arcas
during the comig decades For one thing, the number of
landless laborers has been increasing in many regions during
the past few decades, and their employment needs will not
necessarily be et by raising the productivity of small farmers
And for another, many small farmers themselves earn part of
their income from seihng their labor to other people Off-farm
rural jobs will thus be essential in the coming decades Again,
technology can play an important role in generating such jobs,
though political changes will also be required

Rural public works programs, such as the¢ construction of
dams, rngation canals, roads, and buildings, not only provide
emplovment but they also help raise agricultural productivity
Such projects, which consume a large proportion of tne rural
budgets of manv developing countries, are generally of two
types Some employ armies of people to move earth with shov-
els and headbaskets, while others employ the same technolo-
gies in use in the industrial countnes—bulldozers, tar spread-
ers, mechamcal diggers, and so on The former type certamly
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creates jobs, but it involves heavy toil and takes a long time,
while the second type requires large capital expenditure and
foreign exchange outlays

Studies by the International Labour Office and the World
Bank have indicated that there is considerable scope for im-
proving the productivity of workers in labor-intensive construc-
tion projects by the use of improved wheelbarrows, ox-carts,
hand-operated rail carts, block-and-tackle systems, and similar
technologies. Use of such technologies, the studies suggest, can
raise productivity to the point where labor-intensive construc-
tion is often cheaper than the capital-intensive methods. But
there is-a major drawback: it requires far more organizational
skill to manage a vast number of people than it does to operate
a few machines 20

The Chinese made extensive use of underemployed rural
workers 1n construction programs such as irnigation, terracing,
draining waterlogged fields, and constructing roads Such pro-
jects transformed relatively unproductive land into fertile

“ficlds, a process that has not only absorbed slack agricultural

lahor but which has also raised agricultural production, thereby
increasing the demand for more agricultural workers

Manufacturinz technologies deelnped in industrial coun-
tries, like agricultural and construction technologies, are often
ill-suited to the needs of developing countries Not only do they
require large amounts of capital and provide few jobs, but they
also often use materials that are not available locally, produce
large volumes of goods for remote markets, and require sophis-
ticated repair and maintenance services Mounting evidence of
such problems has begun to focus attention on the role of
small-scale industrics in providing employment and promoting
development In many countnes, small enterprises, ranging
from village artisans to textile producers, constitute the bulk of
manufacturing employment But such enterprises are often
shoestring operations, lackuig access to capital and cstablished
markets 2!
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However, deliberate attempts to foster small-scale industries
and integrate them into overall development plans have played
a key role in countries as diverse as India, China, Taiwan,
Japan, and South Korea. China’s rural industries are perhaps
the best known According to one estimate, there may be as
many as 500,000 rural industrial units in China, producing a
vast range of goods for local needs. It is estimated, for example,
that small’scale plants produce half the country’s cement, fer-
tilizers, and iron and steel. Since they rely on local materials
and produce for local consumers, transportation and distribu-
tion costs are kept to a minimum Like China’s rural public
works, the rural small-scale industries are geared toward raising
agricultural production, a process that creates employment di-
rectly in the factories and indirectly in the fields.22

Although there has been considerable debate about the efh-
ciency of China’s rural industries, a team of American experts
who visited the country in 1975 found them to be effective in
supporting rural development The failure of the ““backyard”
iron and steel plants established during China’s Great Leap
Forward, suggests, however, that there may be limits to the
extent that some technologies can be scaled down and remain
economically viable It also indicates that considerable research
and development is required in the establishment of new sinall-
scale enterprises

Small-scale manufacturing in India has had an uneven his-
tory When Gandhi led the Indian people to independence
from Britain, his vision—summed up in the choice of the
spinning wheel as the symbol of the independence movement
—was of decentralized village production. During the fftics
and sixties, however, the Indian government invested heavily
in large-scale, urban-based industnies and rural industres took
a back seat But rising unemployment in India, coupled with
widespread flight from the land, has rekindled nterest in de-
centralized production.2?

Even during India’s heavy industrialization period, some
orgamzations were promoting small-scale manufacturing tech-
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nologies. Small-scale sugar plants are a case in point. The
Planning Action and Research Institute in Uttar Pradesh de-
veloped a technology suitable for use in small plants that use
locally-grown cane and serve local markets. An investment of
28 million Rupees can establish one large modern plant capa-
ble of producing about 12,000 tons of sugar a year with about
goo full-time employees; the same investment can build 47
small plants with an output of 30,000 tons and with a total
employment of 10,000 on a part-time basis The small plants
provide village jobs during periods of slack demand for agricul-
tural labor.24

Development policies aimed at raising the productivity and
the incomes of the poorest people can have important second-
ary impacts Their additional incomes are likely to be spent on
goods produced by relatively labor-intensive means—agricul-
tural implements, building materials, clothing, bicycles, and so
on Additional income accruing to those who are already rela-
tively wealthy is likely to be spent on imported goods or luxury
items produced by capital-intensive technologies—automo-
biles, television sets, power machinery, and similar items Simi-
larly, the technclogies needed by small farmers and small-scale
industries, such as improved plows, bullock carts, hand tools,
grain storage bins, brick kilns, and textile machinery, can be
produced and repaired locally, while more sophisticated tech-
nologies such as tractors and combine harvesters are likely to
be imported and require a level of maintenance that is gener-
ally only available in the large cities and towns

Such development efforts may be less spectacular than pro-
grams built around shiny new steelmills, massive dams, and
modern airports, but they will prove to be just as important

Meeting Basic Needs
A fundamental change in development thinking occurred in

the mid-seventies, as the notion began to take root that the
purpose of development is to enhance the well-being of people.
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The notion may be obvious, but it represented a radical change
from the idea, which had held sway for a generation, that
development is synonymous with economic growth Increasing
the mcomes and productivity of the poorest people through
programs aimed at rural development and the generation of
employment is one aspect of a people-centered development
effort. Another is the extension of health care, housing, sanita-
tion, water supplies, and other services to those who now lack
them

The so-called basic needs approach to development has not
been without its ¢ ‘tics. Some Third World spokesmen have
argued that the industrial countries’ sudden conversion to a
new development philosophy 1s merely a ploy to divert atten-
tion from the pressing need to reform international economic
relationships Others have argued that too much emphasis on
meeting basic needs will divert resources from productive in- -
vestments, for increased production is needed to generate the
revenues required to tackle the symptoms of underdevelop-
ment Yet nobody has taken exception to the overall goal of
increasing the well-being of the poorest people

The goal is a formidable one. In 1978, according to World
Bank figures, some 550 million people lived i countries where
the average life expectancy at birth was less than hfty years, and
400 million people lived in countries where twenty children out
of every thousand die between the ages of onc and five—
twenty times the childhood death rate in the industrial world
Onlv about onc m three people in developing countries has
ready access to clean water, and as many as 8oo million have
no access to even rudimentary health care.2®

Although decisions concerning the allocation of pubhc
funds for services such as health care and housing reflect politi-
cal choices, the types of technolog employed have a strong
bearing on the way the benefiss ar.: shared Striking examples
of how the choice of technologs can determine whether the
benehits are available to all sect ons of the population can be
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found in health policies.

The most severe.health problems of the Third World are
malnutrition and infectious and parasitic diseases—illnesses
associated with poverty and poor sanitation Yet the health
budgets of many poor countries are heavily weighted toward
modern hospitals and sophisticated technologies This bias,
notes a World Bank study, “barely touches health problems in
areas beset with serious environmental hazards to health. Fur-
thermore, the resources are typically concentrated on the needs
of the urban areas. Rural people arc neglected, thus, only a
small portion of the total population 1s granted effective access
to modern health care "'26

There are many explanations for nequitable health care
prionities, including past colonial policies that provided cura-
tive medicine for expatriate Europeans, medical education sys-
tems that are carbon copies of western systems (and which,
mcidentally, supply many trained doctors to the rich countries
as part of a sizable medical brain drain), and hospital services
that reflect the demands of the powerful and afffuent 1n devel-
oping countries As Charles Elliott notes, ““the results are bi-
zarre. In the Philippines, a country in which much of the
population has no health care beyond that of the helot, is to
be found one of the most sophisticated cardiology units in the
world In the Ivory Coast, the Centre Hospital Universitaire
has facilities that few hospitals in France can rivai Such
facilities are used at half capacity, but preempt the hion’s share
of the recurrent budget of the ministry of health (over 50
percent in both cascs) ™ To those exarr ples nught be added the
open-heart surgery umts in Bogota, the running costs of which
are sufficient to provide a pint of milk a day to one-quarter of
the city’s malnourished children 27

Expenditures on expensive medical technologics that soak
up the bulk of health budgets in poor countries reflect a chaice
of providing high-quality medical care to a few rather than
meeting the basic health needs of many In the past few years,
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however, several developing countries have begun to refocus
their health policies, training cadres of paramedical workers
and establishing medical facilities in the villages and poor
neighborhoods The World Health Organisation has also
adopted a new policy, called primary health care, that also seeks
to broaden access to health services and to treat the environ-
mental causes of disease in the Third World This new policy
was the focus of a major conference, sponsored by WHO and
the United Nations Children’s Fund (UNICEF) in the Soviet
Union in 1978, that underscored the pomt that orthodox west-
ern medicine cannot cope with the major health problems
confronting the Third World.

A model for many primary health care expernments s
China’s “barefoot” doctor system, which consists of some 1.6
million people operating m the villages Tramed to use both
modern techimques and traditional Chinese medicine, China’s
barefoot doctors dispense medical care together with advice
and traming on disease prevention During the seventies, coun-
tries as diverse as Iran, Brazil, Sudan, India, Jamaica, Botswana,
S Lanka, and Tanzania beggn to operate such systems The
results can be dramatic In Sri Lanka, a country with an annual
income of less than $200 per person, life expectancy 1s now
approaching that i the United States 28

Technologies employed in the provision of health care to
people in the villages and poor neighborhoods can range from
the simnle to the sophisticated Treatment of diarrh.ea, for
example, has been revolutionized in the past few years by a very
..mple mnovation—giving patients a solution of table salt,
sodium bicarbonate, potassium chloride, and glucose to drink
Duarrhea 1s one of the biggest killers in the Third World In
severe cases, the victim becomes dehydrated and eventually
dies from loss of body flurld The conventional remedy, devel-
oped more than 4 century ago, has been to infuse fluids into
the body intravenously While this may work fine m countries
that have adequate hospital facilities for all the population, it
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is not much use i vast areas of the Third World Recent tests
have shown, however, that giving the correct fluids orally has
the same effect For example, in one trial in a village in India,
this treatment, supervised by village l.ealth workers, cut the
death rate from diarrhea by half.2?

At the other end of the scale, it may eventually be possible
to eradicate such infectious diseases as yellow fever, Rift Valley
fever, hemorrhagic fever, and some parasitic diseases by
mounting a major research and development program aimed at
producing effective vaccines The eradication of smallpox dur-
ing the seventies through an extensive vaccination campaign
indicates that this approach can be stunningly successful Yet
such magic bullets are few and far between, and they will do
little to remove the underlying causes of much disease m the
Third World—polluted water supplies, malnutntion, and
other cffects of poverty It 1s worth noting that the maidence
of infectious diseases, such as cholera and tuberculosis, de-
chned in the industnal countries well before vaceines were
developed against them Economic development coupled with
improved sanitation provided the best cures for these diseascs

The problems of providing adequate sanitation systems 1
developing countries graphically illustrate the inappropriate-
ness of many western technologies Cities m Third World
countries are growing at an unprecedented pace, outstripping
the provision of even the most basic sanitation systems A
World Health Organisation survey conducted m 1975 -
dicated that the proportion of urban residents connected to
sewers 1 the developing world declined from 27 percent n
1970 to 25 percent in 1975 3¢ And even those estimates are
widely believed to present an over-optimistic assessment

It 1s not ssmply a lack of resources to develop a sewage system
th. t 1s hindering progress A lack of suitable technology 1s also
a problem The waterborne systems applied throughout the
mdustnial world simply cannot be grafted onto Third World
aties and villages where adequate water supplies are unavaila-
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ble and where surtable treatment and disposal facilities have
not been developed. The World Bank, which recently con-
ducted a major study of appropriate technology for sanitation
in the developing world, conducted an exhaustive survey of the
literature on sewage disposal techniques Its finding g6 percent
of the research papers published in the field are irrelevant to
the needs of the Third World 3!

Yet there are appropriate techniques available for recycling
or disposing of human wastes. Excreta has been used for centu-
ries as a valuable agricultural resource 1n some countnes, where
it is collected, composted, and applied to the fields Even today
China’s waste disposal system is geared around the collection
and composting of human wastes, which are ysed extensively
as fertilizers Composting, if carried out correctly, kills parasites
and bacteria that are involved in human disease. Waterless
latrines have also been developed in several cou.itries, and they
have been applied successfully in Vietnam,, for example

A survey conducted by Canada’s International Devclop-
ment Research Center has pinpointed several different options
and strategies for sewage disposal for use 1n developing coun-
tries at both the ity and village level A key finding of the study
is that different technologies will be needed in different coun-
tries and eultures “Sewerage has been regarded as a universal
solution to waste disposal,” the study notes “The same engi-
neering formulas have been applied, often by the same engr-
neers, whether in Madras, Moutreal, Mexico City, or Manila

The disadvantage of [this] ‘umiversal’ solution [1s that it has;
so far been able to reach only 6 5 percent of the people
developing countnies ” The study concluded that the starting
pomt foi all samtation programs should be to understand exist-
g conditions and resources “‘Particular options will integrate
reuse possibilitics that reflect energy. food, or agnicultural
needs of the particular community Whether or not such solu-
tions lead ultimately to waterborne samitation s less important
than the fact that thev will be the begimning of a dvnamic
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process of development "'32

The availability of energy 1s another key element .1 deter-
mining whether people are abl. .o meet their basic needs The
construction of large urban-based electrical generating plants
has brought much-needed power to the major cities and indus-
trial centers in the developing countries, but it has also ag-
gravated differences between urban elites and the bulk of the
population in the countryside. Professor A. K N Reddy has
calculated that about 70 percent of the clectrical energy con-
sumed in India goes to urban industi.es, 15 percent goes to
other urban consumers, and only about 12 percent is consumed
in the villages Yet about 8o percent of India’s people hive in
the rural areas Moreover, according to Reddy, electricity is
mequitably distnibuted within the villages themscelves on aver-
age, only 15 percent of tne households are clectrified 33

Electniaity 1s, of course, essential for powering heavy mdus-
tries and 1its developmient 1s an important part of the develop-
ment process But if energy systems are founded entirely on
large-scale, centrahized power plants, social inequities will inevi-
tably mcrease because few developing countries can afford to
extend services to the rural areas Moreover, tae rapid escala-
tion of ol prices and the problems mvolved 1n nuclear power
suggest that developing countries need to seck alternative en-
crgy sources if they are to avoid the nustakes made by the
mdustnal world

Several studies and recent expeniences have mdicated that
decentralized energy sources—based on direct use of sofar en-
ergy, small-scale hydroclectric generators, firewood plantations,
and biogas plants—can provide energy in Third World villages
more cheaply and more equitably than centralized power sta-
tions and national grids can Much of the Third World, more-
over, 1s chimatically well-suited to develop and use such renew-
able energy resources 34

Until recently, however, few countries have attempted to
buld such an encrgy system China was a proneer 1 some of
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th -« develor- - -ts ‘uthough China’s major cities a.e pow-
ere. « dy oy cal-nred generating plants, the villages denve
inucn ¢ the.. nergy. from renewable resources, chiefly biogas,
firewood, and small-scale hydroelectric power According to
recent reports, more than seven nullion biogas umts have been
built in China, and n 1979, there were reported to be 88,000
rural, small-scale hydroclectnic plants in operation These
plants play ¢ kev role in powenng China’s small-scale rural
industres 35

In many cases, firewood plantations and more efhcient
wood-burning stoves may offer the best way to meet the energy
needs of people m the rural areas Firewood has been the
leading source of fuel for millennia, and it 1s still the principal
form of energy. throughout much of the Third World

But 1n recent years it has become scarce and expensive as
vast regiops of the Third World have been stripped of trees by
both firewood gatherers and farmers clearing land to produce
food This denudauion has caused ecological damage on a vast
scale, as the bare hillsides have been exposed to erosion that in
turn has reduced the fertility of the land, sited rive.s and
ctreams, and caused extensive flooding It has also caused an

cnisis for hundreds of millions of people who depend on

firewood for fuel Firewood plantations thus serve the dual
purpose of provid'r ¢ 1+ Jland preserving the ecosystem Coun-
tnies and regions 2 diverse as China, Gujarat State m India,
and South Korea have all begun village-level firewood planta-
tions in the past few years 36

But even scamngly “appropriate” technologies can worsen
social mequities m some scttings Biogas plants are a case m
pomt The plants produce methane through the fermentation
of a muxture of lnestock dung and water (sometimes with the
add.:10n of human excrement and crop residues), providing gas
for cooking and heating and a pathogen-free slurry that consti-
tutes an excellent fertilizer The production ot these badly
needed commodities from waste products seems ke a good
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bargain, but there can be two major drawbacks First, the
plants need manure from at least three cows to produce suffi-
cient gas for a single family, a requirement tha! restricts their
use to relatively wealthy families And second, in some coun-
tnes, cattle dung 1s now collected, dried, and used as a fuel by
all villagers, it 1s essentially a free good However, the introduc-
tion of biogas plants places a premium on dung, which can
chminate the poorest willagers’ chief source of fuel Larger
plants serving an entire commumty ay get around this prob-
lem, but their introduction would require the establishment of
new cooperative arrangements The point 1s not that biogas
plants are mherently bad—indeed, they are onc of the most
promising soluticns to 'Third World energy problems in some
cascs—but that they cannot be introduced thoughtlessly, with-
out new forms of social orgamzation at the willage level 37
Technologies for housing, water supply, education, and a
host of other arcas can sumlarly result 1n skewed distnibution
of benefits of they are apphed in settings where wide disparnities
alrcady exist Developing and using appropnate technologies
1 not by atself sohe problems of social equity, but it will be
akey clement m scaal and pohitical changes designed to ensure
that the poorest people share 1in the fruits of development

Building Technolosical Capacity
S >

One reasor =0y develeomg countnies have followed i the
teg hnological footsteps of t o industrial world, istead of devel-
oping technologics more suited to their own resources and
cultures, 1s that they generally lack a firmly developed capacity
for inuovation This apphics not only to the financial and
human .esources needed to carry out research and develop-
ment programs but also to the capaaity to hok rescarch and
development to their most pressmg needs 1t also apphes to the
capability to corirol the mnport of technologies, to choose
those that are most surtable, and to adapt unported technology,
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when necessary, to meet their own requirements 38

This lack of capacity is clearly reflected 1n the distnbution
of research and development spending among rich and poor
countries With less than s pereent of the world’s expenditures
on research and development, the developing world has only
a minor influence on the development of modern technology
And even this figure greatly overstates the R&D capaaity of
most Third World countries, for a handful of the more ad-
vanced nations, such as Braai, India, and Mexico, account for
the bulk of the developing world’s nvestment in R&D 3°

The consequences of this maldistnbution of resources are
mamfold The most obvious is the fact that the world's R&D
capaaity is overwhelmingly geared toward meeting the pohti-
cal, cconomic, and social needs of the rich industnal countnes
The $35 billion nvested in the advancement of mihtary tech-
nology 15 of httle relevance to the needs of the Third World,
for example, and even m areas such as health and agnculture,
global cxpenditures are largely aimed at solving problems en-
countered in the nich, temperate zones

The World Health Orgamsat: 1 pointed out in 1975 that
the spectacular advances in medical knowledge i the past few
decades “have as et hardly begun to be applied to the prob-
lerr . of tropical diseases, where methods of control and treat-
ment have scarcely changed in the past thirty years It has been
cotimated that the world’s total annual research budget for all
tropical infectious discases 1s anout $30 nulhon per annum, one
country alone spends mine tumes this amount on cancer re-
search Rescarch m tropical discases has not yet got off the
ground 740

The Umted States Covernment alone spent about $670
milhon m 1979 on rescarch and development designed to rase
the productivity of Amencan agneulture This sum far exceeds
the agneultural R&D expenditures of all the developing coun-
tnes put together And the vast amount of moncy that has been
sk mto developing synthetic fibers completely dwarfs the
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resources that have been devoted to improv.ng the production

9 propertics of cotton—a crop on which abcut 125 million
of the poorest people of the world depend for their hveli-
hood 4}

The lack of R&D capacity in Third World countries leads
to technological dependence on tue industrial world Not only
are new technologies developed outside the economic contro.
of the developing world, but the lack of trained scientists and
engineers n developing countnes can also put poor countries
at a disadvan 1ge in negohations over the import of technol-
ogy As Jan A..nerstedt has argued, “Those developing coun-
tries that do not even have such a immal R&D capacity to
be able to evaluate different technologies are, in a basic sense,
m the hands of those w0 control the technologies "'42

Research and development 1s an expensive activity, and n
view of the pressing problems facing most developmg coun-
tries, wvestments 1 R&D often seem irrelevant to national
needs The mstallation of a thousand irngation puinps is hkely
to have a higher prionty than the establishment of a plant
breedyng station, for example But a few Third World nations
have made considerable investments in R&D over the past few
vears India's Five-Year Plan calls for the expendhture of about
3 hillion on R&D between 1978 and 1983, Mexico spent
approximately $360 mllion m 1978, about 0 6 percent of its
GNP, and Brazl spent around $2 5 bilhon between 1975 and
1976 43

Funds for R&D i Third World countries come predomn-
nantly from government sources Of the $484 milhon spent on
R&D in India i 1977, for example, $387 rmlhon was provided
by the central government, $41 nullion by state governments,
and only $56 million by private industry One reason for the
relatively low share of corporate mvestment is that the modern
dustnal sector 1s usually dormmated by subsidianes of foreign
multinational corporations, which perform most of ther R&D
i centrahzed laboratones in their home countries Even when
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multinationals do carry out research overseas, it tends to be
relatively low-level work designeu to adapt existing products to
local markets 44

Third World nations are not the only countries affected by
this pattern of expenditure In Canada, where a substantial
portion of the firms are foreign-owned, industrial R&D spend-
ing is markedly depressed. Only about 40 percent of Canada’s
R&D is performed by industry and less than 1 percent of the
nation’s GNP is devoted to research and develcpment - A Ca-
nadian government study recently stated" “One consequence
of foreign subsidianies doing relatively little innovative R&D
and being engaged mainly in adapting products to the Cana-
dian market is that they have little to export. Also a heavy
dependence on foreign R&D leaves Canadian industry vulner-
able to foreign decision-making, both by the parent company
and by its government 45

This dependence on multinational corporations for techno-
logical development can have a stultifying impact on domestic
R&D and on the outlook of scientists and engineers in develop-
ing countnies ] Leite Lopes, professor of physics at the Univer-
sity Lows Pasteur in France and former presidgnt of the Brazil-
1an Physical Society, laments that “if we Latin American
scientists and research-engineers hoped one day to be able to
contribute to the development of our countries, this hope was
shattered by the government decisions taken in the last twenty
years to base development on the implantation of foreign affili-
ates of muitinational enterpnses ” The capacity for technologi-
cal innovation, he argues, is not transferred by multinational
enterpnses, and thus technological dependency is per-
petuated 46

Research and development priorities in developing countries
often murror those in the industrial world, a feature that can
make programs marginal to national needs Rogerio de Cer-
queira Leite, professor of physics at the State University of
Campinas suggests that in Brazil “scientific and technological
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research (except 1 agnculture and health) 1s rarely relate!
social and economic needs, and rescarch 1s often undert.aen
for reasons of prestge rather than necessity ” In India, the
Departments of Atomic Energy and Space now account for
more than one-third of all government R&D expenditures,
more than 1s spent on agriculture, forestry, and fisheries. And
in neighboring Nepal, the government candidly stated n 1ts
paper prepared for the August 1979 Umted Nations Contfer-
ence on Science and Technology for Development that “the
few research mstitutions that are fairly well cquipped with
laboratory facilities are mostly engaged in research of their own
institutional interests and often of marginal relevance to the
broader needs of the country 747

Yet there have been some successful efforts i the Third
World to develop technologies that have been neglected by the
mdustiial world Perhaps the best known 1s Brazil’s ambitious
program to produce cthanol from sugar canc Launched in
1975, the program aims to produce sufficient fuel alcohol to
mecet the nation’s automotive needs By 1980, the program had
already achieved the nterim goal of providing 20 percent of
national gasolme demand Substantial R&D funds have been
mvested i the program, and these have resulted m the -
provement of estabhished technologies at all stages of the pro-
duction process Indeed, Brazil 1s now regarded as a world
lcader n the technology *8

In Malaysia, a joint government-industry program has
helped mamtain the market for natural rubber in the face of
stiff competition from synthetic matenals The program -
volved R&D on rubber production and processing The result,
according to B C Sckhar, head of the Malaysian Rubker
Research and Development Board, is that “the natural rubber
imdustry has not ouly withstood the competitive pressures ¢x-
crted by a powerful oligopohistic industry {the synthetic rubber
imdustry] backed by the massive resources of the multinationals
and the industnally advanced countnies, but has also success-
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fully and substantially carried out a radical face-hfting moderni-
zation "'49

A cnitical area in which some Third World governments and
corporations have begun to imvest R&D resources is in the
development of renev ™ ‘e energy technologies Renewable en-
ergy resources are hikely to play a major role in energy programs
designed to benefit the rural poor, and many Third World
countries are well placed to take advantage of solar, wind,
water, and biomass technologies because of their geographic
settings Scores of public and private programs have been es-
tablished in developing countries in recent years

However, because these technologies are also being pursued
vigorously by the industrial countnes, some observers have
warned that multinational corporations may move into Third
World markets with technologies transferred from the indus-
trial world and suppress local innovation Kurt Hoffman of
Sussex Umwversity has warned, for example, that “we are wit-
nessing within a potentially significant subsector of productive
achvity  the creation of the basic conditions for technolog-
cal dependence over the long term ”'59

Dependence en industrial-country supphers of renewable
energy technology 1s different from dependence on imported
technology to cexploit most ather forms of cnergy, however
The 1mport of nuclear technology, for example, guarantees
long-term rchance on imports of nuclear fuel as well as depen-
dence on external technical assistance Nevertheless, building
up the capaaity to produce as well as use renewable encrgy
technologies should be a major prionty of developing countries
i the years ahcad

Simplv developing R&D capabilities in developing countries
will not ensure that technological development 1s more in tune
with Third World needs and resources, however In the area
of rencwable energy, agnculture, and mdustrial development,
there 1s a danger that R&D efforts wili be geared more toward
the needs and demands of the ehtes rather than the bastc needs
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of the bulk of the population Moreover, all too often, the
results of R&D programs do not filter through to the people
who are supposed to benefit from them

The expeniences cf India and China with two very different
approaches to R&D illustrate some of the difficulties of devel-
oping programs i the Third World During the sixties and
early seventies, China developed a highly decentralized R&D
system in areas such as crop production and health While a
few regional institutes conducted basic and applied research,
much of the work in developing and testing new plant varieties
and pest control techniques was performed by workers in the
communes and production brigades Many scientists were also
sent into the rural areas to work alongside the farmers The
syste: 3 widely credited with tailoring new technologies to
local needs, but 1t has also been heavily cniticized for neglecting
laboratory work Most of the scientific delegations that visited
China in the mid-seventics commented on the poor quaity of
rescarch facities, for example 5!
India, on the other hand, has built up a strong R&D capacity
in a range of areas For example, its scientific institutions are
performing advanced work n atomic energy, space rescarch,
and heavy engineering, but cntics have pointed out that such
efforts have not been of much benefit to the rural areas in
general and to the rural poor in particular Both nations are
now trying to overcome these drawbacks In recent years,
China has taken bold steps to beef up its research facihitics,
while India has begun to focus more R&D on the rural arcas
F ulding up research and development capacity in the Third
World 15 likely to be centical for the long-tetin cconomic and
pohtical prospects of developing countries It 15 not sufficient
by atself to guarantee future social and economic progress,
however Most of the problems now facing Third World na-
tions require not research and development but political and
social reforms at the national and international level that will

allow the poar to bencfit from existing technologies It is always
-d
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easy for a government to put off making tough political deci-
sions with the excuse that more research and development 1s
needed to explore all the dimensions of 2 problem. But research
and development cannot settle questions of social justice

Building International Bridges

The growing interdependence of the world economy means
that the economic health of the developing world is of vital
importance to the prospects facing " industrial countries, just
as economic growth in the North is central to the development
plans of exporting countries in the South. But this mutuahty
of interests is not reflected in the efforts of the industrial
countries to assist developing countries in building up their
technological capacities.

Overall levels of aid from nch to poor countnes have not
come even remotely close to the United Nations’ target of 0 7
percent of the gross national product of the industrial world.
Certanly, a handful of countnes, such as Sweden and the
Netherlands have met the target, but others have fallen well
short And the prospects for the next few years have been
dimmed by sluggish economic growth, the election of a con-
servative admimstration in the United States that has pledged
to cut government spending, and by the policies of the British
Government, which essentially has argued that since private
capital investments are increasing, ofhicial government assist-
ance 15 no. SO necessary.

In terms of official support for science and teclinology, the
record is equally poor There is no shortage of good ntentions,
enshnned in statements issued from global conferences. For
example, the 1979 United Nations Conference on Science and
Technology for Development (UNCSTD), pledged to estab-
lish a fund for scientific and technological development ir the
Third World, the intent of which 1 to build up research and
development capacity as well as the capability to ensure that
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technologies are matched to local needs and resources. But in
the year following the conference, the industrial countries gen-
erally proved reluctant to make their promised commitirents
to the fund, and the effort was slow in getting off the ground **

Moreover, in the United States, a proposal to establish a
national agency to assist Third World science and technology
was torpedoed by the U S. Congress. To be called the Institute
for Scientific and Technological Cooperation, the agency was
the centerpiece of the Amenican proposals at UNCSTD But
several US Senators, unimpressed with arguments for the
establishment of another aid agency, rejected the idea and
voted only a modest increaze in the budget of the Agency for
International Development to finance scientific and technolog-
ical programs 33

Yet, in spite of these setbacks, there were a few promising
developments in the bullding of technological bridges between
North and South A maor attempt to harness science and
technology to an attack on Third World food production prob-
lems has been launched with the establishment of a network
of agncultural research nstitutes throughout the developing
world The network is funded by private foundations, the Food
and Agriculture Orgamisatior: international agencies such as
the World Bank, and bilateral aid agencies such as the U S
Agency for International Development

The network grew out of the work of the International
Wheat and Maize Improvement Center in Mexico and the
International Rice Rescarch Institute in the Philippines. Es-
tablished with support from the Ford and Rockefeller Founda-
tions, these mstitutes spearhcaded the development of the
high-yiclding varieties of wheat and rice that formed the basis
of the so-called Green Revolution Nine other research msti-
tutes have now been established, and their work includes im-
proving livestock production, developing machinery suitable
for use on small farms, raising yields of crops such as potatoes
and mllet, and developing techmques for farmir® in semiand
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areas The eleven institutes of the network are spread through-
out Africa, Asia, and Latin America, and their combined an-
nual budget 1s close to $100 million 54

A similar attempt to mobilize R&D to combat tropical dis-
cases has recently been launched by the World Health Organi-
sation Like the international agricultural research network, the
tropical diseases program will perform most of its work in the
developing countries themselves, and local researchers will be
trained And yet another international effort was under discus-
sion in the early eighties for an R&D program on cotton
production and the improvement of co. on textiles. The 1dea
is to do for cotton what the Malaysian R&D program has done
for natural rubber, and the effort would be jointly financed by
the World Bank and the cotton-producing countries them-
selves Such efforts have focused considerable resources on
cntical and long-neglected problems, and there are perhaps
other areas, such as the development of small-scale renewable
energy technologies, that could benefit from this approach.5®

If sonie of the promises inherent in biotechnology become
reality in the near future, they could be of immense benefit to
the developing world. Moreover, if biotechnology does indeed
become a major growth area in the world economy, developing
countries need to keep abreast of technological developments
So far, however, almost all the development of biotechnology
is taking place n the industnal countries, and much of 1t has
Iittle relevance to the Third World. For example, the produc-
tion of insulin by genetically modified bactena is an important
and elegant technological feat, but a treatment for diabetes is
not one of the most urgent medical needs in developing coun-
tries. In recent years, however, some modest efforts have been
launched to focus biotechnology R&D on Third World prob-
lems and to forge links between researchers in rich and poor
countries

Prominent among these efforts 1s a multinational program
sponsored by the United Nations Educational, Scientific, and
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Cultural Orgamsation, the United Nations Environment Pro-
gram, and the International Cell Research Organisation The
program supports rescarch and traimrg, conducts surveys of
genetic resources, and mamntains tissue culture banks Four
centers have been established in developing countnes to con-
duct research and maintain cultures, and two more have been
set up n existing institutes in the industnal world These
centers are located in Bangkok, Cairo, Nairobi, and Porto
Alegre, and in Brisbane and Stockholm One central aim of the
program 1s to use the centers to promote regional cooperation
on rescarch projects 3¢

Traditional forms of bilateral foreign aid have often been
cntivized for assisting the nich countries more than the poor
Aid 1s frequently tied to the purchase of products and equip-
ment from the “donor” country, and 1t 1s thus somctimes seen
as paving the way for commercial interests to increase their
profits from the Third World Much of the research and devel-
opment mouey cxpended by aid ageneres 15 also directed to
researchers i universities i the industnal world instead of
being used to build up capacities in the developing countries
themselves But a few agencies established i the past few years
are taking a different approach

Canada’s International Development Rescarch Center and
the Swedish Agencey for Research Cooperation with Develop-
ing Countnes have both focused their efforts on building up
a local capacity for technological innovation in the developing
countries They spend most of their budgets i foreign conn-
trics, helping to establish rescarch and develepment programs,
tram local rescarchers, and adapt and apply existing technolo-
gies to meet local needs A sinular approach has been at-
tempted by an ageney in the Umited States, called Appropriate
Technology International which, after a shaky start, 1s now
sapporting projects rangmg from the establishiment of a small
brickmaking plant i Honduras to the development of more
cfficient cooking stoves m some African countries
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Important though such efforts are, there are few real indica-
tions that the industrial world is prepared to put much effort
mto building the Third World's technological strength. Partly
tor this reason; and partly to become less reliant on assistance
fro  the industrial countries, several Third World nations, in
coi., nction with U N agencies, have begun to explore pos-
sibilities for technological cooperation among developing coun-
tries Such cooperation is likely to involve the sharing of infor-
mation on already-developed technologies, the regulation of
technology transfer between nations, and the growth of inter-
national engineering consultancy among Third World coun-
tries. There are many opportunities for joint R&D efforts as
well 57

For example, an important collaborative project undertaken
by the members of the Andean Group of countries—Bolivia,
Columbsa, Ecuador, Pern, and Venezuela—has produced a
novel technique for concentrating copper ores Tne project,
which grew out of the desire of those countries to manage their
own natural resources, has led to the establishment of a proto-
type production plant to test the technique. Similar projects
have also been launched by the Andean Group to survey the
forest resources of the region and to develop new technologres
for using tropical forest products 8

A slightly different form of technological cooperation among
developing countries was an attempt in early 1979 to extend
China’s experience mn the development, construction, and
popularization of biogas plants to other countries The Umited
Nations Environment Program, together with the Environ-
ment Protection Office of China’s State Council, conducted a
course m Sichuan Province for officials and engineers from a
score of forcign countries, who were given lectures and site
visits, and participated in the construction of a plant. China,
with. its seven million biogas units already in place, leads the
world in this technology 5°

The scope for a more self-reliant approach to development
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through links between Aeveloping countries extends well he-
yond straightforward scientific and technological cooperation
Increasing trade and nvestment among Third World nations
that are at equivalent stages of development at least holds the
promise of mutual benefit without some of the problems in-
volved in economic .7ansactions between unequal partners
The problerns in forging such links should not be minmized,
but the rewards could be immense
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Technical Change
and Society
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_I’cxhnology has a pervasive impact on society  Less obvious
15 the mfAuence of souiety on technology Techmeal change and
soctal change have gone hand-ui-tand for thow.ands of years,
technological systems underom economic and social systorns,
and social and pohtical values and nstitutions e turn shape
' th the development and appheation of technology
Tcchnological chomees, whether w industnal or developig
countres, are never made i a pohtical vacuwm The entire
mnovation process, from basic rescarch to the marketing and
wse of a new technology, 1s conditioned by such factors as the
profit motive prestige, national mihtary goais, and social and
cconomic pohaies Techmeal change, i short. 15 a pohtical

v

o 150
ERIC °

Aruitoxt provided by Eic:

L S




186 ' ‘The God That Limps

process that cannot be scparated from the broader forces oper-
ating in society All too often, however, 1t 1s viewed as a neutral
entity that must simply be “managed” in order to gencrate net
sncial benchits

If technological developinent is to be more compatible with
hun.un needs, and more in harmonv with the earth’s resources,
it will be nccessary to modify the torces that generate and
shape technology First, although the unfettered workings of
the market svstem are enorinously powerful in stimulating the
development and apphcition of many technologies, they can-
not always be rehed upon to steer technological development
along socally appropriate paths Market forces should be rehed
upon as m ch as possible, but in many cases they need to be
suppleinented by government actions Second, broader pubhce
participation in the decisions that lead to the gencration and
adoption of 1ew technologies 15 needed to ensure that those
most affected by technological change have a role in its plan-
mt. and to reduce some of 1ts negative social impacts Third
the immense problems facing developing countnes require not
only greater access to modern technology on more favorable
terms but also the capaaity within developing countries to
gencrate and apply techiologies more smted to therr own
needs and resonrees And finaily, it must be recogmeed that
technology, by itsclf, cannot solve social and politizal probleins

Technology and Sustainability

Dunng the pa,stfk‘éadc,\i\ has becomne mcreasingly  lear that
/pdtt:r\g;of\p(()'dllctlon and] consumption that are deeply in-
| graie n"fn‘(}usm "and déveloping countnies alike cannot be
\\mstamc{d ovdr tht long ferip This 15 most obvious in the

consumption of oil and other fossil fucls, but 1t also applies to
the environmental dagyage caused by intensive resource usc,
the loss of momentum itk world food production while demand
for food continues to nse, land the growing disparitics between
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rnich and poor This unsustainability 15 linked in some cases to
the use of technologies developed i an era of cheap and
abundant resources

The link between technology and ecological unsustamabihity
15 not new Some 6,000 vears ago, a civilization flourished on
the floodplain of the Tigns and Euphrates Rivers (in what 1s
now Iraq), as the development of irrigation technologies turned
the desert mto fertile land However, gradually, over the course
of several centuries, the fields became a salty wasteland Crop
viclds slowly declined, until production was no longer able to
sustain the civilization The problem was caused by waterlog-
ging of the subsoil and by the constant evaporation of irrigation
waters, which left behind salty deposits The soil has not vet
recovered, and in parts of southern Irad, the earth still ghstens
with encrusted salt These particular irmgation technologies
were not sustainable over the long term !

Unlike cnvilizations i the past that have been confronted
with potentiallv catastrophic ccological threats and resource
hnitations, humanity today at least has the abihty to predict
some dangers m advance Whether that foresight will lead to
corrective action 1s, however, another matter

The recent debatc in the mdustnal ¢ountries about the need
to stimulate mnovat-oin i private industry usually borls down
to a discussion of how government ‘policiess can help foster
industrial R&D and remove some of the barners that hinder
the development and usc of new technologies In a tight and
mcreasmgly interdeperdent world cconomy, this [ reoccrpa-
tion with raising levels of innovation and T hyextension, produc-
tiity, 1s understandable Rarcly does anybody ask, however,
what this surge-of inrovation would produce, aside from the
hoped-for increase in mternational competitiveness of domes-
tic ndustries Indeed the so-called supply side economics now
i vogue, which seexs to stimulate industnal production
througl. tax cuts and similar incentives, has little to say about
conservation and cfhcient use of natural resources It rests on

182

5 32 3202




Aruitoxt provided by Eic:

ERIC

188 The God That Limps

the assumption that market forces will be sufficient to allocate
resources n an cffective manner
Conventional cconormic theory suggests that changes i the
availabihity of resources result in shifts i relative prices, which
i turn cause changes n technology To some extent, this
happens i the real world ail shortages have resulted in nsing
paces, and this has stinulated the devclopment of encrgy
consersation technologies and alternative cnergy systems But
prices do not always reflect the true cost of resources, and the
technologial system responds slowly to price signals More-
over, market forces are often swamped by stronger influences
on the pattern of technological change
Among those influences are pubhic policies and the legacy of
past technological development Governments have alwavs
stronghy mfluenced trends - technologicai devewpment, o-
ther through direct support for rescarch and development or
through subsidies, tax icentives, pricing poheies, regulations,
and myestments m public faciities: Nuclear power, for exam-
ple, would not have been developed without immense govern-
nient support, commimications satelhtes owe their existence te
& vast nfrastructure o hardware and expertise developed
through national space programs, and the direction taken by
transportation technologies has depended to no small extent on
patterns of public expenditure on roads, raitroads, docks, and
airports It 15 no surpnse, for example, that the Umted States,
which has scea its raitroads deteriorate markedly through lack
f pubhic imvestment, lags betund Japan and Europe m the
development of high-speed trains
Most governments now accept some responsibihty for regu-
lating production and consumption to reduce socual costs such
as polhution, occupational hazards, ens ronment: ' degradation.
and the waste of resources Although this body of rege tion
—nuch of which has been imposed m the past decade-—has
attracted heavy fire, it s important to note that 1t has resalted
1 some welcome shifts m technologreal mnovation nd that
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these shufts are preasely what was mtended by the regulations
The development of new technologies to control pollution,
unprove the efficiency and safety of automobiles, and reduce
exposure to hazardous chenneals i the workplace has been
spurred by the imposition of regulations m most countries

Certamly, there s an urgent need for regulatory reform, for
most regulations have been imposed precemeal. some may be
too stringent, and many require overly burdensome paperwork
Buy lost n the current barrage of complaints frons busiess
executnves and some politiciars about the excessive burden of
regulation 1s the important role government pohey can play in
helping to steer technological resources m more socually and
ceologically benefical directions A good example 1s the fuel
eficency standards imposed by the US government m the
nud-seventies These essentally require Amenican car manu-
facturers to double the average fuel cficiency of new care
hetween 1975 and 19835, a task that will require unprecedentd |
levels of mvestmment but which will brng the eficiene, of
\mencan cars Cose to that of Eureoean and Japanese models
In the absence of these standards, the Amerwcan industry
would have moved much more slowly to develop more fuel-
cfficient products, and it would have been caught m even worse
shape when gasolne prices soared 1979 and consumers
tuencd m droves toward gas-aipping nuports

Regulations can, of course, work agamst the objective of
creatimg more sustamable patterns of production and consump-
tion—the regulation of ol and gas prices i the Umited States,
for example. has kept the cost of usimg these resources Tow and
has consequentls made insestments i energy consersation and
Aternative energy resonrces economcally fess attractive But
regulation 1 an essential feature of a compley technological
cociety mwhich the socal costs associated with the production
and nse of goads and services st be halanced against the
benefits Progress toward a sustamnable society would certamlby
not be helped 1f walls 1o “get the government off people’s
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backs” were seriously taken to mean a wholesale removal of
regulations Regulation should be used sparingly to enhance
market forccs and to supplement the workings of the market
in areas where 1t cannot function effectively

In addition to providing a regulatery environment that helps
to steer commercial technologies aiong more sustamable paths,
governments play a direct role in supporting research and de-
velopment, and they provide many incentives for technological
change 1 some arcas For example, the current pattern of
R&D spending, which entails more outlays on nul:iary pro-
grams than on cnergy, health, agncnlture, and environmental
protection: combmed and which constitutes a huge dran of
taghly qualified people away fror. programs more directly
hnked to economnc and social advancement, reflects govern-
went prionties There is a vicious cycle at work here Part of
the reason for the current military buildup 1¢ the fear of conflict
over control of resources, particuiarly ol Ye* the continued
dnersion of R&D funds into military coffers makes it more
difhicult to pursue technologies thet will help to ease depen-
dence o finite resonreces In a slewly growing economy, and
with micreasing restramt, on overall goverament expendity
increas s in mitary expenditures inevitably result mocntbacks
in other arcas

\s for direct goverrinent subsiies or tae development and
commeraahzation ot rew technologies hithoac of dollars are
being channeled by governments around ti: werid 1zio pro-
gaams such as the development of synthetic focls, naccar
power, ind large-scale, centralived gooeratng facibhies By
companson, very httle 1s being spent on e ntves to stiniaiate
energy conservation and the use of renewable wesources [n the
Umted States, for example, the proposed governmier tal outlays
on the development of svnthetie fuels—the production of ol
from -hale and tar sands and the production of hgnd and
gascous fue s from coal—mav come to more than $8o hithon
during the aighbies Yet government spending on mass transit,
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renewable energy, and energy conservation combmed will
come to considerably less than this sum, and this is in spite of
numerous studies that have concluded that the amount of
energy saved by each dollar spent on conservation greatly ex-
ceeds the amount that could be gamed from each dollar in-
vested ir boosting energy supplies. The building of sustanble
~nergy technologies clearly calls for a fundamental overhaul of
government priorities and mcentives.

In the developing countries, market mechanisms often can-
not work to stimulate the development and introduction of
technologies that meet the needs of the poor, for the simple
reason that the poor are often outside the market system
Unless governments, aid agencies, and community organiza-
tions assume direct responsibility for enhancing the technolog:-
cal capacity of small-scale tarmers, manufacturers, and others
who have been left out of the development process, unsustaina-
ble development patterns will persist to the point of total
breakdown—as indeed they have in a tew areas.

Until recently, it ias been assumed that western-style indus-
tnal development would be the appropriate model for develop-
g countries to follow Just as similar technologies are now
employed throughout the mdustrial countres, it was generally
anticipated that the world would eventually be transformed
into a sort of technological monoculture, with the same agricul-
tural systems, transportation technologres, mdustnial processes,
and building techniques used around the globe But such as-
sumptions were never vahd

The energy and matenals requirements of many modern
technologes.make therr use qucstionag%not gly in the devel-
oping cou‘:tshbg in the industrial worid as'well Moreover,
the costs—both m™terms of capital requirements and social
impacts of massive transfers of technology from rich to poor
countries—would be prohibitive Certainly, many technologies
now mn use 1n the industrial world are essential i the develop-
ing countries, and international economic reforms together
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with national policies for the import of technologies are re-
quired to ensure that they are transterred on equitable terms
But far from being a technological monogulture, the world of
the future will have to be characterized by technological diver-
sity if 1t 15 to be socially and ecologically sustainable

Technology and Democracy

The seventies witnessed a resurgence of interest in participa-
tory democracy Decentralized decision-making, the right of
communities to have some control over their own develop-
ment, and the need to involve people in the planning and
carrying out “of development projects all became common
buzzwords and even ofhcial policy This trend found expression
i local opposition to nuclear power plants, in the formation
of commumity organizations, and in the speeches and some-
tinics the actions of foreign aid officials But many of the
technological trends of the postwar era ran directly counter to
the ideals of participatory democracy

Deccisions affecting the development and use of teghnologies
havc become increasingly centralized As technological systeins
have become more complex, and as their putential impacts
have become more far-reaching, decision making has been
delegated more and more to experts, and the control of some
technologies has inohved constrants on the actions of -
dinaduals and comniunities This potential conflict between the
centrahizing mfluence of technological developinent and the
desire for more control iver everyday decisions s the source of
much of the ambnalence and even antipathy toward modern
techrolgy

It also hes at the root of much of the attraction of “appropn-
ate” technology - Small-scale cnergy svstems based on renew-
avle resources, such as solar collectors, biogas plants, ~mall
hvdroclectne and wind generators, and wood stoves, can be
developed and controlled by groups or mdmadials Organic
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farming techmques do not bring dependence on faraway
manufacturers of fertihizers, herbicides, and other technologies
And the costs of using a bicycle are not dictated by oil compa-
mes or oil-producing countnes While such technologies are
attractive in their own night in an cra of planetary hmits, they
are doubly attractive in that thev offer a way to break some of
the dependence on large corporations and government agen-
cies

"ut sucl technologies are not the entire answer to demo-
cratic control over technological development Most people -
spend half their waking hife in workplaces in which they have
limited influence over the technologies used and the way they
are introduced Medical care has until recently been synony-
mous with the use of drugs and sophisticated technologies,
prescribed and adimnistered by experts, to treat diseases that
could m many cases be prevented by the control of environ-
mental cont nmants and better preventive measures, high-
technology medical care 1s of course necessary m mdany cases,
but greater public participation in discase prevention could be
both more effective and require less dependence -m- profes-
sional experts And Jarge-scale technologies ranging from mass
transportation to energy supply are often planned, developed.
and mtroduced by central govermnents with gt best token
mput from the pubhc

Can public partiapation be effective mopetnng up dedision
makmg on technological change, so that those affected by it
have a greater sav mats development” There are no pat an
swers, for expenments have so far been lnnted, and i mam
cases truly democratic participation i technological deasions
stiikes at the heart of the power structures that have developed
m rich and poor conatnes ahke It s thus not hikely to be
mcorporated smoothly and easily mto existing patterns of tech
nological development )

Much of the carlv discussion about pubhe mvolvement
technological decsion making was centered on the need to
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educate people about science and technology ““‘Public Under-
standing of Science” programs were initiated by government
agencies and by scientific organizations in many industrial
countries The rationale behind such ventures is that an in-
formed public 1s an essential prerequisite for informed decision
making. Important though such programs may be, they d- not
necessarily enhance the people’s role .n the decision-making
processes

As far as major technological projects are concerned, some
governments have begun to take steps to involve members of
the pubhic in planming and siting decisions These include such
devices as the publication of environmental impact statements,
public inquinies and commissions, the holding of legislative
hearings, and in some cases national referenda Dorothy Nel-
kin, a professor in Cornell University’s Program on Science,
Techuology, and Society, has studied the efforts of three Euro-
pean governinents—Austna, the Netherlands, and Sweden—
to imvolve the public mn decisions concermng nuclear policy
She concludes that although “the experiments to date surely
represent more an cffort to convinee the public of the accept-
abiity of government deaisions than any real transfer of
power,” they have resulted m some useful developments
“Fxen the himited increase in pubhie discussion has mfluenced
government pohcies,” Nelkin argues, and she notes that one
result of broademng the deaston making w the nucdlear area
is an increased demand for public farticipation i other areas 2

Public mvoh cment in decision making 1s severely hampered
i many countries by formal and informal restrictions on the
release of mformation about government pohcies and p.o-
gramns [n 1 few countnies, such as the United States and Swe-
den, access to public inforination 1s guaranteed by law, and
even commnittee meetings are generally open to the pubhe But
i many other countnies, gove nment secrecy 1s the norm, for
ngid laws and regulations crohibit the release of information
concerming poheies and programs when they are m the forina-
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tive stage In Bntam, for cxample, the Official Secrets Act
prohibits the release of such information as railway timetables
before they have heen officially announced In such an environ-
ment, pubhc participation in decision making on any matter
is severely hmited Pubhic access to public information is a basic

~democratic nght that should be abndged only n speaial cir-

cumstances, such as genuine threats to national secunty

Public participation in governmental decisions concerinng
technology pohicy does not guarantee that such decisions will
be made m the best public interest But expenience so far in
the Umted States suggests that participation, mcluding legal
challenges to some programs, has often had beneficial effects
The long battle over the trans-Alaska ol pipeline, for example,
led to a project that s likely to cause far less environmental
degradation and 1s pubhicly much more acceptable than the
onginal proposal Moreover, it should be noted that environ-
mentalists were among the most vocal supporters of an alterna-
tive routé for the prpeline, which would bring o1l to the fuel-
short Midwest nstead of having 1t shipped by tanker to ports
on the comparatnely ol-ich West Coast Recentiy, the ol
mdustry stsclf has been argmng for a pipehine to transport ol
from Cahforma to the Midwest

The ntense and at times bitter pubhic debate over the super-
sone transport (SST) program in the United States also ulti-
mately resulted in a sound decision not to proceed Bntain and
France, which pushed ahcad with a joint SST program with
httle public discussion, found themselves saddled with an air-
craft that few airhines want, and which requires so much fucl
to operate that it 1s beng run at a loss Bntish and French
taxpavers have subsidized the development and operation of an
arcraft that 1s used primanly by nich businessmen

While governmental pohiey for technology 1s an important
arena for public participation, 1t 1s in the wockplace that most
people are most inmeduately affected by technological change
Public influence over the development and wtroduction of a
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new production technology 1s, however, severely hmited

In general, technological change in factories and offices is
governed solely by the decisions of managers Workers who are
affected by the changes are rarely consulted, let alone asked to
participate, in the planning of technological change until it 1s
virtually a fait accompli In this context, it 1s hardly surprising
that technological change is oftcn accompanied by resistance
and opposition from a workforce that i1s anxious about the loss
of jobs and whose working environment is deeply affected It
is also no surprise that techinological change frequently leads to
the crosion of skills and increased control over workers

Thus 1s not a new phenomenon The organization and con-
trol of labor has been a feature of technological change since
the Industnal Revolution, and the key technological decisions
have always been taken by the owners and managers of indus-
trv Recently, however, both managers and workers in some
mdustries have begun to explore possibilities for broadenimg
decision making concerning the development and use of pro-
duction technologies These steps have been tentative and
there are few firm results, but there are some pronusing indica-
tions

Inn the past few years, trade union counails n several Euro-
pean countnes have begun to negotiate technology agreements
with emplovers’ groups These can provide useful gudehnes for
negotiations over the mtroduction of new technology into local
plants 2

The first such agreement concerning the introduction of
computer technology was signed n May 1975 by the Norwe-
san Federatin of Trade Unions and the Norwegian Employ-
crs’ Federaton, and it was wntten mto law 1977 The
agreement requires full consultation between management and
the umons m the planning of new technologies, and 1t esta-
hhishes the position of “data steward™ n factories where com-
puter technologies are mtroduced This 1s a post filled by a
amon member responsible for ensunng that complete informa-
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tion on computer systems s made available to workers In
addition, the agreement gives umons access to all data banks
maintained by the company So far, according to prehminary
assessments, the law has worked well in reducing the friction
generated by technological change and in ensuning that work-
ers have a real mput into the design and control of workplace
technologies 4

As computer technologies become more wadespread  face-
tonies and offices, such agreements will become more and more
mmportant The Bntish Trade Umon Counail, partly wn re-
sponse to growing concern over job losses associated wath the
computenization of work in Britain, has recently put forward
a ten-point proposal for negotiations concermng technological
change In addition to the participation of umions m the plan-
ming and management of new technologes, the proposal calls
for industnal 1etramng for displaced workers Greater mdus-
trial democracy along these limes wall be needed to ensure that
the pronnse of new technologies 1s not achieved at the expense
of degrading jobs and de-skilling workers 3

In developing countnies, too, the participation of people at
all levels i the planmug and execution of development pro-
grams s usualls essential to ensure that technologieal change
is carnied out nan effective and equitable manner Often,
when new technologies are mtroduced with httle understand-
ing of the needs, desires, and enltural settings of the people
thev are supposed to help, they aither do not work or they
simply remforee existing dispartties m wealth aned power The
Third World 1s httered with machmery that has broken down
becanse people who were expected to use it were not brought
mto the plainning process and they consequenthy lacked cither
the skills or the mehnation to mamtam an ahen technology
And the lustors of development programs s replete with n-
stances of technological change that were mtended to aid the
poorest people bt which benefited chiefly the neh, because
the poor had little effective role n the plannmg and control of
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the new technology. Participation is not only a democratic
principle; it is also an esserfial requirement for effectlve and
equitable development planning ¢

In spite of the many problems associated with technological
_ change in the past few decades, science and technology remain
the chief hope for overcoming many of the economic and
resource constraints that lie ahead in the eighties and beyond
Indeed, in a world beset by oil shortages, sluggish economic
growth, rampant inflation, and rising unemployment, techno-
logical change has become an imperative But if the expen-
ences of the postwar years have taught us anything, it is that
there are no simple technological fixes for complex social prob-
lems Better weapons and crime detection techniques have not
solved the problems of the inner cities, and unprecedented
increases 1n food production have not put food in the mouths
of the poor Moreover, if technological change is brought about
through increasingly centralized control and hierarchical orga-
mzation of society, then technology will aggravate some of
society’s most pressing problems

Science and technology are immensely powerful tools that
can and must play a critical role in tackling the problems that
lie ahead Pubhc policies that enable science and technology to
flourish will be of vital importance in the eighties and beyond
Of equal importance are policies designed to steer technologi-
cal change along socially beneficial paths and to nutigate the
inevitable side-effects of rapid and irreversikle change

19“}
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National Academv of Scierces, Microstructure Science, Engineening, and Technol-
0gy (Washington, DC 1979)

A general descnption and history of computers and microelectronics 1s ginen m
Chnistoplier Exans, The Micro Millenmum (New York Viking Press, 1980}, more
detaled descriptions of microelectronic technologies are contamed n several arti-
cles i the September 1977 issue of Screntific Amencan and m an excellent senes
of artides by Arthur I Robinson i the issues of Science of Mav 2, Mav g, and
May 30, June 13, and Jub 11, 1980

Artbur . Robwson, “Perilous Tines for U S Microaircmt Makers,” Scrence, May
9, 1980

The impact of demand for nihtan and space programs on the development of
mncroelectronics s discussed 1n Charles River Associates, Innovation, Competition
and Government Policy n the Senuconductor Industn (Boston  1980)
Estunates of sales and growth rates are derned from figures in Semiconductor
Industry Assocation. 1979 Yearbook and Directons (Cupertino. Cabf 1080},
Charles River Associates, fnnovation, Competition, and Government Policy. and
Flectromic Industries Association, Electronc Market Data Book 1950 (Washing
ton. DC  1980)

Estimate of sales of electrome eonsimer goods s from “Microelectromes Surves.”
The F conomnst. March 1, 1980 1t consists of S hilhon for tovs and games, $1 5
Milhion for calculators, and $1 7 bilion for watches

The use of computers i continuaus process ndsstnies 1s described by Stephen
Kabie, Irving Lefkowst/, and Charles Rose, ™ Sutomatic Control by Dhstnibuted
Intelhgence,” Scientific American, June 1979

Sec, for example, Peter Marsh, “Towards the Unmanned Factorn ™" Vew Suentnst,
Jubh 31, 1980, and kamopean Trade Umion tustitute (RTUL, The Tmpact of
ficroelectronrss on Fmploament m Western Furope in the 19%% (Brussch
1979} This studs 15 an excellent source of mformation on the uses and nnpacts
of microprocessors

Zama plant figures from  The Lougbndge Robots Wll March oser the Transport
Umon,” The I conomnst, Apnl 1g, 1980, Estes predichon quoted by Harles
Shaken, “Detront Downsizes US Jobs," The Nation October 11 1930
Peter Marsh, “"Robots Sce the Light,” New Saentist. Junc 12 19%
*Robots Jou the Labor Forcd,” Busmess Week June 9. 19%0

Marsh, “Robots Sce the Laght' Eangelberger estimate quoted n Petar Marsh
“Brtan Grapples with Robots,” Vew Screntist: Apnl 24, 19%, sales projeetions
quoted 1 “"Robots Jomn the Labor Force, Business Week

ETUL Impact of Microclectronices on I mployment

“Robaots Jom the Labor Force,” Business Week

Jon Stewart " The Inhuman Office of the Future, ™ Saturdn Review fane 23,
1479

Flectronse Industries Assocuation. [ lectronic Market Data Book 195

.

2 KTUL Impact of Micioelectromes on Fmplovment bor g discussion of these

potential desclopments, see Faans, The Micro Midlenmum: and lann Barron and
Rav Curnow  The [uture wath Microeleetroracs (London Frances Puter Ttd
“)7‘))

Workmg Women, “Race Agamst Time  Automation of toe Office.” Closeland,
Ohio, Apnl 19%0

Orgamsabion for Feonome Cooperation and Development, Interfutures | acung
the T uture Masterng the Probable and Managing the Unpredictable (Paris 1g=q)
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35 UK Government, “Microelectromes Challenge and Response,” Memorandum
by the Secretaries of State for Industry, Employment, and Education and Science,
London, November 1978, Simon Nora and Alan Mine, The Computenzation of
Soctetr (Cambnidge, Mass MIT Press, 19801 This report was onginally published
by the French Government as L Informalisation de la Societe (Pans 1a Docunen-
tation Frangaise, 1978) -

36 CFarles River Associates, fnnovation, Competitien, and Government Poliey

= For a discussion of Japan's programs, sec Gene Cregony, “The March of the

Japanese Micro,” Vew Scientist, October 11, 1979 See also Robinson, “*Penlous
Times for US Microcircuit Makers,” Charles River Associates, /nnovation, Com-
petition, and Government Pohoy, ™ and **Japan Stuns the Amencans.” The Econo
mist, February 23, 1980

15 Bro Uttal, “Furape’s Wild Swing at the Silicon Guants, Fortune, Juie 26 1980,
Guv de Jonquieres, W i [nmos Got Its £25 Milhon,” Fingncial Times, Jub 31,
1980

39 Organssation for Economic Cooperation and Development, Interfutures

40 Uttal, “Furope’s Wild Swing ™

41 Tim Metz, "New Genentech Issue Trades Wildlh s Tnvestors Seek Latest High

Fher,” Wall Street Journal, October 15, 1980

Commission of the European Communitics, “Tomorrow’s Bio-Society)” Furopean

File. Julv 1980 For 4 more comprehensive discussion of the potential for botech

nology, sce Congressional Research Service, “Genetic Engincenmg, Hunian Gen

s, and Cell Biology.”” report ‘prepared for the Subcomimttee on Saence, Re

search, and Technologs . Commttee on Science and Technology, US House of

Representatives, August 1950

33 Sec. for example, "DuPont Sccking a Future an Biosaiences Busimess Weck
November 24, 1550

44 Micholas Wade, “Hot Cenes ™ New Republic: Nosamber S, 1950

45 kstumates for mterferon sales from “Challenging the U S [ cad 1 Biotechnology

Busmiess \Week, August 3. 195%

“Get Set for Biotechnologs,” Chenncal Week, Octobar 8, 1950

4~ Jerny Bishop, “Natwonal Distillers Plans Major Project to Tum Corn to Alcobol
Sccret Process  Wall Street Journal, October 24, 1080

4% "Where Genetic Eagineermg Wbl Change Industy Buaness Week October
22, 1979

49 ‘The Second Green Roolution  Business Week, August 26, 19%

260 W Hugh Bollinger, “Sustaming Renewable Resources Techmgues from Appled

Botany.” i Techniques from \pphed Botany (New York Academic Press, 19503,

Unidever palm el project report by Steve Galante, * Unileaar Researchers Ty

Clonmg a Bid to lerease Malavsian Palm Ol Output - Wall Strect fournal Junc

30. 1080

Jonathan King. "New Genetic Technologies Prospects and Hazards ™ fechnology

Review, Februan 1980

Sce. for example, Nicholas Wade “Hot Genes, " and Hal Lancastar, Profits m

Gene Sphang Bring Tangled Issue of Ownership to Fore © A0 all Street fournal

December 3, 1380

33 Rov Rothwell and Waltar Zegveld, Tecdmeal Change and 1 mplovinent 1™\ew
York St Muartin's Press, 1979}
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Strategy for § mploviment and Manpower Policies (Pars 1978)

+
19

+
-~

v

v
1e

E Q 2 ) i
CRIC

R




ERI

Aruitoxt provided by Eic:

Notes (pages 131-147) :207

56 Kathleen “ewland, Global F'mployment and Economic Justice The Policy Chal-
lenge (Washington, D C  Worldwatch Institute, Apnl 1970)

57 ETUL, Impact of Micraelectronics on F'mplovment, and Colin Hines and Gra-
ham Searle, Automatic Unemployment (London Earth Resources Research,
1979) .

58 Vhick McLean, Sector Report The Flectromes Industn, background study pre-
pared for Organisation for Economic Cooperation and Development, Techmical
Change and Economic Policy

59 Automobsle industry estimiates from Harley Shaiken, “Detroit Downsizes Jobs
For general estiraates of job losses sec, for example, Clve Jenkins and Barnie
Sherman, ‘The Collapse of Work (London Eyre Methuen, 1979)

60 Sec, for example, “NMissing Computer Software.” Busimess Week. Sep.ember 1,
1980

61 Furopean Economic Commssion, Populztion and Linplovment (Brussels 1979),
Nora and Minc, The Computenzation of Soctets

62 Dawid Dangelmaver, “The Job Killers of Germany,” New Scientist, Junc 8, 1978

63 See, for example, Barron and Curnow. The Future With Microelectronics

64 Jenkms and Sherman, Collapse of Work, Rod Coombs and Ken Green, “Slow
March of the Microchip,” Vew Screntist. Angust 7, 1980

65 Swiss figures from ETUL, fmpact of Miwroelectronics on Emplovment

66 Findings aited by Robert Walgate, “German Workforce Ten Years On,” Nature
August 28, 1980

6~ "W hen thé Robots Move In,”" Business Week. June 9, 1980

68 David Landes, 7he Unbound Prometheus {Cambndge, England Cambndge Um
versity Press, 1969)

6o David Dickson, The Pohtics of \lternatne Technology (New York Umnerse
Books, 194!

-0 Harlev Shatken, “The Brave New World of Work i Auto,” In These Tunes.
September 19-25, 1979

-1 Robert Howard, "Brase New Workplace.” Working Papers. Noscnber/ Decen-
ber 1960

Chapter 5 Technology and Derelopment

The hterature on technologs transfer 1s volummous For a cross section of views,
«e the collection of papers published m Jairam Ramesh and Charles W ciss, Je.
eds . Mobthzmg [echnology for World Development (New York Pracgef Pubhish
ers, 1979) For a discussion of the conflicts uvolved technology transfer, sec
Dens Goulet, The Uncertan Promase (New York IDOC/North Amnenca 1072
and Frances Stewart, Technologs and Underdevelopment (Boulder. Co W cstview
Press, 197}

For a description of the growt!, rates achieved i the postwar penod., see Dand
Morawetz, Tuents Iive Year of Leonomic Development 1950 to 1975 (W ashing-
ton, DC World Bank, 19770 Figures for il import bills from U'S Contral
futcligence Agency, “Some Perspectives on Oil Availability for the Non-OPEC
1 DCs, ' Washington, D C | Septanber 1980

For a discussion of the changing prospects facng developmg countnes, see World
Bank, M orld Development Report 1950 (Washington, DC 1980), John Sew<li
and the staff of the Overscas Development Council, The Umited States and World
Development, Agenda 1980 {ew York Pracger Pubhshers, 1980), and Indcpen-
dent Commssion on Internation 1 Developinent Issues (Brandt Comnussion),
\orth South (Cambndge, Mass MIT Press, 1980)
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Harnn A Johnson, Technology and Fcononue Interdependence (New York St |
Martin's Press, 1975 ‘
For a discussion of these costs, see, for example, Goulet, Lne Uncertain Fromise
Frances Stewart, ‘[ntervational Transfer Issues and Poliey Options, * W orld Bank
Staff Workimg Paper Na 344, Washmeton, D C | July 1979, and Umited Nations
Conference on Trade and Development, “Transier of Technology 1ts 1mphea
tions for Development and Environment, ™ New York, 1978
Sce G K Hellemer, “Intermational Technology Lssues Sonthern Needs and
Northern Responses,” in Ramiesh and Weiss, eds | Vobihzing Technolog
Ronald Muller, Revitalizing Amenca (New York Simon and Schuster, 1950)
World Bank, Warld Developiment Report 1950
liternational Labour Office, [ mployment, Growth, and Basie Needs A One-
World Problem (New York Pracger Publishers, for the Overseas Developient
Counell, 1977)
10 For an analvsis ot amplovment in Ching, see Thomas Rawsks, " Industralization,
Technologs . and Fmiplosment i the People's Republic of China,” World Bank
Staff Working Paper No 200, Washington, D C | August 1975, Braal s emple +-
ment prospects are discissed m W orld Bank, Brazil, Human Resources Special
Report t\Washington, DC 1979}
lunternational [ abour Office, “World and Regional |abone Force Prospects to the
Ycar 2000, m The Popalation Debate Dimensions and Perspectn es, Papers of the
VWorld Population Conference (New York United Netions 19751
12 There are fow good estiniates of the capital costs of providing jobs m wdustes, st
the cnts do net differ much e modern mdustries estabhshed wm desdopmg or
mdustnal conntnies Fhe Conference Bowd has csimated that the capital mvest
ment parob m the United States ranges from $S105.000 per dmplovee m the
petrochermaals ndustr. to S5.000 1 the dothimg mdustes, with an average of
about $20,000 i all mdustnies See Richard Grossinan and Gail Dancker, Jobs
and L oergn \Washimgton DC O Foswronmentahsts for Full Fiplovment,
1=
Warld Bank Vorld Developriaent Report 1950
1 John P Mdnamao ot ol The Consegnences of Fanne Tractors i Pakistan
Woorld Bank Washimgton DC | ag=s
15 Loster RO Brown, The Twent Ninth Dy Accommodating Hhaman Nceds and
Numbers o the Tarth s Resources INew York W W Norton & Co 1975,
Chanese figures from Dana Dalnvmple, Desdoprent and Spread of Thgh Yield
g Vanctics of Whaat and Rico mv the Tess Daveloped Nations, U'S Depart
ment of Agncnltuee, Washington, DC - september 19=%
The Green Rovolution has ben exhanstively cxanmed For a cntical account, see
Keith G [he Green Raolution An | cononue Analvars (Geneva United
Nations Tnstitnte tor Soaal Davdopment 19723 and for a latar, more detnled
analvsis see B H Farmer, ed Green Revolution? (1 oadon Mocomllan 1g=8)
= See for cample Hans Simger, edhmologies for Base Needs 1Goxna Taterna
nonal Tabour OFcc rg==1and Frances Seewart, Lochnology an l {uderdinelop
ment
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42 Annerstedt, A Sunvey of World R&D "
43 M Anandaknshnan, “Science Policy in India,” m Damel Greenberg, ed . Scrence
and Government Report International Almanac 1978-~9 (Washington, D C
Science and Government Report, 1979), Edmundo Flores, *"Mexico’s Program for
Science and Technologv, 1978 to 1982, Scignce, June 22, 1979, Rogeno de
Cerquerms Lette, “Saence Pohey i Sraal.” w Greenberg, Science and Goverr
ment Almanac
44 Anandaknshnan, “Saience Pekicy i Indw”, discussion of tpe of overscas R&D
performed by *' S nmltinational corporations from NSF, “U S Industnal R&D
Spending Abroad,” Reviews of Data on Science R. sources, NSF, Apnl 1979
45 " te from David Spurgeon, “Science Policv in Canada,” in Greenberg, Scrence
and Government \lmanac
46 ] Lente Lopes, “"Science and the Making of Soaety n Latin Amenica,” Inter-
ciencia, Mav/lune 1980
4~ Leate, “Saence Pohev i Braal”, Anandakeshnan, “Science Policy in ludwa”,
Nepalese quote from Jan Annerstedt, “Indigenous R&D Capacities and Interna-
tional Diplomacy.” Roskilde Universitv, Denmark, 1979
45 Forareview of Branl's alcohol program, sec Treve - Lones, * Brazih \vords Hicenps
With Alcohohe Car Fuels,” New Serentist, Apnl 18, 1980
40 B H Sckhar. "Malavsian Rubber ur the World Market.” in Ramesh and M euss,
\obilizing Technolog
5o Kurt Hoffmann, " Alternative Energy Technologies and Third World Rui: b
ergy Needs A Case of Emerging Technological Dependency.”™ Development and
Change Vol 2, 1950
51 Fora e w of China's saenice poliey, see Boel Berner, " The Orgamization and
Planming ot Saentific Research i China Todas,” Discussion Paper No 1134,
Rescarch Poliy Unit, Unnersity of Fund, November 1979

2 Dasad Dhekson, “Congr s Turns Sonr on Technology Fund, ™ Nature \ugust ~
195, Stephanie Yanchinsk, “The W est Undermines UNCSTD.” New Scientint
Decentber 13, 199

53 'Big Promuses, Lattle Cash for 3rd W orld R&DY " Scrence and Govermment and
Report September 1. 1980

54 Consultatie Group on luternational Agnculturai Research, “Statistics on Fxpend-
tture v International Agncultural Re ardh Centers 1960-195%0. W orld Bank.,
Angust 8, 19—~

55 World Health O-ganization ** A Specal Progranmimie for Research and Tramg
Tropical Diseases,” Geneva, September 1975, Umted Nations Develomnent Pro
gramine, Rockefeller Foundatien, and Warld Bank, *Proposal for the Establish
ment of Cotton Development luternational,”” New York, 197~

36 Carl-Goran Heden, " Microbiological Saience for Development A Clobal I'echino
logical Opportimts,” m Ramesh and W eiss, Vobilizing Technolog

5= Teehnological cooperation among de  sping conntries was the topic of a United
Nations Conference held 1 Buenos Aunes in September 1978 See, *The Buenos
Arres Plan of Action,” Umited Nations Development Programme, “ew York,
1974, and Fnnque Oterza and Amsur Rahman, “Techmeal Co-operation Among
Third World Countries.” Occasional Paper No 3, Third World Fornm, Mexico
City, 1978

5% Davd Dickson,  \ndean Pact Proposes Taxon First World.” Vature, October 1z,
1975

59 Anane Van Buren, “Biogas i China,” imbo No 1, 1580




Aruitoxt provided by Eic:

Notes (pages 187-198) 21

Chapter 6 Technical Change and Saciety
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(New York W W Norton & Co . 1976)

Dorothy Nelkin, Technological Dectstons and Democracy (London Sage Pubhca:

tions, 1977)

For a review of these agreemeats, see European Trade Union Institute, Microelec

trontes and Employment in the 1950+ (Brussels 1980)

4 Robert Howard, "'Brave New Workplace,” Working Papers, “ovember/Decem-
ber 1980

5 British trade union proposals are descnbed by Malcolm Peltu, “In Place of Techno-
logical Strife,” New Scientist, March 13, 1980

6 For a polenucal discussion of some of these pownts, see Witold Rvbesvnshe, Paper

Heroes (\New York Anchor Books 1980}
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The God That Limps
SCIENCE AND TECHNOLOGY IN TH™: EIGHTIES

The God That Limps is a provocative analysis of the role of science and
technc logy in a world economy that has undergone fundamental changes
in the past few years. Colin Norman, a journalist and former senior
researcher with Worldwatch Institute . argues that the mounting problems
confronting rich and poor countries alike make t~chnological change
more and more urgent. But at the same time, they make the sccial impact
of new technology more complicated.

Sponsored jointly by ‘Worldwatch Institute and the United Nations
Environment Programme, The God That Limps challenges much of the
conventional wisdom about science anu technology. Norman demon-
surates how the world’s $150 billion per year ir.estment in research and
development is more suited to the military needs of the fifties than to the
social needs of the cighties, and he argues that current policies in
countries such as the United States are making the situation worse. He
shows how the recent slump in innovation in the industrial countries
reflects a transition from a technological period based on cheap energy
ang on scientific knowledge acquired in the immediate postwar era to
one based on new techinologies such as microelectronics and genetic
engineering. This transition promises immense benefits for society, but
Norman argues that it also raises the threat of social dislocation. F.r the
developing world, a technological transformation is especially urgent,
but without policies designed to ensure that technological change is
geared to the needs of the poorest people, the gap between rich and poor
will widen into a gulf.

1ne central theme of The God That Limps is that science and technol-
ogy must be viewed in ¢ | nad social and political context. They are not
simply neutral tools for solving problems, but are part and parcel of the
structure of society, and this perspective is essential in understanding
their social impacts.

COLIN NORMAN is an editor at Science magazine. He has been a
senior researcher at the Worldwatch Institute; Washington correspondent
of Nature, a British scientific journal; a columnist for Technology Review
and Science Forum; and contributing editor of Science and Government
Report. He has a degree in liberal studies in science from the University
of Manchester, England.
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