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«
v / ©

Early in 1980 the National Science Foundation (NSF) asked the American
Association for the Advanceme Science (AAAS), through its Commit-
o tee on Science, Engineering and Public Policy (COSEPP), to provide it
with assistance in the preparation of the second “Five Year Outlook for
Science and Technology.” The Outlook, mandated by Congress in the Na-
tional Science and Technology Policy, Organization and Priorities Act of
1976 (P.L. 94-282), is intended, in part, to identify and describe national
problems in whjch°scientific and technological considerations are of major
significance-and which warrant special attention by policymakers during the,
next five years. It is also intended to suggest opportunities for—and con-
straints on—using scientific and technological ‘capabilities to.contribute to
the resolution of these problems and to achieve other nationahgoals.
* The AAAS Five Year Outlook Project was designed to address'these pub-
. lic policy elements of the second Outlook. ‘An ad hoc committee, consti-
.tuted as a subcommittee of COSEPP, served as an advisory body. to the
project. A list of its members appears at the front of this volume; the full
COSEPP. membership list appears in Appendix B. '
The first task of the Advisory Committee was to identify the issues to be
$ treated in the project. For this purpose, the committee employed a compila-
tion of poteﬁtially relevant issues and issue-clusters developed by the AAAS .
staff on the basis of issues lists obtained from the Congressional Research -
Service, the House Committee on Science and Technology, the Office of
Technology Assessment, the Office of, Science and Technology Policy. and
the AAAS itself, as-well as other sources, such as the New York Times
Index. The committee.reviewed the staff compilation and supplemented it
witha number of its own suggestions. It then used a set of criteria developed
by the staff to evaluate‘the jssues and select thosé that would be treated in

[

the project. The criteria included:

¢ Impbrtance of the issue7o the natiwhi‘glér priorityTor is-

sues with greater overall impact on the future of the nation and rela- .
tion to closely held values of the American people); .”

.
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o Time-sensifivity (not just immediacy, but concern for long-range’
* comsequences if no action is taken during the next five years);

o “Involvement of science and technolagy (centrality of their role in the
..o isspe and{issociat’ed problems or in possible solutions);
i

, o Breadthijand relation to other issues (definition in a sufficiently
broad manner so.that the papers could be reviewed and discussed
jointly. and so each would help illuminate the others);

“ o Adequacy of existing institutions to deal With the issue (higher prior-
ity to issues for which existing institutional arrangements are inade-
. quate);, )

L3

o Contentiousness (preference to issues around which there is-substan-
tial confusion or misunderstanding); '

e Novelty (less priority for issues that have received extensive attention
recently, especially in the first Outlook). - g

- ) “

'

'4

The Advisory- Committee identified two sets of issues— one set centering
primarily on.a domestic theme, the other on an international theme. For
each of the issues, an individual with a solid command of both the academic
literature and the policy environment was commissioned to prepare a paper
defining the issue, describing what is known about it, including the best
available projections of how the issue is likely to develop over the next
several decades, and focusing on the policy implications for U.S. science

_aid.téchnology duringsthe next fiveryears.

" Inorderto proV'dc for a careful peer review of each of the papers, as well
as to explofé the inferrelations among the paper topics and to address the
1argcr context within which the topics are embedded, 'AAAS convened two
workshopsy one organized around the domestic theme “Applying Science
ang‘l.a’l‘cchnology to Public Purposes,” the other atound the ‘international
theme “Toward Peaceful Change: Sciencg, Technology and International
Security.” , : ‘ '
The Public Purposes workshop was held 10-12 December 1980 in Hilton
Head, South Carolina. Thirty-five people attended and drafts of four of the -

papers from Part 1 of this volume (Chapters 2-5) were presented. The Inter-  ~ -

national Security workshop was held 1 1-13 November 1980/in St. Michaels,
Maryland, and was attended by 34 people. First drafts of five of the papers
that appear in Part 2 of this report (Chapters 7-11) were presented at this <

workshop. Namies of workshop participants may be found in Appendix A
at-the end of this volume. . i

The participants at each workshop consti‘ﬁgted a diverse group of ¢xperts
in various gspects of science, technology and public policy. Each participdnt A

13
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was qualified to serve as a technical reviewer for at least one of the commis-
sioned papers. Participants were selected to represent a range of policy per-
spectives, disciplines, backgroux)ds and institutional affiliations. They were
*drawn from universities, government agencies, industrial‘firms and non-
profit organizations and included demographers, computer and informa-
tion scientists, geologists, economists, -microbiologists, agronomists and
persons from a host of other frelds. ’ .
Drifts of the papers were sent to the participants in advance of each
workshop, and each participant brought to the workshop a written review
of the paper closest to his or her area of special expertise. The first part of
each workshgp was devoted to intensive small-group sessions in which the
reviewers met with the authors to discuss their comments and to provide the-
authors with suggestions for revision. Subsequent workshop sessions, both;
small group and plenary, were devoted to exploration of interrelationships
among the papers and to discussion of broader questions surrounding the
paper topics. - ’ ,
To capture the outcome of the workshop deliberations, an additional
paper —a “synthesis essay” —was commissioned for each workshop. The task
assigned to the authors of these synthesis essays was to attend the work-
shop, to digest the key elements of the papers presented there, as well as the
essence of the discussions that took place, and to prepare a paper that ad-
dressed the workshop theme and could serve in lieu of formal workshop pro-
»  ceedi e synthgsis essays were conceived as papers that, ideally, would
be vie y-the augmors of the workshop papers and by the workshop par-
ticipants as incorporating and fairly representing their papers and deliberg_:
tions. At the same fime, the synthesis authors were expected to draw upon
their own knowledge and expertise to provide overall structure, organiza-
tion and thematic unity that would go well beyond simple reportage.
Revised drafts of the papers presented at the workshops, plus drafts of
the synthesis essays, were sent to participants for an additional round of re-
view several weeks after each workshop. Reviews were also solicited from a
variety of other individuals who had not attended the workshops. The final
products, as presented in this report, have benefited from the reviews and
workshop discussions. Nevertheless, it should be pointed out that they re-
main individual statements. No attempt was made to force consensus
among the workshop participants, and many participants, no doubt, dis-
agree with interpretations and policy positions contained in the papers. Simi-
larly, the Advisory Committee and the AAAS, while seeking to assure that the
papers*and workshops were soundly based and of the highest quality, pre-
sent them here ip-order to call attention to and help illuminate discussion of
what they regard as vital issues —not to advocate parficular points of view.
Numerous individuals contFibuted to this project and deserve credit for-
its accomplishments. We can only begin to'list them. First we must note the

ERIC T
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central role of the Advisory Committee. Its distinguished members were ex-
tremely conscientious in fulfilling their responsnbllmes contributed innu-
merable ideas, and pronded thoughtful gu1dance throughout the course of
the project. We are all deeply in their debt. ' bt

Most evident in this report,. of course, are the contributions’ of the
duthors ~both the authors of the original workshop papers and the authors
of the synthesis essays. These capable and dedicated individuals labored
under extremely tight deadlines, met them, subjected themselves and the
products of their labors to intense scrutiny by groups of their peers and
cheerfully maintained both their equilibrium and a commitment to the proj-
ect throughout. Less evident, perhaps, but no less important’in the ené,
were the efforts of the workshop'participants, who gave generously of their
ume and energy to review successive drafts of the papers, to discuss their re-
views with the authors and, in a sometimes difficult intellectual exercise, to
search for the broader themes linking the papers to one another. All of these
individuals, as well as the numerous outside reviewers who provided mail
reviews of the papers, have our Sincere gratitude.

Thanks are due also to William A. Blanpied and Alan Leshner of the NSF
Office of Special Projects, and to Willia . Carey, J. Thomas'Ratchford
and William G. Wells, Jr., of the AAAS, all of whom had oversight respon-
sibility fo} the project in one sense or another, for their support and guid-
ance, as will as for helping to provide a strong sense of purpose and a com-
mitment to quality in the overall enterprise.

Among those who, in one phase or another, lent their hands, hearts and
minds to the project, and to whom we are grateful, are: Andrew Tolmach,
summer intern at AAAS, who helped develop the list of candidate issues
and sele®ion criteria and helped define the paper, topics; Ann Becker and
Vicki Killian of Ann Becker and Associates, who guided the development
and implementation of the workshop process; Carrie McKee, who edited
the final manuscript; Joellen Fritsche and Marlene Povich, who helped de-
sign and typed the report; Ginger Payne Keller, who lent her secretarial and
administrative skills to the project at several critical points, and Jeanne E.
Remington of Westview Press, who ably handled the transformation of the
_report into a book. A special note of thanks must go to Jill Pace Weinberg,

whose title of project “sécretary,/administrative assistant barely begins to
suggest the extent of her contributions.

We feel confident that we speak for all of these contributors and the
many others from whose advice and assistance we benefited in expressing
the sincere hope that this effort will bear fruit inimproving our understand-

ing of and ability to handle public policy issues involving scxencc and

technology.

Albert H. Teich
Ray Thornton
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William D. Carey

. If we have learned anythimg at all gbout the uses of science and technol-
ogy in the postwar years, it is that they have an unmistakable influence on
. contemporary trepds and outcomes. They have helped to make the world
smaller, spatially, and larger, numerically. They have multiplied our choices
and scaled up our risks. They have put men into space and opened a new
. arena for warfare. They have illuminated man’s beginnings and shaken age-
old postulates about his worth and destiny. They have unlocked material .
s abundance and laid new burdens ori irreplaceable resources. They have éx-
panded man’s potential and dramatized his limits. They have advanced clar-
ity and magnified uncertainty. They have penetrated the deepest reaches of .
~knowledge and held a world hostage on the ‘edge of crisis.
~ We have no reasons to suppose that science and technology will abate
their influences upon trends and outcomes and many reasons to expect that
they will continue to shape society’s choices and dilemmas. What is unprof-
itable is to try to outguess the rate of advancing knowledge and the forms .
and effects of its applications through technology. But it is a very dxfferent
matter to recognize and array the emergent natiénal and global issues con-
fronting the United States and to explore with care the contributions that
science and technology could make in managing such issues. What this re-
port for the National Science Foundation seeks to do is to bring to the fore,
for Congress and the concerned public, issues of high policy saliency where
time is not on our side and where the involvement of scxen%i'énd technelogy
is large and growmg
Left to themselves and to a business-as-usual system of decision making,
- science and technology will notextricate usfrom the trouble that is brewing.
How science and technology are gdeployed, toward which goals and at what
rates of effort, all depend under our system upon the behavior and the qual-

’
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ity of the nation’s policy apparatus and, to be sure, on the public consensus
that legitimizes decision making. In each of the issue-areas with which this
report deals, both time and information are central to deciding how the na-
tion’s policies are to be positioned and carried out. When lead time is wasted
it cannot be recovered. If information is so shallow 4hat policy routes can-
not be laid out with confidence, inaction"and confusion take the place of
resolutnon We cannot look to science and technology to dictate policy
routes, but we require a broad and deep scientific and technological base
upon which to construct and adapt our policy actions. The measure of that
base is not represented by the money spent publicly and privately upon re-
search.and development but in the appropriateness and the yield of these in-
vestments relative to the agenda of salient problems that we face. It is in this
sense that policy for science and technology interbreeds with e&:onomic do-
mestic, national security and foreign policies. -

The 11 papers that comprise the AAAS contribution to the Five Year*
Outlpok do not begin to resemble a definitive catalog of the issues that will
trouble Y.S. scientific, technological and public policy over the next five
years. But the papers do address representative issues of policy, and collec-
tively they have the striking effect of revealing institutional gaps in our na-
tnonal pohcy machinery relative to dealing with the time constants that dre
present in varying degrees in the mix of issues.

It is pessible to read the report from cover to cover, swimming through
the troubled watérs sketched by very competent authors, and finally put it
down with 2 sense of an dverwhelming agenda. It is possible also to pick
and choose among the issues, arraying some in an eclectic structure of prior-
ity, although the AAAS itself has not presumed to rank them. But if the re-
port as a whole has objective validity, it should drive us to ask whether our
national policy machinery is up to the job of recogmzmg! and dealing with
the strategic choices that will be required to bring science and technology’s
weight to bear, effectnely and in time, on the management of these issues.
One’s basis of confidence, on this score, is very low. Thg meanings of an ex-
ercise in projecting salient policy issues over a five-year period lie in ques-
tioning society’s institutional capacities to formulate and manage multisec-
toral strategies aimed toward modifying or altering future outcomes of
near-term issues. For a pluralistic society, the institutions favored by com-
mand economies are not available. Straight-line policymaking does not fit
our constitutional practice. A middle road, on which'an informed political
consensus is harnessed to decision making, and is driven by a recognition of
time constants, is the. evident choice.

It might be objected that such counsels veer toward imagining the 1mpos-

sible. Yet, we are now witnessing something that not long ago would have -

seemed unimaginable, as the government’s budgetary, monetary, regulatory
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and tax strategies interact with the mechanisms of the market eco omy in
designing and pursuing integrated goals for the nation’s political eSpnomy
If rationalizing the nation’s eCOI‘IOIBlC agenda is within our institutional ca-
pacity, other problems requiring rationalizing may not be out of reach, The
lesson could well be that complex public issues, not excluding those in-
volving the timely and effective uses of science and technology, are more
likely to respond to coheérent “process” management shan to pretentious or-
ganizational inventions. ¢

Such process innovations are not self-generating, especially i in the case of

issues thatare not built a5 close to the ground as the state of the domestlc
economy. With few exceptions, the issues treated in this report are in differ-
ential stages'of development and calibration. What they have in common,
" however, is the perceived time constant, which is one thing in the case of
population growth and something else (highly uncertain) in the case of qna-
. terials and energy resource depletlon The makeup of “process” manage-
ment is not likely to be umerm indealing with the horizon of issues that we
have treated in these papers. From one issue to another, the process would
call for different inputs of public policy, long-term corporate strategy, in-
centives and disincentives, collaborative R&D and upgraded pollcy research
including the social and economic scierces.

Spheres of responsibility will also look different from issue to issue, and
itis not the thesis of this report that all responsxblllty converges on govern-
ment and its institutions. .Some responsibility does, however. The national
interest is hlgh across the whole array of issues, including those beyond the
reach of the United States alone. Because none of thei 1ssues is unaffected by
government’s actions and failures of action, the very minimum responsibil-
4ty of government i$ to organize itself in the best sense of “the national secu-

) _rity” to keep lively surveillance over the development of issue areas and to
see to it that net assessments are made frequcntly and assimilated by the
Congress and the planning arms of our natxonal security and domestic pol-
icy machinery. 3

The residual concern that arises from a study of ‘this kind 1s not trivial. It
is that the problems are outpacing the quality and intensity of our re-
sponses, and by,widening margins., The potentials of science and technology
are not being pressed, much less stramed to meet the national interest. As
the lead times shorten, driven by the time constants, risk and vulnerability
increase. In the prophetic phrase of Thomas Wolfe a wind is rising and the
rivers flow. . . . *




- PART1

Applying 801ence and Technology
to Pubhc Purposes




Applying Science and Technology
to Public Purposes: A Synthesis
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Introduction

We live i an era of continuing scientific advance and technological
change,! This statement, a truism since p‘érhaps the sixteenth century, use-
fully orients us to the source of our present concerns. Not one but many
scientific and technological revolutions go on around us every day; Tor ex-
ample, revolutions in consumer electronics, information and communica-
tions technologies and molecular biology —all of which are discussed in the
papers in this volume. The scope and rate of change severely strain the ca-
pacity of existing econdmic, social and pojmcal institutions to respond
“Whirl is king,” as Aristophanes wrote, “havmg deposed Zeus.”

Not surprisingly, the range and complexity of scientific and technological
change are such that all contemporary societies, industrialized or develop-
ing, grapple with the effects of such change through.their natlonal govern-

~ ments. Few, if any, scientific and technological issues are-of 10 concern to
political leaders and instithtions, and few, if any, political issues of moment
lack scientific or technological importance: . .

Quite obviously, in the next five years, in the five yedrs after that, and for
the foreseéable fumﬁ? the United States will canfront a nufgber of policy
issues that derive i in large measure from scientific or technological develop-
ments. These are pollcy issues, moreover, because they have penetrated the
social, economic and political fabric of our lives. They constitute an amal-
gam of accepted scientific and technological knowled'ge scientific and tech-~
nological uncertainty and conflicting political and economic values. And
they require collective action to manage if not to resolve.

Richard A. Rettig is chairman, Department of So;:ial Scieqces. Iilinois Institute of Technology,
Chicago, Il

\ . Richard A. Rettig\

.




- < &7

| 8 : Richard A. Rettig
L ) -

v _It might be assumed that nearly four decades after World War II (the his-
toric watershed of government involvement with, the scientific and tech-
nological establishments of this country) the management of the scien-
tific-technological enterprise would have become second nature to us. The

. . I3 . .
government’s annual investment in research and development, for instance,

has grown steadily from $1.2 billion in 1950 to $33.5 billion in fiscal 1980.
In addition to direet federal expenditures for research and ‘development
(R&D), of course, the private sector of the economy invests comparable
funds in-R&D, an estimated $29.5 billion, for example, ‘in 198Q.

Indeed, there was a period in the early 1960s when optimism about the
rate and direction of scientific and technological advance, confidence about
our national capacity to manage such advance and belief in the benign ef-

+ fects of the fruits of science and technology were at an all-time high. Since

then, however, we as a nation have experienced great difficulties in man-
aging the technological enterprise, especially in bringing science and tech-
nology to bear on economic ﬁroductivity, comparatjve advantage in inter-

. national trade and innovation. We have also debated, vociferously at first

but with increasing sophistication more recently, the undesirable effects of
*technological advance; indeed, the potential benefits of scientific advance
have even been called into question. The optimism of the early 1960s yielded
1o pessimism in the late 1960s and early 1970s. Today, one hopes, the nation
is moving beyond simple assumptions about the scientific-technological sys-
tem to a more realistic view of its capabilities and limits and to a construc-

o tive recommitment to the use of science and technology for the common

good.

The following four papers address in different ways certain of these pol-
icy iss{;es. They don so exhaustively; rather, they focus selectively on
critical aspect ese policy issues. The scope of these papers is limited

. mainly to The domestic United States, but not entirely so. Issues df ifiterna-

tional trade, the international nature of environmental pollution and the in-
ternational character of science itself make it impossible to limit our atten-
tion exclusively to the prablems of the domestic United Statés. Nor, as
Eugene Skolnikoff’s paper argues in the second part of this volume, is it de-
sirable to restrict it 1n that way. '

- Several major themes serve to organize this introductory overview essay.
First, a policy issue of continuing high-level interest for the past decade i§"
that of encouraging scientific and technological innovation. This issue
knows no partisa% sponsorship, only perhaps that matters of tone and em-
phasis may differ from one administration to another.

The second major theme is the need to cope on a continuing basis with the
} effects of the scientific and technological revolutions that are interlaced
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with our daily lives. Policy concerns begin with the aforementioned need to
encourage innovations of this kind; the3 reach across all efforts to mitigate
the adverse social, politicaleand economic, effects of such advance.

Closely' related to the second theme is the third, namely, the need to se- |,
cure a livable world by managing the waste or effluent of an industrial soci- ’ .
ety. The distinction between the two is that the latter is not primarily+con- ‘
cerned with scientific and technologlcal innovation as tHe immediate source
of the problem of health, safety and env1ronment but with all the sources
of risk in the society.

Finally, an underlying theme of the papers, and the conference where
they were dlscusscd is that scientific and technological advance has posed
deep, perhaps unanswerable, challenges to our established political values,
inst t&xuons and procgesses. This last theme is perhaps the most disqujeting
becauge few have any cleaf vision about how to restore existing institutions
to a satisfactory level of performance. But diagndsis must precede prescrip-
tion, and recognition of the proBiem is thus a constructive step forward.

~ 3
-
.

Encouraging Scientlfic and Technological lnnovation

The laggmg productmty of the U.S. economy is a policy i issue of grca;
contemporary lmportance 2 Growth in productivity increased at an average
~ | annual rate of 2.4 percent from 1948 to 1973, but from 1973 to 1978 it was
estimated to have grown at‘less than 1 percent.? The 1981 report of the
Council of Economic Advisers devoted considerable attentlon to this pro-
. ductivity decline, enumerating a$ causal factors the effects of | government
regulation, increa¥es in energy prices, declines in the rate of growth of capi-
tal relative to labor and decreases in spending on research and devel-
opment.* : . | oo
Edward Denison has suggested that the main source of decline is found in
a set of detérminants called “advances in knowledge.” This set includes
technological knowledge—of physical properties and how to make, com-
bine and use physical things — as well as managerial knowledge ~ of business
organization and management techniques in the broadest sense. Denison
lumps the “advances of knowledge” determinants together with a set of mis- -
cellaneous ones (the effects of government taxation and regulation, the rise
in energy prices, the shift away from manufacturing to services and chang- O
ing attitudes to work) in a “residual” category comprising those least easily
measurable determinants of productivity. Commenting on what happened
since 1973, he says, “Itis possible, even probable, that everything went
wrong at once among the determinants that affect the residual series.” In
short, no single factor adequately explains the productivity decline.
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In general, there exists a belief that declining R&D investments havge con-
tributed to decliningproductivity and that jncreased R&D spending has the
potential for contributing to increased productivity. Considerable discus-
sion exists about measuring these relationships, however, as well as about
the appropriate policy instruments for influencing dhe situation. Some
would respond by increasing federal funds for R&D; others favor changing
the tax laws to encourage R&D expenditures by private firms.

The policy debate about the relations between research and develppmcnt‘, -

innovation and productivity will occupy an important place gn the public
agenda during the next five years. Policy remedies predictably will address
themselves to the aggregate, or macro-economic, level. In this volume, how-
ever, the paper by William Abernathy and Richard Rosenbloom stands in
sharp contrast to this aggregateglevel policy discussion, focusing in a pro-
vocative and instructive way on the issue of managerial knowledge among
the leaders of U.S. industry. ;

The point of departure for Abernathy and Rosenbloom is the decline of
productivity and innovativeness of U.S. industry. Noteworthy about their
argument is that they are not primarily concetned with factors external to
private firms that might be causing this decline, like inflation, high rates of
taxation and government regulation, factors that would incfease the wéosts
. of production for U.S. firms relative to foreign competitors. ?thcr, they

are troubled by the institutional climate for industrial.innovation in U.S.
firms, by the attitudes and practices of U.S. managers.

Abernathy and Rosenbloom argue that the attention of U.S. managers
has been diverted from long-term technological change toward short-term
adaptation to existing product markets. They observe that the analytic de-
tachment that characterizes sugh managers is rooted in the financial (and
sometimes légal) ba}hway to corporate leadership, detachment that con-
trasts with entrepreneurial leadership that derives from “hands on” experi-
ence with.the R&D, new product, production and marketing activities &f the
firm. Contemporary managers, they argue, display a preference for short-
term cost reduction rather than long-term technological investment. These
managers are market oriented but in a particularly narrow way. They rely
heavily upon market research and its ability to reveal consumer preferences,
rather than depend,upon th¢ introduction of a new product to tap latent
preferences and upon an educational campaign for altering those prefer-
ences. .

Corporate growth and diversification; moreover, often result from the
acquisition of companies not closely related to the firm’s historfc products.
. Rather, they are guided by the portfolio theory of financial risk manage-
ment that results in a corporate strategy of spreading the risk ainong a num-
ber of diverse enterprises in a complex firm.
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To illustrate the consequences of these changed attitudes and praEfices of
U.S. managers, Abernathy and Rosenbloom present a case study of the
consumer electronics industry. Several features are noteworthy about this .
case. First, the consumer electronics industry, as Abernathy and Rosen-
bloom note, is not heavily regulated by the government, neither by tradi-
tional forms of economic regulation nor by more recent health, safety and
environmental regulation. Thus, the case forces a search for a different ex-
planation of the loss of U.S. market position. Second, this high-technology
product area was one in which U.S. firms, two decades ago, held dominant
and undisputed leadership; so the case reflects a loss of market position that
has resulted from head-to-head competition with the Japanese. Thll‘d
Japanese success lay in the ability of Japanese firms to foresee the applica-
tion of a high-technology field— electromcs to a large c®nsumer product
market and-a corporafe willingness to pursue a strategy to develop that
market. That strategy involvéd a long time-horizon for maturation of re-
sults, including'a ‘corollary willingness to make and learn from one’s mis-
takes. J d ‘

The argument lsnnot entirely persuasive. Thc main hypothesns that the at-
titudes and practlces of U.S corporate managers have contributed to the de-
cline of U.S. international competitiveness is btsed on the single case of the
consumer electronics industry. Thus, it cannot be automatically extended to
even the entire electronics industry or to other industrial sectors. The valid-
ity of the argument undoubtedly varies across industries. Second, some will
regard the case study data as more anecdotal than systematic in character.

Notwithstanding such criticisms, Abernathy and Rosenbloom have chal-
lenged the conventional wisdom on the central issue of declining productiv-
ity and the loss of the U.S. competitive international position. The i Jimpor-
tant contribution of the paper, and of the Hayes and Abernathy article that
preceded it,® is that it points to the structural problem of managerial atti~
tudés and practices as being a major factor contributing to theloss by U.S.
firms of technological competitiveness. This issue needs to be widely de-
bated and nowhere more vigo. ously than in industry itself. The value of the
paper has to be weighed as a contribution to the debate about causal mecha-
nisms of and policy implications Yor the industrial productivity debate.

Scattered evidence exists that such a debate is beginning. A January 1981
story in the New York Times notes that “planning with more distant hori-
zons has become a familiar theme among major American businesses, espe-
cially those competing in global markets where foreign competitors, partic-
ularly Japanese trading companies, have used the technique to achieve big
gains in market share.”” The account describes a shift in several U.S. firms
10 greater long-term strategic objectives; a grouping of enterprises within
firms according to the appropriate, but differentiated, long-term objectives;

.
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arid a linking of corporate salaries more directly to the fulfillment of l’ong-

/term strategic objectives. . , .
A\ The Japanese themselves are participating in this debate. Recentiy_,'Akio

Morita, who built the Sony Corporation into a worldwide success, pointed -
to several factors that give Japanese firms an advantage over U.S. firms.*
These factors.include bettes long-term planning, bonus payments to em-’
ployees rather than executives and company-oriented rather than skill-
centered executive careers. . , P, )

A different manifestation of the debaté, perhaps more directly supportive

of Abernathy and Rosenbloom, is a recent Harvard Business Review article

about the linfits of “return-on-investment” (ROI) analytic 'techniqueé for the

evaluation of the value of research toa corporation.® Mechlin and Berg' - .

gue that ROI techniques, when applied to research, fail to value research
appropriately. Reasons include: (1)’a tempotal mismatch between the de-
mands for immediate results and the “natural pace of innovatjon,” (2)_ the
unpredictability of results of research and the inability of ROI to assess the
value of negative results and (3) the imprecision of mehsurement when-the
resugs of research may benefit many divisions of a company: The problems
with ROI are exacérbated in cases where a central research organization ex-
ists for the entire corporation: intrafirm technolagy transfer is not ade-
quately valued; nor is the effective use of slack resources of fac;ili'ties and
personnel; nor the overhead value of a consumer service function or a per-
sonnel recruitment agency. The authors urge supplementing ROI analyses
with periodic reviews; mixed project selectiony some by product managers

and some by research laboratoty personnel; calculation of ROI of research

throughout a product’s life cycle; observation of growth in the firm’s rele-
vant product line; and analysis of ROI flowing from self-developed prod-
ucts. In short, thé article urges sensitivity to the implications of financial
analysis for the research investment and corrective actions that shift away
from a short-term emphasis to longer time-horizons. The debate appears to
have begun. ‘

~What are the policy implications of the Abernathy and Rosenbloom argu-
ment? First, they address themselves to a proplem rooted in the attitudes
and practices of corparate managers and thus to an audience of U.S. corpo-
rate leaders. Reform of the behaviors they criticize must come from corpo-
rate leaders, not from U.S. government officials. Refreshingly, in contrast
to the instinctive tendency of many analysts and commentators, they do not
turn to the federal government for help. .

Second, U.S. firms, in concert with the U.S. government, may need to
become more aggressive in seeking long-term international markets. In par-~
ticular, Abernathy and Rosenbloom implicitly suggest the need for develop-
ing greater access to the Japanese domestic markets.

’
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. Third, two successive years of-double-digit inflation remind us of the,
present economic context within which managerial behavior occurs. The
1981 report of the Council of Economic Advisers noted that {nﬂati‘on has
risen from an underlying rate of about 1 percent in the first half of the 1960s
to a present level of 9 qr 10 percent. More ominously, the three major epi-
sodes of increase have%{icﬁ begun “with a sharp increase in the underlyirig
raté and ended with the rate falling only part way/'to its original level.”!? So
each successive inflationary period has started from a higher underlying rate
than its predecessor, , / -
¢+ This historical development of the underlying rate of inflatiori means that
dvery strenuous effort will be required to significantly decrease.the underly-
ing rate. Furthermore, as long as the rate remains high, U.S. managers of
whatever stripe will find few incentives to invest heavily in long-term R&D
for the purpose of reestablishing technologi_cal leadership in particular indus- '
 tries,and markets.''-The need to control inflation is imperative, o

Finally, concern for inflation relates closely to legislation to change the
taxtreatment of R&D. Such legislation, now being considered by Congress,
would increase the incentives for investing.in, R&D with a long time to pay-
off. Public policies at this level could reinforce reform tepdencies within
U.¥ management in a constructive way. .

%V; JIssues are.raised beyond immediate policy concerns by the Aber-
nathy“and Rosenbloom argument. In recent years, the.educational require-
ment for corporate success has been the Master of Business Administration
(M.B.A)) degree. Implicitty, the authors (both professors at the Harvard
Business School) are suggesting that the underpinnings of graduate business
education rieed to be reevaluated. This implication deserves further articul-
tion and disgussion. .

A second avenue of discussion opened by the paper pertains to the diffu-
sion into the public sector of attitudes and practices similar to those’ de-
plored by Abernathy and Rosenbloom in the private sector. We may be wit- .
nessing a general weakening of commitment by the federal government and
federal R&D managers to invest in long-term, high-risk, but potentially
high-benefit scientific and engineering research. If this is occurring in paral-
lel to-a similar development within the private sector, then the long-term im-
plications for the nation may be quite serious. Is there any evidence to sug-
gest that such a development has been occurring?

Although evidence may be too strong a term, there certainly are signs that
a long-term shift has been occurring in federal R&D management, Al-
though the Mansfield amendment of 1969, restricting defense research to
projects of direct military relevance, was on the statute books for only one
year, many believe that it continues in force today.!? Perhaps it is time to
symbolically “repeal” this amendment by asserting th%t all federal R&D

<

26




At 3

4 ‘ Richqrd A‘%ﬁetﬁg

agencies have,a responsibility to invest in R&D that is broadly@®propriate
to theic mission, not just to that which is narrowly pertinent to specific op-
erati capabilities. - :

_The analog in the public sector of the ascendancy of financial and legal
professionals to corporate leade®hip is the growing number of -analysts
—economists, M.B.A.ls and others—in the ‘federal govesmment. The
general effect of such gnalysts on R&D is toward shortened time-horizons
and sharper emphasis on payoff, a bias against long-term R&D investments.

Stronger pressures for payoffs‘from federal R&D have‘led in some in-
stances toa misdirected concern for commercialization of R&D results. Bet-
ter that the government should invest in building the scientific and techno-
logical foundations through long-term R&D than that it should try to pick
commercial wiggers. '

_In university Tesearch, scientific equipment is becoming obsolete to an
evet-increasing degree.!? Moreover, academic researchers today devote a
substantially larger portion of their time to administrative matters rather
than to research. The effécts of these trends can only be pernicious over
time. - .
Three general points deserve statement in concluding this section. First,
none of the above factors affecting federal R&Q,‘when taken alone, is that
consequential. It is the constellation of factors that is significant and the
fact that they all move in the same~direction. Second, the severity of the
problem is not measured on a year-to-year basis, since this year looks very
similar to last. But over 5 or 10 years, we see not continuity but discontinu-"
ity, a movem@nt away from a commitment to long-term public R&D invest-
ments. . .

Finally, we may be losing sight of the rationale for supporting public
R&D, The rationale is that public investment is needed because of an inher-
ent tendency of private firms to underinvest in the generation of the external

-

benefits of R&D, cspécially at the research arid foundation technology end
of the spectrum.'4 At a time when private R&D investments are increasingly
constrairred to short-term payoff projects, it would be quite unwise for

pubiic R&D to offer nothing but a mirror image of that phenomenon.

» ? .
EN .

Managing the Effects of Innovation -

Although the need to encourage scientific and techriological innovation in
“the U.S. economy is keenly felt, it is also the case that several scientific and
technological revolutions are currently going on before our eyes. One area
of continuing scientific and technological innovatign, -now a quarter of a
century, old, is that of information and communications technology.

14

__Another, far less developed at present in its applications, is that of molecu-
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lar biology, but prospectively no less sweeping in its potential impact on
medicine, agriculture and industry.

‘Donald Hillman, in “Decision-Making with Modern Information and
Communications Technology: Opportunities and Constraints,” correctly
observes that our society is on the threshold of an Information Age. He pro-
vides an overview of t})e technical change occurring in the technologies of
information and communications. This change, driven by the éontinuing
evolution in solid-state electronics, is difficult to comprehend because of its
rapid rate, because of the merging of the two  technologies of information
processmgand communications and because ltsmanifestanons are so wide-
spread and pervasive throughout all aspects of daily]ife. The office, the fac-
tory, the commercial establishment and even the home are being changed by
this revolution.

Numerous major policy problems are raised by the impact of the infor-
mation and communications revolution. The structure of the telecommuni-
cations and information industries is being reshaped; the question of indivi-
dual privacy becomes more pressing; the ‘management of resource data
banks requires attention, as does the availability ef international telecom-
munications and information resources. The formulation o ic policy
under such circumstances is an exceedingly difficult endeavor. Technical
changes reducing costs and extending performance impinge forcefully on so
many diverse policy areds, testing existing institutional and legal arrange-
ments in each, that it is difficult to imagine coordination at the federal
government level by either Congress, the Executive Branch or the indepen-
dent regulatory agencies. Furthermore, the application of change is so de-
centralichgéso pervasive, that federal policy formulation is complicated by
this fact as well. The challenge in policy terms is to.deal sequentially and in-
crementally with each new policy issue in ways that.balance a concern for
reaping the henefits of technical change, mitigating.its adverse effects, and
establishing a ffexlble framework within which the intelligent guldance of
change can occur.

Charles Weiner writes about another revolution, the emergencefront sus-
taiped research in molecular biology of the gene-splicing techniques of re-
combinant DNA. These techniques are now used to synthesize insulin, in-
terferon and other proteins, such as industrially importatit enzymes; they
also open the possibility of producing nitrogen-fixing feed grains. Strong
scientific advance in molecular biology has been underway for several
decades; the revolutionary applications of this body of scientific research
are only now beginning.

Yet the recombinant DNA research is stamped mdchbly in political and
scientific minds as a threshold case in the relations of science to society.
Whether this will appear true a decade hence, of course, is not clear. But the
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case represents what Nelkin has described as the renegotiation of the bar-
gain betwee science and the polity, the bargain being unquestioning public
support f or%ence in exchange for a stream of beneficial science-based in-
novations.!$ )

Why recombinant' DNA is regarded as a threshold case warrants com-
ment. First, the prospective benefits are potentially so diverse, so significant
and, theoretically, so. rcaghable. From medicine to agriculture to industrial.
processes to environmental quality controls, a range of benefits is within
grasp because of the relatively simple, elegant techniques of recombinant
DNA, .

Second, the potential benefits have been seen since the mid-1970s against
a background of apprehension about the risks of recombinant DNA re-
search. Weiner traces the concern for risk from the 1974 request by a group
of prominent molecular biologists to their fellow scientists asking them to
refrain voluntarily from performing certain experiments, to the 1975
Asilomar conference, to the Cambridge, Massachusetts, City Council
debate about local restrictions on research at Harvard and the Massachu-
setts Institute of Technology, to the Guidelines for Research Involving
Recombinant DNA Molecules, promulgated by the National Instih@_
Health (INIH). .

The NIH guidelines, Weiner notes, have been revised on three successive
occasions since first being issued jn 1976, each time becoming less restric-
tive. During the peak of public Concern, legislation was proposed to extend
the guidelines to industrial laboratories; that legislation was not enacted nor
is it likely to be. Among most academic, government and industrial sci-
entists, a consenss exists today that the prospects of risk'y outcomes from
recombinant DNA research have been steadily reduced, if not ruled out
entirely. It is this proved reduction in risk;-they argue, that justifies the re-
laxation of NIH guidelines and explains why restrictive legislation was
not enacted. As Weiner notes, however, a few scientists and members of
the public continue to express a residual concern for risk.

The third reason why the techniques of recombinant DNA aré held in awe
by so many thoughtful individuals is that they permit laboratory scientists
to manipulate the very constituents of human life itself. Whether one be-
lieves that man is the product of a long evolutionary process—“thrown up
between ice ages by the same forces that rust iron and ripen corn,” to use
Carl Becker’s felicitous phrase—or the foremost expression of divine crea-
tion, the prospect of a few sequestered scientists Seeking to “improve” the
situation is sufficiently breathtaking to give us all pause. This concern, well
founded or not, is sufficiently genujne to be in itself a counsel of prudence
from society to the scientific community. Many bench scientists dispute the
validity of this awc‘about, manipulating the elements of human life, but that
it influences public attitudes is incontrovertible.

MY )
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The fourth, and more immediate, cancern raised by recombinant DNA
researchis the challenge posed by rapid scientific advance to the social insti-
tutions of our time. In particular, what threats are posed to the integrity of
the university, to open communication among scnentlsts to a heretofore
largely self-regulated scientific commumty by the rcvolutlon in molecular
biology?

Several common concerns underlie these two papers by Hillman and
Weiner. First, the phenomenon of interest in each case is that of a powerful
scientific and technological revolution. _One case, the merging of informa-
tion and communications technologies, represents a maturmg effort whose
effects are being felt across an incredibly wide array of applications. The
case of molecular biology, and mainly the use of the techniques of recombi-
nant DNA, is less developed; but we are on the threshold, in all likelihood,
of several decades of far-reaching appllcatlons In a fundamental way,
moreover, each case is an instance of science-based technol,oglcal change.
The empirical or craft tradition in technological change will undoubtedly re-
main important in the years ahead, but the truly revolutionary technological
change of the future will very likely be based upon major scientific advance.

Second, we value such scientific and technological charige for the power it
displays in several different dimensions. Rapidly declmmg;osts character-
ize solid-state electronics and are likely to typlfy the applications of recom-
binant DNA techniques. Greatly increasing capability is a corollary charac-
"teristic. Breadth and dwcrsnty of appllcanon are yet another dimension of
change. The power of this technological advance is clear to all.

Third, this valued scientific and technological advance, encouraged by
various government policies, must nevertheless be regulated. There*no
longer exists an easy one-to-one correspondence in belief that autonratically
' equates scientific and technological advance with social, economic and po-
- litical progress. In the 1980s, our national commitment to, scientific and
technological advance is tempered by the realization that adverse conse-
quences can result from the applications of such advance. This sober view is
not antithetical to science or technology in inspiration, but neither is it un-
critically accepiing of a belief that science and technology produce unal-
loyed social beneficence. Perhaps our current situation is more than a
'mood, more than mere animus; pcrhaps it bespeaks a deeper understand-

ing of the relations between scnence technology and society.
1

" Securing a Livable World

During the 1970s, the regulatory reach of the federal government was
greatly extended to new areas of ecoriomic and social life, especially for the
purpose of reducing health, safety and environmental risks. The signal of
wide public support for this development was Earth Day, on 22 April 1970.

~
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The signal of institutional ‘development was the creation of the Environ-
mental Protection Agency in late 1970; other new agencies included the Oc-
cupationaT'Safety and Health Administration (and the National Institute
for Occupational Safety and Health) and the Consumer Product Safety
Commission. Risk assessment emerged as the central analytic enterprise of
this new regulatory activity, informing both the development of general
policy and decision making about particular cases in dispute.'¢

Several things can be said about this emergence of risk assessment, First,
policy formulation and decision making in health, safety,and environmental
regulation have been permanently altered, and risk assessors have gained a
place at the policy table.!” Second, this alteration in the mix of participants *
in the policy arena has been facilitated, even required in some instances, by
a strong grend to centralize policy control in the federal government. Cen-
tralization has had two dimensions: (1) decisions previously made by the
private sector aré now made jointly by the private and public sectors; and
(2) policies once left to the states have now become the responsibility of the
federal government. Third, although risk assessors are now policy partici-
pants, their assessments do not dominate policy formulation; most, if not
all, assessménts are not conclusive and reveal unresolved issues of scientific
and technical uncertainty; and political decisions about the acceptable and
desirable distribution of risks, costs and benefits are required.

In this context, William Lowrance succinctly.argues that the problems
created for industry and government by risk-reduction regulation “stem as
much frém problems of sociefal attitude and decision-making procedure as
from deficiencies of technical analysis and performance.” He then suggests
several heuristic steps to improve risk assessment and increase the likelihood
that sound public policy Will be articulated. :

Rather than evaluate Lowrance’s argument here, we can first clarify the
social and political context in which itis written by asking several questions:
What is the relatiqnship between risk assessment and science and technol-
ogy? How does risk assessment go beyond the concerns of science and tech-
nology? What is the nature of the political problem confronting risk assess-
ment? .

There are a number of diverse ties between risk assessment and science
and technology. In the first place, certain areas of science are directly con-
cerned with the physical phenomena that constitute the focus of much risk
assessment. Broadly speaking, the environmental sciences have been differ-
entiated from the other natural sciences in the past two decades, although
the relationship ‘o “the- earth<sciences is, often very close. Analyses of
ecosystem behavior —a watershed, an air basin, a forest, for example —may
be undertaken for scientific or regulatory re&sons—or both. And a larger
number of scientists in academic institutions are engaged in‘the environ-
mental sciencés today than was ever true before. . '

.
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Second, certain areas of science have received strong impetus for develop-
~ment from the effort to regulate risks in health, safety and environment.

« This is apparent, for example, in toxicology, where substantial increases in

research have occurred in government, academic and industrial research
laboratories as a result of efforts to regulate the toxic effects of chemicals.
It may be the case, however, that toxicological research has been devoted
more to routine testing than to explicating underlying mechanisms of ac-
tion. . ' .

* Third, advances in instrumentation and analytic techniques have vastly
extended the ability of man to detect and measure extremely low concentra-
tions of pollutants in air, water and food.'$ These advances in physical mea-
surement have, quite often, reinforced demands for more regt/xlation.
Clogély related have been technological advances in control technology. In-

\‘djé? a new and significant high-technology industry has arisen in response

0 health, safety and environmental regulation. This industry represents but
another tie of risk assessmer;t(to science and technology.

Finally, certain industries Have been implicated as bearing greater respon-

 sibility than others for worker safety and environmental quality. The chemi-
cal industry is one of the foremost among these, being the object of risk-
assessment concerns for worker safety in handling dangerous materials,
consumer product safety for products like asbestos insulation and environ-
mental quality that is affected by direct, widespread introduction of a
dangerous chemical substance like PCBs (polychlorinated biphenyls). An
industry so dependent upon science in the first instance necessarily requires
highly trained, scientific risk assessors. .

Itis important to observe, however, that risk assessment goes beyond sci-
ence and technology and embraces a larger set of issues. Risk assessment,
and the regulatory regimes in which it is applied, typically concerns the by-
products — the effluent — of modernindustrial society, whether generated by
individuals, private firms or governments, at every stage from extraction to
production to distribution and use of the primary products. The immediate
products of science and technology may be included in the domain of risk
assessment, but the reach of that domain is far larger. .

As a result of the scope of the risk-assessment domain, risk assessors are
drawn from widely diverse intellectual fields — physical and natural sci-
ences, engineering, operations research, systems analysis, économics, social
science, law and medicine. ’i‘hey are affiliated with a range of different in-
stitutions — universities, research and analytic institutes (both nonprofit and
for-profit), private industrial firms, government regulatory agencies (at all
levels of government) and public-interest law firms. Not surprisingly,
therefore, competing and conflicting values, preferences and biases inform
the assessment effort, regardless of the agreément that may.exist on,analytic
techniques. : o

\
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In this context, however, analytic techniques can provide powerful assis-
tance to policy formulation. The nature and scope of the particular risk can
be clarified, mechanisms of exposure identified, prospective remedies con-
sidered and their respective costs and benefits assessed. But two factors
limit the utility of risk assessment. First, although many assessments may
identify some critical uncertainties associated with the mechanisms or ef-
fects of the risk or its remedy, they often are unable to reduce those uncer-
tainties to an insignificant level by analytic or scientific means. And second,
conflicts that arise from the inability of risk assessment to develop a com-
prehensive description of a risky situation and to specify causal relations be-
tween insult, effect and remedy can orily be resolved by policy officials act-
ing politically —that is, exercising authoritative discretiorfary judgment
about the preferred allocation of risks, costs and benefits for any given situ-
ation or class of situations.

Lowrance would improve the process of risk assessment for the purpose
of focusing conflict on essential issues and facilitating the political resolu-
tion of such conflict. The greater us¢ of comparative analysis, the explicit
statement of standards of risk, the specification of risk-management goals,
weighing risks in relation to costs and benefits, are all means to this end. He
also suggests that we move with alacrity to identify, first, the cases of
“negligible risk” and dismiss them, and —at the other pole —the cases of “in-
tolerable risk” and cease creating them. Between these two poles, Lowrance
urges that we set priorities for allocating the scarce resources needed to con-
duct risk assessments.

An interesting contrast is suggested, however, between Lowrance’s
recommended strategy and Weiner's account of the recombinant DNA
«risk-assessment” exercise. The former is rightly concerned about how risk
assessment can facilitate the development of political consensus in the reso-
lution of health, safety and environmental controversies. Yet he addresses
himself mainly to improving the analytic aspects of risk assessment.

Weiner, on the other hand, reports on a process initiated by concerned
scientists that involves a complex dialogue between scientists and the gen-
eral public. That dialogue has taken place on university campuses, in city
councils, at congressional committee hearings and in the NIH Recombinant
DNA Research Advisory Committee. The implicit lesson is that concerns
for risk have been allayed in large measure because of scientific develop-
ments, but also because the process has forced the scientific community into
sustained communication with the public.

It is important td juxtapose the analytic and process features of risk as-
sessment, Analysis is essential but cannot provide the “right” answers. And,
because value conflict is likely for any specific risk-reduction effort or pol-
icy, procedures that encourage the development of political consensus are
also essential to the formulation of sounid public policy.
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The prospects for achieving political consensus+about risk assessment in
the 1980s, however, may be fragile. The dccadegf the 1970s, as noted
earlier, witnessed great extension of federal regulalory activity in health,
safety and environment. By the end of the decade, there was a growing body
of opinion that this regalatory impulse had been carried too far and that its
excesses needed to be trimmed back. One expectation about the 19805,‘!@:‘
therefore, was that rationalization of the new regulatory area might be un-
dertaken, that is, recognition of the merit of the concern for risk, acknowl-
edgment of the excesses of the consequent regulatory burden and a bal-

- ancing of the competing values in conflict. Subsequent to January 1981,
however, and the advent of a new administration, the prospect exists of a
far-reaching effort to undo much of the work of the 1970s, not only the ex-
cesses and undesirable burdens but the meritorious effects as well. Whether
the United States as a society is close to developing a political consensus
about the rble and purpose of risk assessment, and its attendant regulatory

+ activity, will be revealed in the next few years. That is the essential ques-
tion, however, since risk assessment.is, in the last analysis, a political issue.

-
<

The Challenge to Values and Institutions :

Throughout the four papers in Part 1 there runs an undercurrent of anxi-
ety about the adequacy of existing societal institutions and processes to deal
with the diverse challenges raised by science and technology. ‘This anxiety
was even more pronounced in the conference discussions in December 1980 .
at which the papers were initially presented, i

Reasons for this anxiety are suggested by the examples on every hand.
Qr:oratc managers of U.S. firms may in many instances be i#suited by
training, career plans and orientation to recognize the requirements for
mgintaining technological leadership. Information and communications
technologies are altering the way we work and live and do business, stretch-
ing existing legal and institutional frameworks to their limits; yet these sci-
entific and technological revolutions are still guided by increasingly obsolete
policies. The commercialization of molecular biology is placing severe
strains on many universities, both between faculty members and their insti-
tutions and among faculty members themselves. And the demands that give
rise to risk assessment— for example, the control of the effects of acid rain-
fall or the guarantee of safe disposal of radioactive nuclear waste —test sogi-
ety’s capacity to devise solutions that are technically, economically and po-
litically satisfactory. : , ’

The challenge of science and technology goes to all societal institutions,
from private corporations, to universities to the legislative and executivé
councils of the public sector. A principal source of the challenge is the con- )
tinuing impact of scientific and technological change which, as Skolnikoff -

.
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puts it, hasbeen central to “the restructuring of nations and,of international
affairs, particularly in the 35 years since the Second World War.” Policy is-
sues have become a complex amalgam of scientific, technological, economic:
and political factors. [nstitutional relationships have also become more
s complex, largelyin adaptive response to the impact of scientific and techno-
logical change. National and international spheres are more closely related
than ever; public and private sector. roles are as difficult to define; and
society is increasingly organized into large institutions that share responsi-
_ bility for governance, usually without commensurate authority. Continuing
rapid and widespread scientific and technological change, increasing techni-
cal complexity and overwhelming ipstitutional complexity —these are the
characteristics of the challenge to societal institutions raised by science and
technology. .

What is the precise nature of the problem posed by science and technol-
ogy? It consists of three elements. First, the political institutions of popular,
democratic control are inadequate to guide the scientific and technological

- enerprise and mediate its effects. Surprisingly, none of the authors look to
the election of public officials as providing expressions of voter preference
on policy issues of any scientific or technological consequence. Nor do they
look to elected officials in state legislatures or Congress for significant pol-
icy guidance, although that might be a reasonable expectation in a demo-
cratic society. ) )

The authors, who come from backgrounds in physical science, engineer-
ing, applied social science and history, and the scientists, engineers, busi-
nessmen and analysts concerned with managing the scientific and tech-

' nological enterprise, ‘are oriented to the executive agencies of the federal
government. Often, however, a great ambivalence exists toward established
authority, and great concern exists about the adequate representation of °.

i “the public” in policymaking. It is clear that the “notice and comment” means

of securing critical information from interested parties, technical experts
and the general public draws only tepid support from many in the scientific
and technological communities. Nor does reliance upon the court system,
for either fact-finding or dispute settlement, engender any deep allegiance
from the community of experts. )

Nevertheless, the problem remains of how to appropriaiely consult the
public ori issues where scientific and -technological considerations loom
large. Is the public represented by articulate public-interest groups, other
parties at interest, or the citizenry at large? Is it to be consulted through the
notice-and-comment procedures of administrative rule making, through
public hearings, through formal advisory bodies, or how? The irony should
not be lost. Having ignored elections and legislatures —the cen al institu-
tions of public participation in the governance of our socie
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search seriously but with limited success for acceptable substitutes. TFT
lemma is one of the deeper institutional crises of our times and impinges di-
rectly on the issues raised by science and technology.

“The second element of the problem is that elite opinion in the United
States is deeply divided on the appropriate response to a number of key pol-
icy issues affecting the scientific and technological enterprise. Whether the
issue is the cause of productivity decline, the effective means. of stimulating
innovation, the importance of maintaining a strong scientific and techiio- .
logical base or the appropriate strategies for balancing health, ‘safety and
environmental concerns against economic considerations, wide divergence
of opinion exists among academic, industrial and governmental leaders. |,
The absence of elite consensus contrasts, for example, withthe period just
after 1957 when the United States responded to the Soviet Union’s trium-
" phant initial entry into outer space. Without such consensus, clear signals
cannot be given to the scientific and technological enterprise, and popular
support for agreed-ypon policiés cannot be,generated. .

The final element ofour present difficulty is that the scientific and tech-
nplogical establishment itself is left in a vulnerable position-and one from

hich it is unable to exercise strong leaqership. The inadequacy of the insti-
tutions of popular control to provide guidance to the enterprise is a recent
problem and troubling in its own way. But deeply divergent views among
elite policy opinion leadérs are more unsettling. a

Are there rebponses to this complex challenge posed by the relentless
march of science and technology? At onwe level, it must be remembered, a
number of thoughtful men and women grapple with the day-to-day mani-
festations of the full range of policy issues raised by and affecting science
and technology. This daily hand-to-hand combat, so to speak, responds in
an important way to the challenges the society faces.

Beyond the attention given to the immediate aspects of the challenge,
However, it is necessary that the task of forging political consensus about
major national strategies for sciénce and technology receive high priority in
all quarters of the interested public. The quality of dialogue that is required
to reconcile the complexity of scientific and technological issues with the
need for elite consensus and broad public support is.high. Deepening and
enriching that dialogue should be a matter of concern to all,

Finally, it may.be the appropriate historical period to think more seri-
ously about decentralized responses to the challenges of science and tech-
nology. Both the revolutions of information and communications technol-
ogy and of molecular biology are awesome because their current or expected
applications penetraté so deeplyinto so many facets of contemporary life.
The capacity of centralized policy formulation by the federal government is
taxed perhaps beyond its limits if it attempts to respond to the full scope
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and complexity of scientific and technological change. The recombinant

DNA lesson may represent in an important way, then, dn early model of

how the scientifi¢ and technological communities and the public ought to

engage each other as they mutually strive to guide the societal response to

science and technology. . - .

These challenges to values and institutions deserve serious, sustained at-
tention by many in the years ahead, because the effects of scientific and
technological advance are sufficiently powerful to alter our lives-and pat-
terns of social, economic and political organization. If change must come,
better that it should be subjected to continuous scrutiny, discussion and
debate within the framework of democratic institutions rather than take us
unawares. :

’
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The Institutional. Climate for

~ InnoWation in Industry:

The Role of Management
Attitudes and Practices

William J. Abernathy and Richard S. Rosenbloom

»

Evidence of decline in the productivity and innovativeness of American
industry is being interpreted in various ways as government, industry and
academia struggle to comprehend a troubling phenomenon. Some analyses
point to such external factors as inflation, taxation and regulation, which
have the common efféct of increasing costs incurred by U.S. firms in rela-
‘tion to their foreign competitors. Others stress institutional factors, such as

" industry stricture and the attitudes and practices of managers.

E

. \

The institutional climate for innovation is important to the behavior of
industry. By climate we do not mean just a set of factors external to the firm
but a set of attitudes and practices observable within business. Certain basic
managerial assumptions shared widEIy within American culture shape com-
petitive strategies. Strategy, in turn, provides the link between firm and en-
vironment.! .

This paper examines a series of innovations in the consumer electronics
Jindustry to explore the strategic role of management attitudes and practices
in the management of technology.? We hope that this case study of an in--
dustry wilk,stimulate other empirical examinations of the consequences of
prevalent U.S. managerial preeepts. The recent history of the consumer
electronics industry provides a fertile ground for exploring broader issues.
Of particular intirest are the contrasts between the strategic behavior of cer-

William J. Abernathy is professor of business administration, Graduate School of Business
Administration, Harvard University, Boston, Mass. !

Richard S. Rosenbloom is David Sarnoff Professor of Business Administration, Graduate
School of Businéss Administration, Harvard University, Boston, Mass. '
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tain Japanese competitors in that industry and the behavior of the leading
U.S. firms.? Analysis of these contrasts can lead to useful insights into fun-
damental problems facing U.S. industry in the 1980s. , .

U.S. Management and Economic Decline

Speculation during the Reagan presidential transition about the possible
declaration of a national economic emergency dramatized widespread con-

cern about the health of the U.S. economy. Symptoms of fundamental.

economic difficulty have been emerging for at least a dozen years. These
include increasing rates of inflation and unemploymient and declining
balances of international trade in key industries. -

The causes of these basic problems are somplex. The relative importance -
___of contributing factors remains a matter of judgment and debate. There is

little dfsagrcement, however, that improved utilization of technology can bev

a vital part of any remedy. The “Stevenson-Wydler Technolagy Innovation
Act of-1980” finds that “industrial and techpological-innovation in the
United States may be lagging When compared to historical patterns and
other industrialized nations.” Available indicators of national trends in
technological innovation, although neither direct nor conclusive, do pro-
vide cause for concern. A recent summary of these trends, presented in an
article by one of the present authors (Abernathy) with Robert H. Hayes,*
points out that: : g )

¢ labor productivity is increasing more slowly in the United-States than
in most other industrial nations (Table 2.1);”

o -rates of productivity growth through the U.S. private sector peaked
in the mid-1960s (Table 2.2); T

¢ expenditures inindustrial research and development (R&D), as mea-
sured in constant dollars, also peaked then, in absolute terms as well
as in relation to Gross National Product (GNP) (Figures 2.1 and
2.2). L7 -

Although some have attributed these trends to economic or political fac-
tors, Hayes and Abernathy argue that the central explanation lies in the atti-
tudes and practices of U.S. managers. In, their view, success in the world
marketplace requires an organizational commitment to compete on techno-

. logical grounds, by offering superior products or superior manufacturing
processes. - o

As interpreted in “Managing Our Way To Economic Decline,” U.S.
managers, guided by what they believe are the newest and best techniques
for management, have increasingly directed their attention to matters other
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* ~Table 2.1. Growth In Labor Prod

Averége annual percent change

1 .
Manufacturin
. 1960§i378

All industries

1960-197¢
-, -
. United States 2,8% 1.7%
‘United Kingdom 2.9 2.2
* Canada 4.0 , 2.1 .
Germany § 5.4 ° .4.2
France 5.5 4.3
Italy 5.9 * 4.9
Belgium 6.9*% S —
Netherlands v 6,9% —_
Sweden 5.2 * —
Japan 8.2*% . . 7.5
*1960-1977. . . 4 /
° Source: Council on Wage and Price Stability., Report on

Productivity (Washington, D.C.:
President, July 1979).

Executive Office of the

Reprinted from Robert H. Hayes _and

William J. Abernathy, "Managing oOur Way to Economic Decline,”

Harvard Business Review, vol. 58
o

N

(July-August 1980), p. 69,

Table 2.2. Frowth of Labor Productivity by Sector, 1948-1978. = . .
I A
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Ty ow #

‘Time Sector g

Growth of labor
productivity (annual
average percent)

1948-65 1965-73/ 1973-78

-

Private business -

Mining

Construction
Manufacturing

Durable goods .
Nondurable goods
Transportation N
Communication

Trade

»  Wholesale
Retail
Finance, insurance, and real estate
Services . '
Government enterprises

> ~

(

Agriculture, forestry, andvfisherie§

Electric, gas, and sanitary services

’
s

R
BN w
Q- ONN
”

UbN
(%) (%)
P

]
= N
o

LR I N e

\\\,
]
AN\IQO\DH

wWwhhwN
G
.
-

[N
~

w
w0
’
’

!
O N WN
D
OO

1
WVWOWWOUWOOoOUNYLND
'
OCOHOODOONONH M
L I I .
SN0 N D O

oHonwbwal—'N

Source: 'Bureau of Labor Statistics,
Y Hayes and William J. Abernathy, .

. Note: Productivity data for services,
insurapce, and real estate are unpublished.
{ .

construction, financg,

[

Reprinted from Robert H.

"Managing Our: Way to Economic
Decline," Harvard Business Review, vol, 58 (July-August 1980),
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Figure 2.1. National Expenditures for Performance
of R&D as a Percentagé of GNP .
by Country, 1961-1978."
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- Figure 2.2. industrial R&D Expenditures for Basic
u Research¢ Applied Research and Development,
T ° 1960-1978 (in Millions of Dollars).
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than innovation. These techniques, despite their sophistication and wide-
spread usefulness, seem to have encouraged analytic detachment at the ex-
pense of the insight that comes from “hands on” experience. They promote
a preference for short-term cost reduction rather than long-term develop-
ment of technological competitiveness. According to Hayes and Abernathy,
by concentrating on serving existing markets rather than creating new ones,
and by excessive emphasis on short-term financial returns and “manage-

_ ment by the numbers,” many firms seem to have decided against striving for

Q
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long‘-tcrm technological superiority as a competitive weapon. They may
thus have made themselves vulnerable to competitors whose strategic thrust
leads to technoldgical superiority and market leadership.

This provocative thesis attracted widespread attention and acclaim,
which the editors of the Harvard Business Review believe may have ex-,
ceeded that of any article ever pubﬁshed in their frequently cited journal.
The seven judges for the McKinsey Award, given annually to the best article
in the Review, unapimously awarded it first prize in 1980.¢

This thesis is elaborated apd made concrete in the following case study of
innovation in the consumer electronics industry, which emphasizes certain
strategic\choices made by Japanese and U.S. firms competing in the U.S.
market. While the study suggests certain hypotheses and generalizations, it
cannot, ofscourse,. “prove” their universality. Although we view this case as
an interesting example of the strategic use of technology to gain market
leadership, we do not imply that such a'strategy is always appropriate.

A Case in Point: Consumer Electronics, 1955-1980

U.S. firms pioneered in consumer electronics technology and until the
1960s took the largest share of revenues and profits in the world’s markets.”
In 1955, U.S. output in consumer electronics was $1.5 billion; Japanese
firms produced a mere $70 thillion. Twenty-five years later the situation is
reversed, with Japanese revenues in consumer electronics more than twice
those of the U.S. manufacturers. And volume is not the only measure of
Japanese leadership. Japanese designs usually offer the highest levels of
performance. Unique features, such as the bilingual or stereo sound tracks,
are available on television receivers in Japan. Japanese firms also have an
overwhelming lead in the t exciting and lucrative new consumer product
to reach the electronics industry since the heyday of color television in the

mid-1960s: the videocassette recorder (VCR). Factory sales of VCRs, |

\)

worldwide, exceeded $3 billion in 1980, and 95 percent of those revenues ac-
crued to firms in Japan. . )

How did this startling reversal come about? More to the point,-how did
the “imitative” Japanese seize the innovative leadership in this large and im-
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portant industry? Is this an isolated circumstance or is it the forerunner of
more to come? Let us look at the history of the VCR and how a hapdful of
Japanese companies came to dominate a major world market by tracing the
history of the consumer electronics industry in the United States and Japan
since 1955, - .

In the mid-1950s, consumer products represented only one-fourth of the
output of the U.S. electronics industry; the balance consisted of industrial
and military equipment. Yet, in absolute terms, consumer electronics was a
big business, accounting for $1.5 billion in factory sales in 1955, the year of
peak sales for monoghrome television sets. Ottput of some 8 million televi-
sion sets, valued agilf! billion, provided two‘thirds of the entire consumer
electronics industry’s revenues that year. (The remainder came largely from
radios and phonographs.) But the consumer market for television was by
then nearly saturated (88 percent of all homes would have a set by 1960),
and demand leveled off in the late 1950s at about 6'milli9n sets per year — 98
percent of them black and white. Most sets were either table or console
models with screen sizes of about 20 inches measured diagonally. In a highly
competitive market, manufacturers standardized their products to gain
volume, efficiency and, hence, a lower retail price to the consumer. A few
manufacturers tried to introduce “portable” 19-inch models as second sets
but without much success. As a result, a shakeout among some 150 televi-
sion set manufacturers left only 27 in 1960. It would be another five years
before the industry experienced another boom ‘with the growth of demand
for color television.

The situation in Japan in the 19505 was quite different. Starting from a
small base, the output of the Japanese consumer electronics industry in-
creased tenfold from 1955 to 1960. Television set production amounted to
only about $30 million in 1955, slightly less than the value of radios pro-

- duced that year. But by 1960 television sets were already the dominant prod-

uct in Japan’s domestic market—59 percent of the consumer electronics
output —and 45 percent bf Japanese households had already acquired a tele-
vision set. co :
" Despite the booming demand for television at home, Japanese firms in-
vested significantly between 1955 and 1960 in opening new markets for
radio sets abroad.” The story of their 1956 “invasion” of the U.S. radio
market with all-transistor portables is well known,$ Offering a line of min-
iature” receivers haif the size and weight ‘of the smallest U.S. products,
Japanese produgers, led by Sony, developed a major new market segment
and met little U.S. competition., Annual sales of portable radios ‘in the
United States grew by a factor of seven within a few years, and Japanese jm-
ports captured two-thirds of the increase.

By 1960, then, export markets were already significant to the Japanese

)
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producers. Products valued at $150 million (87 percent of which were
radios) were shipped abrBad, representing 20 percent of the Japanese indus-
try’s output, while U.S. consumer electronics producers exported only $25
million worth, about 1 percent of their output. As a consequence, by 1960
the scale of consumer electronics production in Japan was already one-third
that of the U.S. industry and gaining fast.

The Japanese firms had not yet made inroads into the larger and poten-

/ﬁ'ally more profitable television receiver business in the United States, but

they were now ready to try. Having achieved an economic scale of produc-
tion, and possessing a large labor-cost advantage, a Japanese firm might
well hope to enter the mainstream of the monochrome television mass
market. Some tried in the second half of 1960 with 19-inch sets but without
much success; these sets, even at a low price, did not offer sufficient advan-
tages over the established U.S. brands. In 1961 the Japanese share of the
U.S. market was a negligible 0.3 percent.

One Japanese firm, rather than competing with the U.S. firms in their
areas of strength, chose a different strategy, one reminiscent of its success
with the shirt-pocket transistor radio five years earlier. The firm was Sony
Corporation, and it introduced a small, lightweight transistorized mono-
chrome receiver with a tiny 8-inch screen at the Chicago Music Show in July
1960, a year before launching it in the U.S. market. Sony was apparently
undaunted by the market failure of miniature receivers made in the United
States or by U.S. market forecasts. In 1960 the trade press was quoting in-
dustry representatives as asserting that significant numbeérs of U.S. con-
sumers would never buy sets with screens smaller than 17 inches.

But those ass‘ertio_ns were wrong. Although transistors were still expensive ’
and the “micro” television sets were a luxury item ($250 when discount
houses were selling middle-of-the-line 21-inch sets for under $150), those
little sets were unique. In an innovative approach to distribution, Sony e€s-
tablished its own sales subsidiary for the United States and sold the micro-
receivers directly to department stores and’ other large retailers. Promoted
by a highly creative advertising campaign, sales zoomed, rapidly outstrip-
ping the still small company’s ability to supply the product.

Other Japanese <ompanies soon followed Sony’s example, but the uU.S..
television industry was slow to respond. Not until late 1963 did General

Electric (G.E.) become the first company te make a set in this category, an . '

11-inch. transistorized portable. Although most of the other U.S. brands
soon filled out their lines with small-screen sets, it was usually, with
Japanese-made products., The Japanese thus established a base in small-
screen sets from which they could expand to larger models and eventually
into color. .

The numbers tell the story. U.S. imports of Japanese television sets had
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been negligible in 1960, but the success of micro-television boosted imports
to 120,000 units in 1962 and a million in 1965 — one in eight of the mono-
chrome sets sold in the United States. Eighty percent of the Japanese im-
ports had screen sizes of 12 inchesor less, representing substantially all of
the market for that segment. U.S. companies, now concentrating on the ac-
celerating defhand for color receivers, helped boost the demand for these
Japanese monochrome sets, for fully 70 percent of the Japanese imports
bore U.S. brand names.

Color Television

In the late 1960s the big story in consumer electronics was color televi-
sion. Color television first took off in the U.S. market, where demand grew
from $50 million in 1960 00 million total television receiver sales) to a
1969 level of $2 billion anhual Yactory sales, or 80 percent of all televisions
sold. Japan’s domestic dema gan in 1967 and grew rapidly until 1973.

) The Buropean color televnsx industry, unable to agree on a technical

d until 1966, did fot grow significantly until the early 1970s.

Worldw factory sdles of television receivers (monochrome and color)
totaled $6 bil 9, with the United States and Japan sharing over
three-fourths of those revenues equally. Because color television wasa U.S.
innovation, pioneered by RCA, one might have expected that the main con-
sequence of its spectacular growth would be to cement the position of U.S.
firms as leaders in the world’s television manufacturing industry. But the
Japanese firms in this industry had already pulled even with the United
States in total output—at about $2.3 billion in television sets—and were
well on the way to establishing the dominant position they now hold.
Japanese firms accomplished this feat in the 1960s by absorbing, then ex-
tending foreign technologies; developing a skilled labor force and advanced
manufacturing techniques; exploiting their robust domestic arket; and
adopting export-oriented strategies.

The industry’s technological leaders in the 1950s and 1960s had been RCA
and N. V. Philips. RCA shared its color television technology under license,
as it did all its technical achievements, with firms around the globe. This
policy generated significant income over the years for RCA, but it also facil-
itated foreign entry into the fiéld. N. V. Philips concluded an important
agreement with Matsushita in 1952, giving the.Japanese firm access to tech-
nology in semiconductors, picture tubes and other key components. Matsu- .
shita Electronics Corporation, a joint venture between Matsushita and
Philips, soon became the largest Japanese producer of these components
and a technological leader in its own right. The audiotape cassette, probably
the most significant advance in audlo magnetic recording, was invented by
Philips in the early 1960s and was soon licensed to Sony, Matsushita and

LI
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other Japanese firms who later became leaders in the consumer audio re-
cording market. i

While furthering the technological development of* their products, the
leading Japanese electronics firms also invested in improved manufacturing
processes and in maintaining a highly skilled work force; these steps, too,
proved a competitive advantage in the long run.

Japan’s large domestic.market for consumer electronics, second only to
the United States in demand, was also important in the growth of Japanese
firng\in the 1960s. Behind protective barriers that limited foreign entry, the
Japahese firms competed fiercely against each other. New technologies were
first introduced on the local market, often as important,weapons in their
competitive rivalry. Although exports were taken seriously, domestic sales
accounted for 60 percent of the revenues of the Japanese consumer elec-
tronics producers in 1969.

With exports and domestic sales combined, Japanese producers ac-
counted for nearly two-fifths of the worldwide output of consumer elec-
tronics products in 1969, in a country representing only one-quarter of
world demand. By then Matsushita, which was the largest Japanese firmin
the industry, was the equal of the industry giants—RCA and Philips —with
about $1 billion sales in consumer electronics. Moreover, the Japanese were
now taking the lead in technology; in 1968 and 1969 two of the most signifi-
cant technological innovations in color television emerged from Japan:
Sony’s Trinitron picture tube and Hitachi’s all-solid-state color receiver.

With this foundation, the Japanese were prepared in 1970 to take on a
new challenge, pioneering in technology for the next major new product in
home electronics, the home video player.

Consumer Videocassette Recorders

The videocassette recorder is an innovation of the 1970s. To understand
how it came about, however, we must again return to the 1950s. Video re-
cording, like the transistor and color television, was a U.S. innovation. The
first practical videotape recorder, which brought important changes in tele-
vision broadcasting, was introduced by Ampex Corporation in 1956. The
machine, called the Quadruplex (or Quad),® generated worldwide sales and
set the standard for broadcasting use for two decades. Although RCA
began producing videotape machines in 1959, Ampex continued to.domi-
nate the broadcasting markets and to maintain technological leadership in
the Quad family of machines. -

- In Japan, engineers of more than half a dozen electronics manufacturers
called regularly at the studios of NHK, the national television network, to
examine the Ampex Quad and pore over its equipment manuals, conferring
among themselves and with the NHK engineers. Officials of the Ministry of
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International Trade and Investment (MITI) encouraged this interest, giving
a small grant to at least one firm to develop videotape technology. Sony,
out of its own funds, immediately mobilized a team for the same purpose.
Dr. N. Kihara, who had experimented with video recording earlier in the
1950s, headed the team, under the direction of K. Iwama (later presrdent of
Sony).

The Quadruplex machine was.a massive, compléx and expensive ma-

chine, filling a large console and two equipment racks. In its monochrome
version, it sold for $50,000. The complexity was necessary to pfoduce a
signal that met the stringent requirements of broadcast aise. As early as
1955, however, Ampex engineers had experimented with an alternative ap-
proach, later called helical recording (because” early designs wrapped the
tape around the rotating cylinder along a helical path). Although the helical
recorders also used a rotating head, they were much simpler to make and
use than the Quad machines. Early helicals produced pictures that were ade-
quate in quality for the general public but utterly inadequate for the only
customers then interested in video rec,‘ordmg—the broadcasters. ;
" The Ampex developments in helx;:al technology réefnained secret until
1962, but a Japanese firm, Toshiba, ?hocked the industry in 1959 by an-
nouncing its patent for a videotape ré:corder using a helical format. It was
clear to engineers that machines built ‘'on the helical design could be made
smaller and cheaper and would thus be suitable for many uses outside of
broadcasting. Not so clear, however, was which path to follow in develop-
ing the technology, how to develop new markets for the resulting products
and how good a busmcss 1t ‘would be once products and markets were
developed.

Durmg the 1960s, firms i m the United States, Japan and Europe partici-
pated in the technical and commercial development of helical recording.
Outside Japan the leaders were Philips, which dominated European profes-
sional and broadcasting markets for video recorders and Ampex, which ex-
tended its broadcast leadership in the United States with a line of profes-
sional and industrial units. But neither Philips nor Ampex was focusing on
a consumer product at this time. Ampex had always been oriented toward
broadcast and professional markets, with’consumer products only a minor
part of its business, and Philips’s consumer divisions were not involved in
video recording at all. None of the.leading U.S. consumer electronics firms
invested significantly in video recording until after 1970.

In Japan, by contrast, eight or more companies ~including all the leadmg
consumer electronics manufacturers—launched aggressive efforts to
develop helical video recording technology. Sony and Matsyghita, among
the first to succeed in marketing a consumer product, were Consumer elec-
tronics companies whose goal, from the very beginning, had been to achieve
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a design suitable for the home market—even though they sold their first
products in other markets. In Matsushita’s labs, as early as 1959, an engi-
neer.wrote a paper recommending development targeted toward a consumer
market, complete with a technical analysis showing the feasibility, in princi-
ple, of achieving adequate levels of performance and efficiency. Even ear-
lier, at Sony, Kihara’s team first replicated the Quad machine — with knowl-
edge gleaned from the Ampex model but without aid from Ampex
engineers—in just a few months. They then set to work on the helical for-
mat, guided by a mandate from the company’s founder and chief executive,
M. Ibuka, who challenged them to build a machine that would cost 1 per-
cent as much as the Quad and could be sold to consumers.

Technical progress, viewed in retrospect, was dramatic, as Table 2.3 indi-
cates. The first Sony product (demonstrated in 1962 and placed on the mar-
ket in 1963) was one-twentieth the size and one-fifth the price of the Ampex
Quad. By 1965 Sony could market a helical machine that used a half-inch
tape (versus the more costly two-inch tape of the Quad) and sold at the price
that met Ibuka’s goal: 1 percent (in constant dollars) of the original Quad
machine. Matsushita had a comparable design, and both were shown at the
U.S. Consumer Electronics Show in 1965, prompting Ampex to proclaim its
intent to market a consumer model the next year.

Despite the fanfare, the videotape recorder of 1965 was still far from
being a consumer product. It was still monochrome when the shift to color
was already under way. It required manual threading of the tape when expe-
rience with the audiocassette-had proved that ease of loading made a big dif-
ference in consumer demand. And it still used prodigious amounts of very
expensive recording tape—even if eight times more efficiently than the
Quad format. .

Then came the videocassette. By 1970, the first-generation helical cassefte
machines, developed by Philips in Europe and by several companies in
Japan, were ready for demonstration. A worldwide public relations carnival
ensued as the press decided that the age of cartridge television in the home
had arrived. But they were wrong. Although the technical base was there, it
would take until 1975 to develop and market the first successful consumer
video player. Meanwhile, in the early 1970s, RCA, Avco, Ampex and others
sought to introduce consumer cassette recorders and failed; Sanyo, Toshiba
and Matsushita did the same. The only commercially successful products at
this stage were destined for professional and industrial use. These were the
Philips videocassette recorder, dominarit in Europe, and Sony’s U-Matic,
which set the standard for the now ubiquitous three-quarter-inch
«U-format” adopted by Matsushita and Japan Victor.

In the Sony lab, Kihara and his associates took the next logical step
beyond the U-Matic and produced the now-legendary Betamax, which was

* [




Table 2.3. Milestones in VTR Product Development. N \) . )
L} ﬁ > ' :
Date. ; Tape Price
. of Commerci®l - Tape Utdlization - (in cdnstant
* Market Model ‘Company Introduction Wwidth* (sq. ft./hour) 1967 $)
. : = —.

Broadcast VR-1000 Ampex 1956 2" 747 $ 60,000
Professional VR=-1500 Ampex 1962 o 2" 375 12,000
Industrial- PV-100 Sony . 1962 2" 212 13,000
Industrial/ ) .
Professional EL-3400 Philips 1964 1" 188 . 3,500 *
Industrial/ '
Professional Cv-2000 Sony . - 1965 1/2" 90 600
Industrial/ N .
Professional N-1500 Philips 1972 1/2" 70 1,150
Industrial/ .
Professional U-Matic Sony 1972 3/4" 70 1,100
Consumer Betamax sony 1975 1/2" 20 "' 850
Consumer VHS - Japan Victor 1976 1/2" 16 790
Consumer VR-2020 Philips 1980 1/2" 6 520 T

s [
2

*From 1972 onward, all models used cassettes instead of open reels and all used high-energy
tape. ' : - :
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rgady for commercialization by early 1974 and on the Japanese market in
mid-1975. By eliminating the guard band between recording tracks and ex-
" ploiting the limits of technology in both heads and tapes, Sony designers re-
duced the amount of tape needed to record an hour of program by 70 per-
cent. Less tape pcrmltted a smaller, less expensive cassette, which in turn
permitted a smaller recorder. s
Withintwo years, engineers at Japan Vlctor, adopting some of Sony’s in-
novations and adding variations of their own, had perfected an alternative
design. Termed VHS (Video Home System), it was.adopted,by Japan Vic-
tor’s parent firm, Matsushita, and now shares the bulk of the world market
with Sony’s Beta format.'® Matsushita announced the production of their
2-millionth VHS machine in late 1980; Sony’s sales of Betamax machines
reached 750,000 units in 1980 alone. The sole competitor to these products
is an innovative Philips design, called the VR-2020, which is also produced
under license by Grundig in Europe. Yolume manufacturmg operations for
the Philips VCRs were starting up in 1980.

The Ingredients of Success

What were the main ingredients of success in the videocassette recorder
innpvation? Why did the U.S. consumer electronics industry fail totally to
establish a manufacturing position in this field? These questions have no
simple answers. Any answers proposed at this point are open to challenge.
Despite the recency of events and the incompleteness of the record, we offer
our interpretation as a working hypothesis.

One key to understanding any innovation is to look at the technology.
Whereas Ampex’s long dominance of the broadcasting market was won by a
single brilliant development produced by a small team in a few years, the
home videocassette recorder was developed step by step over 20 years, inter-
actively, by nearly a dozen companies worldwide. Various technical ad-
vances had to be combined to produce the necessary features and level of
petformance for the consumer market —advances in magnetic materials for
recording tape and recording heads, and in microelectronic circuitry,
coupled withimaginative design of tape formats, tape-handling systems and

video circuit design. The engineers at Sony, Japan Victor and Matsushita

contributed important inventions, but their Beta and VHS machines also
contain many elements invented by Ampex, Philips and Toshiba, whose
success in the videocassette recorder business is much more limited.

The successful firms in home video, then, are not distinguished from the
rest by inventiveness. No single technical advance unlocked the door to en-
gineering and market success. The successful firms are those Whose engi-
neering efforts integrated the technologies for the home videocassette re-

corder. Several condlusions emerge from a review of their efforts. .
. ]

.
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Fll‘St in view of the large number oQJ apanese firms compctmg to develop
video recording technology, it is not surprising that the VCR innovators
were Japanese. In the early 1960s, substantial development efforts existed at
Toshiba, Matsushita, Sony, Japan Victor, Sanyo, Ikegami, Akai, Shibaden
and perhaps others. Outside of Japan, only Ampex and Philips appear to
have mounted comparable development efforts at that time.

While the Japanese electronics firms were developing video technology,
they were also investing in their manufacturing systems, nurturing employee
relations, effectively engagingthe skills of employges at all lévels, introduc-
ing innovative manufacturing processes and emphasizing quality and pro-
ductivity throughout. They did so with a view not only to current require-
ments but to constant improvement for the future. Such steps enabled the
major Japanese companies to develop production capabilities superior to
those of most U.S. and European firms.

Furthermore, many of these Japanese firms (and especially the three
ultimate leaders) were specialists in consumer products. In contrast, Ampex
focused on government and broadcast markets, and Philips was highly di-
versified. (See Table 2.4.) Development efforts at Sony, Matsushita and
Japan Victor pegan with a consumer product as an uTtimate > goal. In S‘ony S
case the goal included a clear definition of a target cost, imposing an 1mpor-
tant economic discipline on dcvelopment .

Finally, there was the element of persistence. All of the partncnpants in de-
velopment of the technology tried to commercialize a consumer product
prematurely and failed. The Betamax was, irf fack, the fowsth video recorder
generation demonstrated by Sony as a “consumer” product. In 1973, Matsu-
shita geared up an entire departmeng of 1,200 employees to produce a home
videocassette recorder that failed utterly in the market. The thrée current
leaders seem to have been able to maintain a strategic commitment that kept
development going in the face of disappointment and failure, a strategy
similar to that of the more publicized Japanese automotive industry, which
had, persisted despite initial failures with products first introduced in the
uU. S market. They remained committed to small cars, gradually improving
product performance, quality and attractiveness to U.S. consumers. These
improvements, combined with increased productivity, have glven Nissan,
Toyota and Honda a quality and production position supenor to that of
U.S. automotive manufacturers. »

The successful innovators in the home videocassette recorder turned out
to be, then, consumer electronics companies that had long pursued a global
“high-technology” strategy. Their managements foresaw consumer applica-

tions of video recording 15 years before the market could actually be *

tapped, and they persisted in their commitment te develop thg basic tech-
nology even when prematurely commercialized consumer products failed in

ou :
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. Table 2.4. Strategies of Major Consu erlElec!tonlcs Producers, 1969. . 1
— * ) . 3 \ .
Total Sales" Consumer Home
Campany (Million) Electronics Appliances Subtotal
‘ .Consumer Electronics * ) - )
\ Specialists -
- Zenith $ 677, » .90% - nil 90%
. Japan Victor 300 90 . nil 90
°-. sony . 300 ,80% . nil - 80*
; Consumer El%ctronics and ,
Appliance Specialists
. . Y4\ " ~
- ' . sanyo > $ 500 47% O 374 84%
o Matsushita _2,100 50* . . 25%* 5% .
i Diversified Majors ' ) ) ' ,
Ph1lips *'$3,600 28% 108* 38%*
RCA 3,200 . 33* nil 33*
G.E. 8,445 « 5% N.A. 20%* , '
Hitachi 2,300 20* . 28 «50% '
‘ Toshiba 2,200 20* ' 20* 41
- ‘ < .‘
*Authors' approximations. R
Sources: Coﬁ\pany annual reports; SEC filings; Japan Company Directory, ' ~
, 1972 {The Oriental Economist) . '
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the market. They had & hrghly skilled labor force and invested significantly
in advanced manufactufing processes: And they were quick to respond to
the success of others.

In contrast, the U.S. consumer electronics industry in the late 1950s and
throughout the 1960s was held captive by a different ideology. Manage-
ments respond¢d to the 1950s market saturation and shakeout by cutting
costs. One technical manager said that the standing orders from the televi-
sion division were to offer them “any new technology available, as long as it
gets cost out of the product.” Product differentiation was sought in adver-
tising ¢ 1mages > and in such attributes as styling, rather than in performance.

Furtliermore, the U.S..industry never developed markets abroad. A
senior Zenith executive (later to become the company’s chief executive of fi-
cer), told a Harvard Business School casewriter in early 1972 that “we’ve
always had our hands full with U.S. demand and we've always tended to
stick with the blggest payoff and what we knew h0w to do best. For exam-
ple an additiona}two market share points in the Los- Angeles area alone _
represents more sales volume than there is in most foreign,markets.” 1!

U.S. managers tended to rely on market research and “objective” analysis
to identify latent market opportunities, whereas firms like Sony took risks
orf novel products and set out to develop the market. For example, in 1955
G.E. had attempted, prematurely as it turged out, to develop the secongd-set
market in the United States with a small-screen monochrome television. In
June 1960 (a month before Sony unveiled its micro-television), G.E. man-
agemeng€returned to the idea and commissioned market research in which
mock-ups of sets of eight different screen sizes, wéights and prices were
shown to interviewees. - The study concluded that«¥people do not place'a
high value on portablhty of the television set,”2

Throughout the 1960s, while fxrms lik¢ Zenith, G.E. and 'RCA treated
congumer electronics ana mature busines? with few opportunities for tech-
nological leadership, Sony, Matsushita and Japan Victor did the opposite.
In radio and then in monochrome and color television, they sought toapply
advanced technology to enhance product value to the consumer. Eyen when
domestic demand was brisk, they began to build positions in export mar-
kets, starting with the largest (the United States) and aiming at a niche over- )
looked by the U.S. industry. After initial success, they broadened their hneS'
. and deeperied penetration.

" Their c‘bns:stent adherence to a high-technology strategy enabled Sony,
Matsushita and Japan Victor to take the lead in the videocassette recorder
.. mass consumér market. The technological advantage gained through this

- _sttrategy was an important mgredlent of ‘their success. For example, al-

- though U.S. firms designed and built the first miniature all-transistor radios

in the 1950s, Sony developed the first product to be successful in the mass

-
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market. ‘ﬁy ¢capturing the major share of world markets for4mall radios,
Sony and other Japanese producers gained the lead in experience thh con-
sumer applications of the transistor. Adapting tHe transistor to other . audio
and, later, video products, these ﬁrms extended their lead. Similar aggres-
sive strategies in another market segment audiotape recorders, provided
the basis for advantage in another important technology, ferrite recording
heads. " )

Although the largest U.S. firms in the industry, such as G.E. and RCA,
also had major technical resources, they were unable to bring them to bear
on consumogmarket opportunities. Some of the barriers limiting their ef-
fectiveness in using new technology were orgamzatmnal For example, one
of the earliest designs for an all-transistor miniature portable radio was de-
veloped in the mid-1950s in the corporate lab of one of the giant U.S. com-
panies. The link to the company’s own radio business was never forged, and
the circuit was licensed to a Japanese producer, who incorporated it into
products sold successfully in the United States. Later, the U.S. firm’s radio
business, in an attempt to catch up, made a photocopy of the Japanese cir-
cuit board as the basis for their own design, only to learn that they were
copying their own lab’s invention. Moreover, the low priority given-by the
principal U.S. firms to technology for consumer electronics limited their
ability to create the technological base necessary to compete in the manu fac-
ture of videocassette recorders. '

Nor did U.S. firms develop production capabllmes competitive in either
efficiency or quality; instead they moved their manufacturing facilities to
low-cost labor areas like Taiwan or Hong Kong, or they purchased foreign
products. They also failed in most cases to develop the unique manufac-
turing techniques that might have given them a cost, quality or per formance
edge. ‘

Sony, Matsushxta and Japan Victor, unlike most of their Amencan and
European competitors, were able toimplement their technological strategies
through a distinctive organizational system. +Technical and commercial
staffs at Sony and Matsushita appear to work together ef fectively, to share
information and to understand common goals. Top-level executives, includ-
ing the chief executive officers, maintained the close contact with the per-
sons developing the new technology that made it possible for their firms to
respond rapldly to developments in a constantly changing field.

In contrast, the long-established 'U.S. firms had to contend with orgam-
zational barriers between technical staffs and operating businesses, as illus-
trated by the transistor radio example above. Their top managers were pre-
occupled with other priorities and did net involve themselves deeply in VCR
technical or marketing issues. Nor did PhlllpS s management; a hint of the

\SIgnlﬁcance of these internal factors can be seen in their response to the »
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Betamax invention. Philips employs a complex and sophisticated organiza-
tional structure and resource allocation system to manage its multiple busi-
nesses in many countries around the world. While offering many advan-
tages in other respects, that complex organization may have been a real
handieap in_this innovation. 'VHS, the Japanese alternative to Betamax,
reached the Inarket only 18 months after Sony; it took Philips more than
five years to produce their response, the innovative System 2020.

Although the innovative success of Sony, Matsushita and J apan Victor
can be attributed primarily to their strategies and organizational methods,
they also benefited from their location in Japan. In all of their consumer
electronics businesses, they served a large protected domestic market that
provided the basic “bread an%bl‘ltter for cash flow and growth. Further-
more, that market was not frag ented the leading firms had large shares,
giving them a significant scale of operations. The U.S. manufacturers also
had a large, concentrated domestic market, but they lacked two things the
Japanese had from the start —access to an even larger foreign market and
protection against import competition.

The human resource base in Japan may also have provided an advantage.
Sony and others could draw on an educated, motivated and stable work
force and thus capitalize on skills built up within their companies through
the custom of lifetime employment. Because of a unique manufacturing
style that mtegrated effective, if not entirely original, methods of labor
management with Japanese cultural traits, the Japanese developed quality
and productivity levels that exceeded U.S. capabilities by as much as two to
one. -

Finally, certain basic cultural factors are evident in Japan’s national in-
dustrial ideology, which is oriented toward improved quality and efficiency,
toward worldwide marketing and toward evaluation of performance on the
basis of long-term rather than short-term results. In the context of these un-
derlying management assumptions, the Japanese approach to consumer
clectronics seems almost inevitable. In terms of the U.S. assumptions, it
makes little sense — which brings us back to our main point: at the core of
the problem of U.S. competmveness are the attitudes and practices of U.S.
managers. -

Managerial Attitudes and Practices

In recent years, the managers of U.S. industry have mcreasmgly preferred
to make choices based on abstract analysis of seemingly objective consider-
ations rather than on the insights and judgment of persons seasoned in a
business. Concern for near-term financial performamce often outweighs
long-term considerations. Together, these tendencies produce strategic be-
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havior that is largely reactive. Confronted with effective foreign competi-
tors pursuing proactive strategies, U.S. firms seem to be losing ground.

Not all U.S. firms can be characterized 'this way, of course. IBM and
Texas Instruments, for example, are firms led by managers who combine
long-term perspective with deep knowledge of current operations,'? But
these are exceptions to the rule. h

It is conventional wisdom that the “push” of new technology yields the
greatest rewards when guided by the “pult” of the market. But the paradox
of this formulation is that the market’s “invisible hand” is expressed through
transactions that are possible only after the technology is developed. Hence
the rise, in Chandler’s apt phrase, of the “visible hand” of the modern cor-
poration to guide the development of technology in anticipation of market
rewards.!*

In many U.S. firms, the methods used to do that job seem to have gotten
out of balance, as inappropriate use of common marketing concepts
thwarts the incorporation of new technology into innovative products. As
illustrated by the contrasting €xperiences of G.E. and Sony with small-
screen television, the needs expressed in the market tend to reinforce the
status quo because standard market surveys measure what the customer
knows he or she wants now. The initial market estimates for computers,
xerographic copiers, the Land camera and other major innovations, for ex-
ample, fell short by factors of thousands. Successful innovators look be-
yond expressed needs and lead the market through technologically innova-
tive products that meet latent needs. Formal market analysis is often useful
but should not dominate resource allocations to product development.

The very phrase “technology push”!* may tend to overstate technology’s
role in the successful introduction of radical innovations. When an innova-
tion captures the market by introducing tqchnologies that address latent
needs, significant efforts to educate users about its inherent possibilities
have usually been made: The successful videocassette innovators illustrate
this point; Sony’s brilliant initial advertising of the Betamax as a “time
shift” machine is a classic example.

The point is not that product development strategies should always be
geared toward latent rather than expressed consumer needs, but that man-
agement attitudes and practices geared to the quantifiable and provable, the
here and now, risk the loss of such opportunities to use technology to gain
competitive advantage. ) v

The conventional wisdom about so-called “mature indgstries” entails a
similar risk of missed opportunitiés for use of new technology. Mature mar-
kets may offer little objective evidence of readiness to accept innovative
products, and it is common wisdom for firms competing in them to direct
their main efforts to advertising, promoting or reducing the prices of estab-
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lished products. Yet attention to customer needs can reveal opportunities
for rewarding investments in technology to differentiate praducts in perfor-
mance terms. P

The assumption that competitive priorities should change systematically
along the life cycle of a product is valid, but should not be followed blindly.
The potential value of technological advances 'in products andﬁp}ép}cesses
does not decrease simply because known customer needs have. béén met.
While U.S. managers in the television industry were focusing on volume ex-
pansion and cost reduction when growth leveled off,-Japanese firms like
Sony continued to study latent consumer needs and to introduce major
product improvements. Management approaches that operate according to
stages in the life cycle create major competitive handicaps if they discourage
continuing innovation to meet underlying customer needs.

The biases in management concepts that favor analytic rather than expe-
riential evidence and short-term rather than long-term results are reinforced
by parallel tendencies in today’s systems of financial control. Three trenids
have shaped current U.S. practice: (1) increasing diversification of the
businesses engaged in by a single firm; (2) consequent decentralization of
operations to semiautonomous “profit centers”; reinforced by (3) the-emer-
gence of “scientific” theories of corporate finance.

Since the 1950s, a penchant for diversification has led U.S. firms farther
away from their core technologies and markets than it has their counter-
parts in Europe or Japan. Managers in the United States appear to have an
inordinate faith in the portfolio law of large numbers, which holds that to
amass enough product lines, technologies and businesses is to cushion
against the random setbacks of life. This may be true for portfolios of
stocks and bonds, where considerable evidence shows that setbacks.aye ran-

"dom, but businesses are subject to both random setbacks and carefully or-

chestrated attacks by competitors. Thomas J. Petérs, of McKinsey and
Company, in discussing 10 well-managed and successful U.S. companies,
notes that all are exceptions o this tendéncy; each, he says, “is a hands-on
operator, not a holding company or a conglomerate.” Moreover, he argues,
“these eompanies have achieved unusual success by sticking to what each
knows best,” resisting the temptation to move into new businesses that look
attractive but require corporate skills they do not have.!$

The more general trend toward diversification has reinforced and been re-
inforced by application of modern theories of financial portfolio manage-
ment. These principles have increasingly been applied to the creation and
management.of corporate portfolios, or clusters of companies and product
lines assembled through various modes of diversification under a single cor-
porate umbrella. When applied by a remote group of dispassionate experts
primarily concerned with finance and contrbl, who lack hands-on experi-

-

w




ERIC -

Aruitoxt provided by Eic:

- :

48 William J. Abernathy and Richard S. Rosenbloom
L]

ence, the mecliani_cs of portfolio analysis and related resource allocation

push managers even further toward an extreme of caution.

The top managers of highly diversified firms necessarily find themselves
unable to relate their own experiences to the vital issues of their operatjng
businesses. Since most of these firms use decentralized organizational struc-
tures, the man‘ager of each profit center can be held primarily accountable
for results. But.how does the top manager judge the operating manager’s
strategic expenditures if they are risky and unlikely to produee near-term
results?

Tendencies toward the near term; and toward quantifiable results,
produce a situation in which many U.S. managers — éspecially in mature in-
dustries—are reluctant to invest heavily in the development of new manu-
facturing processes or creative work force policies. By ignoring the competi-
tive advantage of the latter, as in the case of the automotive industry, they
adopted homogenous labor relations as dictated by industry unions. ‘This
shortsighted action has limited the scope of competitive maneuvers and left
the field of work force productivity to foreign competitors. And many U.S.
managers assume that essential advances in process technology can b¢ more
easily accomplished through equipment purchase than through in-house
equipment design and development. This assumption is less widely shared
abroad. .

Although managers overseas often seek to increase market share through |
internal development of advanced process technology, even when their sup-
pliers are highly responsive to technological advances, managers in the
United States often restrict investments in process development to those
items likely to reduce costs in the short run. This diminishes the opportunity
for competitive differentiation. Even if companies develop significant new
products through aggressive R&D, to the extent that they use established
process technology, they reduce their competitors’ lead time for introducing
similar products. Not only can investing in the development of process tech-
nology make products more profitable, when it yields a proprietary process
it can serve-as a formidable competitive weapon. Indeed, the barrier to
entry into videocassette recorder manufacture by U.S. firms is their lack of
process know-how. The product technology is open to all; the real secret lies
in the Japanese factories.

In sum, we find that certain “modern” strategic concepts, analytic
methods and organizational practices discourage the kind of long-term per-
spective and risk taking necessary to sustain a high level of technological in-
novation. We may wonder why the negative consequences of these attitudes
and practices have become evident only in recent years. A confluence of
trends at work over several decades has resulted, we believe, in a significanf
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shift in balance. Paralleling the trends toward corporate diversification, |
decentralization and use of new concepts of financial management is the .
growing acceptanee of a certain concept of the “successful manager.” |

There is widespread belief in both the business community and academla"* ‘ -
in a concept of the professional manager as a “pseudo-professional”—an in-
dividual with no special expertise in a particular industry or technology .
who, nevertheless, can step into and successfully run an unfamiliar com-
pany thfough strict application of financial controls, strategic concepts and
market @nalysis. Although we do not believe that major competitive choices
can be made without, caréﬁl attention to basic marketing and financial is-

‘ sues, we fear that apparently sophisticated analysis of these factors can
mask a shallow understanding of customers and a shortsighted view of fi-
nancial objectives. Moreover, no matter how well these considerations are
understood, they are inadgguate without a complcmentary understanding
of the technological issues. =

It is a rare individual who commands the necessary depth of understand-
ing in each of the major facets of business strategy: markets, finances and
technologies. Good organizational design ensures that the operations of the
firm are rooted in specialized units able to concentrate on one of these di-
mensions. But as top management must blend the specxallzed knowledge,
experience and insight of each unit into an integrated, coherent whole in
order to make strategic decisions for the entire company, the training and .
outlook of these infegrators at the top of the managerial pyramid are di-
rectly relevant. If these individuals are interested in but one or two aspects
of the total competitive picture, if their training includes a narrow exposure
to the range of functional specialties, they may be unable to implement the .
necessary integration. .

There have been substantial changes over the last two decades in the
training and.experience that top executives bring to their jobs. Companies
have been placing greater value on education and less on experience. The
nation’s business scools have pfoduced increasing numbers of M.B.A.s
armed with knowledge of the latest concepts and faith in their efficacy. No
longer does the typical career provide future top executives with intimate
hands-on knowledge of the company’s technologies, customers and sup-
pliers. Since the mid-1950s, the percentage of new company presidents
whose primary interests and expertise lie in the financial and legal areas
rather than in production has substantially increased.!” In addition, many
U.S. companies continue to fill new top management posts from outside
their ranks. In the opinion of foreign observers, accustomed to long-term
careers in the same company or division, “high-level American executives
seém to come and go and switch around as if playing a game of musical
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_chairs at an Alice in Wonderland tea party.”'® In Japan, by contrast, execu-
tives spend a lifetime in one firm where, increasingly, it is the technical man
who becomes the chief executive officer. '

Trends in management attitudes toward technology and innovation offer
another explanation of the emergence in the 1970s of changes in perfor-
mance. World War II gave great impetus to technology-based innovation
and growth in industry. Belief in science and technology was sometimes car-
ried to extremes, as symbolized by lavishly funded corporate research cen-
ters established in country-club settings. As this impetus faded, in the 1960s,
managers shifted emphasis toward incremental improvements and effi-
ciency gains, a tendency that has been carried to extremes in the 1970s.

Some of these trends have run their course and even been reversed. Since
1976, the expenditure of industry funds (as distinct from government funds)
on R&D has risen faster than inflation. Pace-setting companies like G.E.
and du Pont are reemphasizing technology and innovation. Significantly,
John Welch, G.E.’s new chief executive, and Edward Jefferson, the ‘new
chairman at du Pont, are Ph.D. chemists with experience in important in-
novations within their companies. .

Although these are straws in the wind, they suggest that fundamental and
widespread changes in prevailing attitutles apd practices are possible in the
1980s. .

»

-

Conclusion

The fault, dear Brutus, is not in our stars, But in ourselves.
— Shakespeare, Julius Caesar, act 1, scene 2

How can the institutional climate in the United States be made more
favorable for industrial innovation? If our analysis of the declining compe-
titive position of the United States is valid, fundamental changes in the atti-
tudes and practices of management are needed to reverse—or halt — this
decline. We view these changes as a return to values once well established in
U.S. industry —the ability to think toward the future, the willingness to in-
novate and to take bold risks in developing new technologies, new markets
and highly productive manufacturing systems. But we also believe that these
changes may require the adoption of new, creative policies toward labor re-
lations and toward cooperation with government and universities.

Among the attitudes hindering U.S. competitiveness has been the ten-
dency to neglect pr'oduct and process technology as a competitive weapon.
Senior managers who are inadequately informed alout their industry and
the nature and interactions of its parts suppliers, workers and customers, of -
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who have little incentive to consider the long-term implications of their own
decisions, are more likely to display this tendency. Tight financial controls
with Short-terni emphasis will also bias managers toward choosing the less
innovative, less technologically aggressive alternative. Attitudes that pre-
clude creative work force policies are all too common. TFhe character of
competition also plays a role. Recent Japanese success in the automobile
and consumer electronics industries is partly the result of longstanding tech-
nological and market rivalry among several strong firms; others have been
quick to match a successful innovator’s formula, The key question is, then,
how these tendencies can be changed to foster competition, encourage long-
term development of basic technologies, stimulate the often risky commer-

cialization of the results of successful technical efforts and maximize work

force effectiveness.

Government policies affect industry both directly and indirectly. Policies-

and programs that have an important impact on industrial innovation — tax
structure, monetary policy, regulation, patent policy and aspects of na-

tional science policy —have become primary considerations. These broad ~

policies may nurture the scientific and engineering professions and the econ-
omy in general, but they fail to provide sufficient conditions for realization
of the potential for industrial innovation. \

The government may also try to create incentives for long-term research
and development, to cushion the risks of innovation and to encourage com-
petition. But the correct approach is as yet unclear, because the linkages be-
tween advances in science and technology and such economic outcomes as
productivity and innovagion are not well understood. Government agencies
canreduce the financial riske of investment in advanced technology, as they
have in the past, by serving as customers for innovative products. There are
other areas of potential influence: the Carter administration’s Domestic
Policy Review of Wdustrial Innovation recompmended changes in the tax
tredtment of technology, but these were never endorsed by President
Carter. Nor is the impact of the Federal Trade Commission and Justice De-
partment always clear; in many cases their rules may in fact thwart innova-
tion. In the U.S. constimer electronics industry in 1955, for example, the
companies involved met most economic tests for a vital industry free of
monopoly and barriers to entry, yet innovations failed to. emerge.

Universities can facilitate long-term development of new technologies by
continuing to explore ways of structuring relationships with industry,
History suggests that industries with healthy links to first-quality academic
work are more robust. The U.S. semiconductor industry and German chem-
ical industries are cases in point. In certain frontier areas of engineer-
ing—robots or computer-aided design—U.S. ifl%l{tr/ial firms are already
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collaborating with university laboratories, by supplying money and assign-
ing technical personnel to work on the programs. Complementary programs
in which university personnel have access to state-of-the-art equipment and
techniques within industrial laboratories may also prove mutually benefi-
cial. F. Kdrl Willenbrock, Dean of the School of Engineering and Applied
Sciences, Southern Methodist University, has suggested the possible devﬁ
opment of engineering analogs to the medical profession’s teaching hospi-
tals, where practice and educationcoexist.'? In the field of science, interest-
ing new approaches include the 12-year program of biomedical research
sponsored by Monsanto at Harvard Medical School and the 10~year pro-
gram of research on combustion processes sponsored by Exxon at the Mas-
sachusetts Institute of Technology. Universities, by their nature, have ad-
vantages in continuity of personnel and long-term perspective; industry brings
not only resources but yvital information about relevant practical needs.
Management faculties might also reflect on some unintended conse-
quences of current methods of management°educatjon. Many of the dys-
functional attitudes and practices discussed here are clearly related to what
is taught in financial analysis, marketing, planning and related fields.-Re-
search designed to clarify the relationships between technological advances
and economic butcomes would also be a valuable university contribution.
As essential as cooperation between industry, government and univer-
sities may be, opportunities fo(r“lt are severely limited by the nature and
complexity of U.S. business. We believe that the primary agents of change
must be industry’s top managers themselves. They provide the real leverage,
for senior executives make the most significant decisions. If they are well in-,
formed, experienced and committed to excellence and innovation, ”“X’ can
effect the changes that will creatively tap this country’s human and natural
resources and put U.S. industry back into the competitive position it once
held throughout the world.
¢
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Notes i Coe

1. This idea is developed in “;I‘echnological Innovation in Firms and Industries:  *
An Assessment of the State of the Art,” by Richard S. Rosenbloom, in P. Kelly and
M. Kranzberg, eds., Technological, Innovation: A Critical Review of Current
Knowledge (San Francisco: San Francisco Press, 1978).

2. The contributions of several colleagues who helped shape this paper are grate- *
fully acknowledged, including the work of Karen J. Fregzé in assisting¥its develop-
ment. : *

3. The contrasts noted in this example should not be extrapolated to Japanest and
s U.S. industry generally. There is some evidence to suggest that the particufdr

~

~
i

ERIC

,




-

The Institutional Climate for Innovation in Industry 53
’ ¥

Japanese firms examined here are not typical of industry in Japan.

4.. Public Law 96-480. .

5. Robert H. Hayes and William J. Abernathy, “Ma ing Our Way to Economic
Decline,” Harvard Business Review, vol. 58 (July-Augi% 1980).

6. The judges included four chief executives of business, two professors {neither '
from Harvard) and one government official. The editors are unable to recall a prevx-
ous case where the vote was unanimous. -

7. Consumer electronics is a durable goods manufacturing industry whose princi-
pal products are television receivers, radios, phonographs and audio and video tape
recorders.

8. For an interesting summary and interpretation, see George R. White and

" Margaret B. W. Graham, “How to Spot a Technological Winner,” Harvard Business

" Review, vol. 56 {March-April 1978). The transistor, invented at Bell Laboratories in

the United States, was the invention that opened the door to the creation of the semi-

conductor industry in which U.S. firms have had leading positions. But the applica-

tion of the transistor to consumer products is a field in which Fapanese firms pio-
neered. .

- 9. The name derives from the use of four magnetic recording heads, located on
the edges of a rapidly rotating drum in contact with a tape that moves laterally past
the drum.

10. Japan Victor is quick to point out that the development of the VHS was
launched well before they became aware of the Betamax and was an independent in-
vention.

11. Zenith Radio Corporauon Harvard Business School case study, 9-674-095,
1974.

12. G.E. subsequently introduced a model with a 19-inch screen at a low retail
pnce Interestingly, the research had shown the “most preferred” mock-up to be one
“with a 10-inch screen with J8-pound weight, priced at $259 if transistorized or $129
in a tube version —not unlike Sony’s successful design. Source: General Electric
Radio and Television Division, Harvard Business School cage study, 9-513-082,
1967. -

13. An interesting characterization of U.S. best- managed companies is given by
Thomas J. Peters in “Putting Excellence into Management,” Business Week (21 July
1980), pp. 196-205. Peters analyzes the ingredients of successful management in 10
well-run companies, including the 2 mentioned here.

14. Alfred D. Chandler, The Visible Hand: The Managerial Revolution in

~American Business (Cambndge Harvard University Press, 1977).
15. The shortcomings of “technology-push” strategies in the public sector have
t‘ also been noted. William J. Abernathy and Balaji S. Chakravarthy argue, in
“Government Intervention and Innovation in Industry: A Policy Framework,” Sloan
Managemenl Review (December 1979, pp. 5-17), that government attempts to inno-
vaté through technology push alone have usually failed. Complementary efforts at

“technology pull" through intetvention in products and markets seem to have been
associated with most successful cases.

16. Peters, “Putting Excellence into Management.” .
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17. See Exhibit V1l in Hayes and Abernathy, “Mahaging Our Way to Economic
Detline.” -

- 18.. Not all U.S. companies fit this description. Some well-known companies that
emphasize promotipn from within—for example, IBM, 3M, Texas Instruments or
Citicorp—are also Well known for risk taking and innovative success.

19. “EngineeringXthe Neglected Ingredient,” remarks at the Science Policy
Seminar, George Washington University, 9 December 1980.
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S Modern Information and
Communications Technology:
Opportunities and Constraints

=

Donald J. Hillman

' The Growth of Information
and Communications Technology

The growth of sophisticated information processing systems, accom-
panied by huge advances in telecommunications capabilities, constitutes an
information revolution that raises significant new issues for policymakers.
This paper analyzes the historical and recent developments in data process-
ing and telecommunications, the impact these advances are havmg on society
and the associated policy issues that need to be addressed.

Historical PerSpective

A significant aspect of the growth of information and communications
technologies is that the two technologies are merging. To gain a better un-
derstanding of this phenomenon, it may be helpful to examine three cate-
gories that make up the information industry, for it is their interaction that
forms the most powerful information processing and communications
systems. . N

The functiona! categories of importance are:

»

o information and data processing technologies;
¢ -word processing technologies;
¢ communications technologies. &

)

Donald J. Hillman is dlrcc ¢, Center for Information and Computer Science, Lehigh Univer-
sity, Bethiehem, Pa. Z
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Information and Data Processing. Information and data processing tech-
“nologies are primarily associated with computers. Advances in computer
performance have been spéctacular, in both the variety and the number of
different applications, Advances in miniaturization have reduced com-
puting costs substantially, thereby expanding t,se number .of users and
enlarging possible applications: Two basic architectural features of com-
puters are involved in this rapid progress. The first of these is a hierarchy of
memories. Memories range from slow, high-capacity peripheral devices
(such as magnetic tapes and disks) to fast, limited-capacity central memo-
ries (such as magnetic cores or semiconductors) to high-speed regis'ters.
The second feature is the central processing unit, which contains the
arithmetic/logic unit and a control unit. The arithmetic/logic unit
manipulates the high-speed registers according to logical operations. The
control unit is responsible for examining the programmer’s instructions and
for controlling the actions of the memories and the arithmetic/logic unit to
perform the necessary operations. Instructions and data are both stored in
the same memory. In the future are fundamental architectural changes in
computer design, which promise to increase performance significantly.
Word Processing Technology. Word processing manipulates text without
regard to.message Or semantic content. Text ¢diting, while closely identified
with wotd processing, is used to align the formats of large multipage
documents and reports and to handle routine office correspondence. Word
processing was applied initially to manual office functions, and it affected
primarily secretarial and clerical workers. There is growing evidence,
however, that word pracessing is beginning to make an impact on office
operations in general, and that'when linked with data‘processing, the com-
bination will substantially alter future management styles. [
Communications Technology. The telephone has been transformed from
a signal transport device into a message processor capable of. conference
calling, call forwarding, automatic dialing, automatic redialing of busy
numbers and last number redialing. Digital data networks have greatly in-
creased access to on-line information retrieval systems and facilitated the
transmission of large amounts of information between dispersed points,
Facsimile transmission is widespread. Optical fibers’ can carry more
simultaneous messages than conventional cable. Cable television has enor-
mous potential for home information services, and videodisks and
videocassette recordets could have a substantial impact on education as well
as home entertainment. The publishing industry is ‘being changed by the
transmission of news and literature via telecommunications and broad-

casting systems. Communications sateljites provide the means for inexpen-

sive, reliable and real-time information transfer on a global scale.

>
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Recent Developments . . .

It is the interap¢tions among the functions of data processing, word pro-
cessing and co munications that reflect the real potential for advancement.
Traditional distinctions between telephone utilities, newspaper and book
publishing, banking and postal services are becoming’ blurred, and these
blurred distinctions have generated important policy problcms for both
government and private enterprise.

In part, the issues have arisen because the electronic storage, man?pula—
tion, retrieval and transmission of information are available at costs com-
petitive with paper. Several key examples illustrate the rapid development
that has occurred in information technology in recent years.

* The cost of computer main memory has been declining 26 percent
per year since 1965 and is expected to continue to do so through the
Y- 1980s. . : -

¢ There is now a full range of commercially available storage technolo-
. - gies that permit access times as low as a billionth of a second for the
small, high-speed storage used to process information. -

.

. The new videodisks can store as many as 10 billion bxts of inferma-
tion on a disk the size of an ordinary phonograph record.

¢ The performance of central processors has increased at a rate of 55
_percent per year since they first were introduted (see Figure 3.1),
while costs have declined by‘about 20 percent per year (see Figure
3.2). T,

¢ Circuit density is increasing dramancally, pamcularly in very large-

, scale integrated (VLSI) circuits, “Integrated Cll‘CUltS now contain
100,000 active ¢ ¢omponents; some estimates place thé number at 10°
by 1995.1

e Word proccssing devices are acquiring communications features that
provide electromc mail functlons as well as access tog outside
databasy, L. ) ) .

¢ Data processing, combined with word processing, provides a variety
of information handling; storagc and retrieval capabilities within
*  onesystem. . -,

o The use of mxcroprocessors in a number of office devices ~from dic-
tauon-equlpmcnt to photocopiérs — has reduced equipment size and

i R cnhanccd operatlons slgnlflcantly'
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Figure 3.1. Relative Computer Processor Performance. .
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¢ In the last 15 years, channel capacity of a single communications
satellite has increased by a factor of 50, and the cost per circuit year
has decreased by a factor of 45.2

O;Packet-swnchmg has become an alternanve to time- dmsmn and
circuit-switched networks. - h

# Some new services combine satellite, microwave and cable technolo-
gies for long-distance voice, data and video transmission. ¢

Impact of Information Technology

The 1mphcatlons of these new tools are’significant. Within the office, tra-
ditional operations are bemg altered as mid- -level managers and technicians -
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“Figure 3.2. Relative Computer Processor Price.
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employ minicomputer\s to monitor work routines. Writers and editors en-
hance their efficiency through the direct entry of data to word processors.
Portable termmals enable employees to'work from their homes. Line man-
agers can receive _timely information from a vancty of distant sources,
thereby improving the decisiop-making process. In some cases, the,choice
of technologies — for example, large central ‘processing unit versus distributed
minicomputers — will substantially affect the way .an enterprise functions.
New information handling methods are affecting the commercial world
in a number of ways, as in electronic banking and consumer purchasing via
remote terminals. Mulfinational corporations operate more-efficiently in
the international ‘marketplace through the use of communications technol-
ogy linked to information processing. o
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Computer technology is entering the home as well. Microprocessors im-
bedded in a variety of devices control temperatures or turn on the oven. In-
novative broadcasting and on-line services provide new forms of entertain-
ment. Many home computers enable a user to balance a checkbook, play
video games or take advantage of home education.-

‘The revolution has brought us to the.dawn of a so-called Information
Age, whose implications.for society are both-disturbing and exciting.

t

The Rise of the Information Age

The role of information has increased with the growth of the new technol-
ogy. The information industry is now the most rapidly increasing segment
of the economy. The uses of information technology in all aspects of our
lives have accelerated to the point where the 1980s can be called the Infor-
mation Age. In recent years policymakers have turnéd more attention to is-
sues related to information. Yet, despite the findings of numerous reports
and studies, substantial issues remain unresolved.

In 1977, Porat® estimated that about 46 percent of the U.S. work force
was employed in the information industry. This means that more people in
the United States are employed in manipulating information than in manu-
facturing products, providing services or growing food. The Information -
Age is thub an “era in which the exchange of information will be as critical a
function of economic organization as the production of goods.™ )

One consequence of this transformation is that information is now being
valued as a critical resource in the same sefise as is labor or capital. Informa-
tion is different in that it conserves other resources through better o
decisions,® and it often is enhanced rather than depleted through use. At-
tempts have been made to treat information as a utility and to describe

J__j mechanisms for regulating it.¢ Another approach treats information as a
mixture of purely public and private goods, with price reflecting an alloca-
tion mechanism rather than a cost-recovery device.” Common to all of these
approaches is the goal of §gising private and public productivity through
improved information-handling methods.

The emergence of information as a tangible resource has stimulated a vig-
orous debate concerning its development. Do we need a national policy to
manage our information resources? Is it possible to have a single national
policy when information transcends so many activities and areas of govern-
ment? While the recognition of the information economy is relatively re-*
cent, these questions have stirred debate ip the United States fé)r more than
20 years. ) '

Numerous reports haveaddressed the issue of scientific and technical in-
formation collection and dissemination. Beginning with the so-called Baker

-
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Report,* which recommended the 1958 formation of the Office of Science
Information Service within the National Science Foundation, the role of in-
formation in research and development began to assume a more prominent
position in the context of urgent national goals. In 1963 the reports of
Wiesner’ and Weinberg'? promulgated the view that government was re-
sponsnble for :disseminating research results and for maintaining an ade-
quate communications system to promote the commercial applications of
those results. Another influential report, the report of the Committee on
Scientific and Technical Communication (SATCOM),“ recommended the
participation of private organizations in the nation’s information programs
and suggested government support for scientific and technical societies.

In 1972, the “Greenberger Report”*? expounded a global view of govern- -

ment responsibilities for information dissemination ‘in research, education
and private sector activities. Very much in the spirit of the times, the report
championed the gavernment’s role in ensuring that the country’s infor-
mation resources were fully utilized for the public good. The report also rec-
ognized that centralization of the effort was nQt a necessity, and-that the
various public and private orgamzauons “engaged in producing and dis-
seminating information were performing adequately, if not opumalty
Much progress has been made toward the goal expressed in these reports;

the creation of a’‘communication system for the free flow of scientifi ¢ and
techpical mformaﬂon\Many observers, nevertheless, sbelieve that these
ovcrall‘ objectives have not yet been reached, partly because the constitu-
ency of users waries significantly, as scientific and technical.information
concerns merge with broader information policy questions. Throughout re-

cent years, therefore, there has been a steady trend toward broadening the -

scope of policymaking for information, as seen in the formation,of the U.S.
National Commission on Libraries and Informauon Science’ (1975), the:

- US. Dorfiestic Couneil, Committee ori the nght to Privacy (1976) angd the
U.S. ConNpnission on Federal Paperwork (1977).

Despite these efforts, the tensions continue among various players i in the
feeral govdrnment, and beiween the public and private sectors. The ab-
sence of cleat guidelines and policies regarding information is keenly felt. It
can be argued, for example, that the government should ensure the wide-
spread dissemination of socially useful information at the Jowest possible
cost; on the other hand, some say that the private sector has the more effi-
cient means for doing this. The issue often centers on the definition of un-
fair compelmon especially with respect to thé government s funding,of in:
formation services.

A madjor reason for the conflict in the development of mformatron poli-
cies is the absence of a suitable mechanism. for resolving the issues. No.dis-
tm‘ct ‘roles for the public and private sectors have emerged and there is no

-
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agréement on planning and I¢adership. The decision-making process within
the.federal goyernment concerning these questions is accordingly frag-
mented and disorganized. In response to this situation, there have”been
many proposals for new national structures to plan and coordinaterinfor-
metion activities. Some have suggested that responsibility for the formula-
tion of communications, afﬁg information policy be centralized, either in a
specific department or in-the Exetutive Office of the President, although
others comén_d that improved coordination efforts, together with a recogni-

tion.that information jssnes pla'y a large part in national policies, are suffi- -

cient tQ rationalize the decision-making process. L.

Both the private and the public sectors ar¢ deeply involved in generating
and using information to manage a society that is increasingly dependent on
problem-solving knowledge for a wide diversity of purposes'and needs.
Clearly, 'we need to fotus more atfention on ensuting caoperation both
within the government and between the public and private sectors. This is-
sue must be treated as a high priority q jon as the nation and the world
grow ingreasingly dependent on the availability of information to provide
answers to natiopal and intefnational problers.

.
-

P

)
.

Policy Questions of the Information Age

The Information Age has been evolving over a period of at least 20 years,
as an economy based on industrial production adapts fo one based on the
transfer of information. The sheer speed of change is as significant as the
changes themselves. The new issues created by the new technology af fect'all
segments gf society and include a broad qénge of problems, ranging from
productivity to privacy to contrél of information production and man-
power reguirements.

-

Structure of the Telecomitunications and
Information Industries )

- o

Telecommunications and data processing are merging as a result of the
evblution+of both technologies and the pressures caused by economic
change. The blending of these two economic sectors into the critical compo-
nept of the information industy is equally.dependent on the ability of the
technology to support this merger and the economic —and sometimes
social — pressures for it. - \

The heart of thg gelgcommunicgtions network is now a colnputef—an
electronic switch? At the sante time, the usefulness of data processing facili-
ties and services is a function of their accessibility through the telecommuni-
catjons net. The growth markets for telecdnrmunicdtions and data process-

. .
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ing exist in merged services, such as electronic message systems, electronic
funds transfers and other transaction-oriented .offerings. ,
Telecommunications and data processing borrow techniques from each
other to mcrease the capacity and availability of existing services. Comple-
menting these needs, however, are pressures for new services which could

, bring about increased q(ﬁcnency and effectiveness. This second set of moti-

vations is now the primary engine of change. While the reasons for viewing
teJecommumcatlons and data processing separately appear to be fading, it is
* not Clear that the two industries will be treated as ong in policy and legal
terms — at least for the foreseeable future. Unresolved policy choices con-
cern regulation, competition and the assured delivery of services. .

Regulatory strategy and requirements for the telecommunications indus-
“tey are relaxing, but transmission services will remain regulated to a consid-
erable degree, due to several factors. First, the industry is dominated by a
corporation of unparalleled size—a circumstance that will not change
quickly. Second, the technology employs an increasingly 'valuable and
scarce resource, that is, the electromagnetic spectrum. Third, the industry
must operate in conformity with certain powerful social and political poli-
cies, such as requirements for the universal availability of service.

A variety of other services will, however, be at least partly deregulated, as
a result of Federal Communications Commission decisions, congressional
legislation and state public utility commission actions. This process will af-

fect the so-called enhanced telecommunications services, for example, and,

more participants will be able to enter the market. The challenge for policy-
makers will be to ensure that the transition is as fair and minimally disrup-
tive as possible and to support continued technological advancement, rather
than restrict it through burdensome rpgulatxons Critical choices will emerge
at the points where three distinct portions of the market meet: the
unregulated data processing and information industries, the ngwly deregu-
lated enhanced communications services, and the less (but ptill consid-
erably) regulated transmission services. A key question will bejthat of how
to draw the regulatory line between basic transmission services and en-
hanced offerings. -

Information Overload

In the past, the information explosion was largely paper-oriented; today,
the new technology is creating huge quantities of computer-readable mate-
rial. The sheer amoupt of computer-readable data compounds the tradi-
tional problem of sifting useful information from a base of material that is
uneven in quality. Reductions in the cost of storing, processing a!nd retriev-
ing'i'nformation have only added to this dilemma. The result is that decision

~ » .
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makers are often faced with the increasingly difficult task of selecting -,
critical information from mountains of data.

‘A case can be made that technology can rationalize the information trans-
fer process, thereby easing information overload. On-linesearching, for ex-
ample, provides improved methods for sorting and selecting needed infor-
. mation from large amounts of data. Systems using computer-based selective

dissemination of information, which also highlight materials most closely
reflecting @ user’s interests, eliminate the need to sift through endless com-
puter printouts or printed documents. There is little doubt that as new tech-
niques for data entry emerge—such as direct voice to computer—the
amount of data gathered in computer-readable form will* continue to in-
crease at a dramatic rate. It is hoped that the technology can also provide
the techniques to organize and display information more effectively,sothat - -
informed decision making will be enhanced rather than diminshed.

Privacy

The Federal Privacy Protection Commission carefully empbhasized in its
1977 report that information privggy involves more than the traditional i
concepts of confidentiality imply. Personal privacy in this information so- /
ciety calls for fair practices in maintaining and using informatjon, as well as

#* rectrictions on how organizations collect information. The driving force be-
hind the concern for privacy is a desire to protect, not only the information
about human beings, but also their autonomy and individuality. Contrib-
uting to this situation is the drastic reductign in costs for storing informa- .
tion in computers. As offices become highly automated, electronic mail and
message systems increase and personal computers prQliferate, the potential
for abusing the confidentiality of information grows. Issues of persondl
privacy reflect another area where policymakers must*address the adequacy
« of existing legal and institutional frameworks to cope with rapid technologi-
cal advances. . -

. s

Information Resource Management

There is a growing awareness that information transfer activities play a
critical role in the effective internal management of both public and private
sector organizations. As a result, information is increasingly viewed as an
important-resource to be carefully developed and utilized. In the United
States no céntral authority controls the establishment or maintenance of in-
formation systems on a national basis. Recent efforts have been made, how-
éver, to coordinate government paperwork activities to reduce redundant °
collection activities and to increase the sharing of information.

Attention péid to this issue in recent years has grown as the number of
databases increases (for example, there were 528 computer-readable, pub-- -
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licly available, bibliggraphic databases in 1979'3), the variety of vendors
offering informatiof service expands and the methods for transferring in-
formauon proliferate. This situation calls for effective coordination and
management of all aspects of information gathering, processing, and dis-
semination activities within an organiZation to ensure optimal use of
data resources. ot -

This changing environment raises a number of policy questions, among
thern that of better defining the federal government’s rple in providing pub-
lic information, in order to prevent conflict and competition between the
government and the pnvatc sector. Other issues include improving access to
vital information, increasing coordination of government information col-
lection and dissemination actlvmes and designing appropriate management
tools and phllosophles )Ulmprove information resource management.

Informatxon Technology and Education

As the information economy permeates society, there is a growing need
for professionals in engineering, programming and systems analysis beyond
the number currently graduating from universities. Many observers believe
that our.educational institutions themselves should emphasize mathematics
and science as preparation for careers in a variety of technological indus-
tries. Others contend that the federal government should provnde increased
funding tb foster programs of this kind.

Information technology in education is also receiving renewed attention.
Recent advances in miniaturization and telecommunications networks have
openefdl up new ways of assisting students in a wide array of ledrning envi-
ro, nts. They can optimize educational resources that may be geographi-
cally dispersed and offer new flexibility in individualized course work.
Perhaps most importantly, computer and communications systems will help
students to acquire skills for using these technologies throughout their lives
and enhance their understanding of modern technologies in general. As the
information society becomes more pervasive, the ability to employ
automated systems for everything from commercial transactions to home
entertainment will become increasingly important.

Abvailability of International Telecommunications and
Information Resources

The growth of large-scale computer systems and telecommunications net-
works makes information available all over the world. As the globe contin-
ues to shrink, domestic and international activities and policies merge. The
United States continues to be the leader in the field of information technol-
ogy but is faced with an increasing challenge from its major trading part-
ners.

w - Y
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Of particular concern are some nations’ attempts to control the flow of
information across their borders. The United States has traditionally sup-

. ported thg concept of free flow of inforgpation internationally as fundamen-

1l to world econormic growth and human rights. Impediments to that flow
could substantially damage the U.S. information industry through loss of
exports. In the long run, other enterprises that rely heavily on information
and comrtfiunications products and services for efficient international opera-
tions will be most significantly harmed. Numerous noneconomic issues
—such as national severeignty, cultural erosion and personal privacy
—are also linked to the international data flow prob‘lemfeveral nations
have responded to this problem by establishing national strategies and poli-
cies for information and communications development as well, -

Radios are another of several communications resources that raise dif-
ficult questiohs. The radio frequency spectrum and the geostationary earth
orbit are finite resources whose use is allocated by the International Tele-
communications Union among its 154 members. As the spectrunf becomes
more congested, issues of equitable allocation of radio frequencies have "
become increasingly critical, as evidenced by the considerable attention
focused on the 1979 World Administrative Radio Conference.

These international developments directly affect the ability of the United
States to maintain its lead in numerous high-technology fields, as well as
support the employment of information technology worldwide.'It js unclear
how the United States should respond and how the interests of domestic
users of information technology can be best represented, internationally.
.Other concerns focus on the complementarity of our domestic and interna-
tional policies in this area and on the benefit at home of harnessing scien-
tific and technical accomplishments abroad.

~ -

Information Technology Forecasts

To give a sharper edge to thé issues raised above, I will malze'a number of
forecasts of specific technological developments in the first half of this
decade. These will be divided into products and services emerging from
technological advancements, followed by-a discussion of possible legislative
and regulatory responses. ,

’

Information Technology Developments

N v

To support the types of information transfer systems described earlier,
different computer architectures will be required. Specialists are now devel-
oping the technologies needed for that architecture, including: ’

w - -

1. Hard software, which implements important software functions in
specialized chips. -




-
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2. Very large-scale integrated circuits, which provide the foundation
for the changes in technology and computer architectures.

3. Bus archxtcctures, which link together hardware modules in com-
puter/eommunications systems v1a standard interfaces, thus en-
hancing local area networks. |

4. Exterfsible languages, which enable the language facility itself rather
Ly than traditional Jibraries to maintain extended functions. -

Among the key components of tks't new architectures will be memory
devices and database machines. With ew memory devices —such as associ-
ative memories — data can be processed without first being transferred from
slower memory to fast memory. Database machines approach the ideal ofa
plug-in database utility. These architectures are particularly important for
very large database systems. As noted earlier, the number of databases is
continually increasing. Similgrly, the number of eon-line searches has

“ quadrupled to an estimated 4 million per year since 1975.'4 The market is
expected to grow.in response to the added value of databases as retrospec-
tive literature collections and as more students are exposed to on-line
searching. This growth in database services will be possible as a result of
two technological developments: -

* new network architectures, which will provide superior access to
-stored information; .

-

‘
¢ mini-micro-based, on-line information retrieval systems.

These will enable end users to subscribe to customized portions of databases
and to conduct all searches on an in-house mini-micro system.

- These technological forecasts aré by no means the only expected develop-
ments in information processing in the 1980s, but they are among the mogt
important.

N ~

Emerging Information Services

The information services that will probably become widespread in the
1980s have, in many cases, already emerged.*Several have been referred to
earlier in indicating the scope of the communications revolution and the
emerging policy issues. .

Home Information Systems. Home mformatlon services will flourish in
the next decade. Several experiments are currently testing consumer re-
sponse to these systems, generally called teletext and videotex. Using dif-
ferent broadcasting or timesharing approaches, these systems supply in-
formation to the home television and in some cases provide for two-way

N L]
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communication. These systems offer a variety of services, including news,
educational programs and consumer information, and will probably offer
more in the future in response to rising customer demand.

Eleetronic Message Systems. Electronic mail systems are already operat-
ing within a growing number of private organizations. At issue is how such
services might be made available to the general public. Tbe U.S. Postal Ser-
vice has developed what it calls Electronic Compiter-Originated Mail
(ECOM), but it is uncertain whether.the Postal Service will be authorized to
enter the electronic message business in competition with private sector
enterprises. Whatever the outcome of this debate, the technology to ac-
complish electronic message transmission is readily available and increas-
ingly part of home and office computer systems. ' =

Electro.nic L?ublishing. Electronic book and newspaper publishing will
flourish in the 1980s. Companies with profitable databases are even now
seeking the technology to publish electronically. A number of traditional
publishers are expanding to include capabilities for database publishing and
delivery of home information services. One trade association estimated that
42 mergers took place in the first half of 1980.'5 This acquisition activity
can be expected to continue during the 1980s, as corporate giants gespond to
the need for new technology.

Office of the Future. The office of the future will begin to take shapein
the 1980s, as word processing and data processing functions are integrated.
Future of fice managers will be able not only to create local communications
networks but -also to transmit large amounts of information over great
distances. They will use the newly developed computer-generated graphics
to display financial and operational data needed for management reporting
and strategic analysis and thereby enhance their ability for informed deci-
sion making. A related activity in the workplace will, be the widespread
employment of computer-aided design providing impressive productivity

#gains. :

Legislative and Regulatory Activities

4 N .
At present, debate among Congress, the courts, the Executive Branch and
the independent regulatory agencies is underway on several key policy ques-
tions. The growing complexity of these issues, combined with the long-
range ramifications of decisions being: made, requires continued analysis

and concern.on the part of policymakers. Among the core issues are the

following:

1. Regulation of the communications industry. Should AT&T be
permitted to offer information and data processing ser\iiccs? If so,
under what conditions? What authority should the Federal Commu-
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nications Commission have for regulating the communications in-
dustry? The data processing industry? Is legislation necessary or wilk
anticipated court decisions settle the matter? T

2. Protectionof intellectual property. Both Congress and the courts are
concerned about the effect of automation on traditional legal frame-
- works for protecting ownership of information. What should be
/ done to adjust copyright provisions to a world of on-linerdatabases
and distributed computing systems? What profections should be

- awarded to software—copyright, patent or strictly trade secret?

3. The role of government in providing information services. Goverg:
ment and private sector vie as providers of information. What limits
should be placed on the governmént to prevent unfair competition .
with private sector information'provide_,r's? How can we improve co-
ordination of public and private sector information needs and
services? Should such activities as electronic mail and electronic
funds transfer be left to the private sector, without government con-
trols? ' ©

4. Protection of personal privacy. Growth of large computer systems
and ‘centralized databases will continue to spark concerns for individ-
ual ‘ri\"ac_y. Will Congress pursue additional privacy legislation in
such aregs as medical or insurance records? Will the greater use of

A . fcomputér systems in administering government, programs require

concomitant attention to tomputer systems security and confiden-

tiality of records?

-~

5. Government organization of information activities. This is one area
likely to receive increased attentjon. How can the federal govern-
ment improve its management of information resources? Is adequate/-
government support being provided for research and development in
information technology? In light of barriers to the flow of informa?

" 'tion being erected around the world, how should the government be
organized to represent U.S. information and communications intet-
ests internationally?

The positive resolution of these questions during the next several years
will require enlightened decision making. This necessitates a firm under-
standing of the#state of communications and information technologies, of
the significant advantages they bring to society and of the difficult policy
issues they raise. A hard look by policymakers at the impact of new technol-
ogies on all sectors of the economy and the public is important preparation
for the Information Age.
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The emergence and rapid' growth ‘of recombinant DNA and other new
techniques for- -genetic manipylation posed majos policy questions in the:
- 1970s and will continue to do so as the.research and its apphcatlons become
increasingly visible in the 1980s. Several of the current. issues were vividly
* highlighted by events dyring a five-week period in_the fall of 1980 in Cam-
bridge, Massachusetts, ‘ile center of the publlc confrontaaons“"bn the safcty
of the research that made natlonal headlines in 1976. = :
On 14 QOctober 1980, a two—day bidtechnolegy sy.mposmm opened at the
Massachusetts®Institute of Techmology (MIT) to .an overflow audience of
500, mostly from ihdustry and investment companies. The first session [ea-
tured five distinguished MIT molecular biologists. One of them noted in his *
mtroductlon that many of the participants had been readmg the ‘Wall Street
Journal that morning because, in.a few hours, shares in a genetic engl- ‘/
neering firm (Genentech) were to be offgred for the first time on the open’
- stock xchange. The speakers talked about the origins and principles of the
- - . basic seience involved in recombinant DNA and cell fusion techniques, the
' frontiers of current research, pessible applications and the difficulties that
~ may be inherent to the science itself. Although enthusiastic abbut new appli- h ]
cauons, they emphasized that molecular blOlOgIStS were only just beginning
to understand the gene and its expression in ‘higher cells. One urged the_
assembly of industrialists and potenna\mvestors to be careful not to “kill
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the goose that lays the golden eggs,” warning that overly quick exploitation
of the research could lower the morale. of the scientific community.

At mdmorning a speaker interrupted his prepared remarks to announce
that the Nobel Prize in Chemistry had just been awarded to three scientists
who had developed basic techniques for the new advances in DNA research
and applications. During the coffee break, the participants were buzzing__
about another bit of news: The price of the newly offered Genentech stock
had more than doubled within the hour. All of this sparked private dispute
among several of the speakers about the appropriate relationship of funda-

. mental biological research in the universities to the newly developing big .
. teghnology indastres. T}ty were well aware of the issues; all five MIT biol-
ogists on the program were involved with commercial enterprises in the .
field. ‘ . ) )

Other dimensions of the new role of biology were brought out by events
in Cambndge during thie following four weeks. On 98, October, the Cam-
bridge Biohazards Committee held a public hearing t® gauge community

_reactron to the plan of Biogen, a major international genetic engineering
firm, to establish a Cambridge facilf%' for récombinant DNA research and
manufacturing. Within a week, the Cambridge City Council reactivated the -
Cambridge Experimentation Review Board. This citizens’ group had been
created in 1976 to consider whethier recombinant DNA research at Haryard
and MIT posed a threat to the community and had gone out of existence in
early 1977 after recommending what was to become the nation’s first local

. ., ordinance regulating uch résearch. In 1980, the gouncil reconvened the
board to.considet Biogen’s request.to locate in the city. Two weeks later, in
. " the city of Waltham (part of the Route 128 high-technology industrial area
near Cambridge), the city council held a public hearing on similar ‘issues re-
lated to the operation of a Waltham genetic engineering firm, Collaborative

- Genetics. In December 1980, Waltham approved an ordinance regulating ’
“recombinant DNA experimenitation and use in the city. The ordinance re-
quires such work to- be done under the National Institutes of Health (NIH)

guidelines and mangatc's some-additional safety measures.

Meanwhile, a newly founded company, Genetics Institute, sought per-

_ mussion to establish its laboratory in Sémervllle,jmme&iately adjacerit to

Cambridge: In January 1981, negative community response was expressed

» ' at a hearing attended by more than 100 people. One Somerville alderman °
challenged the ¢redibility of a leading Harvard biologist as a safety expert
A because of his major role in the firm; “You're more than a scientist now.
. You'ie a businessman.”! Haryard and MIT biologists are prosinently in-
.. volved in. the three genetic engineering companies under public scrutiny by

) local governments in Qambridge, Somerville and Waltham. . .
Y.« Yet another, indication of current reagtions to i'ssue_s raised by the gppiica-

-
)
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.ions of molecular genetics was thé response by the faculty of Harvard
University to the proposal that the university'itself take a role in founding a
company for commercial exploitation of recombinamt DNA techniques, in-
volving some faculty members and making use-of university-owned patents.
The intense discussions in Cambridge had echoes at other leading universi-
ties throughout the United States. Finally, in November 1980, the Harvard
Corporation rejected the plajy because of its potenual for generaung con-
flicts with academic \alues through interference with open communication,
{nfluence on criteria for promotion, intrusion on commitments to teaching
!nd research and damage to the credibility and integrity of the univerSity.?
Harvard (and many other U.S. uniyersities) continues, however, to explore
ways of obtaining financial benefit from the applications of publicly funded
research done in.university laboratories. -

These developments dramatically illustrate major unresolved national
155uet n contemporary relations among science, government and industry.
Although the focus in this account is on recombinant DNA technology,
similar issues arise in other areas of science and engineering. The problems

involve: —

>

role the public should play in defining the oses and goals of new

1 The public’s perception of -new technoloQ:r;i:etermination of the
technology and the cond}'tions under which it sfrould be developed;

Determination,of whether and how to regulate new technology;

—

[

The relationship of federally funded basnc research to commercial
explortation of its applications;

4. The effects of increased university interaction with industry on the
direction and quality of basic science, on the community of scientists
and on the university énvironment,

A}
In addition, ethical i lssues stemming from the applications of genetics will be
increasingly 1mportant in the 19805 at the level of pracugel reality’ rather
than 'mere abstraction. -

This paper reviews the ‘background and current status of these issues in
relation to recombinant DNA techniques™ Because much has already been
written about them, 1 will emphasize oply those issues that have not yet re-

* cened adequate attention (see the bibliography that follows this paper). The
field and the policy issues are unfolding before our eyes, prowdmg an op-~
portunity for close obsen ation of the sociaj and intellectual processes of-the .
growth of knowledge and its uses, angl emphasizing the need for mucal ex-
ammauon .of the related pohcy prgcesses.

-
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Growth of Recombinant DNA Research and .
Concern about Risks in the 1970s

The development of recombinant DNA techiniques in the early 1970s was
a major event in the history of science and a result of decades @f fruitfubre-
search 1n molecular biology in several nations. These techniques involved
the use of newly discovered restriction enzymes to isolate and remove,
speafic gene sequences from DNA molecules of various organisms and to
ecombine them with the DNA of other organisms, These techniques also
involved the apphcation of methods to reproduce large amounts of exact
copies (clones) of the hybrid or recombinant DNA molecules. The ability to
manipulate nucleotide sequences directly made it possible to transmit
genetic information among different species. It provided a powerful new
tool for study of the structure and function of genes and made it possible to
study details of DNA and its transcription in cells of higher organisms.
Biologists immediately_recognized the major significance of these develop-
ments. They were now able to solve problems at the forefront of knowl-
edge, which also had possible ‘imporlaﬂl applications. )

Of comparable importance was the fact that the scientists involved in the
work made "an unprecedented effort fo inform thé scientific com-
munity —and, indirectly, the public—not only ‘of the exciting new advances
and potential benefits of their basic research but also of their concern about
potentual hazards in their own laboratory work. The extraordinary extent of ..
these concerns was made visible in 1974 when these researchers called on
4 fellow scientists to refrain voluntarily from doing certain experifients until

their hazards were assessed and safeguards devised. Erom the start,

+ throughout the February 1975 Asilomar conference, and during subseﬁuem -
efforts to develop guidelinés, the issue was defined by the scientists as a
limited problem that the scientific ‘ommunity ?om\dmsgc[;lve by technical
means. Possible abuse or misuse of the r_esearch was tioned -occasion-
ally, but if, was excludeg’from major consideration, as were also ts social
1mplicaliofls. The disgdssions focused on whether there was any danger in

. the research and, if'sp, how the danger could be avoided, wlﬂe the research
continued.>. : ‘.

. Scigntists, sensing the excitement and popularity of the new field, were

"~ ¢ager to d& recombinanh\DNA research. Developers of the guidelines, con-~
vinced the field should be allowéd 10 i:ow, were reluctant to impose artifi-

- cial restraints. ThewNational Institutes & Health were thus in the ambiguous
position of encouraging tie growth of research using recombingnt DNA
techniques while taking respongibility for €stablishing and enforcing safety

regulations restricting such research. Concurrently, scientists were tooling

(S . \
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up to use'the new techniques and were waiting for the green light to proceed

as rapidly as possible. Many of those charged with developing guidelines

felt that, even though they lacked information, they had to move as quickly

as possible.

The scientists involved believed that they needed to demonstrate that
scientists, on their own, could act responsibly to protect the .public. They
felt that if they didn’t do it on their own, someone else would do i it for them.
When pressures concerning regulation exist from both scientists and the
public and a large degree of uncertainty prevails, there is bound to be dis-
agreement on the scientifc basis of risks and the weight attached te them.
The process of establishing rules therefore involved formulating a series of

promises. It was necessary to provide a framework for safe conduct of

the ré&search acceptable to the scientists affected by the regulauons and, at
the same time; to assure the public that it would be protected against posdi-
ble hazards. The NIH Guidelines for Résearch Involving Recombinant
DN Molecules took effect in July 1976 and subsequently governed fed-

funded university research in the United States. They Became the
model for- guidelines in several other countries as well.

By 1977, sgientists in the field were issuing public statements explaining
that they now felt that the hazards had been exaggerated and that,‘in fact,
the experience of biologists since 1973 (when they first sounded the* alarm§
had convinced them that ‘much of the ¢oncern was groundless. These state-
ments came after a year of publlc controversy regarding the risks involved
and after Congress had begun to consider legislation to regulate retombi-
nant DNA research. The experience of the _biologists since 1973 had been
political as well as scientific. ° -

-Publlc interest had been relatively limited unul ‘1976. Then, as research
began, concern surfaced in several academi¢ communities. Some public
contrQversy wa\sparked by suentlsts who were critical of the guidelines on
scient%c grounds. But many nonscientists quickly realized that the in for-
matioh essential for evaluating potential mlshaps (and thus, the adequacy
of the guidelines) was not available. There were many unknowns. Were the
guidelines adequate? Were they to be believed a3 a-matter of faith? Which
. scientists should be trusted\under sych circumstances? Were scientists acting

out of self-interest when they assured the public that research was safe?
What public health benefits might be delahyed or lost by slowing down the -
research until more was known about the risks? -

By the end of 1977, 16 bills were introduced in Congress and the subject
was widely probed in 25 hearings. At first, many scientists were prepared to
accept the inevitability of federal legmaxuon which thé¥ hoped would ex-
tend NIH guidelines governing academic research to industry and prevent
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* the prohferation of docal regulations more severe than the guidelines. They
soon mobilized veaferous opposition to legislation that they feared would
be too rigid for a new field in which the perceptions of risk were changing
rapidly. They believed that suchlegislation would restrict their research and
threaten their relative autonomy. In their lobbying efforts, the scientists
argued. that hew scientific evidence and finalysis of existing data demon-
strated that the probability of risk fro combinant DNA experiments was
much lower than they had origi{lally thought. Sympathetic media coverage
and increasing references to impending medical benefits of the research con-
tribuied to a changed congressional mood. None of the pending bills came
to a vote. , R

Rapid growth of the research and its applicatiops occurred despite the'

public disputes, restricting guidelines, special containment facilities and re-

N lated bureaucratic mpediments that reached down to the laboratory level.

While the regulatory issues were being debated in committees and..in public
hearings during the late 1970s, the laboratory use of recombinant .DNA
techniques was booming, as its potential was being explored in one subfield
of bidlogy after another. It became a central tool for research that grevi-
ously had been considered impractical or impossible. Combined with other

new developments, such as rapid ;methods of DNA sequenciné, it has -

created great intellectual excitement and-activity affecting all of biology, in-
cluding. cell biology and immunology. Already the research has led to a
dramauc change in the understarding of the structure of genes through the
discovery of intervening sequences and greater understanding of
transposable elements.? Recombinant DNA methodology rapidly has
become a required technique in molecular biojogy laboratories, and more
‘and more scientists are using this powerful approach because of its sim-
plicity, its effectiveness and its fryitfulness in opening new areas of

research. The increase in the number of federal grants, the emergence of ~

néw journals and newsletters, special conferences and training workshops
devoted to recombinant DNA research all indicate the enormous growth of
research in the field.* \ . : .

Althpugh potential applicatipns were clear from the beginning, they be«
#ame more apparent as the research progressed and developed much more
rapidly than had been anticipated. Recombinant DNA and gene sequericing
techmques have made it possible not only 'to isolate and analyze genes but
also to engineer genes to!make specific proteins for synthesis of such
substances as insulin, somatostatfn, interferon and other polypetides with

important biomedical -applicdtion. In addition to pharmaceutical and medi-

-

cal applications, the use of“the teél}nique in producing f’ndustrially useful -

enzymes has also sparked great interest, and activities are underway in the

agncfulturgl, chemical and energy areas. By 1980 an estimated 100 U.S.
- * ‘ v - \
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companies Wwere evaluating or conducting recombinant DNA or other
biotechnology research. -

On balance, it may well be that concern and controversy over risks and
the need for control of research have accelerated growth of the field rather
than retarded it. This hypothesis needs further study, but it is supported by
several consequences of the special treatment given to recombinant DNA re-
search. From the beginning, a need was perceived to assess the nature and
potential of the research jn order to determine whether it posed risks and, if
s0, to devise methods to reduce and contain them. This led to acceleration
and supplementation .of normal channels of scientific communication.

"Highly publiciz¢éd meetings. such as Asilomar in 1975 acquainted rgany
scientists with the background of the research and with the newest results
considerably earlier than they otherwise would have learned of them. The
develqpmem of guilelines, the establishment in 1976 of the NIH Office of
Recombinant DNA Activities, which distributed information on safe and
etficient hqst-yector systems for research, and the publication of a news-
letter were among the institutional efforts that stimulated the informal com-
munication network in the budding field and enlarged its scope.

In addjtion, the discussions of the risks and benefits of the research in
publit forums,.hearings and the media stimulated interest among investors,
industrialists and scientists in the possible applications. A number of biolo-
gists never before involved in applied research .began to consider commer- -
cial uses of their work. In some instances, the early results of such efforts to
produce su¥stances with important human* medical applications were

. reported directly to the press and to congressional committees engaged in
legislative hearings even before they were published in scientific journals, in

order to' bolster the argument that the benefits side of the research
»  outweighed the risks. :
‘All of these activities contributed to the growth of a technique that had .

great scientific merit from its inception because it had strong intellectual ap-,
peal, provided fruitful opportynities for research and publication and was
relatively easy to learn and do. Some experiments and some applications,
however, were temporarily delayed because of the time invo?ved in the pro-
cess of establishing, revising and interpreting safety guidelines. In addition, -
some scientists in the field had less time for research because of their partici- N
pation in committee meetings and .public hearings and because of the in-
creased paperwork related to their laboratoties. The overall cost of the
research was increased by the guidelines and risk-assessment activities and
by the eXpenses for new containment facilities, many of which are now no
. longer required because of changes in the guidelines. Funds for risk assess-
ment and new facilities usually came frog budget categories designated for
"evaluation or building and did not drain funds available for research. On

v '

El{llC o .




»

8 ' S . Charles Weiner

the, whole, these delays, distractions and costs appear to have been more
than offset by the acceleration of the field caused by the extraordinary dif-
fusion of information and the intrinsic appeal of the research. 1/

B . ‘\ X
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Current Status of DNA Technology and Its Regulation .

What 1s the status of regulatipn, risk assessment and public perception
and involvement in recombinant DNA technology at the beginning of the
1980s? .

Regulation .

The NIH guidelines are the only regulations specifically applying to re-
combinant DNA research. They have been adopted by other federal agen-
cies and now are mandatory for all federally funded research. Nornicompli-
ance can result in withdrawal of funding from the institution. Primary
responsibility for determining that experiments are carried out in accor:
dance with the guidelines is assigned to the Institutional Biosafety Commit-
tee (IBC) at the.nstitution where the research is done.

The guidelines have undergoge three major revisions by the NIH Recom-
binant DNA Advisory Committee (RAC) since 1976 and are continually
subject to revision.” The trend has been to rglax physical and biological con-
tainment standards and 4ccountability protocols. At present, about 90 per-
cent of recombinant DNA work being pursued in the United States is either
no ‘longer covered by “the guidelines or subject to only minimal controls
equivalent to “standard laboratory ptactice.” In'most cases reseagchers do
not need to use the safety systems_that had been introduced for biological
and physical containment under the ‘original guidelines. NIH further re-

A

duced its oversight role in November 1980 by eliminating the requirement
for researchers to register and receive NIH approval before initiating experi-
ments for which the guidelines already specify the containment level. This
responsibility is now in the ﬁén@s of the IBC at the institution where the
work isdto be done. ) .® .
~ NIH has not yet studied the effectiveness of the IBCs but plans to do so.
When the heads of the IBCs from almost 200 institutions’ met in
Washington Jate insNovember 1980, many balked at the added responsibil-
ity of such an evaluation. Many participants believed-tﬁat"thve IBCs could
not be j’stified exclusively on the basis of the petential risks of_rccombinant
DNA résearch. They believed that such research posed no greater hazards
* than identifiable biohazards in other fields.* e .
With the proliferafion of industrial activity"in the field and in the absence
of federal legislation.N}H has developed procédures for voluntary compli-
anice with the guidelfes by industries using recombinant DNA techniques,

\
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and most, if not all, of the companies have announced that they will com-
ply. The RAC is currently debating its role in_segulating industry through
voluntary compliance. Many members and outside observers have chal-
lenged the ability of the committee to mdke judgments and take responsibil-
ity regarding industrial practices where they have inadequate expertise to
deal with large-scale fermentation processes and no authority to monitor
or enforce compliarice with the guidelines. The trend has been for the com-
mittee to recommend reduction of its responsibilities for the safety of
research in the' private sector, even in the .absence of evidence that the regu-
latory agencies are playing an active role in the field.

Several federal agencies are currently considering their roles and are par-
ticipating in the industrial practices subcommittee of the Federal Inter-
agency Advisory Committee on Recombinant DNA Research, and a few are
beginning limited efforts at regulation. The Food and Drug Administration
isin the figg! stage of defining the policy process to regulate drugs produced
by recombinant DNA techniques. The National Institute for Occupational
Safety and Health has initiatedgm "series of on-site surveys of companies
starting up large-scale recombinant DNA work and is studying appropriate
recommendations to industry for medical surveillance of employees. The En-
vironmental Protection Agency has established’a research program to pro-
vide a database on the environmental impacts ofslarge-scale genetic engi-
neering, including studies of the establishment and persistence of. novel
genomes in a variety of environments, modeling of the probability ‘of escape

‘of organisms from containment and exchange of genetic information.

In addition, the Office of Technology Assessment has completed a study
called Impacis of Applied Genetics: Micro-organisms, Plants, and
Ammals,® which reviews several aspects of the subject, including current
regulatory activities, and formulates options for congressional action. A
Senate oversight hearing on industrial applications of recombinant DNA
techniques was held in May 1980, and, although a bill(S. 2234) to register
all recombinant DNA research with the Department of Health and Human
Services was introduced earlier in the year, it remained in commitice and no
further action was taken by the end of the Nmety sixth congress.'® There is
little evidence of widespread congressional support for special regulation in
this field.

Risk Assessment

Potential safety risks of recombinant DNA research have been the focus
of concern since the early 1970s. In 1977 and 1978 a consensus emerged .
among researchers in the field that the potential risks were less serious than
had been origimally feared. Upon more reflective analysis of existing data,
these biologists became convinced'that most of their original concerns were
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unfounded. At conferences and workshops in 1977;and 1978, efforts were
made to assess risks on the basis of available knowledge. The results were
reassuring to the scientists and encouraged them to relax the guidelines.

At that time, however, the first experiments specifically designed to dssess
risks in this field were just getting under way. Defining experiments to as-
sess nsks-in a rapidly changing new field had inherent difficulties, and ef-
forts of this kind lacked precedent and_experience.!! Risk asgessments had
been firther delayed by lack of interest among scientists and by bureau-
cratic obstacles. Some of the biologists involved in the development of NIH .
guidelines maintain that risk assessment was undertaken reluctantly, in
response to political pressure, rather than wholeheartedly, in response to¥
technological reasoning. .

»  Others argue that, dlthough some questions have ‘been answered, there is
still too much uncertainty and not enough systematic knowledge of risk as-
sessment. Several thoughtful risk-assessmient experiments have focused on
specific areas where information was needed. Although these experiments
have_laid to rest a number of the concerns that had been raised, some re- -
searchers in the field and some scientists on the RAC feel that the interpre-
.tation of data from these experiments has been overly optimistic and that
probléms and ambiguities noted by the investigators have been overlooked
or unduly minimized. In some cases, they argue, generalizations have beeh
prematurely made at.a stage when scientific knowledge and prudence call
for further case-bycase analysis. They maintain that too wa risk experi-
ments have been done and warn against premature abandonment of risk

“assessment.'? . - )

- The development and annual update by NIH of a comprehensive risk-
assessment program was mandated by the Secretary of the Department of
Heaith, Education, and Welfare when the revised NIH guidelines were is-
sued in December 1978. It was not until late 1979 that NIH, the agency re-
sponsible for both the promotion and regylation of the research, published
the final version of the first plan. The NIH proposal for the first annual up-
date.of the plan was rElsased for public comment in September 1980, and
the final versR:\of the fevised risk-assessment program was announced in

June 1981.13
The hazards'of recombinant DNA research remain hypothetical after five .
years of intense research conducted under safety guidelines at laboratories
throughout the world. The new knowledge gained from the research, the
promise of its applications and the absence thus fir of demonstrated risk -
have all contributed to a lack of enthusiasm among researchers for vigorous
risk assessment. Now that some political battles haye been won and the
public mogd seems favorable, muclf of the will to devise and conduct risk
studies has disappéared. Researchers who have lingering doubts about the

. a
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r
safety of specific experiments or the adequacy of the containment pre-
_scribed by guidelines are reluctant to discuss them publicly, because they do
not want tp be labeled as dissidents or to unleash new negative public reac-
tions. Some researchers are critical of those scientists who, in their
eagerness to reassure the public, rashly praclaim that the research is per-
fectly safe. These enthusiasts, some argue, may provoke a backlash if there
is a real (or perceived) mishap. The very success of recombinant DNA
research in yielding knowledge about genetic structure has had a sobering
effect on many scientists, who realize that the field is full of surprises.

At the same time there is apprehensmn that large-scale industrial opera-
4jons might pose special problems for risk assessment. In some communi-
ties, continuing doubts about the safety of recombinant DNA research have
been coupled with suspitions about the responsibility of industry generally,
especially in the wake of increasing public awareness of occupational safety
and industrial toxic waste problems. The motives of scientists who offer
reassutance have also been questioned because of their assumed financial
stake in the outcome. Federal and state regulatory agencies have done little
to addréss these local concerns because they are reluctant to step in when no
risk has been demonstrated and they lack the appropriate expertise to assess
risk themselves.'*

_Public Involvement

By now it has become clear that the question is not whether the public
should participate in scientific and technological affairs that have important
social consequences, but how théy can participate effectively and intelli-
gently. Despite high public interest in the new developments in molecular
gg.etus, opportunities for pubhc participation at the decision-making level

still limited and participation is often ineffective. Opportunities for -
pubhc input at the 1976 and 1977 NIH hearings on the guidelines created
some channels for public comment, and NIH has published an extensive
record of the guidelines process 'Y More recently, the public has shown little
interest yn the guidelines on "the national level, and the media have only
sparsely\p»erqd them, except when they have been rePortedly violated by
researchers\ K

Several positions on the NIH Recombinant DNA Advisory Committee
have been designated for “public members” (about one-third of the present
members, including the chairman, are not scientists). Their pdrticipation
has introduced some policy issues that otherwise might not have been
raised.'® Yet most of the issues placed before the committee are technical
and generally beyond the expertise of members not trained in the relevant
scientific fields. Many of the scientists @n the committee have made special
efforts to explajn technigal matters tononscientist members. Several of the
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nonscientists have developed considerable ability to discuss many'of the
. technical issues. Dissenting views on matlers of procedure and
- values —most recently regarding industrial applications —have been regu-,

larly advanced by several public membérs, but they comprise a relatively

1solated minority on the committee and generally have been feavily out-

yoted. The public members have not tended to vote as a bloc. Although the
: committee’s meetings are open o the public, most of the observers who
have attended during the past several years have been representatives of iR-
dustrial firms with interests in the field.'”

A few groups, such as the Cambridge Experimentation Review Board, -
have been -founded, but they have been short-lived and have not been
evaluated-fully.'® They were initiated on short notice in response 10 a crisis
and never developed a continuing involvement of the public. The reac-
uvated Cambridge board, whose niembership was virtually the same as that
of the ogiginal board of 1976, was able to build on its past experience and
function more effectively. In assessing the adequacy of regulation of indus-

. tr1al recombinant DNA activities, the board consulted its"’own experts from
a vanety of relevant fields, including authorities on fermentation processes "
and sewage disposal.

Applied Molecular Genetics in the 1980s: )
Policy Prospects and Problems
. .

Public Expectations

As the public controversy over the risks subsided in the late 1970s, atten- .
tion focused on the benefits of the research. In 1980, a steady stream of en-
thusiastic accounts in the scientific, business and popular press, and a num-
bef of workshops and conferences hailed a revolution in molecular genetics
and the birth of the Age of Biotechnology.'® This exuberant response was
based not only on the power of recombinant DNA-tcchnologf but also on \
its appeal as an embodiment of current values. Recombinant DNA is
presented as a panacea that will increase productivity and profit, hélp solve .
the energy problem, ikfease,world food production and improve the public
health. It is also regarded as consistent with the need for protection of the
environment and conservation of resources. The new genetic technology is ”
promoted as a “tech fix™ for lagging rates of economic growth and produc-
tivity. For those seeking solutions to economic problems through techno-
logical innovation and transfer, recombinant DNA techniques represent
ideal examples of successful experiments in this direction. Some academic
institutions advance similar arguments in the hope that applications of
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genetic research de\eloped i university laboralories can provide them with
needed income. w
The enthusiasm also reflects the desire to demonstrate to the pubhc that
the research has beneficial applications and to disdgurage unwarranted
fears that might needlessly delay bringing needed proflucts on the market.
In addition, recombinant DNA technology is offered ds a dramatic example
. of the ultimate payoff of basic research. Government palicy has been based
on the assumption that even basic science research should pay off if it is to .
recene public funds. Historically, this assumption has led to pressure on
scientists for visible and immediaté results. The clear pofential of bio-
medjcal research to alleviate human suffering places it under special
pressure. The history_of the relationships among Congress, the Natigmat™
Sciencé Foundation, NIH and other executive agencies in the past two
decades demonstrates that the political environment significantly infliences
the establishment of research priorities, tending to favor areas such as
cancer research that may yield results of current national interest.29 .
The new industry of genetic technology hopes to develop, manufacture
and profitably market needed products through the exploitation of state-of-
the-art genetic engineering techniques. Although the prospects appear
promsing, the technology is largely untried and the scientific understanding
basic to 1t is largely incomplete. The effectiveness, safety and economic ad-
vantage of the products have yet to be demonstrated. Early publicity about . .
human -therapeutic substances, such as human insulin, growth hormones )
and interferon— all produced using recombinant DNA techniques —has not,
always made clear whether the gene product was bnologua‘lly actjve and per-
formed the same functions that it would perform naturally 21 The genetic
technology industry must purify its products to separate them from un-
wanted or unsafe substances that might be produced by the bacterium con-
taining the recombinant DNA molecule, and all of this has to be economi-
cally feasible. Because tests are necessary to establish the safety and efficacy
of the sybstances, there may be considerable time between laboratory
research and commercial availability. Competition in the bnotechnOIOgy in-
dustry is hastening the pace, however; a few companies have already started
human testing of bacterial insulin, growth hormone and inter feron. . .
In raising hopes of solutions to major health problems, the gcneuc tech- ’
nolog) industry may be overselling the public on the new technologies. For
example, magazines and newspapers have already described interferdn as a
_cancer cure. In this situation natural humarn optimism is exacerbated by the
highly competitive nature of the industry, the prospect of large profits, the
predictable enthusiasm of pnoneers opening up new fields, the proliferation
of .new companies with a_ need. to. attract .investors in ordqr to get off the
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ground and the 1dealization of this new technology as a solution to‘eco-
nomic, social and health problems. Unfulfilled expectations might well lead
the public to doubt the credibility and motives of scientists and to become
disappointed and impatient with the pace and direction of research. Discon-
tent might also develop among young scientists recruited into the genetic
technology industry 'if the prospects for career development and continuity
do not materialize m\whatwpngmally appeared to be a glamorous intellec-
*tually stimulating and lucrative field. ‘

Just as it would be irresponsible to overstate the claims for the new ge-
netic technology mdustry, so would it be unsound to encourage and facili-
tate its growth without caréful consideration of important unresolved policy
issues concerning the relations of science, gojxmment and industry.

Patentingsof Living Organisms :

The June 1980 Supreme Court decision (five votes to’ four) permitting the

atentifig of “a liye human-made microorganism” opened the door to action
on more than 100 patent applications based on recombinant DNA tech-
nigues. The majority opinion of the Court took the position that the distinc-
tion between living and nonliving things was not relevant to_the granting of
a patent, and that the criteria for issuing a patent must rest on whether the
genetically manipulated bacterial strain was “a product of human
ingenuity” or “a product of nature.” This opinion rested on interpretation
of the intent of Congress as ‘expressed in the Patent Act of$1790 (embodied
in 35 U.S.C. Section 101),.the 1930 Plant Patent Act and the 1970 Plant
_ Variety Protection Act. The.Court’ stated that Congress should debate this
question if it disagreed with the ruling. The dissenting opinion held that
Congress had not foreseen the new areas made possible by genetic engineer-
ing and argued that Congress must act pefore the Court cou}d extend patent
“rights th such areas.?? -

The decision receiveq wide press coverage and stimulated discussions
about the ethical implications of private, ownership of life forms. The im-
3 pact of the decision on the genetic engineering industry and on the free flow
4 of scientific information was also considered. The Supreme Court said its
decrsron rested on.a narrow interprefation of patent law, and some obser-
vers subsequently argued that the ruling did not involve important large

-

'

the lcgal basis for its decision was inadequate and was inviting public bodie:
to prepare and discuss legislation.?’ Congress:can, of course, ehact legisla-
tion to prohibit patenting of liviflg orgamsms whether they are modrfied or
not, or it can specifically provide for patcnts of living orgamsms to
whatever extent it sees fit. .

Co‘ngressional hearingsb were held on the.subject during 1981, and the
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. . issues of public policy. Others maintained that the Court was indicating thaﬁ"
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President’s"Commission for the Study of Ethical Prgblems in Medicine and
Biomedical and Behavioral Research is examining/the issue as part of a
more general study on genetic engineering. A “Public Forum on Patent-
ability of Microorganisms” was held in July 1980 /by the American Society
for Microbiology and the House Committee on/Science and Technology,
but there has as yet been no other visible activit)Z in Washington.

Public interest in this issue is high, and additional opportunity should be
provided for public discussion of appropriate ways to deal with the develop-
ment, ownership and use of living organisms. (ﬁuestiom that have not been
adequately considered are: ’

¢ What effect will patenting have on the overall development of bio-
medical research? Does genetic research have special problems not
shared by other fields? What can be {earned from the history of the
effect.of patents in other areas of regeargh? :

e Who should profit from commercii applications of publicly funded
research? Private industry? Scientists whose research yielded the ap-
plications? The academic institutions that sponsored the research?
The citizens whose tax dollars supported the research?

e What ethical considerations should be taken into account when de-
ciding patent policy? How can /cffectivc public input be obtained,
and what role will it have in the/ formulation of policy?

Many scientists are deeply concemcfi about the threat that commercial in-
terests may pose to the traditional free exchange of data and to open publi-
cation in scientific journals. Peer review, verification of results and, ulti-
mately, the growth of knowledge are not possible when research procedures
are kept secret for commercial reasons. Even though the patent laws require
considerable disclosures, many scieptists are concerned that the rapid indus-
trialization of newly spawned b/asic research will skew the intellectual
development of the field and will/ degrade cooperation within the scientific
community. Even before the Sl.zpreme Court decision, academic biology
departments were disturbed by the possibility of commercial gain, which
sparked disputes among collea (Jes aroused suspicions of piracy and pre-

mature publication and interfl red with the exchange of data, bacterial
strains and cell lines.2* ’ .

Stanford, Harvard, Yale and the University of Michigan are only some of
the universities investigating ways to retain an interest in potentially profit-
able patents. These institutions are, by and large, responding to increasing
involvement of university biélogists with private companies, either as con-
sultants or founders and pa}'rt owners. Individual scientists are voicing their
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céncern about the effect of commercial interests on their field or on their in-
stitutions, in private discussions or through group letters circulated among
their colleagues. Yet the scientific community and the public have had little
opportunity to discuss these issues systematically. Assessment of the effect
of existing arrangements on the university, on the health of science, on in-
dustry and on the public has, to date, been inadequate.

The Health of Science .

The recombinant DNA case directly involves three major factors that
contribute to the health of science: the strength of the universities, financial
support for basic research and the social system of the related scientific
community.

Major research universities, where most of the work in basic science has
traditionally been done, increasingly complain of impending financial
shortfalls because of the steadily rising costs for plant, equipment and per-
sonnel, especially for costs associated with scientific research. For several
years, university administrators have warned that federal support is not
keeping pace with the increase in operating expenses required to maintain
high standards of research. In addition, federal support for basic research is
decreasing (in ‘constant dollars) in some fields. Government agencies that
traditionally have supported all or most basic research in certain fields are
increasingly under pressure to emphasize practical results, and many are
trying to hasten the transfer of scientific knowledge to practical technology.

Influenced by the commercial applications of DNA techniques, a number
of university researchers, not previously involved with industry, have be-
come industrial consultants, joined industrial laboratories or taken leading
roles in founding new companies. The research on which the applications
are based was developed primarily in university laboratories supported by
public funds. In past attempts to reap some of the financial benefits from
new developments, major universities developed a variety of arrangements
to benefit from the ownership and licensing of patents. (For example, the
Wisconsin Alumni Research Foundation was established in 1925.) Several
universities are currently discussing other arrangements to retain a portion
of the profits generated from university research.

The proposal recently advanced by the administration of Harvard Uni-
versity provoked strong objections from its own faculty and was with-
drawn, but the issue at Harvard is by no means settled. The proposed Har-
vard experiment suggested major revision of the university patent policy
and alteration of the formal relationships of the university to its investments
and of the faculty to industry. It would have involved the university and
some of its biology faculty in founding a genetic engineering company in
which both the faculty members and the university would be shareholders,
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along with private venture capital investors. The university, as owner of any
patents resulting from work in a professor’s laboratory, would license use of
those patents to the company. At one point in the discussios, the Harvard
administration proposed that space in a new biochemistry and molecular bi-
ology building be used as temporary quarters for the company.?$

The reaction of the faculty, first in the biology department and then
throughout the university, was overwhelmingly negative. The proposal was
discussed at faculty and department meetings and in group letters circulated
within the university. It stimulated comments in the national press.26
Despite the university’s claim that there would be safeguards to prevent
abuse of the system, opponents argued that major university investment in
the commercial work of faculty members would compromise academic free-
dom and lead to unavoidable conflicts of interest, to the detriment of the
research and educational responsibilities of the faculty and the university.

Ultimately, the Harvard Corporation, stating the “academic risks
outweighed the financial gain,” voted to withdraw the proposal.?’” Explain-
ing the decision, President Bok cited several of the objections that had been
raised including (1) that academic discussion could be impaired because of
commercial competition; (2) that professors and graduate students might
shirk academic duties and interests to pursue commercial ones; (3) that the
administration’s authority to protect its academic interests might diminish;
and (4) that Harvard’s reputation for academic integrity might be damaged
by even the appearance of conflict between its academic and financial inter-
ests. The university administration emphasized, however, that it badly
needed additional sources of funding to strengthen the university’s teaching
and research and that it would continue to explore similar proposals.2*

For several years, Congress has discussed the appropriate relationship of
the university to commercial exploitation of federally funded research done
on university premises. Several recent congressional actions focus on trans-
fer of technology and university licensing of patents and will probably stim-
ulate great interest in the near future. Congress has not, however, ade-
quately considered the need to provide stable and increasing support for
basic research. Nor has Congress recognized the importance of protecting
the university from damaging pressures that would impair the quality of re-
search and inhibit open communication arnong scientists.

These problems were stressed in November 1980 when a group of recent
Nobel Prize winners visited the House Subcommittee on Science, Research,
and Technology to appeal for more funds for basic research and for greater
congressional sensitivity to the special problems of the scientific commu-
nity. On this occasion, Hamilton Smith, the microbiologist who shared the
Nobel Prize in 1978 for work that laid the foundations for recombinant
DNA research, expressed his concern that the rush toward commercial ap-
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plications in biology would harm the academic environment that has nur-
tured basic research. Smith noted that “free exchange of scientific informa-
tion . . . may suffer, and locng-term progress may be traded for short-term
financial gain. . . . We still “o not know the structure of human chromo-
somes, how the genes are arranged, hew tissues and organs are formed, or
even how any single human gene is regulated and expressed.” Smith called
for increased federal support of such academic research to “prevent the gut-
ting of the university faculty” oy new companie's‘ in the field.?*

An carlier warning had been sent to Congressin 1978 by another Nobel °
laureate in biology, Joshua Lederberg, who predicted, “The possibility of
profit—especially when other funding is so tight —will be a distorting influ-
ence on open communication and on the pursuit of scholarship.”39
Lederberg wrote that he did not think that’ his views were widely shared
within the universities. In 1981, however, these problems have developed
into a major concern. . .

.University scientists in some fields of physics, chemistry and biology have
long been involved with commercial applications of their research; espe-
cially since he end of World War II. However, there has been little
systematic evaluation or historical analysis of the effects of these ex-
periences on the university, on the research environment, on the direction
and quality of basic science or on the scientists themselves. Understanding
of these effects—and how they have differed for specific scientific disci-
plines (and groups within them), institutions and historical periods
—would be especially helpful in assessing and responding to the rapid
changes now underway in molecular genetics.

The events of the past decade—the development of powerful new re-
search techniques, the demands for increased public scrutiny of the proce-
dures and goals of basic research in molecular biology and the new rele-
vance of such research for industriall and biomedical applications—have
had profound effects on the community of researchers involved. The excite-
ment of these scientists over the possibility of opening up new frontiers was
coupled with concern that safety problems and public distrust might
hamper the research. The regulatory procedures, public confrontation and
political battles were new and unexpected, and the rapid growth of opportu-
nities for commercial applications of their work raised new dilemmas. Solu-
tions to the currern: problems must take into account the effects on the
health of the scientific community.

Social and Ethical Consequences

The enormous potential of genetic technology in a variety of fields has
been much heralded. Even if only some of the hopes of its promoters
materialize, the new technology will surely transform our lives in the next
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decades. Despite the highly visible adverse effects of technology in recent
times, there has been little public discussion of the potential economic, so-

“cial and environmental consequences of new téchnologies, nor has there
been debate on desirable priorities for application. (Belatedly, energy tech-
nologies are now under debate.) Biotechnology presents an opportunity for

just such constructive discussion and planning. Which applications are
socially valued? Which may be undesirable? What would we like the tech-
nology to do? Does it automatically serve “human needs” and “public pur-
poses”? Who should decide about its uses, and who will benefit from it?

Can we in good conscience introduce and encourage the growth of a power-

ful new technology without asking why we are doing it and for whom?

More than a decade ago the influential technology sssessment report of
the National Academy of Sciences (NAS) emphasizeu the need to pose such
questions at an early stage in the development of new technology. The NAS
report stressed that, in decision making on technology, a wide range of hu-
man values and concerns should be considered, policy options should be
preserved and efforts to reduce uncertainties should precede or accompany
decisions. The report called for favoring technological projects or develop-
ments that leave maximum room for maneuver and noted that “the reversi-
bility of an action should thus be counted as a major benefit; its irreversibil-
ity, a major cost.” It also called for limits “on the extent to which any major
technology is allowed to proliferate (or conversely, to stagnate) without the
gathering of fairly definite evidence, either by the developers themselves or
by some public agency, as to the character and extent of possible harmful
effects.” The NAS committee aiso warned that “society simply cannot af-
ford to assume that the harmful consequences of prevalent technological
trends will be negligible or will prove readily correctable when they

_appear.™!

In the case of the biotechnology industry, the concern about possible bio-
hazards appears to have diverted the attention of scientists and policy-
makers during the late 1970s from the need and the opportunity to make
such public assessments while the commercial applications were rapidly
developing. Federal efforts were initially focused primarily on human
health risks. Studies on the broader issues were initiated late and are of
limited scale and scope. The Environmental Protection Agency has con-
tracted for a study to produce an assessment of “the potential ecologic, eco-
nomic and social impact” of the applied genetics industry, which is expected
10 be completed in 1982. The Office of Technology Assessment study, com-
pleted in January 1981, covers a number of related issues. A Congressional
Research Service report on biotechnology prepared for the Subcommittee
on Science, Research, and Technology of the House Committee on Science
and Technology has recently become flvailable.32 It provides a useful over-

RIC 1oy

Aruitoxt provided by Eic:



9% Charles Weiner

view which could help stimulate needed public discusision of the aims,
directions, priorities and potential social and ethical impacts of the develop-
ment of biotechnology.

Although there are ethical dimensions of all of the issues discussed thus
far, several ethical problems related to genetic research and its applications
have been of special interest. Recombinant DN4, along with other new
techniques such as rapid gene sequencing, cell fusion and mass tissue culture
methods, may be applied to higher organisms, including humans. There is
public concern about the ethical aspects of human genetic screening, amnio-
centesis and, more recently, in vitro fertilization and gene therapy. The po-
tential long-term effects of applied genetics on the environment and on
evolution have also been discussed in terms of ethical responsibilities. As a
.esult of the Supreme Court patent decision, additional concern about the
ethical implications of private ownership of living organisms has been
voiced by many individuals and groups, including the National Council of
Charches.??

Recent accounts in the scientific and popular press have called attention
to the ethical decisions university biologists are now facing because of possi-
ble conflicts of iaterest arising from their invclvement with industry. Re-
ports of demonstr~ted or alleged violations of the N1H guidelines by a few
researchers have also highlighted the ethical problems encountered under a
system of self-regulation where the principal investigator has primary
responsibility for ensuring that safe experimental procedures are fol-
lowed.>*

The interest in these issues among the public and within the scientific
community provides an opportunity for serious, positive discussion. Biolo-
gists have a good record of concern about the ethical aspects of their work.
Many biologists recognize that their work touches on deep human values
and has important effects on scciety. Because of their special knowledge,
they can anticipate and identify possible problems related to their work at
an early stage and participate with other groups to help make choices in ac-
cordance with publicly discussed ethical and value systems. Many of the
leading genetic researchers have stated their awareness of the need to hélp
initiate public discussion of such issues when the time seems appropriate.
To establish and maintain public confidence in their credibility and social
responsibility, scientists must be among the first to speak out. However,
some scientists denigrate those who first warned against potential hazards
of DNA research. In addition, several of the biologists who originally ex-
pressed concern have publicly recauted. Attitudes of this kind may discour-
age younger colleagues from exercising their responsibilities as scientists.

Biologists in the 1980s face issues that pose special problems for their own
professional roles, for ethical stanuards and for their relationships to the
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public. A vigorous effort should be made to encourage working scientists to
consider these problems. Studies are needed of the aspects of the life of sci-
ence and the social system of science that encourage or inhibit a scientist to
develop an awareness of the ethical dimensions of research and the related
responsibility of the researcher. At the same time, we should urge scientists
and nonscientists to explore these issues together, in an effort to restore
communication and confidence.

Conclusion

New applications of molecular genetics are rapidly changing the relations
between science, government and industry in a research field leading the
search for new knowledge about fundamental life processes. Recombinant
DNA is only one of several new techniques developed during the past
decade that have enormously enhanced the scope and power of molecular
genetics. Industrial and medical applications in this field are developing at a
remarkably fast pace and will have increasingly important effects on the sci-
entific community, the universities and the public. The problems generated

_ by the stunning success of this basic research field must be addressed. Issues

involving safety, ethical choices and social and economic impact are inter-
twined with problems relating to patterns of government support for gasic
research, the role of the universities and the social organization and value
system of the scientific community. A main thrust of policy in this field
should be to help define the roles and responsibilities of scientists and the
public in efforts to anticipate and shape change, rather than merely to react
to it.
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Choosing Our Pleasures

and Our Poisons:

Risk Assessment for the 1980s

William W. Lowrance

Introduction

It takes only a few highly charged terms to evoke the risk-assessment
milieu of the past decade: DDT, the pill, saccharin, “Tris,” asbestos,
nuclear waste, Three Mile Island, smoking, black lung, Clean Air Act,
Delaney clause, recombinant DNA, 2,4,5-T, “Reserve Mining versus
EPA,” Teton Dam, DC-10. . ..

This rash of accidents, disruptions and disputes has left the public and its
leaders fearful that the world is awfully risky and that, although science can

" raise warnings, when crucial decisions have to be made, science backs away
in uncertainty. Further, there is a feeling that as with medical catalepsy, in
which the simultaneous firing of too many nerves draws the body into
spasms, the body politic has been drawn into a kind of regulatory catalepsy
by too many health scares, too many consumer warnings, too many envi-
ronmental lawsuits, too many bans, too many reversals. A related com-
plaint is that we are afflicted with excessive government intervention, often
of a naive, or trifling or naysaying sort. Among professional analysts as
well as members of the public, there is a conviction that many risk-reduc-
tion efforts are disproportionate to the relative social burden of the
hazards. ©

Public apprehensiveness has a number of causes. Is life becoming riskier?
Not in any simple sense. As the next section of this report will demonstrate,
‘many classical scourges have been conquered; infants get a healthier start in
life; on average people live longer lives than ever before. The historical rec-
ord of floods, hurricanes, typhoons, tornadoes, earthquakes and other geo-
physical disasters shows a relatively constant pattern of occurrence over

William W. Lowrance is senior fellow and director, Life Sciences and Public Policy Program,
Rockefeller University, New York, N.Y.
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/
the cen‘fturies.l (It is worth noticing, however, that migration is setting more
potential victims in the path of hurricanes in the Gulf states and on top of
seismic faults in California.) What we are menaced by now are enormous
increases in the physical and temporal scale and complexity of sociotechni-
cal hazards. Of these, the most threatening are risks having low probability
and high consequence, such as geneiic disastef, nuclear war and global cli-
mate change. Too, alarm arises, in an almost paradoxical sense, because sci-
ence has become so much better at detecting traces of chemicals and rare
viruses and at identifying birth defects, diseases and mental stress. Often we
know enough to worry but not enough to be able to ameliorate the threat.
Warnings and accusations are amplified by the public media, often withun-
seemly haste. Worse, scientific hunches are announced as scientific fact,
only to have to be withdrawn later. With all this, it would be surprisipg if
the public’s sensibilities were not battered. )
Risk-related instabilities and confrontations afflicting industry and gov-
ernance stem as much from problems of societal attitude and decision-
making procedure as from deficiencies of technical analysis and perfor-
mance. This essay will argue that assessment will be improved if hazards are
characterized explicitly, so they can be faced; if risk-aversion efforts are ori-
ented to agreed-upon socictal goals; if comparative approaches are taken
that provide perspective, reveal the, relative effectiveness of programs and
lead to generation of stable, defensible priorities; and if attempts are always
made to weigh risks in appropriate context with benefits and costs. The
paper will review some institutional efforts, problems of public perception,
challenges to scientific integrity and authority and a list of new and underat-
tended hazards. It will conclude with recommendations.

?

The Evolution of Mortal Afflictions

In his 1803 Essay on Population Thomas Malthus observed of Jenner’s
new vaccine: “I have not the slightest doubt that if the introduction of cow-
pox should extirpate the smallpox, we shall find . .. increased mortality of
some other disease.” This general expectation holds true today if, in addi-
tion to disease, we include noninfectious threats. The communicable di-
seases of smallpox, diphtheria, typhus, cholera, tuberculosis and polio have
been conquered. So have scurvy, pellagra and other nutritional deficiency
diseases. Infant mortality has dropped dramatically. As the toll from these
causes has lessened, mortality has shifted toward degenerative
diseases — notably heart disease and cancer— which are attributable either to
personal life style or to causative agents in the environment. While the
causes of death have changed, the average age of onset of fatal illness has
moved higher. Life span has lengthened. Put crudely, we die now of stroke
and cancer in part because we live long enough to do so.

11
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Figure 5.1. Deaths from Selected Causes
asa Percqntage of All Deaths, United States, 1900-1977.
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For the United States these mortality trends are summarized in Figure
5.1.2 Thus at present in the United States the leading cause of death is heart
disease, followed by cancer. The rest of mortality is accounted for by other
diseases and by accidents, homicide and natural disasters (in that order).}
Within these gross statistics, however, there is great variability by age and
socioeconomic status: Motor vehicles and other accidents kill the most
.children under 14; for black males between the ages of 15 and 24, homicide
is the largest threat; cirrhosis of the liver is the fourth leading cause of death
for people between 25 and 64.

In a recent analysis of the prospects for saving lives in this country, James
Vaupel developed the concept of “early deaths.” (The definitional problem
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Figure 5.2. The Increasingly Rectangular Survival Curve.
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is fully treated in his report; for short, early death can be taken to refer to
death before the age of 65.) Vaupel concluded:

The statistics indicate that the aggregate social losses due to death are largely
attributable to early death and that the losses due to early death are immense,
that the early dead suffer an egregious inequality in life-chances compared
with those who die in old age, and that non-whites, the poor, and males suffer
disproportionately from early death. Furthermore, statistics on the leading
causes of death and statistics comparing non-whites and whites, males and fe-
males, current mortality with mortality earlier in this country, and the United
States with Sweden and other countries suggest that early deaths could be

significantly decreased.*

Extrapolation of life expectancy data has led to another provocative ob-
servation about survival. Some analysts now speculate that the human
species is approaching a “natural” life span limit of about 85 years. In
Figure 5.2, the survival curve is seen to become increasingly “rectangular”
and to approach a limit of 85 years. Such curves have led James Fries to pre-
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dict that “the number of very old persons will not increase, that the average
period of diminished physical vigor will decrease, that chronic disease will
occupy a smaller proportion of the typical life span, and that the need for
medical care in later life will decrease.” Even if the limit is inching upward,
it is doing so at a low and decreasing rate; so the implications Fries draws
should remain valid within the policy-relevant time- frame,

Surely, coming to terms with these trends will lead us as a society to strive
less to fend off full-lifetime mortality and to attend more to illness, acci-
dents and quality of life. Among occupational diseases demanding atten-
tion, for instance, are the pneumoconioses: black lung disease, asbestosis
and brown lung (textile dust) disease; among the most debilitating, lingering
and painful conditions are arthritis, emphysema and allergies; among “life
style” diseases, cirrhosis of the liver and the venereal diseases.

Impfovements in Assessment

Becoming More Comparative

As a society we find ourselves, relative to all previous human confronta-
tion with mortal risk, in the enviable but emotionally unsettling situation of
living longer and healthier lives than ever before; of not having to remain ig-
norant and vaguely apprehenswe of hazards but of understanding many of
their causes, likelihoods and effects; and of having now accumulated sub-
stantial experience in predicting, assessing, reducing, buffering and redress-
ing harm. Blissfulness is prevented by our having too many optlons Ifw
still lived only on the margin of survival, we would not have the luxury &f
worrying about microwaves and hairdriers. If we lacked scientific under-
standing and the prospect of taking preventative action, we would be more
fatalistic about legionnaires’ disease and toxic shock syndrome. If we had
not established the hurricane warning network and the national air traffic
control system, we would not have to argue about their budgets.

Howard Raiffa made the central analytical point recently in congres*
sional hearings: ’

We must not pay attention to those voices that saf' one life is just as precious as
100 lives, or that no amount of money is as important as saving one life. Num-
bers do count. Such rhetoric leads to emotional, irrational inefficiencies and
when life is at stake we should be extremely careful lest we fail to save lives that
could have easily been saved with the same resources, or lest we forc¢ our dis-
advantaged poor to spend money that they can ill afford in order o gain a
measure of safety that they don’t want in comparison to their other more
pressing needs.*
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To proceed in dealing with risks without making comparisons, both of im-
port of threats and of marginal risk-reduction effectiveness (and cost-effec-
tiveness) of public programs, makes little sense. Yet surprisingly little so-
phisticated comparative work has been done.

In studies meant to be illustrative, Bernard Cohen, Richard Wilson and
others have assembled catalogues of common risks.” Cohen and Lee have
calculated effects from different hazards upon life expectancy (for people at
specified ages). They found that cigarette smoking reduces U.S. male life
expectancy by six years on average. Being 30 percent overweight reduceslife
expectanicy by about four years. Motor vehicle accidents cut off 207 days.
And assuming that all U.S. elsctricity came from nuclear power and that the
unoptimistic 1isk estimates published by the Union of Concerned Scientists
arc correct, nuclear accidents would claim 2 days from the life of an average
itizen. Regrettably, both Cohen’s and Wilsor's caleulatjons are based on
very unreliable data, fail to take into account indirect effects and are flawed
in numerous ways. Their most valuable lesson has been to illustrate how dif-
ficult it is to reduce complex social phenomena, such as cigarette smoking
and nuclear power generation, to single scalar risk rankings.

Stimulated in part by the early contributions_of Chauncey Starr, over the
last decade assessors have attempted to compare technological hazard to
natural hazard.? For example, the so-called Rasmussen Report attempted to
compare nuclear reactor accident risks to those of meteorite impacts and,
other natural hazards in order to provide some intuitive grounding.’ The
difficulty is that reliable numbers are hard to compute, and because polls
have shown that most people, including scientists, do not have a very accu-
rate intuitive sense of the likelihood and magnitude of natural hazards, such’
grounding may not be very useful anyway.'® 0

The next logical step has been to try to compare the relative impacts
various risk-reduction measures make on longevity. Skan Pou Tsai and col-
leagues, for example, have examined the question of what gains in life ex-
pectancy would result if certain major causes of death were partially
eliminated. They calculated that for a newborn child, reduction of cardio-
vascular disease by 30 percent nationally would add 1.98 years to life expec-
tancy at birth; 30 percent reduction of malignant cancers would add 0.71
years; and 30 percent reduction of motor vehicle accidents would add 0.21
years. If such 30 percent causative reduction were to exert effect during the
working years of 15 to 60, there would be gains of 1.43 years (cardio-
vascular), 0.26 years (cancer), and 0.14 years (motor vehicle accidents).
“Even with a scientific breakthrough in combatting these causes of death,”
the authors concluded, “it appears that future gains in life expectancies for
the working ages will not be spectacular.”!

Richard Schwing has published similar illustrative calculations of
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longevity ex{ension. His findings for U.S. males, shown in Figure 5.3, chart
the longevity increases and crude mortality rate decreases that would occur
if certain causes of death were eliminated. It is obvious that further cam-
paigns against tuberculosis would help few men and add only weeks of life
for men on average, whereas reduction of heart disease would add years of
life for a great many men.!?

Schwing has gone on then, as others have, to compare the extent to which
various risk-reduction measures—such as requifing that automobiles be
built with energy-absorbing steering columns, penetration-resistant wind-
shields or dual brake systems—extend longevity and to compare .heir cost-
effectiveness (in dollars cost per person-year of life preserved).

Obviously the outcome of comparisons is heavily dependent cn the way
the boundaries of comparison are set. Nowhere has this been better illus-
trated than in recent attempts, such as the studies by the National Academy
of Sciences (NAS) Committee on Nuclear and Alternative Energy Systems
(CONAES) and by Herbert Inhaber, both of which compared competing
energy cycles.'3+!* In calculating the risks of coal, do we count deaths from
train wrecks, air pollution or release of radioactive radon from the burning
fuel? In assessing nuclear power, do we include terrorist abuse or nuclear
weapons proliferation? In appraising solar sources, do we include health ef-
fects on copper and glass workers? There is no avoiding such analyses. The
problem is to learn how to perform them with technical sophistication and
to take due account of all relevant social considerations. Overreaching is
hard to avoid. The consolation of most such ambitious studies has been that
the process of assessment has itself sharpened the social debate and clarified
technical-analytic needs.

That the general public is sophisticated enough to understand and en-
dorse the idea of comparative risk assessment has been demonstrated in
such situations as Canvey Island in Britain. Within an area of 15 square
miles on that island in the Thames near London are oil refineries, petroleum
tanks, ammonia and hydrogen fluoride plants and a liquefied natural gas
facility. When a few years ago controversy arose as to whether Canvey’s
33,000 people were exposed to unusually high risks, a thorough government
inquiry was conducted. Upon deliberation the residents passed a resolution
that no further construction be accepted until the overall industrial accident
risk on the island had been reduced to the average level for the United King-
dom. But they did not demand that their neighborhood be risk free.!s

That the same toleration for comparative approaches holds in the United
States is evident in industrial areas, such as Ohio and New Jersey, where res-
idents are demanding cleanup, but not closing, of industries. Similar mod-
eration led the voters of Maine, an environmentally sensitive state that has
had to deal with cold winters but also with proposals of supertanker ports,

El{lC 11y,
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Figure 5.3. Increased Longevity from
Elimination of Hazards, for U. S. males,
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in their 1980 referendum to vote against measures that would have had the
effect of being more restrictive of nuclear power.

If this country is to move toward more “rational” épportionment of risk-
reduction and -management efforts, we must assure ourselves that there is
reasonable parallel between the burden, in whatever terms, of particular
risks and the avidity with which we defend against them, and that programs
take into consideration age of onset of harm, degree of debilitation,
longevity erosion and cost-effectiveness of ameliorative programs. Before
any of this can be done, hazards have to be stated explicitly and goals of
harzard reduction agreed upon.

Facing Hazards Explicitly

Comparative approaches are necessarily more quantitative, and they tend
to force the revelation of specific consequences. As it dawns on social con-
sciousness that even strict protection inevitably admits some residual harm,
even if only by inducing exposure to the hazards of alternatives, little by
little public officials have moved toward explicitness.

One of the most widely discussed test cases is that of DES (diethylstilbes-
trol, the growthhormone sometimes fed to beef cattle). The Food and Drug
Administration (FDA) has formally proposed to allow beef producers to
use this putatively carcinogenic but economically important agent, if they
remove it from feed sufficiently in advance of slaughter that residual DES
in marketed beef does not exceed a specified, extremely low concentration.
In its proposal the FDA argued that “the acceptable risk level should (1) not
significantly increase the human cancer risk and, (2) subject to that con-
straint, be as high as possible in order to permit the use of carcinogenic
animal drugs and food additives as decreed by Congress. . . . A risk level of 1
in 1 million over a lifetime meets these criteria better than does any other
that would differ significantly from it.” The agency noted that further
reduction “would not significantly increase human protection from
cancer.”'® This proposal and similar ones are predicated on a conviction
that the underlying carcinogen assessments are worst-possible-case overesti-
mates of human risk: The DES standard is still under discussion. In March
1980 FDA Commissioner Jere E. Goyan stated that he would favor amend-
ing the food additives laws so that the chemicals testing out under the level
of one chance in @ million would be permitted (the Delaney clause prohibits
even minute tracds of very weakly testing carcinogenic additives —a prohibi-
tion honored mostly in the breach, because of its absolutist nature).

One by one, as cases have dcveIOped—thi: 1979 Pinto lawsuit, the na-
tional review of earthwork dams, amendment of the Clean Air Act—there
has been a tendency to require that an upper bound on the estimated actual
hazard be stated.
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Specifying Risk-Management Goals

Although industrial and legislative programs usually operate under guide-
lines mandating “reduction of harm” or “protection of consumers,” the
degree of reduction or protection is often not specified (except when abso-
lute protection i§ called for, which, usually being impossible, simply
amounts to defaulting). Goal ambiguities may remain even when program
objectives are spelled out. Differeiit goals may come into conflict: reducing
use of asbestos insulation, in order to protect miners and insulation install-
ers, may have the effect of increasing fire hazard in buildings; forbidding
black airmen who are sickle-cell-trait carriers to serve as Air Force pilots, to
avoid the possibility of their becoming functionally impaired under
emergency oxygen loss, conflicts with equal opportunity goals.

Recognizing that better guidance must be developed for choosing among
the many available, but costly, marginal improvements in technical safe-
guards, the Advisory Committee on Reactor Safeguards of the Nuclear
Regulatory Commission (NRC) has urged the NRC to consider establishing
“quantitative safety goals for overall safety of nuclear power reactors.”
These goals might specify, for instance, physical performance criteria
(“leaking of 10 percent of noble gas inventory from reactor core into pri-
mary coolant no more than once in 200 reactor years”) or limits on health
risk (“no more than one accident de2th per 1000 megawatts of electricity
generated”). The advisory committee recently published An Approach to
Quantitative Safety Goals for Nuclear Power Plants, and the commission
has set in motion a “plan for development and articulation of NRC safety
objectives.”'” Goals in this case include far more than the goal of generating
economically competitive electricity.

A recent RAND Corporation study for the Department of Energy
(DOE), Issues and Problems in Inferring a Level of Acceptable Risk, lists
types of risk-reduction goals that can be considered, such as minimiza-
tion of maximum accident consequences, minimization of probability of
most probable accident and so on. After describing ways in which goal
choices can make a difference to programs, the report urges that “DOE
and other agencies need to be self-aware in specifying risk-reduction goals,
as well as in relating them to goals of other agencies and interested parties,
and understanding their implications for the choice of energy alterna-
tives,”!$ ‘

Skeptics may be tempted to dismiss this topic, saying that we in this coun-
try do not have a consensus on social goals. Rebuttal to that too-simple dis-
missal is evidenced, for example, in the way our medical X ray protection
practices, which are the result of decades of reassessment and improvement
by industry, medicine and government, pursue goals: minimization of prob-
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ability of damage (by decrease in frequency of use of diagnostic X rays,
compensated for by more sensitive films), minimization of potentially irre-
versible damage to the human gene pool (special protection of gonads) and

minimization of threat to infants in utero (again, special protection). The

typically American goal of helping disadvantaged citizens underlies special
health programs for minority groups. The goal of preserving maximum
consumer choice can be seen as a goal of food quality programs.

Setting goals is not impossible, but setting realistically attainable goals is
not easy. It is imperative that programs be tailored to goals more precise
than “protection of all Americans against all harm.”

Weighing Risks in Context with Benefits and Costs

All decisions, indirectly or directly, rely on judgments of the sort Benja-
min Franklin referred to as “prudential algebra.” Under the Toxic Sub-
stances Control Act, the Environmental Protection Agency (EPA) must
protect the public against “unreasonable risk of injury”; under the station-
ary-sources provisions of the Clean Air Act, it must ensure “an ample
margin of safety”; under the Safe Drinking Water Act, it must protect the
public “to the extent feasible . . . (taking costs into consideration).” “Unrea-
sonable,” “ample” and “feasible” are not defined in these laws. For the EPA
the question is not whether analysis but what form of analysis, taking what
considerations into account. For all such risk-reduction regimes, the day
has passed when benefits and costs could be ignored.

Everv segment of industry and government—food, energy, transporta-
tion—has to ask:. :

* Are there ways to take benefits and costs into consideration along
with risks? Do existing policy and managerial rules allow considera-
tion of all such factors? Should they?

* Which methodological approaches (cost-bénefit analysis, decision
theory, cost-effectiveness analysis, etc.) are appropriate?

¢ How should secondary, indirect and 1ntanglble effects be takcn into
consideration?

¢ Are formal, explicit, published analyses required to form the basis of
decision, orshould they be used as informational background only?

* What are the procedural rules by which definitions, analytic bound-
aries and conceptual assumptions are established?

¢ Should those reviewing a technological option be required to review
the attributes of alternatives also?
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After a decade of concentrating on the ncgative side of the ledger, society
is now trying .to learn how to measure benefits. The NAS 1977 study of
ionizing radiation (“BEIR II”) struggled with the issue of how to appraise
the benefits of such applications as medical X rays.'? Its 1975 food safety
policy report analyzed the benefits of saccharin and of food-safety policies
regarding mercury, nitrites and aflatoxin (in peanut butter)?® and its 1980
report, Regulating Pesticides, described the methods available for estimating
marginal gains in crop yield and benefit expected from a candidate pesticide.?!

Several methods, usually referred to in shorthand as “risk-benefit” or
scost-benefit analysis,” are available for constructing a balance sheet of de-
sirable and undesirable attributes. Analysis is thus a problem of handicap-
ping what will happén (the odds of a destructive flood, the probable inci-
dence of a disease) and comparing quantities that are rarely expressible in
common-denominator terms (social cost of lives shortened, benefits of pro-
duction, risks of genetic mutation).’

With a few well-defined projects, for which goals and constraints are
agreed upon by the major affected parties, for which health and environ-
mental risks, costs and benefits are well known and understood (not only in
magnitude but in social distribution, over both the near and long term),
risk-benefit accounting has proven itself useful. Under such rare circum-
stances of certainty, commonsensical estimates as well as more formal
analyses derived from operations research are applicable. The latter tend to
be favored by specialists, technical or otherwise, who have been given a spe-

_cific task to accomplish (the Army Corps of Engineers ha’s pioneered in
their use). The occasional “successful” application of such techniques—and,
one suspects, also the all-embracing ring of their title—tempts legislators,
administrators, managers and judges to call for their use.

The griefs of analysis could fill a large set of books. Most reviews con-
clude that such app1 oaches are very useful for structuring discussion but are
less useful, or cven subject to misuse, when granted formal, legalistic
weight. In theic Primer for Policy Analysis, Edith Stokey and Richard
Zeckhauser warned that: :

Benefit-cost analysis is especially vulnerable to misapplication through care-

lessness, naivete, or outright deception. The techniques are potentially danger-

ous tO the extent that they couvey an aura of precision and objectivity.

Logically they can be no more precise than the assumptions and valuations

that they employ; frequently, through the compounding of errors, they may

be less so. Deception is quite a different matter, Involving submerged assump-

tions, unfairly chosen valuations, and purposeful misestimates. Bureaucratic

agencies, for example, have powerful incentives to underestimate ‘the costs of

proposed projects. Any procedure for making policy choices, from divine

guidance to computer algorithms, can be manipulated unfairly.?? |
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“Thése and other critics respond to their own complaint by acknowledging

that “prudential algebra” of one form or another must te resorted to, never-
theless. # ‘

All analytic approaches have difficulty with scientific uncertainties, with
fair and full description of societal problems, with predicting all possible
tonsequences, with placing a “price” on human life antd environmental
goods, with taking into account intangibles and amenities in general and
with assessing the social costs of opportunities precluded.?? A lively theater

" for this ongoing debate has been the proceedings of the Occupational Safety

and Health Administration (OSHA) on regulation of occupational carcino-
gens. . '

A somewhat d.fferent approach, “cost-effectiveness analysis,” considers
a present situation and compares how effectively alternatives can achieve
stated objectives: automobile seatbelts compared with other forms of pas-
sive restraint, or kidney transplants compared with dialysis. Under the stim-
ulus of cost-control campaigns, analysts have developed ways of comparing
the relative cost-effectiveness of competing medical screening techniques
and of other medical technologies.?* Recently the congressional Office of
Technology Assessment published a useful report on The Implications of
Cost-Effectiveness Analysis on Medical Te echnology.?$

Concluding a review for the Administrative Co:ference, Michael Baram
argued:

In practice, regulatory uses of cc;st-beneﬁt analyses stifle ana obstruct the
achievement of legislated health, safety, and environmental goals. . . . Fur-
ther, to the extent that economic factors are periissible considerations under
enabling statutes, agencies conduct cost-effectiveness analysis, which aids in
determining the least costly means to designated goals, rather than cost-benefit
analysis, which improperly determines regulatory ends as well as means.?’

Currently NAS is preparing a report, Costs of Environment-Related Health
Effects: A Plan for Continuing Study, that should describe ways of building
abase for accounting, in effect, for the health-cost-effectiveness of environ-
menial controls.

There ale other risk decision models. Jeffrey Krischer has recently pre-
pared a useful annotated bibliography of applications of decision analysis
to health care.?® One of the more fully developed, unorthodox approaches
is the libertarian synthesis of ethics and efficacy proposed by Ronald
Howard.?®

A concluding note should be that formal analysis is still helpless to ac-
commodate many major effects: the weapons-proliferation and terrorist
risks of the spread of civilian nuclear power, the highly touted and ambi-
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potent benefits and risks of recombinant DNA develpopment, the opportu-
nity costs from undue conservativeness in regulation of contraceptive and
pharmaceutical development.

Defining “Negligible” and “Intolerable”
and Setting Priorities

A disturbing feature of the 1960s and 1970s was that as each sector of
manufacturing, or municipal governance, or research or purchasing found
itself having to confront risk problems, each had to develop its own ap-
proach and work through hearings, scientific studies, economic reviews,
lawsuits and insurance disputes. The social learning process was, unavoid-
ably, painful. So were the disruption and unpredictability caused by the
lack of defensible priorities. Industries and agencies found themselves so
distracted by disputes over sensational cases that they could hardly pursue
their main tasks, even if their charter was to reduce major risks: Neither
“major” nor “minor” had been defined. Expressed in a metaphor of the
time, smoldering barnfires had to be neglected while brushfires were
fought. - ,

Chastening has been accomplished. Now the challenge is to develop ways
of keeping priorities clear: to avoid frittering away worry-capital on very
small hazards, to prohibit unbearably large hazards, and to concentrate deci-
sion-making attention on problems that affect large numbers of people in
important ways. This admonition may appear an obvious one, but our

failure to protect appropriate priorities is just what has set us up for thereg-

ulatory “overload” and disproportionateness we now labor under.
This concern was expressed in the 1980 NAS report, Regulating
Pesticides: ,

A serious flaw in the current procedure is that those compounds that receive
the most publicity or pressure-group attention may not necessarily be those
that present the greatest public health or environmental hazards. The current
procedure does not provide for a broad comparison of the hazards posed by
the large number of registered pesticides. At the same time, outside pressures
to regulate a specific compound rarely arise from careful evaluation of com-
parative risks of alternative pesticides. To the extent that external pressures are
influential in determining the order in which the [Office of Pesticides Pro-
grams) evaluates compounds, the consequence may well be that considerable
resources are devoted to regulation of minor, low-risk compounds while im-
portant high-risk ones remain unreviewed for periods longer “than would
otherwise be the case.??

The March 1979 report by NAS on food safety policy proposed that the'
FDA categorize foods as being of high, moderate or low risk and ‘‘apply

123
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severe and general constraints only td items involving the greatest, most fre-
quent, and most certain dangers.”?!

Naturally, regulatory agencies do try to apply their most vigorous atten-
tion to the most important issues, but their problem is to set protectable pri-
orities (ones that are buffered from sporadic undermining) so that all par-
ties involved know the analytic and legal agenda and can allocate resources
accordingly. OSHA has tried to do this with occupational carcinogens, as
has EPA with chemicals regulated under the Toxic Substances Control
Act. The new National Toxicology Program is taking over some of the
priority-setting tasks and will try to rationalize them across agency lines.
The Consumer Product Safety Commission bases its priorities in part on a
“frequency-severity indéx” derived from a computerized sampling system of
hospital emergency-room admissions.

“Intolerable” and “unacceptable” are being invested with real-world ¢on-
notations, as are “negligible” and “insignificant.” These boundary-setting
adjectives gain meaning in two ways: as experts, insurers and others rank
hazards in hierarchies by severity, incidence and overall social exposure
(hazards at the top and bottom of lists thus becoming obvious candidates
for prohibition or acceptance); and as public opinion, lawsuits and so onin-
dicate endorsement of the ranking. This helps administrators and managers
allocate attention to the difficult cases in the middle.

In the beef DES example described earlier, some parties are urging that
real, but very small, low-dose risks to humans be considered “negligible.”
The same principle is being appealed to in a current legal dispute over the
regulation of the common hair-dye ingredient 4-MMPD. Seven hair-color-
ing manufacturers have sued the FDA for requiring that products contain-
ing 4-MMP 2 bear a label warning that the compound “has been determined
to cause cancer in laboratory animals” and “can penetrate the skin.” The
plaintiffs argue that this stigmatizes the products, that scientific proof of
4-MMPD’s carcinogenicity is weak and that, even if the chemical is carcino-
genic to animals, “the risk is truly minuscule when compared to other poten-
tial or proven carcinogens . . . estimated to expose the individual consumer
to a far greater risk of cancer than hair dyes containing 4-MMPD.” A fed-
eral district court has remanded the case to the FDA, instructing the regula-
tors to determine whether the chemical presents “a generally recognized
level of insignificant risk to human health.”3?

In a striking case recently, the FDA approved the hair-dye chemical lead
acetate. While acknowledging that in high doses the material is carcinogenic
to rodents, the agency concluded that human exposure is so small, espe-
cially relative to overall lead intake, as not to warrant prohibition,3?

Risk ceilings also can be established. In this country and many others
polychlorinated biphenyls (PCBs) have been banned from commerce be-
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Flgure 5.4. Frequency-Versus-Severity Profiles for Nuclear Reactor Accidents in_the United
States, Relative to (a) Natural Hazards, and (b) Man-Made Hazards. (These curves are typical of their type but are
meant here simply to be illustrative; numbers are debatable.)
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cause their carcinogenic potency is judged to be absolutely intolerable.
From time to time, high-technology projects have been vetoed because their
risks were unthinkably high: some macro-engineering modifications of the
environment and certain potcnually disastrous recombinant DNA experi-
ments are_landmark examples. The issue may not only be whether the
hazards are actuarially high, but whether the threat would have an intoler-
ably disruptive effect, physically or psychologically, on the fabric of so-
ciety.

A user : way of envisioning risks is to profile them as a curve of fre-
quency versus severity, as has been done for illustration in Figure 5.4. When
a number of risks are plotted this way, certain domains can be recognized as
de facto rejected (that is, society has repeatedly abjured risks in that
range) or, on vacious grounds, as having been defined to be unacceptable.
(The particular curves drawn in Figure 5.4 are typical of those under discus-
sion currently; their numerical values are debatable. The basic method,
though, of portraying cumulative, integrated risks in this fashion deserves
exploration.)

Seeking Accommodation Between Technical and
Lay Perceptions

It is evident that “the public” often views risks differently from the way
technical analysts do. (Of course, consensus is also rare, even within
relatively closed circles of experts.) :

From what do these differences of opinion stem? First, science itself is, in
effect, simply a matter of “voting”; the scientifically “true” is no more than
what scientists endorse to be true. Empirical knowledge is developed sys-
tematically within the scientific community, subject to criteria of repeatabil-
ity, controlled observation, statistical significance, openness and the other
guides of western science. By itself, procedure guarantees nothing, though.
Good sciénce is science that “works”: science that can predict with consis-
tency and generality-and accuracy what will happen in the physical and
social world. The weighing of facts remains subjective; perfect objectivity is

.amyth.

And second, judgments of hazards involve consideration not only of
“size” of risks—likelihood and magnitude— but also of social value.3* This,
of course, leaves much room for disagreement.

Researchers have speculated that people’s opinions about risks depend on
many biasing factors, such as voluntariness of exposure, frequency of oc-
currence, amenability to personal control, reversibility, immediacy, bl-
zarreness, catastrophic nature and so on.3$

Social scientists such as Paul Slovic, Baruch Fischhoff and Sarah
Lichtenstein have used polling techniques to survey risk perceptions and
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risk-taking proclivities. What they find, to neither their surprise nor ours, is
that people have different perceptual biases. This research has concluded
that human beings’ brains, whether expert or lay, get overloaded with risk

. information and have trouble comparing risks; that the media accentuate

social reverberations in risk disputes; and that, in essence, people believe
what they want to believe. Person-in-the-street interviews of technical people
show them to be not much better than nontechnical people at guessing, for
example, how many fatalities are incurred annually from tornadoes, contra-
ceptives or lawnmowers.?¢ ¢

Many of these polling studies are open to criticism. They suffer from the

usual shortcomings of questionnaire design and the generic weaknesses of
polling. Often they ask about only a single hazard at a time, which, by fail-
ing to foster or force comparison and by allowing people to express gelf-
contradictory views, provides little guidance for policymaking. They force
people ar.ificially to break down their views into components. And these
studies are vulnerable to being assumed (not necessarily by their authors) to
imply findings about “the public,” when in fact most of them have dealt
with only small population samples.

Amos Tversky and Daniel Kahneman have developed an approach called
“prospect theory” to account for the empirical findings.3? Now perhaps
theory will guide design of more sophisticated polls.

In the risk-assessment domain, as in others, we are being forced to realize
that “the public” is a very elusive construct. No one person or group of peo-
ple fully represents, or is representative of, all of our citizenry; and the
“organized public” remains small and keeps changing in composition and
opinion. For this reason, and others, the notion of “public participation”
lacks cot.ceptual shape. To oppose closed bureaucratic proceedings is usu-
ally legitimate, but it is a lot harder to devise proceedings that are not only
open to the affected polity but that encourage extensive “publi'c’bparticipa-
tion without just opening channls for special-interest lobbying\. A recent
Organization for Economic Cooperation and Development study of public
participation, entitled Technology on Trial, concluded: “the general thrust
of participatory demand would appear to be for a greater degree of public
accountability; freer public access to technical information; more timely
consultation on policy options; a more Tolistic approach to the assessment
of impacts: all of which amounts, of course, to more direct public participa-
tion in the exercise of decision-making power.”3*

In recent years both governmental and nongovernmental bodies ‘have
been taking steps to seek accommodation between lay perceptions and tech-
nical-analytic ones.?® Regulatory agencies have opened up their proceedings
and have solicited public input. Professional organizations have explored
perceptual issues: In 1979 the Nationat Council on Radiation Prgrection and
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Measurement held a symposium resulting in a volume entitled Perceptions
of Risk. 4.

If an attltudmal bias emerges, it can be incorporated into standards In
recognition of the public’s extraordinary concern about catastrophic poten-
tial (as opposed to diffuse chronic risks) of nuclear reactors, for example,
industry and its regulators have incorporated “risk aversiveness,” or dispro-
portionate conservatism, into reactor safeguards.*!

A 1980 report, Approaches to Acceptable Risk, commissioned by the Nu-
clear Regulatory Commission, provides a very constructive review of many
of these decisional problems. 42

It is worth surmising that what is under perceptual dispute in many cases
is not only the hazard itself but the social “management” of it. Nowhere has
this been more bluntly evidenced than in the overall conclusion of the Presi-
dent’'s Commission on the Accident at Three Mile Island: “To prevent nu-
clear accidénts as serious as Three Mile Island, fundamental changes will be
necessary in the organization, procedures, and practices and —above all—in
the attitudes of the Nuclear Regulatory Commission and, to the extent that
the institutions we investigated are typical, of the nuclear industry.”? Too,
one suspects that risk opinions often may in effect be proxies for more
deeply seated opinions about corporate bigness, or bureaucratic inaction or
erosion of personal control.

Institutional Attention

Congressional Actions

As though swatting at swarms of hazards on all sides, during the 1970s
the Congress passed, inter alia, the Consumer Product Safety Act, the Fire
Prevention and Control Act, the Occupational Safety and Health Act, the
Federal Water Pollution Control Act, the Toxic Substances Controi Act,
the Mine Safety and Health Act, the (aircraft) Noise Control Act, the Fed-
eral Environmental Pesticide Act, the National Earthquake Hazards Reduc-
tion Act, the Medical Devices Amendment to the Food, Drug, and Cos-
metic Act, the Safe Drinking Water Act, the Resource Conservation and .
Recovcry Act and various Clean Air Act amendments. To énsure indepen-,
dence of control, Congress split off the Nuclear Regulatory Commission from
the old Atomic Energy Commission. And it established the Environmental
Protéction Agency, the Occupational Safety and Health Administration, ‘
the Consumer Product Safety Commisison, the National Fire Prevention
and Control Administration and the Federal Emergency Management
Agency to administer all the new laws.

The effect of this legislative crusade has been to bring tens of thousands
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of hazards into regulatory frameworks of many kinds, based on science,
medicine, engineering, law and economics, that were—and still are —inade-
quate bases for decision.

The Congress has chosen a variety of roles for itself in risk assessment. It
has established the regulatory agencies and overseen their work. With some
issues, such as automobile erissions, it has insisted on reviewing the scien-
tific and economic evidence in detail and on itself setting primary standards.
With others, such as the arcane questions of recombinant DNA research, it
has held hearings to establish a record but has refrained from instituting
strong control (see Chapter 4 by Charles Weiner). Occasionally, in response
to constituent pressure or political opportunity, it has intervened precipi-
tously in regulatory action, as it has repeatedly done with saccharin, direct-
ing the FDA to stay an action or requesting the NAS to conduct another
study. In emergencies it has held high-level inquiries, as it did during the
Three Mile Island accident. )

Recently the Office of Technology Assessment, the General Accounting
Office, and the Congressional Research Service have all gotten more in-
volved in preparing risk-related reports for the Congress. Congressman
Dor Ritter and others have proposed mandating that cost-benefit analysis
be used as the basis for regulatory action; response to this bill in hearings

has been mixed.** Congressman William Wampler has, in HR-6521, pro-

posed creation of a National Science Council within the Executive Office
(lodged in the Office of Science and Technology-Policy), which would be
charged with adjudicating major scientific disputes over factual matters in
regulatory decision making. Prompted by such flaps as that over the ques-
tionable studies of health risks at Love Canal, legislators are considering es-
tablishing guidelines for scientific peer review of assessments used in regula-
tion. Congressional concern over risk issues remains high, but it tends to
focus on individual hazards rather than on a comparative high-risk-reduc-
tion agenda, and it tends to favor regulation as its best instrument.

Administration Actions

Various Executive Branch sagas in risk decision making have been
described elsewhere and will not be reviewed here. We should, however,
notice several trends that go beyond the straightforward execution of regu-
latory mandates. ’

There is some movement toward interagency coordination of regulatory
actions. The complexity of the administrative task is illustrated by the fact
that the Interagency Review Group on Nuclear Waste Management ‘had to
be constituted from 14 major entities of government (the Departments of
Commerce, Energy, Interior, State and Transportation; National Aero-
nautics and Space Administration, Arms Control and Disarmament Agency,
Environmental Protection Agency, Office of Management and Budget,
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Council on Environmental Quality, Office of Science and Technology Pol-
icy, Office of Domestic Affairs and Policy, National Security Council and
Nuclear Regulatory Commission.** The Interagency Regulatory Liaison
Group (Consumer Product Safety Commission, Environmental Protection
Agency, Food and Drug Administration, Occupational Safety and Health
Administration and Department of Agriculture) has developed coordinated
guidelines on carcinogenicity assessment.4¢ A National Toxicology Pro-
gram has been established to serve the needs of a number of agencies.
Fundamental research in support of regulatory work may be improving:
The National Institutes of Health have become more involved in such mat-
ters as development of reliable and practical screening tests for carcinogens; ¢
the National Science Foundation now sponsors risk-related policy studies;
and the National Bureau of Standards conaucts fire research for the benefit
of many agencies. How to marshall such support effectively is still a chal-

lenge: The basic research agencies don’t have specific mission mandates, :

_ and the regulatory agencies lack strong fundamental research capabilities.

As part of its attempt to control economic inflation resulting from over-
regulation, in March of 1978 the Carter adrainistration promulgated its Ex-
ecutive Order 12044, which directed the regulatory agencies to take a num-
ber of steps to “rationalize” their actions and to evaluate the promise of
nonregulatory alternatives. Most controversially, the order called for eco-
nomic impact analyses of major regulatory actions. As a result, a layer of
procedures and organizations, such as the Regulatory Analysis Review
Group and the Regulatory Council, was superimposed on existing, congres-
sionally mandated agency structures. Adjustments to these developments
have been painful. In his enlightening report to the Administrative Confer-
ence on these developments, Michael Baram concluded tactfully:

Obviously, regulatory reform is in a state of flux, as COWPS, CEA, OMB,
OSTP, RARG, RC, the agencies and Congress act in response to the stimulus
of Executive Order 12044, New controversies have arisen as to the conduct and
use of regulatory analyses, the adequacy of the methodologies employed, and
the timing and extent of Presidential involvement in agency decision-processes.*?

In its attempts to provide correctives for economically damaging over-
regulation, the Reagan administration will have to decide whether such cen-
tralized review is appropriate or whether such considerations can be
delegated, with guidelines, to the agencies.

Court Actions

Thousands of tort cases are heard every year'. For the present review,
what is important are the ongoing debates over the role of the courts and the
landmark decisions handed down by the high courts.
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One respected view of tll/1e role of the judiciary is that championed by
Judge David Bazelon: “Courts cannot second-guess the decisions made by
those who, by virtue of their expertise or their political accountability, have
been entrusted with ultimate decisions. But courts can and have played a
critical role in fostering the kind of dialogue and reflection that can improve
the quality of those decisions.”® Others dis.gree, believing that courts
should be free to review 'the substantive evidence and logic of assessments
and decisions. The extent of judicial intrusion into agency decision making
will remain an issue.

Recent years have seen the courts interpreting legislative mandates (as to
whether, for instance, regulation under the Clean Air Act must consider
costs, or whether the FDA properly interpreted its mandate in banning
laetrile) and refereeing territorial disputes between agencies.

A crucial issue that continues to work its way up to the Supreme Court re-
lates to the imperative for cost-benefit analysis in regulatory decisions. The
recent case of Industrial Union Department, AFL-CIO versus American
Petroleum Institute sidestepped the issue of whether OSHA must, under its
statutes, base its decisions—in this case, over whether to tighten occupa-
tional exposure limits for benzene from 10 parts per million to 1 part per
million — on formal, explicit, published cost-benefit analyses, the issue that
many observers hoped the court would address.*® The justices have,
however, agreed to hear an analogous case, on cotton dust. The legislative
background from which the Supreme Court has to work does not provide
much guidance.

Nongovernmentat Actions

Several recent developments exemplify the increasingly collective ini-
tiatives being taken by nongovernmental bodies. An impressive contribu-
tion has been made by the Food Safety Council, a non-profit coalition of
industrial, consumerist and other members, which has developed and pub-
lished a thorough review of the technical problems associated with food risk
assessment and made proposals that are now under consideration by regula-
tory and other bodies.$® The American Industrial Health Council, a coali-
tion of 140 cp’mpanies and 80 trade associations, has developed concerted
positions on regulatory issues and is now proposing structural and proce-
dural reforms.?! In the aftermath of the Three Mile Island accident, the
country’s electric utilities and nuclear industry pooled their interests and es-,
tablished a Nuclear Safety Analysis Center, associated with the Electric
Power Research Institute, to serve as an industry-wide reactor performance
clearinghouse. Some 35 major chemical firms have recently established the’
Chemical Industry Institute of Toxicology, a research center charged with
performing state-of-the-art toxicological research and assessment of large-
volume commodity chemicals (not proprietary products) for the benefit of
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the industry as a whole. The major U.S. automobile and truck companies
have.joined the EPA in establishing a Health Effects Institute {o stud) the
effects of motor vehicle pollution.32

It is not yet possible to evaluate the promise of these new institutions.
They deserve watching because they typify efforts to develop techniques,
procedures, databases and focal centers for risk assessment outside of gov-
ernment. The question will be whether the work they produce is of high
technical quality, whether they develop reputations of integrity and whether
government and the courts can effectively accommodate the work of these

hybrid institutions as alternatives to direct regulation and government-
" sponsored assessment.

It might also be mentioned that a Society for Risk Analysis has been
formed, which (through Plenum Press) will in 1981 begin publication of a
journal, Risk Analysis.

Scientific Integrity and Authority ,

Serious criticism is currently being leveled at the manner and quality with
which scientific analysis is brought to bear on public hazards. Not to be in-
terpreted as disaffection with science per se, this dismay reflects confidence
that science can indeed help assess these problems, if it is properly applied.

Proposals are gathering for establishment of central authority structures
to which technical disputes can be appealed. For example, the New York
governor's panel (chaired by Lewis Thomas) formed to review the Love
Canal fiasco found that “only further questions and debates on scientific
credibility have been the result” of the “inadequate research designs” and
“inadequate intergovernmental coordination and cooperation in the design
and implementation of health effects studies” at the dump; as a remedy it
recommended establishment of a Scientific Advisory Panel responsible to
the governor.$® Editorials have appeared in Science and elsewhere calling
for reincarnation of the President’s Science Advisory Committee to referee
such disputes. Congressional Bill HR-6521 proposed formation of a Na-
tional Science Council within the Executive Office for high-level review of
assessments.

In somewhat the same vein, the American Industrial Health Council has
urged Congress to establish a Science Panel:

AIHC advocates that in the development of carcinogen and other federal

chronic health control policies scientific determinations should be made

separate from regulatory considerations and that such determinations, assess-
ing the most'probable human risk should be made by the best scientists avail-
able following a review of all relevant data. These determinations should be
made by a Panel of eminent scientists located centrally somewhere within gov-

.
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ernment or elsewhere as appropriate but separate from the regulatory agencles
whose actions would be affected by the determinations. 34

Two questions must be ‘asked of such proposals: whether “scientific and
technical dctcrmmatlons’iean legitimately be separated from “political and
social determinations™ and whether centralization of authority assures
higher quality scignce.

To the first the answer is probably, yes, to a considerable extent, as long
as it is understood that the very process of defining the problem is subjective
and that scientific assessments usually have to be conducted iteratively. Fér
example, to view the problem of liquefied natural gas facilities as one of
time-averaged risk is different from worrying about the potentially massive
social disruption one large accident could cause. Complex issues, such as
energy policy, have to go many rounds of assessment, criticism; redefinition
and reassessment.

To the second question, the answer is that communal scientific assess-
ments do tend to gain critical analytic strength and social legitimacy over as-
sessments made by individuals alone, but that pluralism and variety within
the scientific_community should be encouraged: recruiting more skilled
policy-analytic scientists and engineers in industry, government and other
organizations; appointing able advisory panels to many different adminis-
trative, legislative and managerial bodies; upgrading assessment work in
academies, professionals societies and trade organizations; and so on.
Pluralism remains an essential safeguard against narrowness, Centraliza-
tion and consistency are not always good in themselves. Besides, high-level
bodies will always be limited to handling only a few contentious issues at a
time. What thcy can do.is raise warning flags about hazardous sntuatlons,
draw attention to suspect scientific studies and help set the national agenda
of assessment.

One of the more encouraging developments of thc last few years has been
a willingness of technical people, acting as professional communities, to re-
view major assessments. When the original “Rasmussen Report” on reactor
safety was issued, for example, it was subjcctcd to detailed critique by a
panel of the American Physical Society, by an ad hoc review group (the
“Lewis Panel”) chartered by the Nuclear Regulatory Comnission, by the
Union of Concerned Scientists and by others. Currently the Society of Toxi-
cology is reviewing the controversial “ED-01” effective-carcinogen-dose ex-
periment performed by the National Center for Toxicological Research.

New and Underattended Hazards

New hazards will always be cropping up, and there is no need to develop a
complete new apprehension list here. The author believes that the following
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four can hardly escape becoming matters of heated controversy in the near
future. The “thought exercise” is this: How can social and technical atten-
tion most effectively be brought to focus on them?

1. Women’s Occupational Health. As women increasingly move into the
heavy industrial work place, there are questions of: (a) whether our scientific
and medical understanding of women’s bodies under stress is sufficient; (b)
- whether existing occupational standards protect all women as well as all
men “adequately”; (c) if the answer to either (a) or (b) is “no,” whether any
health-related discrimination should be applied between the sexes (or, in-
deed, between small people and large people, or between any other
categories by which human beings differ from one another) in conducting
research and instituting protection; and (d) what actions should be taken
specifically.

Part of this issue has to do with reproductive health, both of pregnant
workers and of the fetuses they carry. Legal suits that have centered around
this issue have not vet provided much clarification. Because mutation can
occur in sperm, too, men are not exempt from danger. The Interagency
Regulatory Liaison Group recently announced that it is conducting a major
review of reproductive toxicology.$*

Reproductive effects are not the only ones at issue: heat susceptibility,
hearing loss, skin irritation and musculoskeletal damage may well turn out
to be different for wornen.3¢

2. Urban and Indoor Pollution Hazards. Sealing up indoor environ-
ments hermetically keeps cold and smog out, but it may keep indoor
pollutants in. Infectious and allergenic agents can be transmitted through
an office’s ventilating system. The problems of flaking asbestos and old
lead-based paint are still with us. In a September 1980 report entitled Indoor
Air Pollution, the General Accounting Office raised the alarm about
various gases—radon, the radioactive gas released slowly from rock
building materials; carbon monoxide, from various combustion sources;
formaldehyde, from insulation; and others—that tend to build up and be
circulated in sealed, poorly ventilated houses, mobile homes, offices and
schools.*” There continue to be allegations that nonsmokers are exposed to
significant air pollution burdens from other people’s smoking.** Continued
urbanization and the campaign to insulate and seal buildings in efforts to
save enargy can only exacerbate these risks.

3. Teenage Pregnancy. It is hard not to be struck dumb by this problem.
As expressed by James Vaupel: -

One area seems particularly important. It involves the complex of overlapping
problems associated with teenage birth, illegitimacy, prema.urity, fow birth
weight, low 1Q, deficient pre-natal and infant care, and higl: mortality rates
not only for those children in infancy but also later on in life and for the
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mothers. The number of tcenage births is startling: nearly 600,000 infants were
bom in 1975 to teenage mothers, some 240,000 to mothers age 17 or younger.**

Surely these numbers speak for themselves. Can any health risk be larger?
To wave these problems off to “social welfare” bureaus and not address
them along with the major issues on the national risk-reduction agenda is to
take a very narrow view.

4. Seismic Hazard. Earthquake experts continue to predict major shocks
for the West Coast. Engineers warn that although high, modern buildings
are earthquake resistant, considerable peri! remains in older, lower
buildings. Fire hazard accompanies earthquake hazard in inhabited areas.
As an exercise, officials might ask themselves how they will defend their
current actions after the Big One strikes. Many of the problems are
technical-economic ones that lend themselves to comparative analysis, as a
recent Executive Branch review of California seismic hazard preparedness
has argued.®

Recommendations X -

1. The overall urging of this essay is that bodies responsible for apprais-
ing public risk ask of their assessment efforts:

¢ Are risks, benefits and costs characterized as explicitly as possible?

e Are uncertainties and intangibles acknowledged and, where possible,
estimated?

(4

e Are programs otiented to agreed-upon societal goals?

¢ Do procedures guarantee that high-quality technical evidence is
made available and used as the basis for decision?

e Are risks examined in a properly comparative context along with
benefits and costs?

¢ Are precautions taken to prevent minor hazards from displacing
larger ones on the protection agenda?

e Are the formality and legal bindingness of the analytic base appro-
priate?

2. Excerpts of well-regarded risk-assessment studies shauld be collected
and published with commentary. (The NAS food safety study published
several examples, and the NAS current review of some of its past proj-
ects—the “Kates study” —will provide more.) Critique should be made not

“
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only of analytic methodology but also of how boundaries of assessment
were set, how assessors were chosen, how conflicts-of-interest and biases
were dealt with, how findings were cxprcsscd and how the study groups
maintained their relationships with patrons and’ clients.,

3. The causal connection between environment and health deserves
continued investigation. As part of this, baseline surveys like the
“LaLonde Report” (Health of Canadians) or the 1980 California Health
Plan should be developed for the United States; this would be an exten-
sion of the 1979 Report of the U.S. Surgeon General on Health Promo-
tion and Disease Prevention.s' Then those determinants of health that
are amenable to environmental influence should be evaluated.

4. The Office of Management and Budgct the Congressional Budget Of-
fice or others might direct or commission comparatlvc evaluations of the
marginal longevity gains and other benefits from key regulatory programs.

* 5. Evaluation should be made of such longstanding risk-management
regimes as food inspection programs, fire-prevention provisions of building
codes, flood plains insurance, black lung insurance and the iike, asking
whether they accomplish their risk-spreading or risk-reduction goals.

6. As the nation contemplates deregulation, sectoral net-assessment of
regulatory policies should be conducted and reviewed. Alternatives to regu-
lation should be examined, especially hybrid nongovernmental-governmen-
tal approaches.s? In this regard the experiences of other countries, such as
Sweden’s in food safety, should be reviewed.

7. High-level scientific leadership needs continual renewal. One function
of an upgraded White House scientific advisory body should be to identify
major risk issues needing attention (such as, for example, the underattended
issues cited at the end of this paper). This body, or other groups, should
consider setting up a watchdog commission like the United Kingdom's Ad-
visory Committee on Major Hazards to lead in the anticipation and assess-
ment of important, long-term hazards.

8. There are many specific research needs, rangizg from toxicology to
policy analysis. Broad topics deserving attention include:

¢ Evaluation of the overall predictive usefulness of the toxicological
gauntlet through which chemical products now are required to be
run.®

¢ Improvement of epidemiology as an analytic complement to toxico-
logical stesting and continued development of the necessary
databases.

s Refinement and compaiison of such analytic techniques as cost-
benefit analysis, decision theory, cost-effectiveness analysis.




126 William W. Lowrance

¢ Evaluation of the validity of fault-tree and event-tree analysis as ap-
plied to nuclear reactors and other engineered structures.*

s Investigation of ways in which human error (maintenance’error, op-
eration error, emergency-response error) can be taken into account
in probabilistic assessmient of technological systems. .
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Science, Technology and
International Security:

) A Synthesis

Eugene B. Skolnikoff

INTRODUCTION

In a world.substantially altered in this century as a result of the products
of research and development, and with the elements of security of most na- °
tions directly affected, government institutions and policy processes in the
United States remain heavily domestic in orientation. Contrary to comymon
assumption, this is at least as true for the scientific and technological enter-
(prise as it is for any other.

Some of the most important issues and needs relevant to science, technol-
ogy and international security are presented in the following pages and in
the accompanying chapters. The parochial nature of U.S. national institu-
tions, however, makes it peculiarly difficult to come to grips with some of
these needs or to anticipate them in any orderly way. Fr many years this
problem has plagued U.S. government attempts to deal with the interna-
tional implications of research and development (R&D) and international
science and technology. The problems and the dangers now become more
pressing as scientific and technological competence in other nations be-
comes more formidable. New measures are needed, yet the issue of exces-
sive domestic orientation is only rarely identified or directly confronted.
Without some attempt to understand this issue, actions that focus on the
specific needs discussed below are likely always to remain ad hoc and
seldom equal to their tasks.

°
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BACKGROUND .

The results of science and technology have had dramatic effects on the
restructuring of nations and of international affairs, particularly. in
the 35 years since World War II. Aircraft, satellite communications,
health and sanitation measures, missiles, nuclear weapons, automated pro-
duction, radio and television, agricultural mechanization and new crop
strains all bear witness to the productivity of R&D and, in their effects,
to the profound revolution in human affairs they have brought about or
made possible. The pace of change, furthermore, shows no sign of slack-
ening.

International affairs have been heavily influenced by the differential abil-
ity of nations to carry out and capitalize on the results of R&D. Two nations
have emerged with military power and influence far greater than others,
largely as a result of natural endowments and resource bases that have
allowed massive exploitation of science and technology. The gradual decay
of that dominance, especially in its economic dimension, is already a source
of new international relationships and problems. The disparity among na-
tions of the North and South in ability to acquire and exploit technology is
also a major factor in their relative economic status and in their increasingly
acerbic political relations.

Concurrently, the pace of industyialization of technological societies has
greatly intensified the dependency relations among states, so that even the
most advanced societies find themselves critically dependent on others for
resources, information, capital, markets, food and even technology.

Traditional geopolitical factors have been altered or expanded by ad-
vances in science and technology to include, inter alia, size and number of
long-range nuclear missiles, satellite communications and surveillance capa-
bility, competence of the educational system, fundamental change in the
very significance of major conflict and, critically, R&D capacity.

The results of R&D have also given rise to new technologies of global
scale, creating wholly new issues in international affairs, notably atomic
energy and space exploration. Also a matter of worldwide concern are the
side effects of technological development. The resultant changes have
altered traditional international issues and created major new ones, such as
transborder environmental concerns, stratospheric modification and ocean
exploitation. ’

Not all of these changes in international affairs directly bear on security,
but the web of interactions in a technological woild makes it difficult, even
misleading, to exclude, say, economic concerns nf developing countries
from the concept of international security. In fact, the broad issues of food,
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health, resources, energy and population are aspects as legitimately a part
of security as.are military issues. --

Given these effects of science and technology on the international security
of states, it is ironic that the support for science and technology is primarily
a national endeavor, particularly in the United States. .?olicies for R&D are
seen in a national perspective and come primarily from national govern-
ments. This means, however, that international or global needs are not likely to
be adequately taken into consideration in a national decision .process.

A natural result of the nation-state system is that decisions in all policy
areas are usually made unilaterally within one nation. Moreover, the appar-
ent worldwide intensification of nationalism in the face of economic diffi-
culty, not least in the United States, further encourages unilateral decision
making. The parochial nature of decisions concerning R&D, however, j0es
beyond normal constraints of nation-based decision making and fun«ling.
The decentralized nature of public funding for research means that it it pre-
dominantly considered within the context of mission agency budgets. Even
for those agencies whose rationale has a basic foreign policy motivation
(Department of Defense, Department of Energy), the actual decisions and
choices are heavily influenced by domestic pressures ani inputs. Some de-
partments or agencies are in fact precluded by their legislative charters from
committing resources for anything other than domestic problems. All are
faced with a budget process, in both the Executive and Legislative branches,
that discourages (or often denies) all departments except foreign policy
agencies the right to allocate their own R&D funds for other than
U.S.-defined problems.

In the private sector as well, research decisions are heavily conditioned by
the U.S. market, with U.S. industry still primarily concerned with U.S.
sales and only gradually adjusting to the growing share of exports in the
economy, :

The implications of this situation are evident throughout the discussion
of specific issues below and deserve subsequent elaboration to suggest possi-
ble policy or institutional departures that could be undertaken.

Of course, not all issues are handicapped by this particular institutional
limitation. What follows is a broader discussion of the issues in the interac-
tion of science, technology and international security that are likely to be
central questions over the next five years. Though the focus is on a five-year
period, policies cannot sensibly be seen in that short time frame without
taking into account long-term objectives. Where relevant, what are, in ef-
fect, assumptions about desirable futures will be spelled out. The final sec-
tion will be concerned with some of the institutional and policy process
questions raised by the specific issues.
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KEY ISSUE AREAS

It is tempting to start with national security issues, which appear to be
most directly related to the subject. But economic issues will probably re-
ceive policy priority in the next few years, with important consequences for
international security. In addition, as significant as defense issues are, they
tend to receive more concentrated attention. Hence, defense issues will be
addressed later in this paper, without in any way denying the fundamental
significance of science and technology to security issues and, particularly, to
international stability. .

Economic Issues

Competition and Cooperation Among
Advanced Industrial Countries .

It is not a novel observation that the most serious short-term problem of
the United States and of other Western industrialized nations is, and will
continue to be, coping with inflation in a largely stagnating economic situa-
tion. Unemployment rates are high in many countrics (over 9 percent in the
United Kingdom at the end of 1980), with inflation at the double-digit level
for several. This relativély bleak economic outlook has many causes;
analysis of them within the context of this paper would be inappropriate.
However, not only do economic problems affect the international roie of
science and technology, but some measures that individual countries may
take for economic purposes will affect the course of science and technology
or limit the international flow of scientific aml technological information.

Industrial Policy. It has become almost a faa to speak of the need in the
United States for an industrial policy or for reindustrialization. Several
aspects of reindustrialization are particularly relevant to R&D. One is the
ability (legal, political and psychological) of the U.S. government to work
cooperatively with individual companies or a eonsortium to-support
research designed to improve the international competitive position of U.S.
industry. Antitrust considerations, among others, have deterred such joint
activity in the past.

Two initiatives in the Carter administration have shown that at least some
of the barriers can be overcome. The joint research programs on automo-
bile engines, with a consortium of auto companies (Cooperative
Automotive Research Program), and the cooperative program for ocean
.margin drilling, with a group of oil companies, have received the advance
blessing of the Department of Justice. These initiatives are now in jeopardy
or cancelled. The international economic payoffs of cooperation of this
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kind (and the costs of not easing the way) may justify reconsideration of
this policy in the next several years. Whether or not the government is in-
volved, the advantage to international competitiveness of allowing research
cooperation among companies in the same industry may create new support
for antitrust poiicy legislation. Clearly, such legislation would provoke
major political controversy.

A related aspect of industrial policy is the tendency of the United States
to apply to U.S. companies operating abroad the same rules and constraints
that apply inside the country.' The essentially adversarial relation between
government and industry in the United States, whatever its historical justifi-
cation or meits in spurring competition, often serves to put U.S. companies
abroad at a disadvantage in competing with companies dlrectly supported
and often subsidized by other governments. This is particularly relevant in
high-technology industries, as companies in other countries are now able to
compete as technological equals for the major new markets that will deter-
mine future economic strength. Obviously many complex and contentious
factors will arise as this issue is addressed, but they must be discussed. The
economic stakes are high.

The key determinant of the U.S. competitive technological position is, of
course, the strength and innovativeness of its high-technology industries.
Domestic science policy, including support for research, tax incentives, reg-
ulations, quality and adequacy of education and other elements, will cru-
cially affect the economic scene in years to come. In addition, specific tax
and other policies that bear directly on industry’s decisions to carry out
R&D either abroad or in the United States will require examination, al-
though it should not be an automatic conclusion that overseas research by
U.S. firms is necessarily against U.S. interest. Overseas research can con-
tribute directly to U.S. R&D objectives, enhance the possibilities for large-
scale cooperation (more on this below) and contribute to knowledge generally.

One of the greatest dangers of the current economic malaise in Western
countries, coincident with serious competition from Third World countries
and from industrialized countries (especially Japan}, is the possibility of a
rise in protectionism—to preserve dying or inefficient industries. These in-
dustries may be failing for any number of reasons: increased labor costs rel-
ative to other countries; changes in cost of other factors of production, par-
ticularly for energy and resources; lower productivity; lagging innovation;
inadequate industrial organization, and others. The temptation to respond
politically to worsening domestic unemployment and its ancillary effects by
preserving and proiecting inefficient industries is very great, especially when
a.certain amount of implicit or'informal protectionism is practiced by most
countries in one way or another (hidder subsidies and biased regulations,
for example).
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The economic costs of a protectionist spiral among industrialized coun-
tries and the consequent loss of incentives for innovation and support of
R&D could be very great. In effect, protectionist measures are an alterna-
tive to R&D investment, at relatively low short-term cost and very high
long-term cost: a poor bargain, but one likely to be proposed and actively
sought by powerful forces in the near future. '

One specific protection issue has emerged in recent years over the export
of new technology which, it is argued, is tantamount to the export of U.S.
jobs as that technology becomes the basis of new competing industries. The
argument is that technology developed in the United States is sold to others
at a price that does not adequately reflect the true costs or the broader ef-
fects on the United States of that sale. It is a disputed issue, not only with
regard to the facts, but also whether this is a case in which the possible cure
might be worse than the disease. For example, is the current government
pressure to exclude foreign students and faculty from advanced integrated-
circuit research facilities at universities a wise policv? This is an issue likely
to be more visible in the future.

Finally, under the-heading of industrial policy, the relationship between
domestic regulatory policy to protect health and safety and a nation’s inter-
national economic position must be included. Already under intense scru-
tiny, this subject is certain to be the focus of important debate in the next
five years. The basic concern is that unequal regulations from country to
country can result in substantially different costs of production, thereby
changing each nation’s competitive position. That claim is made now with
regard to U.S. environmental and safety regulations that are presumed to
have important effects on U.S. export potential. Equalizing regulations
worldwide would be one way to manage the problem when it exists, but that
would not always reflect different conditions in countries, different factors
of production, or different values. Regulations can sometiines improve
competitive position if the costs of compliance are higher in other countries
competing in the same market. At times, regulations are simply a disguised
trade barrier. Once again, the complexity of the situation does not allow
simple judgments or generalizations. The positive current account balance
of the United States in the last months of 1980, in the face of high energy
costs and an improving U.S. dollar value, would seem to belie the negative-
effects argument, but it is not known what the balance would have been in
the absence of regulation. Moreover, the issue is usually cast not only in
specific cost terms, but also with regard to the delays, uncertainties and bu-
reaucratic constraiqts imposed on industry by what is seen as a burgeoning
regulatory environment.

The Reagan administration has indicated its intention to address this
issue directly. It is hoped that sound data and analysis will support any ac-
tions taken,
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Cooperation. Scientific and technological cooperation among Western
technologically advanced countries is not rare. When ccmpared with the
scale of investments in R&D and the common goals of Western countries,
however, the number of cooperative projects, especially in technological de-
velopment, is rather small. The explanations are obvious: difficulties en-
countered in organizing cooperation; concern over losing a competitive
position; and, most important, the basically domestic orientation of most
governments. Meshing of programs, objectives, budgets and people is
much more complex than when carried out within orie country.

Current economic needs and constraints may now put cooperation, espe-
cially technological cooperation, much higher on the agenda. Industrial
countries are all in need of technological progress to meet their social, polit-
ical and economic requirements, at the very time when the economic situa-
tion that created these requirements’also serves to place severe budgetary
constraints on national R&D expenditures.

Today’s nearly equal competence in science and technology among coun-
tries also means that a given project is likely to benefit from larger applica-
tion of resources. In some cases, participation by more than one country
may be necessary to attain a critical size. The massive investments required
in many fields of central and growing importarce, especially energy, also
make the possibilities of cooperation to reduce the drain on national
budgets particularly attractive.

The difficulties and costs of cooperation cannot be ignored:

¢ inherent difficulties of meshing disparate bureaucracies;

¢ delays in reaching decisions among differing political and legal systems;

* complications of varying decision processes, priorities and compe-
tencies;

* cost of international bureaucracy;

¢ the danger of political inertia, which mAcs projects hard to start but
even harder to stop;

* the possibility of drains on research budgets'bccaqse of international
commitments;

o the tendency to undertake, internationally, only low priority projects;
¢ the apparent conflict bctwecn cooperation and improving a nation’s
competitive position.

Successful cooperation also requires reliable partners. The record of the
United States in modifying or abrogating agreements makes future agree-
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ments harder to reach. Most recently, the proposals to cancel the coal lique-
faction development project with Japan and Germany and to withdraw
from the International Institute of Applied Systems Analysis have damaged
our reputation as reliable partners.

Difficulties are formidable but the potential benefits are also formidable.
Successful examples of cooperation (airbus, International Energy Agency
projects, coal liquefaction until this year) demonstrate it can be done.
Greater willingness of the U.S. bureaucracy to look outside the United
States and recognize the competence and knowledge availible elsewhere,
and the greater experience the bureaucracy would attain through making
the effort, would be substantial additional benefits of accelerating the pace
of international cooperation. The forms of cooperation (bilateral, trilateral,
Organisation for Economic Co-operation and Development—OECD) all
need to be examined for each case, although the OECD is the logical organi-
zation in which to lay the groundwork and establish a design among
Western countries. Increased attention to genuine international technologi-
cal cooperation ought to be an important task of the 1980s.

North-South Science and Technology Issues

The differential ability to acquire and exploit technology is a major deter-
minant of the strikingly different economic situations and prospects of na-
tions of the North and South and one of the prime sources of the political
disputes among them. Differences in technological capability, however, are
potential levers for constructive assistance and cooperation. Can this nation
grasp those opportunities, which play to its strongest suit —its technological
strength?? .

The fate of developing countries in economic, political and military terms
in coming years will have a great deal to do with international political sta-
bility and with the security of all nations, not the least the United States. It
is reasonable to forecast that international turbulence will be centered in the
developing world. That estimate is reflected in U.S. military and foreign

policies. It is much less evident in official economic policies—the U.S. com-,

mitment to economic assistance is scandalously low relative to that of other
industrialized countries. The various rcasons for U.S. indifference and fre-
quent opposition to foreign assistance cannot be usefully probed here.
However, the central nature of technology in develnpment does provide a

focus for cxploring how to maximize the U.S. role, whatever the aggregate
scale of assistance, and for highlighting some of the particular issues within

specific fields (such as agriculture and population) that need to be con-  °

fronted. _

Economic growth, political stability and a working economy in a
developing country (with important effects on agricultural production, re-
source availability, reduction in fertility and markets for U.S. goods) can all

;\
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be advanced by external‘assistance from the United States. It is in our na-
tional ‘self-interest to provide this assistance. This is not to deny that the
more economically advanced a developing country becomes, the more com-
petitive it is with the United States; nor is it to deny that political stability
does not automatically foliow growth, or that the political objectives of
Leveloping countries may differ from our own. But U.S. self-interest is bet-
ter served by the steady advancement of developing countries than by lack
of progress. Whether or not economic assistance to developing countries is
high on the U.S. agenda at the moment, there is a substantial probability
that it will be forced there through political or economic crises or national
calamities such as widespread drought. ©

Technology Policy Toward Developing Countries. It is no longer neces-
sary to justify the importance of technology in development. Technology is
essential to management of the problems of agriculture, health, environ-
ment, industrialization, population, energy and most other aspects of a
modernizing society and is recognized (sometimes overemphasized) in most
developing countries to be essential. The United States, whatever its relative
decline in technological leadership, is still the world’s strongest technologi-
cal nation, with a broad and flexible education and research establishment. _

The technological capability of most developing countries is steadily im-
proving. Nevertheless, most research is carried out in the developed coun-
tries either for military purposes or for the domestic problems of those
countries. Perhaps no more than 5 percent of global R&D can be said to be
devoted exclusively to problems of development. In a setting in which in-
dustrial.zed nations have such a stake in economic growth and elimination,
of poverty in the developing world, it makes little sense to devote so little

_scientific and technological effort to problems that are peculiarly those of

developing countries. -

Much of this R&D cannot and should not be done in industrialized coun-
trie', for practical as well as philosophical and political reasons. To be ef- -
fective, to work on the right problems, to be sensitive to local needs and
preferences, to produce solutions that fit and are likely to be adopted, to
keep up with and adapt technology—all require R&D defined and carried
out locally. In turn, this implies attention to the building of the scientific
and technological infrastructure in developing countries.

This does not mean, however, that all research relevant to developing
countries needs must be carried out locally. Many areas of basic research
can more effectively be done in existing laboratories; many problems are
generic and can be more quickly investigated in established laboratories
with resources and skills already deployed; many technological problems re-
quire general solutions before locally adapted applications are pussible.
Perhaps most important is finding ways to elicit commitments from scien-
tists and engineers in industrialized countries to work on problems of devel-
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opment in a sustained way that allows cumulative benefits and continuous
attention. Long-term availability of financial resources is essential, not only
to make such commitment possible but also to make it respectable in the
cyys*of disciplinary peers.

Transfer of existing technology to developing countries is no longer seen
as an adequate alternative. Experience shows that such transfer, especially
of public technologies of health and agriculture, is inefficient or inappropri-
ate without adequate receptors to choose, adapt, finance and develop
knowledge to fit local environments and needs. Technology requires adap-
tation to a unique social, economic and political, as well as technical, envi-
ronment. Also, it tends to change that environment, often quite rapidly, so
that mutual adaptation of technology and environment is a continuing and
dynamic process.

Relations of developing countries with multinational corporations also
require local capability. The bulk of industrial technology is transferred to
developing countries through private investment by international firms. To
work effectively with technologically advanced companies, without losing
control of the resulting development or being exploited economically, pre-

often esoteric choices and, in general, be fully aware of technology and eco-
nomic options. o

Thus, a significant and growing indigenous capability in developing
countries is required. And it must embrace basic science as well as technol-
ogy, for without the insight and self-confidence created by an indigenous
scientific community, a developing country will lack the ability to control its
own development. In short, what is required is greater allocation of re-
search resources to development problems in advanced countries, especially
in the United States, and the building and strengthening of indigenous
capability in developing countries.

To date, the ability of the United States to help in either of these efforts
has been seriously limited, because of the low level of resources allocated
and because of the institutional and policy constraints that deter or prevent
effective commitment of scientific and technological resources for other
than domestic purposes. At present, essentially all research devoted to prob-
lems of developing countries must come from the foreign assistance budget,
either spent directly by the Agency for International Deveiopment (AID) or
through transfer to other U.S. government departments and agencies. With
minor exceptions, departments and agencies are prohibited by their
legislative charters or by the budget process from spending any of their own
funds on objectives other than domestic ones. Thus, in an overall federal
R&D budget well in excess of $35 billion, the total allocated for cbjectives
directly related to developing countries is on the order of $100 million, or
ore-third of 1 percent.’
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The result is not only very limited in terms of R&D output; it also means
that the competence of the U.S. government’s technical agencies is barely
tapped on issues to which they could significantly contribute. When.all
funds come by transfer from other agencies, there is no incentive to build
staff or agency commitment, to work on thege issues with relevant congres-
sional committees and university or industry constituerits or even to know

* through experience how these groups can contribute.

The rationale for-these legislative restrictions and for budget compart-
Jmentalization stems from the early history of the creation of cabinet depart-
mcnts and agencies and from natural management principles of tying pro-
gram objectives tightly to appropriate funding sources. The trouble is that,
as foreign and domestic issues have become more closely intertwined, cor-
responding reflection in the ulocation of resources has not taken place.
And the rigid budget compartmentalization does not take into account the
often mixed purposes (combining technological and development assistance
goals) of many possible programs.

The implications of these institutional restraints go furthcr Astonish-
ingly, the United States has no governmental mstrument for cooperation
with other countries, unless that cooperation can be defined either as scien-
tifically competitive with domestic research and development, or as foreign
aid for the poorest of countries. Thus, the United States cannot respond to
those developing countries that have graduated from the poorest status, the
very countries with developing science and technology capabilities best able
to makc use of cooperation with the United States, although not yet able to
compete at the scientific frontiers. These countries have the greatest interest
in substantive cooperation (often without any transfer of dollars) and are in
the best position to begin solving their own problems as well as assisting in
attacking global problems.-

In fact, in recent years, the United States has undertaken rather substan-
tial efforts at developing bilateral science and technology cooperation with
these countries. Those initiatives have had to be taken primarily at the
White House level directly, with major problems of planning and imple-
mentation. And now, at least some bilateral agreements that already have
been negotiated may be abandoned as a result of large, targeted budget
reductions.

The opportunities to use U.S. strength in science and technology in coop-
eration with other countries to further U.S. objectives (political and eco-
nomic as well as scientific) are likely to grow in the coming years. The ab-
sence of an adequate institution and policy process to plan and fund these
programs, as well as engage the competence of the U.S. scientific enterprise,
both governmental and private, will be an important issue that will have to
be confronted. The Institute for Scientific and Technological Cooperation
(ISTC), which was proposed by the administration in 1978 and authorized

Ic 4193

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

144 ) Eugene B. Skolnikoff
but not funded by Congress, wag designed to correct some of these ihstit}x-
tional and process deficiencies.

Food and Agriculture. Some issues within the context of North-South re-
lations stand out in their importance and in the likelihood that they will or
should be the focus of much greater attention in the next quinquennium in
the United States. One of these is food and agriculture, because of their fun-
damental role in the development process and the great concern that-in-
creases in agricultural productivity will-not keep pace with the growth of
population that already includes several hundreds of millions of chronically
malnourished people.* It is estimated that food production must increase at
least 3-4 percent per year if significant improvement of nutritional stan-~
dards is to occur by the end of the century.’?

The United States has a unique role to play because of its unparalleled ag-
ricultural production, as well as its R&D capabilities. For the reasons cited
earlier, however, much of the necessary R&D and experimentation must be
carried out in the countries trying to improve their own agricultural enter-
prises. This implies building greater indigenous.capabilities than now exist
and also strengthening and expanding the enormously successful interna-
tional agriculture research centers that have been prirharily oriented to, and
staffed by, developing countries. The recent moves to devote'more of the re-

sources of these centers to the applied problems of improving agriculture

(low-cost technologies, water conservation, etc.) are much to be applauded.
The international centers must not be seen as alternatives to individual
country capacity but as necessary complements to allow some economies of
scale, to focus resources on generic problems and to provide an essential
psychological MWmmunity for a sometimes isolated scientist in
a poor country. — .

The U.S. research community could \glay a substantial role, larger than is
at present likely. One impediment is the budgetary process, cited earlier,
that bars the Department of Agriculture frofr effectively committing its
own funds for agricultural problems not seen as dorestic. >

Another is the organization of agricultural research in the-United States
that is essentially a state-based structure without the extensive tools for cen-
tral planning or quality control. This makes it difficult to enisure the essén-
tial quality of the entire agricultural R&D effort, to build competence in
areas of study not peculiar to the United States or to enable effective,
planned connections to be established between developing countries and the
United States on agricultural R&D on any satisfactory scale. .

It is also important to note that improvement in agricultural productivity
is not dependent solely on advances in traditional areas of agriculture.
Water conservation, climate, energy, pest control, low-cost technology and
the social sciences related to agricultural economics, innovation, applica-
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tion and distribution, are, inter alia, of equal importance. The agricultural
research agenda must include those areas as well.

Population. Although world fertility, has declined in recent years, pro- -

" jected growth remains high enough to predict serious problems of starva-
tion, economic stagnation and political unrest.6 The international system
has only begun to feel the effects of forced or voluntary migration across
borders, which is likely to become a major cause of international polmcal
instability in the future; in addition, there is the already evident inteinal
instability that arises from urban migration, unemployment or underem-
ployment, lack of adequate food and sanitation and serious health prob-
lems.

Science and technology cannot solve the populauon problem, but they
can provide the necessary tools for public policy. In particular, more re- .
search is needed to provide low-cost contraceptive technologies (especially
male contraceptives) and to increase our understanding of the social deter-
minants of effective family-planning policy. Fertility decline is so closely re-

"lated to other aspects of development, particularly health, food, sanitation,

" transportation and communications, that in a sense all technological re-
search can contribute indirectly or directly to the population problem.

In population-related (and health-related) subjects, we find a special vari-

ant of the domestic orientation of U.S. institutions. Health and safety regu-
lation of drugs in the United States is based on risk-benefit criteria keyed to
the United States. Thus, proposed contraceptive drugs are evaluated for
safety based on the risks of health side effects in the U.S. environment,
when the risks and benefits are likely ta be quite different in another coun-
«ry. In some cases, U.S. pharmaceutical companies are deterred from
developing a drug at all, because the benefits of protecting against some
diseases (schistosomiasis, for example) are so low in the United States that
any risk of side effects would overwhelm potential benefits, yet in another
country the benefits would greatly outweigh the risks. ‘

The reverse side of the coin is the stringent testing regulations in the
United States that have led some companies to test drugs for safety in other
countries, in effect using their people as guinea pigs for the U.S. market.

Neither situation is tenable. Some means must be found of international-
izing drug evaluation, asit would not be appropriate to expect the Food and
Drug Administration, for example, to institute its own criteria for evalu-
ating drugs for foreign applications that would be different from criteria for
U.S. application.

The general problem of encouraging greater commitment of U.S. scien-
tific and technological attention, whether in government, industry or uni-
versity, to population- and health-related issues should be an important
issue in the near future.

ERIC - _
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Transborder Issues

A series of transborder and global science and technology issues will be
important ¢lements of the intetnational security victure in the next five
years, although the separation of these from “economic” issues is rather ar-
bitrary. The importance of environmental, ocean, resource and energy is-
sues will be largely in their economic and, ultimately, political effects, as is
the case for those just discussed.

Resources and Energy

In the short term, the major issues related to security, resources and
energy have to do with supply interruptions engendered by political action
and, secondarily, the economic terms on which resources are made available
to industrialized societies.’

A major political phenomenon of recent years is the assertion of the right
of absolute sovereignty over natural resources. Itis a natural concomitant
of a nation-state system but has not before been sanctified as it is today.
The growing dependence of industrialized societies on resources under the
control of others, particularly developing countries, creates major
dependency relations, many fraught with great uncertainty and danger for
international stability.

The dangers come not only from the threat of supply disruption, or of
sudden dramatic increases in the cost of the resources, but also from the
second-order strains created among industrial countries whose disparate de-
pendence on resources from abroad may lead to major and disruptive
foreign policy differences. The much greater dependence of Japan and con-
tinental Europe than the United States on Middle East oil, or the differen-
tial dependence on South African resources, could lead to serious conflicts
of interest over Middle East or African or Soviet policy.

Although the world is painfully conscious of the political restrictions oil-
rich developing countries sometimes place on resources, these countries are
not the only ones to do so. Canada and Australia both have restricted ex-
port of uranium ore on nonproliferation grounds, and the United States
severely restricts export of enriched uranium on the basis of specific politi-
cal considerations. Moreover, the United States embargoed soybean exports
for a short time in 1974 to stabilize domestic prices, and it has embargoed
the sale of grain and high technology to the Soviet Union in protest against
the Afghanistan invasion. A cabinet member of the Reagan administration
in his first public statement spoke of using U.S. food exports as a foreign
policy “weapon” (later changed to “tool”).}

These consequences of resource dependency and of unequal distribution
are all political and economic in character. The issues arising in the near

. ..
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future will be concerned with distribution and availability but not with de-
pletion. In the long term, the adequacy of resources will be determined by
economic, not geologic, phenomena,? and there is no reason to doubt that
. the industrial system could cope with long-term changes in the price and
availability of materials and energy.

Short-term vulnerabilities must be met with mcasures that are largely out-
side the realm of science and technology directly: stockpiling, political ne-
gotiations, pooling arrangements in time of crisis and so on. Conceivably,
new R&Dfor resource exploration, or exploitation of deep seabed minerals,
could change U.S. dependency on foreign resources, but this is unlikely in a
five-year time-horizon.

In thie longer term, science and technology have major roles to play in the
development of substitutes; in expanding knowledge of resource explora-
tion, recovery, processing and use; and more generally in contributing to in-
novation and productivity in the nation’s industrial plant (both to improve
efficiency of use of materials and fuels and to generate the export earnings
necessary to pay for imports). The long lead times inherent in rcachmg these
. objectives mandate early commitment of R&D to these tasks.

The changing price and availability of materials and energy may change
critically the comparative advantage of some U.S. industries. The adjust-
ments necessary to allow the orderly decline of those industries will them-
selves set up serious political and economic strains.

The need for R&D in the resource area is coupled with an inadequate un-
derstanding, both in the United States and globally,!© of certain areas: geo-
logic deposition of minerals, the exploration process and the impact of the
changing industrial structure in minerals on the flow of mineral supplies.!?

These tasks will require reinvigoration of concerned government agen-
cies, especially the Bureau of Mines and the Geological Survey, and may
also require a new institutional means to develop an objective, credible
database (technical and economic) for resource-related decisions. In addi-
tion, coordination of policymaking must be improved to avoid conflicting
policies carried out by individual agencies that are not aware of the activities
of other agencies. '

Environment and Global Commons

Closely related to resource and energy issues are those involving trans-
border environmental questions and more general global issues of the envi-
ronment: atmosphere, oceans and outer space.

Our national activities have effects beyond borders and, in some cases, on
a global scale. Transborder <pu(:wliuho“n has already become an important is-
sue in many areas of the.world, with some progress in the last decade, par-
ticularly in meldm\genv:ronmental policies, in reaching international agree-
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ments or in dealing with the traditional problem of the global commons.
The issues are likely to become more severe, however, and often will take on

- the cast of zero-sum games.
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The worldwide recession and the rise in energy prices raise the indirect
costs of coping with environmental degradation and make it more difficult
politically to restrict activities whose harmful effects fall across the border.
The standard problem of reflecting full costs in a production préccss is ex-
acerbated when the externalities are felt outside a national economy. Issues
associated with acid rain, water pollution, forest degradation and others
will become more contentious internationally in the next decade.

The depressed economic situation will also lead to greater resistance to
domestic environmental regulation if that is assumed to affect adversely the
international competitive position of a nation’s goods. As noted earlier, it is
not always appropriate to call for cdmmon environmental standards in all
nations, and, even when it is, it is not clear they can be successfully negoti-
ated. Thus, the costs and bases for domestic environmental regulations are
likely to be difficult issues because of their international implications.

Some long-term issues may become clearer in the next few years as re-
search increases understanding of important global systems. In particular,
CO; buildup and NO, in the atmosphere may be better understood, along
with their global economic implications and potential ways of controlling -
them. Unprecedented disputes could arise over such issues, with important
changes in the status of individual nations, as some benefit - say, through
improved agricultural conditions — and others are hurt— for example, if the
costs of environmental controls fall more heavily on them. It is unlikely that
these issues will come to a head in a few years, but the debate could be far
advanced.

Exploitation of global commons, especially the oceans and outer space, is
likely to proceed during the coming decade. The Law of the Sea negotia-
tion, which proposed a new international institution responsible for over-
seeing the mining of the resources of the seabed, appeared to be almost
completed, although the position of the United States is now in doubt,
Many aspects of that institution would be novel, in particular the assigning
of some of the benefits of mining to developing countries. The detailed
questions of implementation would be left to the interim arrangements fol-
lowing the completion of the treaty and ultimately to the new authority.
Some serious disputes are inevitable, with regard to the mining itself, the
operation of the authority and the unprecedented provisions for transfer of
technology in the draft treaty.'? Certainly, if there is no treaty, a variety of
ocean issues— navigation, fishing, oil exploration, research, as well as min-
ing —may become the source of serious dispute.

._In space applications, controversy may arise over geostationary orbit al-
locations, but more likely controversy will be over the international efforts
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to manage and control space technology systems such as LANDSAT. This,
earth resource surveillance system has been until now an experimental U.S.
monopoly, but as it moves to operational status, many questions will be-
come more pressing. Who owns the information in a world in which sover-
efgnty of resources has been zealously asserted? Should the output be avail-
able to anyone who asks for it? What rights do nations have for unilateral
surveillance of another country’s resources? What are the security implica-
tions of the high resolution that will now be built into the system? Who
should manage the system and determine its technical characteristics? What
are the economic and political implications of greater knowledge of re-
source endowments, of more accurate annual predictions of agricultural
production domestically and internationally? Undoubtedly, these issues will
soon become more prominent on the international political agenda.

Interaction of National Technological Systems

Many national systems — aircraft, communications, weather observation,
finance, banking, postal— are basically information systems that require in-
teraction with counterparts in other nations. The explosive development of
information technology systems has begun to cause serious strains and is
likely to be an even larger cause of strain in the coming years.

Traditional differences between fields break down (for example, commu-
nications versus data flows, postal versus electronic mail, information
versus banking), and the economic calculus of benefits and costs changes
perceptibly. Controversies arise over privacy of information, access to
info-mation within nations, the role of central computier banks, the trans-
nationa! nature of economies of scale and related issues. In the fac® of U.S.
dominanc? of technology, o her Western countries are wary of allowing un-
fetfered deve'opment that undermines their competitive position; the Soviet
Union and its llies worry because control of information is vital to their
political system; tn.* developing countries worry that the loss of control over
information will threaten their independence.

o The dynamic nature ¢« the growth of this technology, and its base in the
private sector in the United States, makes this a particularly difficult issue in

* which to anticipate implicatio.'s. much less develop clear international poli-
cies and conduct negotiations. I s certain to appear significantly on the in-
ternational agenda in the 1980s.

National Security

Science and technology have been central Jactors in the evolution of
weapons and military systems in this century. The, have altered drastically
not only the nature and scale of hostilities but the ver, meaning of strategic
war as an option to achieve national objectives. The strei. 2th and productiv-
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ity of a nation’s advanced technological community have become major ele-
ments in any geopolitical calculation. Massive support for security-related
R&D has, in turn, changed science, technology and the university.

The.application of science to national security shows no sign of abate-
ment. In fact, a new round of major commitments to large-scale strategic
systems is in the offing, turning the ratchet one more notch in a search for
security that seems steadily receding into the future.

In the context of this paper, only a few general issues in this area can be
briefly touched upon; clearly it is an enormous subject that is itself the sub-
ject of a large literature.!?

One controversy concerns whether the constant search for more techno-
logically advanced weapons systems in fact contributes to the nation’s (or
the world’s) security. Whatever the views of the causes of the arms race be-
tween the Soviet Union and the United States, or the current state of rela-
tions between the superpowers, new weapons systems often make the arms
balance more precarious, more vulnerable to preemptive action, rather than
contributing to stability. This may continue, and perhaps worsen, as capa-
bilities are pursued that threaten concealment of weapons systems, give
greater premium to surprise and make it harder to know whether missiles
contain one or many independent warheads. Developments in conventional
weapons, moving rapidly, may also change the nature of “local” war,
leading to greater instability among developing countries as one or another
believes it has the capability for rapid strike and victory.

No simple solutions exist. It is easy in rhetoric to call, for example, for
more attention to military and related systems that contribute to greater sta-
bility and less uncertainty and threat: adequate conventional ground forces;
improved command, control and communications in a hair-trigger weapons
environment; greater commitment to developing drms control agreements,
more attention to “hot-line” communication capability; fess emphasis on
strategic weapons that pose a first-strike thréat in favor of those with clear

_ survivability; and others. =ach has its ambiguities, however, and there is no

agreement on what is required for security, or even for greater stability.
The fact of the matter is that science and technology are most likely to
continue to alter military systems. The effects of these changes cannot
always be anticipated. One of the objectives of arms control is to bring the
situation under greater control; but even if one were optimistic about SALT
(Strategic Arms Limitation Treaty) II, agreements of this sdrt deal only with
existing or planned technology. They do not deal with the possibility of new
weapons systems or unanticipated capabilities created by further research.
Our knowledge of “threat systems,” the involvement of the scientific and
technological community in strategic debates, the public perceptions of
military and strategic affairs are all inadequate. The once substantial public
role of scientists and engineers in strategic policy deliberations, for exam-
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ple, has been greatlil reduced, and the public inputs to arms control and
weapons debates have suffered. This is illustrated by the spectacle of the
stagnation of the SALT II agreement in the U.S. Senate over essentially ex-
traneous issues.

Some argue that the whole framework of the strategic debate has been
rendered inadequate.!'* They call for emergence of a new paradigm, a new
discipline of conflict studies, and assign the scientific community special re-
sponsibility in bringing this about. The argument of the inadequate
framework of debate is persuasive, although the path for achieving a new
paradigm is hard to discern in practical terms.

The scientific and engineering communities have special but more tradi-
tional responsibilities within the existing framework, particularly because of
the esoteric technical aspects of the issues. The relative neglect of these re-
sponsibilities in recent years must be reversed. New programs, such as arms
control fellowships in the National Academy of Sciences and a concomitant
program of studies, are to be applauded, and similar initiatives in other
scientific organizations are to be encouraged. In all these efforts, however,
it is important to recognize that the issues themselves are never purely
technical. Real participation involves a commitment to master the political,
economic and related aspects, which will eventually determine the outcome.

The quality of debate needs to be improved in the public sector as well as in .
the scientific communities. Better information and greater resources, public
and private, comrnitted to the analytical area are badly needed. The momen-
tum of a defense budget close to $200 billion requires open debate of the pur-
poses, details and implications of that budget. In turn, more funding is re-
quired to produce information and analysis to make public debate possible.
The congressional commission to study the establishment of a National
Academy of Peace and Conflict Resolution presumably has the same goal.'*

One aspect of the role of science and technology in weapons development
is peculiarly troubling. Much of the initial development of ideas for new
technology —ideas that may later be revolutionary in military terms — occurs
in the laboratory at a very early stage, without military applications in mind
and often without military funding. This dynamic of the research process
leads to instability, both in weapons development and in the long-term via-
bility of arms control agiecements.

. Little can be done about this now, although ultimately ways of bringing
R&D within the scope of arms control agreements must be considered. One
aspect, somewhat farther along the R&D chain, does deserve institutional
attention, however.

Proposals for new weapons development are, in their early stages, often
made at low levels in the bureaucracy, with relatively little R&D funding re-

- quired. At these levels, choices tend to be made on strictly technical
gropnds, with little consideration of their ultimate effect on relevant arms
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control objectives. The situation is repeated at higher levels as well, so that
it is not uncommon for the government to be faced with mature weapons
designs creating major new foreign policy problems that might have been
avoided or eased if some alternative technical options had been chosen in-
stead.

It is very diff.cult to deal with this issue in the bureaucracy, because the
organization of government serves to create bureaucracies with compart-
mentalized objectives and a few or negative incentives to introduce consid-
erations for which they are not responsible. An attempt to introduce non-
proliferation considerations into planning for nuclear reactor R&D,
through participation of a Department of State representative in the setting
of objectives in the Department of Energy, has apparently had some limited
success and deserves evaluation.

In its most general formulation, this task can be stated as the need to in-
clude the evaluation of broader effects of the intended results of research in
defense R&D planning and management. The objective is an important one
and ‘ought to be the focus of further experimentation.

Other aspects of science, technology and security are also troubling, some
because of the effects on nonmilitary areas. The sharp increase in defense
spending proposed by the administration will have important effects on the
civilian sector, not only in the obvious impact on the budget. Engineers, al-
ready in short supply, will be siphoned off in larger numbers to the defense
industry, exacerbating the shortage in conspmer goods industries and likely
worsening the nation’s competitive position. Increased spending will also
tend to stimulate even more the momentum of scientific and technological
change applied to military hardware, because the level of R&D, and the
ideas for new applications, will be fueled by the larger cadre of scientists
and engineers. . ’

The increase in defense spending may also affect the nation’s universities,
as they become concerned about the almost direct military application of
basic research. Signs of that are already evident in cryptological applica-
tions of theoreticalvmathematics, which have led to a kind of voluntary cen-
sorship.'é

Lastly, it must be noted that the Soviet Union has demonstrated its com-
petence to engage the United States in a high-technology arms race. Its tech-
nology may not be as refined, but its greater commitment of resources to
defense expendiiures is presumed by many to be likely to give the Soviets an
edge of some sort over the United States in the latter part of this decade.

Whether this prediction is accurate or not, its anticipation has already
fueled a massive new U.S. defense increase. One can only observe that a
continued search for strategic superiority ove. 1 determined opponent is the
search for a chimera that can only distract from the real quest for security.
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East-West Transfer of Technology

Another issue that is likely to be of considerable moment in the next five
years is the concern over the transfer of technology to the Eastern bloc that
could enhance the military capability of the Soviet Union and its allies.!’

This is an issue with a history stemming from the advent of the cold war,
given recent attention as a result of the embargo on high technology im-
posed in response to the Soviet invasion of Afghanistan. It is bedeviled by
controvcrsy between the Umtcd States and its North Atlantic Treaty Orga-
nization (NATO) allies over the costs and benefits of the policy, by uncer-
tainty over thrmnhtary rclevancc of some “dual use” technologies, by sharp
differences of view {thin the U.S. government, by differences of
phnlosophy over the value of denial in terms of its actual effects and by dif-
ferences with mdustry over enfofcement pohcy .

There is little question about the importance of embargoing specific ad-
vanced military technology. Moving from technology with direct military
applications, however, quickly leads to gray areas, with uncertainty over
military relevance, over availability from uncontrolled sources or even of
whether denial is in Western interests. Should the West, for example, en-
courage the Soviet Union to 1mprovc its ability to explore and recover its
vast oil deposits?

Many more specifically technological questions arise, however. How is
technology actually transferred and adopted? What is the real potential of
diverting a piece of hardware from a peaceful to a military application?
And what actual difference would it make? Is reverse engineering of a piece
of equipment possible? At what cost? On what time scale? How long will it
take for a particular technology to be developed?

All too often, the debate over technology export controls is characterized
not only by political naiveté, as though it is simple to control the movement
of technological information, but also by lack of understanding of techno-
logical realities. The importance of the issue, and its potential for damaging
the West politically and economically, will require effective integration of
the scientific and technological aspects in the policy debates.

INSTITUTIONS AND POLICY PROCESS

Several themes run through the issue areas discussed above that bear
directly on the institutional and process problems of the United States in
relation to the international consequences and use of science and technol-
ogy. The most common theme is that the international dimension of policy
is inadequately reflected in g. vernment policymaking and that the formal
institutions of government mih ate aga'u.t more effective recognition of in-
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ternational issues. Although this observation may be valid for many of the
responsibilities of government, the problem is particularly, and surpris-
ingly, intense in science and techpology matters. Other themes that emerge
relate to the need for more effective integration of scientific and technologi-
cal aspects in many policy areas, including more mechanisms for effective
analysis and anticipation of future implications of science and technology,
and the need for new national and international institutions. Some com-
ments on each are in order.

International Dimension in Poiicy

The history, geography and rich resources of the United States all led
naturally to a system in which domestic considerations dominated institu-
tional form and political organization. Adaptation of the system to its new
global role, and to its new dependency on others, has been slow and halting,
notwithstanding the enormous sums of public money allocated for this
adaptation. At the level of detailed decision making— budget decisions, ne-
gotiations with the Congress or with the Office of Management and Budget,
setting technical objectives —the traditional pressures dominate.

One of the most significant ways in which this situation affects the in-
volvement of science and technology with international matters has to do
with developing countries. The amount of national resourcés devoted to
R&D on development problems is pitifully small, yet the U.S. government
lacks an effective instrument for cooperating with that large number of
increasingly important nations neither poor enough to be eligible for direct
assistance nor sufficiently advanced scientifically to be competitive with
domestic research. A new institution—the Institute for Scientific and Tech-
nological Cooperation—was proposed in 1978, authorized in 1979 and
ultimately left unfunded by the Congress. Something to serve the same
functions, whatever the form, is required.

But the problem is not simply a new institution. The need is to tap more
effectively the scientific and technological resources of the government
housed in the functional departments and agencies and to enlist their R&D
clients in the nation at large. A single new agency cannot accomplish that
task alone, although it might provide the leadership for much larger
changes. Rather, a means must be found for allowirig departments
and agencies to allocate rescurces directly for cooperation with other na-
tions and to carry out R&D on problems that are not “American” problems,
when such activities are in the national interest. At present, legal authoriza-
tion or executive budget policy effectively prevents such allocation except

under difficult arrangements, sometimes sub-rosa and almost -always ad

hoc.
The problem is not primarily legal, as Congress can change tlie relevant
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laws and has done so for some agencies. The problem is largely one of effi-

cient budgetary management. The Office of Management and Budget
argues, with cons xderablejusuﬁcatlon that it is difficult to maintain disci-

pline in a budyet if fuzzy arguments of “foreign policy interest” have to be

given weight in ranking proposed programs, or if budgets to serve develop-
ment assiStance objectives crop up in a score of federal agencies.

Yet, the answer must surely be more creative than simply to rule out such
programs. One pdssibility, for example, would be to create a development
budget that crosses departmental lines and forces a degree of budgetary
discipline that cuts across agenmes and agency budgets. Departments and
agencies would be allowed, with congressional concurrence, to budget some
of their own funds for R&D, but those projects would have to be compared
not only with proposals within the department but also with proposals of
other agencies. Similarly, for those proposed programs that have mixed

. foreign policy (other than development) and scientific objectives, a cross-

Q
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agency evaluation of foreign policy could exert the necessary budget
discipline. Although difficult to administer and subject to its own bureau-
cratic pitfalls (the temptation for playing budgetary games and the diffi-
culty of ranking according to foreign policy criteria), this evaluation or
something like it requires experimentation.

In another area, ways must be found domestically or mternauonally to

.Jdeal with situations in which apparently domestic regulations directly im-

pinge on other countries or significantly affect a country’s international
trade position. For some situations, the answer may have to be regulatory
machmery within existing or new international organizations. With regard
to trade regulation, more impetus will have to be given to the move to
analyze the broader economic effects of proposed regulations before the
regulations are approved. e

International cooperation with advanced countries also deserves more
emphasis in the changing climate of cost and relative cOmpetence in science
and technology. But <his change in emphasis will not occur naturally in the
U.S. system, again because of the built-in focus on domestic problems and
pressures. This problem of focus is exacerbated by the restrictions imposed
by the Office of Management and Budget on foreign travel and by the suspi-
cion in Cong,. 3ss that foreign trave] by “domestic” agency personnel simply
implies junkets, ’

The blurring of domestic and international affairs is real. Government at
all levels must become aware of and adapt to their ineradicable inter-
twining. It is not a matter of simply creating an internati~nal office in an
agency. All have such offices, which more often than not are weak and
removed from the core of the agency’s interests. Rather, it is a matter of in-
fusing the whole government with policies, institutions and rhetoric to make
possible a gradual change of attitude that conforms to today’s and tomor-
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row’s reality. The Congress must also be no small part of that change and
oughrt&bga forcing the Executive Branch to recognize what is needed.

Integration of Science and Technology in Policy

The problems of scientific and technological planning are particularly
severe and pose major problen:s of governance in a technological age. There
are many aspects: how to represent scientific and technological information
and uncertainty adequdtely in the policy process; how to plan for effects of
science and technology not only wacertain, but possibly seen too late toalter
once the effects are in evidence; how to estimate risks and benefits that fall
unequally within a society or internationally, with interested peopic and na-
tions often not represented in the policy process; how to deal with issues in
which the relevant information is under the monopoly of one segment of
society, or of one government; and a host of other.issues.

No single solution is adequate. Like all problems of zovernance, these
problems are not solvable—all that is possible is amelioration or improve-
ment. However, these are difficulties that directly involve understanding of
stience and technology. Thus they require not only greater participation of
scientists and engineers but also more means for making credible analyses
available to the public and ways of drawing the public into the debate;. Par-
ticipation alone, of course, is not enough, Scientists and engineers do not
have, on the basis of their professional training, superior credentials for
making policy decisions. They are no freer of bias than are other segments
of society. Participation by the scientific and technological communities im-
plies a commitment t0 understand the interaction betweenscience and tech-
nology and the broader aspects ~of policy, and a commitment of time that
makes such understanding possible. A technocratic approach to the making
of policy is not an improvement over the present situation.

One of the effects of science and technology on both national and inter-
national affairs is to make the future much more relevant to the present
than in earlier periods of human history. To an unprecedented degree, to-
day s policy must be made in the light of future developments, particularly
“ini scierce.and. technology themselves or in the side effects of increasingly
technologlcal societies. The importance of more efforts at credible, objec-
tive anticipation of the future is obvious.

‘Internationa! Organizations and Structure

The need for new international instruments, or for modifying existing
ones, was mentioned briefly in a few subjects—drug regulation, ocean
mining, space applications—but was not emphasized. The questions
associated with international political machinery, particularly machinery




Science, Technology and International Security . 157

-
o~ >

designed to deal with requirements growing out of science and technology,
are many and complex.

The products of science and technology increasingly create new issues and
force traditional domestic issues into the international environment. Unfor-
tunately, existing international organizations charged with dealing with
those issues are often inadequate. Most global organizations are noWw
politicized along North-South lines, and more efficient regional or smaller
alternatives do not represent all interested parties. As representation in or-
ganizations broadens, technical efficiency tends to decrease.!’

This situation is unlikely to reach a crisis point within a few years, but in
it are the seeds of major confrontation. These seeds could mature quickly, if
current budgetary reductions drastically reduce U.S. presence in interna-
tional organizations. The adequacy of international political machinery is
likely to be a fundamental question of international security. So many of
the functions the world (and the United States) depends on—communica-
tions, transport, nuclear materials control, resource information, health,
agriculture, ocean minerals, to say nothing of international financing and
lending — will fall increasingly under the auspices of international organiza-
tions. Many of the issues involve developing countries, but others involve
conflicts of interest among Western industrial countries, or East-West con-
troversies.

It is not a matter of indifference whether the organizations exist or work.
The functions they perform must be carried out in some way by an organi-
zation, or by a limited number of countries or by a country acting on its
own. The ultimate character of the international system and the place of the
United States in it may in large measure be determined by whether these in-
ternational tasks are carried out through organizations with broad partici-
pation but so designed as to allow reasonable efficiency or by default are
managed by efficient but limited groups of wealthy countries.

"

CONCLUSION

It may not be too far wrong to characterize this last issue, and all that
have been touched on in this paper, as fundamental choices in the interna-
tional system between efficiency and equity and between hegemony and
consensus. Those are sufficient for any policy agenda.
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U.S. Policy Toward Scientific
and Technological Development
in the Developing Countries:
The Case for Mutual Benefit

Charles Weiss, Jr.

Introduction

As the United States enters the 1980s, its foreign policy objectives are be-
ing reexamined to fit a changed world and a new political climate. These ob-
jectives must adapt to the greatly increased economic strength of Europe
and Japan, to soaring energy costs coupled with threats of the cutoff of
energy supplies and to the growing military, financial and political power of
the developing world. Pressures for economic nationalism in the form of
barriers to impotrts, exports and the flow of labor and technology are inten-
sifying throughout the globe.

U.S. technology, although still the envy of the world, no longer enjoys
undisputed preeminence. Difficulties in the automobile industry are only
the most dramatic manifestation of the deterioration of U.S. com-
petitiveness in relatively labor-intensive manufactures. The latest 1eex-

. aminations of our standing in the international marketplace reflect concern

that the United States may even be losing its competitive edge in electronics,
hitherto one of its greatest strengths.

The world faces a future quite different from that optimistically pro-
jected in earlier decades. International inflation has resisted the prescrip-
tions of a substantial range of schools of economic thought. The federal
government’s Global 2000 study reiterates the conclusion of previous world
models that the beginning of the twenty-first century will probably see a SQ

Charles Weiss, Jr., is science and technology adviser, World Bank, Washington, D.C. This
paper reflects the views of the author only. He has written it in his personal capacity. It is not
an expression of the policies of the World Bank.
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percent increase in world population, a doubling of real food prices, further
increases in the real price of energy, worldwide loss of forests and genetic
heritage and substantial pressure on the world’s water resources.' For the
first time, in the words of John Fairbank, the nations of the world are in
trouble together.?

The developing countries (also known as “less devclopcd countries” or

~ “LDCs") are increasingly imporiant to the United States. They are a source

of oil and minerals, a market for exports now more important than Europe
and Japan and a source of immigration, both legal and illegal. That their
political instabilit; can produce serious geopolitical consequences is seen in
the fact that they have been the locus of every war since World War I1. This
instability is expected to continue, as even relatively optimistic projections
place the number of peoplein developing countries whose low incomes deny
them the most elementary requirements of decent living at 600 million in the

‘year 2000.}

U.S. relations with the developing world must take into account the ex-
traordinary diversity of a group that in:ludes rapidly industrializing coun-
tries like Brazil, Korea and Yugoslavia; oil exporters like Nigeria, Indonesia
and the Persian Gulf states; poor but technol6gically advanced states lik
India and China; rapidly growing exporters of agricultural commodities like

" Malaysia and the Ivory Coast; and relatively undeveloped, resource-poor

countries like those of the Himalayas and the Sahel.

Our relations with these developing countries must also reflect the ex-
traordinary progress that they have, in fact, made. While technical
assistance remains crucial, relations with these countries increasingly re-
quire collaboration to meet shared long-range objectives. Such collabora-
tion should in the long run replace the benefactor-to-client relationship and
further reflect the great diversity of LDC political systems, national goals
and overall attitudes to the United States, which range from close friendship
to deep hostility.* As a final complication, LDCs at all stages of economic
development and covering almost the entire political spectrum have found it
in their interest to agree on common diplomatic positions and to negotiate
collectively in the United Nations and other international forums under the
rubric of the so-called Group of 77.

The United States can thus find itself in conflict with developing coun-
tries, individually or collectively, on matters of great political importance,
In addition, U.S. interests often call for cooperatlon with a particular coun-
try'in one area even when there is sharp conflict in another. We buy oil
from Libya and collaborate on fusion research with the USSR, to cite two
obvious examples. Hence, cooperation with developing countries on shared
gKalts shotild rot be automatically subordinate to fluctuations in bilateral
rela iQns, the North-South dialogue or other foreign relations concerns.
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In today’s circumstances, the national interest of the United States, and
hence the priorities of U.S. foreign policy toward developing countries,
need to be redefined as going beyond concern for the world’s poor to in-
clude measures to protect its own economic and material well-being. Science .

<and technology are important factors in both of these priority areas and
should play a more important role in foreign policy toward LDCs.

Science:, Technology and Foreign Policy Toward
Dzveloping Countries

Science and technology are both critical dimensions of development and
the underpinning of U.S. econom’r and political strength. As such, they are
major components of U.S policy toward the developing world. Scientific
and technological collaboration with LDCs is cheaper than resource
transfer and generally involves less immediate political cost. Science and
technology are also key elements of many global issues that can be ad-
dressed only by international cooperation in which developing countries
must play an important part. Finally, scientific and technological collabora-
tion with these countries is essential to the solution of a number of impor-
tant problems of scientific research. For all these reasons, such collabora-
tion is critical to the long-term objectives of U.S. foreign policy.

Itis also a two-way street. It can no longer be assumed that the problems
of development can be solved simply by the “transfer of proven solutions”
from the industrialized countries. Such solutions can have serious unan-
ticipated effects if they are imposed without consideration of the economic,
social, cultural and environmental conditions specific to LDCs.

What is more, the United States has much to learn from developing coun-
tries in such fields as urban transport planning, where the Singapore experi-
ment in area licensing has greatly decreased traffic congestion and pollu-
tion; low-cost public health delivery systems, where the Chinese experience
with “barefoot doctors” is a model for the world; and the use of Tuel ethanol
as a substitute for gasoline, where the Brazilian experiment illustrates both
the techno-economic feasibility of the system where there is a surplus of
arable land and the many social problems brought about by major changes
in agricultural land use. ,

Science and technology have already played substantial roles in U.S.
policy toward LDCs. But these efforts fall far short of either meeting LDC

¢ needs or achieving U.S. goals.

There are often political reasons to engage in scientific and technological
collaboration for which the subject of that cooperation is unimportant.
Scientific and technological cooperation may in itself be a gesture to sym-
bolize or to help bring about a quick improvement in relations with a par-
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ticular country. It rﬁay be an investment in the long-term development of
cooperative spirit and of a cadre of people from the two countries ac-
customed to working with each other, or it may be quid pro quo for a
specific but substantively unrelated diplomatic or political concession. This
paper, howewvet, stresses those areas in which the substantive results of
scientific and technological collaboration serve shared interests, over and
above the simple existence of the cooperative effort itself.

These scientific and tcchnological aspects of development and of foreign
policy defy easy classification. In this paper we distinguish four ingvitably
overlapping categories: (1) areas of technological development that are
chiefly of humanitarian interest, such as public health, sanitation, sub-
sistence agriculture and energy sources for the poor; (2) areas of
technological development in which the United States and LDCs share
material long-term interests, such as food and energy; (3) areas of national
technological development, based on general U.S. interest in the develop-
ment of a particular country; and (4) areasin which the United States must
balance its interest in LDC development with other conflicting interests.
Each of these areas is discussed in turn.

Technologies of Humanitarian Interest

U.S. policy toward the developing countries has been strongly committed
to helping meet the basic néeds of poor people. We strongly endorse this
policy as it applies to scientific and technological development. Scientific
and technological research has already had a major impact on the lives of
the world’s poor. Food production research has helped develop improved
varieties of staplzs like wheat and rice. Research is advancing on “poor
man’s crops” like sorghum, millet and cassava. Recent biomedical research
promises major advances in the prevention and cure of parasitic diseases,
which afflict hundreds of millions of poor people. And the development of
low-cost techniques for rehydrating victims of cholera and severe diarrhea
has already saved many lives in refugee camps and in the poorest LDCs.

Advances in health-related technology occasionally produce a curious
combination of relief from human suffering and narrow economic benefit.
The eradication of smallpox eliminated an ancient human scourge that had
in recent years been almost entirely confined to LDCs. Ata much more pro-
saic level, this historic achievement also saved the developed countries the
sizable sums of money needed to vaccinate their own populations and to
verify the vaccinations of immigrants and visitors. Smallpox could not have
been eliminated without the invention of the technique of concentrating
vaccination efforts in high-prevalence areas and the introduction of the
bifurcated needle for quick vaccination of large groups of people.

Another example of an area where humanitarian and financial motiva-
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tions coincide is in the prevention or cure of diarrheal\di_seases. These
diseases are among mankind’s major health problems. They kill millions of
children in developing countries each year. At the same time, successful
programs would be worth billions of dollars to such diverse interests as
multinational corporations, national governments ,and the international
travel industry, all of which send large numbers of people to countries for
which they are immunologically ill prepared. Health research in these areas
is thus directly in the practical self-interest of the United States, over and
above its critical, but commercially unattractive, humanitarian import.

Despite advances, much remains to be done. For example, it will be
financially and institutionally impossible to provide sanitation facilities to
urban populations of LDCs by 1990 unless alternatives to water-borne
sewerage are used.® Better low-cost equipment is also needed to satisfy the
energy needs of the poor. For example, simple cookstoves, made of clay
and sand and constructed by local artisans for $10-25, have been readily
adopted by test groups of housewives in Guatemala and Upper Volta and
are reported to reduce the consumption of firewood by 40 percent.s Support
is needed for both governmental and nongovernmental efforts (such as
those of informal “appropriate technology” groups who are frequently in
close touch with the poor) to develop and apply such technology at the
grass-roots level. Such groups can in some countries help to overcome. the
social and cultural distance between urban-based scientists and
technologists, trained along Western lines, and the poor people in slums and
villages.

Technological CollaborationBased on
Shared Long-Term Objectives

in certain area of technological development, the United States and the
developing c/oun(ries share clearly defined long-term interests. Food and
energy are again clearly preeminent, although from a different point of view.

Food. According to the best available estimates, a continuation of pres-
?(rcnds through the 1980s will result in major food deficits throughout

¢ developing world, which can be met only by greatly increased exports
from North America. Such exports, while resulting in gains for U.S.
farmers, can be achieved only through much higher production costs and,
hence, higher consumer prices, due to increased investments in fertilizer,
water and other inputs and the lower productivity of marginal land brought
into production. Future increases in oil prices and competition for land be-
tweep food and fuel production and between agriculture and urbanization
are likely to raise production costs still further, as is soil erosion caused by
the decreasing willingness of farmers to pay the short-term costs of conser-
vation measures.
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In other words, U.S. consumers will face so:ring food prices if the LDCs
do not make major gains in agricultural productivity. Moreover, as a prac-
tical matter, there is every reason to believe that U.S. agricultural exports
will continue to increase (unless the land they require is diverted to the pro-
duction of fuel ethanol for domestic, use). Therefore, it is in the direct in-
terest of the United States to help LDCs mobilize technology to increase
their agricultural productivity.

As mentioned above, scientific and technological research has aiready
made major contributions to food crop production technology in develop-
ing countries. 'High-yielding varieties of wheat and rice (together with an in-
stitutional structure for training, extension and research that made it possi-
ble to take advantage of these varieties, adapt them to loc i conditions and
convince local farmers to use them) helped to transform India from a
significant importer of food grains in the 1960s to a marginal exporter in the
mid-1970s. This averted both a major ecopomic and human disaster in In-
dia and a substantial drain on the world’s food production.

In another area, scientific and technological research enabled tracking of
the meteorological patterns that influence breeding, swarming and migra-
tion of the desert locust, and the satellite monitoring of climatic features
favorable to its increase, greatly reducing the threat of the desert locust in
the Middle East and east Africa. By contrast, failure to incorporate genes
for rust resistance into the wheat varieties distributed to farmers in anotier
large, poor country led directly to a crop failure and a foreign exchange
crisis a few years ago.

Energy. As the United States will for some time to come be a net importer
of fossil fuels, it is critically important that a diversity of suppliers be
available and that production of fossil fuels for world markets be sufficient
to meet demand. Since U.S. reserves are unlikely to increase beyond their
current size, and since many U.S. allies are inescapably dependent on
foreign oil, the discovery of oil anywhere in the world is an important objec-
tive of U.S. foreign policy. Energy conservation and the use of renewable
forms of energy anywhere in the world are likewise. strongly in U.S. in-
terest —not only because they reduce world demand for fossi: fuels but also
because they reduce the amount of carbon dioxide that is bei.ig added to the
atmosphere and affecting the world’s climate.

Credible geological .estimates indicate that much of tne world’s un-
discovered oil, natural gas and other fuel minerals lies beneath LDCs.
Therefore, serious exploration and‘ exploitation of conentional energy
resources in these countries works to the advantage of th:* U.S. public. In
other words, the United States has a direct interest in seei"ig that the LDCs
have the capability to carry out geological explorations, «eal with multina-
tional oil companies, develop energy plans and policie-, promote energy
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conservation and choose, adapt, and, when necessary, create a rcncwable
energy technology suited to local circumstances.

Moreover, to thé extent that developing countries have become self-
sufficient in energy through conservation and through development of in-
digenous supplies - both renewable and nonrenewable —they are less depen-
dent on suppliers in a particular part of the world and less prone to political
instabilities brought on by balance-of-payment deficits. To the extent that
LDCs avoid “showpiece” development of nuclear power over and above
techno-economically justified requirements, they will tend to lessen the in-
cidence of terrorism and weapons-grade plutonium proliferation. Finally,
given the inevitability of the spread of nuclear power technology to LDCs,
the U.S. public has a vital interest :a the ability of developing countries to
operate nuclear power plants in ways that avoid both accidents and diver-
sion of nuclear material.

Science and technology are already working to solve LDC energy prob-
lems. Brazil’s ability to replace much of the gasoline fraction of imported
petroleum by fuel eihanol at competitive prices is largely due to indigenous
adaptive engineering in locally manufactured equipment for crushing,
fermentation and distillation.

By contrast, another example from Brazil shows how underestimation by
the United States of the importance of the place of indigenous technological
development can lead to unfortunate consequences. The United States, in
accordance with its policy of opposing nuclear proliferation, provcked an
international incident bv objecting to Brazil's purchase of German nuclear
power technology which included reprocessing equipment. Once the
political need to stand up to U.S. pressure had passed, the Brazilians real-
ized that they had overestimated their needs for nuclear power, that the con-
tract provisions for technology transfer were not as favorable as they had
first thought and that the program was likely to tie up a disproportionate
share of their engineering manpower. Brazilian energy policy is apparently
being readjusted accordingly.

In addition to food and energy, there are a number of other areas where
scientific and technological cooperation with LDCs meets definable, if less
concrete, U.S. interests. These range from financial interests to scientific
and enyvironmental concerns to broad-based political issues.

Ecological qnd Cultural Heritage. Much of the world’s irreplaceable
ecological and cultural heritage lies in the LDCs. This heritage includes such
diverse treasures as ancient monuments and works of art, ancient citie$
(some of which still teem with people), game parks, the habitats of such en-
dangered species as the Bengal tiger and vast stretches of undisturbed
tropical rain forest. These forests contain countless endangered species of
inestimable economic potential that constitute a genetic treasure in-
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calculably greater than that of the celebrated snail darter. Anthropologists
and ethnobotanists working in these areas indicate that many more useful
substances are likely to be found in the primitive medical lore that has given
the world quinine, reserpine and digitalis. A 1980 report of the National

. Academy of Sciences, entitled Priorities for Research in Tropical Biology,

lays out a crash program to salvage as much scientific value as possible from
the few years available in which to study these vanishing ecosystems.

Absence of adequate technology has been an important factor in the
adoption of ecologically harmful development practices in many of these
areas. To conserve these treasures requires research in such natural sciences
as ecology and wildlife biology and the study of the preservation of
materials. It also requires institutional innovations that further national and
global aims by addressing local needs. For example, the careful planning of
tourist facilities to enable local people to share in tourist revenues shows
promise of permitting East African governments to conserve their great
game parks both as assets to national development and as part of the
world’s ecological heritage.

In a historical and philosophical sense, perhaps, these treasures are the
common heritage of all humanity. As a practical and political matter, this
heritage will be lost unless its preservation is in the interest of the (usually
hard-pressed) LDCs whose sovereignty prevails. If Americans wish these
treasures to survive, it is in their interest to help developing countries to
mobilize the technology needed for their preservation.

Rapid Population Growth and Unemployment. These issues are distinct
in origin but together give rise to one of the most serious problems
confronting the developing countries—one that also affects the United
States both directly and indirectly. The urban unemployed and under-
employed are among the chief sources of political instability in LDCs, many
of which occupy geopolitical positions of strategic importance. The lack of
employment opportunity in both rural and urban areas of these countries is
the main pressure for illegal migration to the United States. Forced by rapid
population growth and regressive systems of land tenure to extend their
struggle for survival to marginally productive forests and deserts, the
world’s poor are exerting devastating environmental pressures in such
arcas.” These root problems cannot be bottled up indefinitely.

The population problem is ideally suited to the scientific and tech-
nological cooperation of both the public and private sectors and both the
natural and social sciences. The development in the 1960s of such modern
contraceptive methods as the pill, intrauterine device, and injectable con-
traceptive made the establishment of family-planning programs possible in
LDCs. Such programs require a sensitive understanding of specific LDC
needs; an understanding of the risks of using industrialized nations’ ap-
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proachcs: standards and systems in inappropriate settings; and emphasis on
the building of local capability. Major technological needs appear to be in
biomedical research related to human reproduction and in efforts to
develop and commercialize promising contraccptlve tcchnologxes that have
passed the research stage. |
*  The unemployment problems of developing countries are based to some
degree on inappropriate patterns of technological development. These are
caused, in turn, by lack of local technological capacity, lack of information
regarding technological alternatives, uncritical copying of the technologies
observed iri developed countries and government policies that overly protect
against internal and external competition, encourage excessively capital-
intensive investments and discriminate against small-scale industry.®

In most developing countries, there is a crucial need for development
strategies that create productive jobs. These require policies designed to en-
courage investment and, if necessary, develop technological alternatives
that are both efficient and suited to labor-intensive operation. Such mea-
sures should be combined with policies to increase the demand for tech-
nology, to create and strengthen scientific and technological infrastructure
and human resources, to build technological capacity in the productive sec-
tor and to remove incentives that bias technological development toward in-
appropri'ltcly capital-intensive solutions.

" These are primarily matters of domestic policy, but there is ample room
for international collaboration on the development of {abor-intensive tech-
nologies. Research has shawn that earth for civil works can be moved by
large numbers of workers as efficiently as by machines, if proper attention
is paid to the training of foremen, the nutrition of waorkers and the quality
of hand tools. Similarly, agricultural engineers at the Internationai Rice
Research Institute in the Philippines have designed a wariety of low-cost
machines for the production of paddy rice and have assisted local firms to
manufacture them.

Such research cannot by itself solve the LDC unemployment problem.
But it can demonstrate that improved labor-intensive technology is feasible
and can serve as the basis for industrial strategies that give equal weight to
growth and the creation of productive jobs.

Geophysical Research. Research on the frontiers of oceanography and
meteorology, which is critical to the development of long-range weather
forecasts and to the location of undersea mineral resources, requires the full

©

cooperation of developing countries. A major frontier of numerical clima-

tology, the discipline that deals with the global circulation of the earth’s at-
mosphere, lies in the understanding of the tropical atmosphere and its in-
teraction with the oceans and with temperate regions. Research in this area
is needed, both for long-range weather forecasts in temperate regions and
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for an understanding of the monsoons on which most tropical agriculture
depends.

Many areas of critical interest to oceanographers lmwell within the
200-mile limit of coastal jurisdiction of developing countries. These coun-
tries require assurance that the research vessels are not a cover for commer-
cial or military espionage. More fundamentally, they should enjoy full par-
ticipation in the gathering and interpretation of the data. Either goal would
require a considerable strengthening of the technological capacity of coastal
LDCs, a strengthening that is in the best interests of the oceanographic
research community and, hence, of U.S. foreign policy. \

Threats to the Global Environment. Several critical global environmental
problems. are beyond the ability of any one country to address individually
and require a cooperative effort by all nations. Scientists now agree, for ex-
ample, that burning fossil fuels and clearing forests will increase the carbon
dioxide content of the atmosphere to the point where it will change the
world's climate in a significant though unpredictable way over the next 50
years or 0.8 Moreover, through a complicated chemical sequence, the use
of fertilizer may reduce the strength of the atmospheric layer of ozone that
protects the earth from ultraviolet radiation. .

Developing countries are major contributors to the loss of carbon in soil
and standing biomass through deforestation, and several of the more ad-
vanced LDCs are, or soon will be, major users of fossil fuels and fertilizers.
Both of these issues are rife with scientific uncertainty and require monitor-
ing and research on a global scale.

The United States has direct interest in the participation of developing
countries in global research efforts on these issues. In order to participate in
such international efforts, LDCs must have the scientific and technological
capacity to recognize that the world faces a serigus problem, that their par-
ticipation is important and that they need to p;rticipate in appropriate in-
ternational research, monitoring and remedial measures. Although LDCs
will be justifiably convinced that their primary need is for meteorologists
and climatologists who can apply their skills to agriculture, transport and
other more immediate problems, it 'should be possible to harmonize na-
tional and international areas of need.

Scientific and Technical Collaboration and Foreign Policy Goals. This
broad survey of the scientific and technological aspects of U.S. foreign
policy toward the developing countries has identified numerous areas where
long-range cooperation could contribute to concretely defined foreign
policy objectives and to important developmental goals. (Technological
ustunts” designed for short-term impact on bilateral relations have been
deliberately excluded.) Among the long-range goals:
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- * diversifying sources of oil for America and its allies;

* freeing developing countries from economic and political depen-
dence on a small number of oil-exporting countries by encouraging
energy cgnscrvation and the discovery and exploitation of renewable .
and nonrenewable energy resources;

[~

* decreasing the long-run increase in world food prices by encouraging
food prodiiction; 7

©

¢ alleviating problems of rapid population growth, unemployment and
i migration; .

. conscrvmg the world’s cultural and ecologica! hcrltage, ) -

. lmprovmg\fechnology for exploiting undersea resources a\d‘fots
predicting long-term weather sonditions;

¢ managing global environmental problems;

* improving health care technology and its availability.

Choices among these options depend on both objectives and preferred<
approach. How can one choose rationally between starving people, sick
children, vanishing ecosystems and stable govérnments?

Of the global problems in which the U.S. staké is clearest, food and
energy are of urgent importance and lend themselves to concerted interna-
tional action. The accomplishments of the Consultative Group on Interna-
tional Agricultural Research (CGIAR) show the power of this approach in
addressing the problems of bothrich and poor. It is essential that U.S. sup-

* port to CGIAR be expanded and that a global program for mobilizing
energy technology be quickly developed and funded so that LDCs can take
advantage of all appropriate sources of energy, both renewable and
nonrenewable. (For further discussion of CGIAR, see Chapter 8.)

Another urgent international need is for action to study and conserve
ecological and cultural treasures that will otherwise be lost forever. Pro- e
grams in this area should begin immediately, but full mobilization will
take some years to build up because of the scarcity of qualified person-
nel.

: Population researdh is no less urgent and important than research on

food and energy. A substantial international effort is already under way so -
that pnormes for new international action are less clear. Given the certainty
of limited political and financial resources in the early 1980s, major ini-
tiatives on population résearch may have to be deferred until some degree of
consensus can be reached. The achievement of such consensus is tl.as an im-
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portant policy objective. (Additional discussion of this topic will be found
in Chapter 9.)

Science and Technology as a Dimension of
National Development

A succession of U.S. administrations has viewed the overall development
of LDCs as in the long-run interests of the United States. In addition, the
United States has, from time to time, taken a specific interest in the
development of particular countries deemed of special geopolitical interest.

In either case, sound long-term development requires attention to a broad
range of scientific and technological considerations. In particular, lo.al
technological capacity is a prerequisite to an effective attack at the national
level on virtually any of the global problems noted in this discussion. For
example, lack of indigenous technological capacity often leads LDCs to
adopt sopflisticated technologies used in developed countries, which fre-
quently wastes scarce capital and foreign exchange, contributes to wide-
spread unemployment and severe disruption of social traditions and leads to
economic and political crises. Lack of technological capacity also hinders
efforts to develop local energy sources. High rates of population growth,
coupled with development policies that fail to encourage the use of
employment-creating technology, fuel political unrest and the unwanted
migration of workers. .

The fields of science and technology are thus not the arcane preserve of
specialists in the universities and research laboratories buit are basic to
development strategy. To tne extent that U.S. foreign policy is concerned
with the long-term health of specific developing countries'or of the develop-
ing world in general, there 1nust be a clear understanding of the scientific
and technological dimension of development. This dimension includes not
only research and development but_ the application of innovative

technologies and the choice of technologies “off the shelf.” 1t also encom-

passes the formation of human resources, the development of local
capacities to adapt, absorb, create and use technology and the elaboration
of national and sectoral policies designed to encourage technological in-
novation, assess its effectiveness and to guide it in socially useful directions.

The scientific and technological dimension of development further in-
cludes the capacity to adjust to advances in technology and to the tech-
nological consequences: of such global trends as changes in the price of
energy and other key commodities. Included as well is the capacity for in-
formed participation in research and policy discussions on global techno-
logical and environmental issues.

As is clear from the discussion thus far, our definition of technology is
deliberately broad—namely, the application of knowledge to achieve a
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practical objective. Thus defined, technology includes both equipment
(hardware) and the institutions and management practices (software)
| needed for its effectiveness.

By this definition, technological development includes the evolution of
the technology in use in a country as well as the country’s development of its
capacity to mobilize technology—i.e., to assess needs, resources and
challenges and to choose, adapt, create and implement technology to meet
defined objectives.® Such capacities can be found in universities, tech-
nological institutes, research laboratories, government agencies, private or
publicly owned consulting firms and producer enterprises or small volunteer
organizations. They require skills derived from both the natural and social
sciences, and these skills are needed in some form at all stages of develop-
ment. ¢

In the early stages of technological development, a country must concern
itself with the building of basic scientific and technological infrastruc-
ture—a university, minimal research facilities and a technical library,
followed by scientific professignal organizations and some form of national
research council to administer fellowships, to coordinate research funding
and tq relate research 10 the country’s needs. An agricultural research
laboratory and the rudiments of industrial standards then follow.

Moravcsik and Ziman, in their classic article, “Paradisia and Dominatia,”
have described the difficulties facing the scientis: from a developing country
who, with his Ph.D. fresh from a leading U.S. or European umvers;ty,
" returns home to discover that he must now assume responsibility for
building a curriculum, a library, a workshop, a department and sometimes
a national scientific community —all tasks for which he is completely un-
prepared— as well as carry on research with inadequate funding and with
few of the support services that young U.S. scientists take for granted.!?

The most difficult problem of technological development—that of
relating the fledgling scientific and technological community to the
mainstream of the economy —arises in its most elementary form at these
early stages. Every developing country faces major decisions that cannot be
deferred until it achieves a reasonable measure of technological capacity.
Investment projects must be planned and development palicies devised. The
infrastructure inherited from the colonial past must be maintained and ex-
panded to meet the demands of modernization. The past and probable
future effects of the introduction of technology must be assessed, and the
range of technology in use must be broadened.

Except for a few oil exporters, LDC resources, such as money, managers,
trained people and institutional an. physical infrastructure, are limited.
Political leaders and economic planners are beset with pressing social,
economic and political problems. Their staffs typically include able, highly
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trained professionals who are equal to the best in any country. But they are
usually few in number and are thinly stretched over an enormous range of
responsibilities. Moreover, they are rarely familiar with science and
technology and neither provide substantial resources for research nor press
for sorely needed technological development. There is also a large, unmet
and urgent need for informed indigenous control of decisions concerning
the overall conception and design of policies and projects, to insure that
technological development choices are made with the full involvement,
understanding and concurrence of local people and with local conditions
and needs fully in mind.

The problems of undeveloped technological capacity are acute in
developing countries that have come into sudden wealth through the export
of petroleum. These countries must somehow invest vast sums quickly,
under intense political, social and commercial pressure, while simultane-
ously developing local capacity, often virtually from scratch.

Thus defined, technological development lies at the heart of political
stability and development strategy. To the extent that U.S. foreign policy is
concerned with long-run development in LDCs, it should ;clc‘ﬁt}(oster/a”'
strong indigenous technological capacity where it is lacking"The develop-
ment of local capacity should be an essential element of efforts to attack the
more immediate and specific scientific and technological problems covered

o in the discussion that follows.
Many developing countries, on the other hand, have achieved a substan-
* tial degree cf technological capacity. In these more advanced countries, the
basic technological infrastructure-is typically in place, but, in most, patterns
of development have been based on the importation of foreign technology
with little effort to learn to adapt it to the local situation, to reproduce it
inder similar conditions_or to improve it. These patterns have left tech-
nological institutions isolated from the economy. In these countries,
moreover, economic policies that affect interest rates, exchange rates and
wage and tariff levels have frequently been responsible for a pattern of tech-
nological developrient that is inappropriate to local factor prices and that
fails to create enough productive jobs. -

Despite hsir relauvely advanced level of technological capacity, these
countries hold some of the poorest people in the world. Too often, social
programs designed to improve their lives or develop the informal sector
neglect to encourage scientific and technological research and innovation,
resulting in little demand for the development of the simple, low-cost

. technology that could address their most pressing problems.

In the most advanced developing countries, scientific and technological
research, development and innovation are important elements of market
competitiveness. In some of their exports, these countries use up-to-date
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means of production, adapted to local conditions. They also use modern
techniques to identify and serve their markets. Some have also begun to ex-
port technology, usually to other developing countries, in the form of
tapital goods, turnkey plants, licenses and technical services.

Conﬂict,:z?nd Cooperation in Technological Development

U.S. foreign policy toward technological development in LDCs, espe-
cially those that are more advanced, is ambivalent. However much it may
appreciate the role of technological capacity in lcng-term development
strategy, the United States must consider a variety of issues in which its in-
terests may conflict with those of specific LDCs. Such issues include com-
mercial competition, the “export of jobs” through overseas investment or
technology transfer, the threat or reality of nuclear proliferation, the stply
and price of raw materials and the possible conflict between the desire of an
LDC to develop its own industry and technology and that of tie Ux}ite&' N
States to export its manufactures, agricultural products and services. )

These considerations are present to some extent in U.S. relations with
technologically less advanced countries, particularly oil exporters, that are
major powers in global resources politics, important markets for equipment
and services and potential competitors in” capital- and energy-intensive
products like fertilizers and petrochemicals. Indeed, conflicts over such
issues as controls on the import of toxic substances are most acute in coun-
tries that lack the technological capacity to draw up and operate an ap-
propriate regulating mechanism.

As an additional complication many of these issues have entered the
North-South dialogue in the form of demands for improved access to pro-
prietary technology, international codes of conduct for technology transfer,
buffer stocks to stabilize the price of commodities exported by LDCs and
international arrangements for the exploitation of undersea minerals. These
issues are pressed most vigorously in international diplomatic forums by
governments of more advanced LDCs who seek to advance the interests of
their growing modern industrial sector.

For the U.S. policymaker, these areas of conflict are awkward in three
ways. First, they are sufficiently specialized that they rarely attract the sus-
tained interest of high-level officials. Second, many concern areas of com-
mercial interest in which the government is reluctant to become directly in-
volved. Third, many of the remedies proposed by the LDC representatives
may not, in fact, be the most technically effective ways to address the prob-
lem.

Although the U.S. response to these demands clearly involves more
diplomacy than technology, the most constructive response would be to
identify and study that portion of the problem where North and South have
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interests in common, to define its practical content carefully and to devise
and promote a mutuaily beneficial technical solution. Whene\’er possible,
this type of solution could be pursued, designed and lmplemented in-
dependently of the broader controversy. The purpose is not to win the
diplomatic confrontation but to make progress toward solving the long-
range problem. This approach seems more attractive than the alternatives,
which are (with some o~ersnmpl|f|cat|on) either to “stonewall” or to offer a
less expensive solution, which is demanded by thé developing countries and
which the United States has good reason to believe would not be effective.
The follovgng pages briefly outline several tentative applications of this ap-
proach to some of the thorny problems confronting U. S diplomats in areas
of science, technology and development.

Transfer of Commercial Technology. This issue has come to symbolize to
the business community all the technological _aspects of foreign policy
toward the developing world. Developing countries have, through a variety
of diplomatic forums, pressed for an easing of the costs ang conditions of
the transfer of commercial technology through a binding international code
of conduct. Some have even asserted that knowledge should be a free good.
Developed countries have replied that they do not have, nor wish to assume,
control over such commercial transactions in the private sector, that com-
mercially useful knowledge is costly to produce and deserves its full market
value, that most of the technology needed by developing countries is
available mthout restriction and even without charge and that any abuses
¢ n best be (and indeed are being) dealt with through national government
regulations.

These dnsagrcements are, in one sense, an extension of international
business negotiations between suppliers a\d purchasers of technology.
Many LDCs, in exercising their sovereign right to do so, have established
regulations on the international commercial transfer of technology, which
typically lirait the size of royalties and prohibit certain provisions in com-
mercia! agreements. Agreements are often not allowed to ban the export of
products made with irnported technology or to require that raw material be
purchased from the technology supplier. A regulatory body may be re-
quired to participate in the negotiations between suppliers and purchasers
of technology.

At the pragmatic level, proponents of such regulations assert that they
limit the foreign-exchange costs of technology transfers and eliminate
onerous restrictions without hindering the flow of technology. Critics assert
that supposed savings may simply be shifted to some other entry in the
foreign-exchange outflow ledger or may be counterbalanced by the loss of

benefits caused by project delays while the transfer agreement is being
~
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reviewed and approved. Only time will tell whether such regulation will in
fact improve the terms of technoiogy transfer without slowing it down.

In the meantime, there may, well be unexplored avenues for collaboration
in areas of mutual benefit. U.S. business has an interest in promoting the
sale of technology, whether in the form of equipment, technical services,
licenses or know-how. U.S. labor shares this interest, as long as these sales
are matched by investments inr domestic innovation intended to ensure con-
tinued U.S. competitiveness and with assistance to workers displaced from
noncompetitive industries. Assuming that domestic innovation does not
slacken, there is every reason to explore the possibility of creative
mechanisms to encourage technological collaboration between U.S. and
LDC firms.

Such measures already form part of U.S. bilateral agreements with Israel.
A bilaterally funded foundation in that nation promotes technological col-
laboration between private firms in the two countries, typically but not ex-
clusively providing for research and development leading to the commercial
application of an Israeli technology using U.S marketing skills. Over the
next several years, the same pattern could be extended to other relatively ad-
vanced countries, such as Korea, the Philippines, Taiwan, Thailand, Brazil,
Mexico and Jordan. Com.parable programs of cooperation might be ar-
ranged among trade or professional organizations. Another interesting sug-
gestion is that of Jack Baranson, who has pointed out the need for a special
facility to finance the front-end costs of a technology supplier in the United
States who must incur expenses for technical services months or years
before recerving royalties based on sales.!!

Negotiations with Transnational Corporations. The wide areas of
disagreement between developed and developing countries with respect to
the activities of transnational corporations should not obscure their agree-
ment on one fundamental issuc: stable business agreements are in the in-
terest of both sides, and the most stable agreements are those that are
equitable. This premise leads directly to the somewhat paradoxical conclu-
sion that it is in the direct in*erest of transnational corporations that their
overseas counterparts be skilled in_negotiations so that they inay arrive at
agreements that protect their interests and that they expect to fulfill. This
interest extends to the U.S. government, not only because of its interest in
U.S. commercial relations abroad, but because disputes with overseas in-
vestors constitute a major irritant in bilateral relationshins with developing
countries.\?

Scientific and Technological Information. Developing countries have
demanded improved access to scientific and technological information,
which they find to be a near monopoly of the industrialized countries. This
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| demand sometimes takes the extreme form of unfettered access to pro-
_prietary information. More recently, it has been embodied in a proposal for
a cumbersome network of national focal points (too often serving as infor-
mation depositories rather than information services) under United Nations
auspices, which in this author’s view will do little to aid the supposed
beneficiary of the system, namely the user of technological information in
the developing country.

The Uniteéi States has an obvious interest in helping developing countries
meet their technological information needs, especially when the technology
is produced in the United States. To date, the major U.S. response to such
demands has been a modest but useful program to improve access to the
huge store of technical information in the National Technical Information
Service (NTIS). Further efforts in this area would require the development
of information networks at the national level designed to help the LDC
users define and meet their own needs for information. Such systems could
then develop means of access to the many existing data banks around the
.sorld. It would then be in the U.S. commercial interest to facilitate the ac-
cess of such national services to any U.S. sources not covered by existing
systems and to maintain a professional staff to handle specialized informa-
tion.

Commodities. Developing countries are convinced that they are being vic-
timized by low and fluctuating prices for natural commodities that they ex-
port. Althcugh the United States has generally resisted strong diplomatic
pressure for buffer stocks and other devices to alleviate this problem, it has
supported research.and development on many such commodmes,‘whlch is
much less expensive than buffer stocks and which is in the longer-term in-
terest of both producers and consumers.

Careful attention to agricultural and technological research has allowed
natural rubber to compete effectively with synthetic rubber, providing con-
sumers with a useful engineering material and allowing Malaysia and other
rubber producers the time and foreign exchange needed to diversify into
other crops. This experience, ard that of international organizations con-
cerned with wool and cotton, has shown how research, integrated with
marketing and promotion in a commercially oriented strategy, can defend
the market competitiveness of a natural comumodity against intense com-
petition from synthetic substitutes. By contrast, neglect of modern
marketing techniques and inadequate agricultural and industrial research
have been primary factors in the rapid decline of the market for jute, a prm-
cipal export of Bangladesh and India.

The United States is a charter member and major supporter of the Inter-
national Institute for Cotton (IIC), an intergovernmental organization for
the defense of the market COmpetmveness of cotton through industrial
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research, promotion and service to the textile trade. The United States has
also supported the proposal for a Cotton Development International (CDI),
which would absorb the institute’s program and extend it into agricultutal
research and into a more active role in increasing the amount of cotton used
by the LDC textile industry.

The CDI proposal, made public in 1976, is still under discussion by
governments. Unfortunately, it has been considered a subsidiary issue in
discussions under way at the United Nations Council on. Trade and
Development {UNCTAD) for cotton buffer stocks— which many negotia-
tors feel is the “real” issue, regardless of the fact that the technological
defense of market competitiveness can achieve major results at much lower
cost. Consequent delays have threatened the future, not only of CDI, but of
IIC itself.

The history of the CDI proposal illustrates the difficulties faced by con-
structive attempts to develop practical, mutually beneficial programs of
scientific and technological cooperation in this highly politicized area.
Nevertheless, such efforts deserve U.S. support, especially when they con-
cern commodaties, such as cotton and jute, that contribute heavily to the
livelihoods of poor people in LDCs.

Communications. LDCs exert major diplomatic leverage in two interna-
tional organizations that have a substantial influence over global com-
munications policies of importance to the United States. First, the United
Nations Educational, Scientific and Cultural Organization (UNESTO) is
engaged in a major debate over measures to rectify the imbalance in infor-
mation flows between developed and developing countries, which are con-
vinced that journalistic coverage by private news services is, in some cases,
insensitive and displays insufficient inderstanding of their problems.

The United States fears that the measures proposed by LDCs to
UNESCO could legitimize the efforts of governments to control the flow of
news from their countries. Additionally, the International Telecommunica-
tion Union is responsible for convening intergovernmental conferences to
allocate radio frequencies among conflicting uses—a function of both
military and civilian significance. U.S. diplomacy in both cases suffers from
the absence of any program to assist developing countries with their com-
munications problems. Yet, this is an area where the most advanced U.S.
technology has clear application to important development problems that
would be difficult to address in any other way.

Substances Involving Hazard. U.S. environmental groups have occa-
sionally proposed that the export of such substances be subject to the same
restrictions as their domestic use. The balance between risks and benefits in
developing countries differs greatly from that in- the United States,
however. The United States would assume an impossible burden if its courts
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had to decide, for example, whether DDT should be used to control malaria
in Sri Lanka or whether insecticides are being properly applied to cotton
crops around the'world.

On the other hand, many developing-country governments cannot deal
effectively with the pressures, both internal and external, to allow misuse of
these useful but dangerous substances. Toxic substance exporters often help
LDCs draft codes of control but may do soin a self-serving manner. There
have been instances of efforts to influence foreign governments to use
pesticides improperly or excessively and of warning labels that are
unreadable by foreign users or lack essential cautions. Although there is o
perfect solution to this problem, it would be to everyone’s advantage to help
LDCs build up their own capacity to deal with these matters and protect
their own interests.

An analogous situation exists in the field'of pharmaceuticals, where there
is an obligation—not always perfectly honored in practice—to warn
physicans and consumers of possible side effects and contraindications.
Here, too, risk-benefit factors may be different in an LDC thanin the
United States. A country in the midst of an epidemic may be willing to
license a vaccine or drug with significant side effects, even though there
would be no need to accept these risks in the United States where the disease
is virtually nonexistent.

This issue has become particularly acute in the case of the injectable con-
traceptive Depo Provera. Depo Provera has not been approved for con-
traceptive use in the United States because of studies that suggest a possible
link with cancer and other side effects. Numerous LDCs nevertheless use
this substance and request that the United States provide it, arguing that
their population problems are urgent and that the risks of pregnancy and
childbearing in their countries far outweigh the drug’s nossible hazards.

It is a mistake to impose U.S. conditions on LDCs and 0 argue, as some
U.S. groups have done, that drugs such as Depo Provera should not be ex-
ported because they carry risks unacceptable in this country. Intheend, itis
the LDCs themselves, through development of their own regulatory
capacities, who will decide the appropriateness of any imported technology.

Current U.S. Policy and Programs

I have not attempted a comprehensive review of U.S. programs for scien-
tific and technological cooperation with developing countries or of the
policies that underlie them. What follows is a brief overview of existing
policy and practice, with particular emphasis on bilateral programs, for the
purpose of comparison with the approaches recommended in this paper.
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For convenience, 1 distinguish four broad, and in some cases overlap-
ping, mechanisms for U.S. bilateral scientific and technological coopera-
tion with LDCs:

¢

1. Bilateral agreements with countries of geopolitical importance;
2.. Development assistance programs;

3. Extension of domestic programs into the international sphere;
4. Programs set up in pursuit of global policy objectives.

Bilateral Agreements .

The United States has signed agreements of bilateral cooperation in
science and technology with (then) developing countries as diverse as New
Zealand, China, Egypt, Saudi Arabia and Spain. Many of these agreements
have tesulted in large and important programs.

From the point of view of U.S. foreign policy toward the developing
countries, the chief function of such agreements has historically been to im-
prove the atmosphere of bilateral relationships. Such efforts have followed
a prescribed order: first, the exchange of .athletic and cultural attractions;
then, the scientific mission to arrange a cooperative agreement; then, the
addressing of “real” issues. The objective of the scientific mission was to
create some cooperative effort between the United States and the other
country; the subject of cooperation was unimportant and could be left to
the scientists, who typically chose subjects where research capacity in the
cooperating country was strong, regardless of its relevance to national
needs. Conversely, if bilateral relationships were chilly and a thaw was con-
sidered undesjrable, there has been little or no provision for scientific and
technological cooperation.

Recent bilateral agreements with China and several African countries
show an encouraging shift from this pattern, at least in the choice of the
subject for cooperation. Formal agreements were preceded by surveys of
each country’s needs to identify the best subjects for bilateral cooperation.
These agreements ranged well beyond research to include, for.example, col-
laboration in water resources planning in major Chinese river basins.

Another interesting bilateral experiment is the U.S.-Israel Binational
Foupdation for Industrial Research and D;velopmcnt, mentioned earlier,
which encourages commercially motivated, enterprise-to-enterprise techno-
logical cooperation in the private sector. The work of this foundation pro-
vides, 'to this author’s knowledge, the only example in the U.S. federal
government of direct support to industrial research and development
awarded on purely commercial criteria.
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Development Assistance
Science and technology have formed part of U.S. bilateral development

assistang,e for many years. Assistance programs have supported, for exam-
ple, research on human reproduction, forestry, water resources, pest con-
trol and tropical diseases. These assistance funds have also supported a
useful series of publications by the National Academy of Sciences that con-
vey, in compact form, the state of knowledge in relatively unexplored fields
of science and technology that promise applications of high economic
potential in LDCs. Examples include ferroconcrete, unexploited species of
tropical legumes and fast-growing trees. ) .

Since 1973, the objective of the foreign aid program has been to help meet
the needs of the desperately poor for food, health, education and, in recent
years, fuelwood. This humanitarian objective has been a prerequisite to
continued congressional support for the development assistance budget and
has inspired efforts critically important in the global struggle to alleviate
poverty.

Assistance programs under this new policy support the development of
research capacity.in these fields in the poorest LDCs, which are now the sole
recipients of development assistance. In addition, a major new group of
programs, called the Collaborative Research Support Programs, supports
the building of U.S. capacity to collaborate. with food and nutrition re-
searchers in LDCs.

The shift in emphasis to the problems of the poor has also inéreased in-
terest in low-cost technology. Since much of the technology used to solve
comparable problems in industrialized countries is far too expensive for
poor LDCs, development assistance agenciés have been forced to consider
innovative solutions to such problems as health services, nutrition and basic
education, in order to meet these needs at a cost low enough that the ap-
proach can be extended to large numbers of people within the resources
available to the developing country.

Several U.S. congressmen have indicated a further special interest in
“capital saving” technology as the key to meeting the needs of the poor and
have added provisions to foreign aid legislation to ensure the use of such
technology. This has prompted support to community action groups in
LDCs capable of/ applying such technology io the needs of the poor through
the Agency for International Development (AID), the Inter-American
Foundation and Appropriate Technology International. )

These efforts have been useful correctives to the tendency of development
assistance agencies to apply familiar technologies, even when these are un-
suited to the prablem at hand, and have given new legitimacy to technol-
ogies that might otherwise have been regarded as unworthy of a modern
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country. On the other hand, they run the danger that “appropriate technol-
ogy” may be rejected as second-rate or dismissed as the latest fad or panacea
without proper consideration of its merits. :

The United States has made major contributions to multilateral
agricultural research on food crop production and to biomedical research in.
tropical diseases and human reproduction. It has also given substantial sup-
port to building the needed capacity for carrying out research on these prob-
lems The food crop research financed by CGIAR has been an outstanding
success. As a funding mechanism, the group is already serving as a model
for the financing of research in fields that lend themselves to integrated
global programs under international management and control. Such
research has sometimes taken place in international centers but, in other
cases, has taken the form of a network of research institutions in developed
and developing countries, such as that of the Integrated Program of Train-
ing and Research on Tropical Dlseascs of the World Health Organization.

International Extension of National Programs

Many programs developed for scientific and technological research in the
United States have been extended to other countries. The National
Aeronautics and Space Administration (NASA) has supported experimental
applications of satellite techniques of remote sensing in developing coun-
tries; the C ommumcablc Disease Center and the Department of Agriculture
have, rgspectively, mvcstlgated diseases and insects that posed threats to the
United States; and the Geological Survey has studied earthquakes and
volcanic eruptions in foreign countries to provide insight into similar events
in the United States. ‘

All of these programs provide technical assistance to their LDC counter-
parts, although more as a by-product than as a primary objective. Increased
attention to this technical assistance could, at relatively low cost, greatly in-
crease the effectiveness of these programs in building LDC problem-solving
capacity and contribute to the global stock of knowledge on these subjects
of worldwide interest.

Programs in Support of Global Objectives

By far, the major thrust of U.S. pursuit of global policy objectives has
been in programs to abolish poverty. But there are also several
U.S.-supported programs that deal with issues of global significance not
directly connected with poverty.

U.S. participation in the Global Atmosphenc Research Program of the
World Meteorological Organization is primarily intended to provide the
scientific basis fo: long- -range predictions of U.S. weather. This objective
can only be fulfilled through international cooperation, as it requires a
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global effort to fill major gaps in meteorological (and, to a lesser exfent,
oceanographic) data. Many of the most important of these are In the-
tropics. For this reason, U.S. participation in this program, although not
primarily intended to assist developing countries, provides tens of millions
of dollars for the study of the tropical atmosphere, a subject of critical in-
terest to these countries. » " ’ .

Examples of efforts intended to fulfill global objectives are the interna-
tional programs of the Department of Energy. The department has pub-
lished long-range assessments of the energy needs of Peru, Egypt and several
other countries. While the prime objective of this program is toslow the
spread of nuclear power, its executors quickly realized that they had no
choice but to try to take the point of view of their “customers” and to pro-
vide them with full assessments of all their energy options, including nuclear
power. Such an approach, it is hoped, will discourage nuclear projects that
are motivated by prestige and that lack- techno-economic justification. On
the other hand, these studies have not attempted to build local capacity for
needs assessment and have sometimes tended to project U.S. conditions and
requirements onto thg developing countries without fully evaluating the
alternatives.

General Asséssment

It has long been apparent that U.S. programs of scientific and
technological collaboration suffer from fragmentation, omissions and lack
of funding or institutional support within the government. As Eugene
Skolnikoff has pointed out in his “synthesis” paper in this volume, it has
proven very difficult to fund programs that can neither compete at par with
the best of American science, nor be justified as aid to rural development in
the poorest LDCs. These are important priorities but surely do not span the

whole set of objectives of U.S. foreign policy or of the overseas aspects of .

U.S. technology policy. ‘

As early as 1971, the National Academy of Sciences recommended the <

establishment of an International Development Institute, separate from l
JAlD,asa focus for scientific and téchnological cooperation with LDCs as

distinct from the transfer of resources. This proposal was revised and ‘

brougnt up to date after a thorough study by the Brookings Institution of ‘
the bureaucratic difficulties faced by AID in its attempts to support scien-

tific and technological programs.'? o l

In 1978, building on the Brookings study, the White House Office of ,
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Science and Technology Policy proposed an Institute for Scientific and
Technological Cooperation (IS7°C) as a mechanism to encourage and coor-
dinate scientific and technological cooperation with LDCs.'Establishment
of ISTC was to fill several gap} in the institutional framework for dealing
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with technological problems in LDCs: to increase support to researcht and
development, free of the pressure of the immediate priorities of AID pro-
grams and of the state of bilateral relations with cooperating countries; to
make possible research support for projects not directly related to “basic
human needs”; and to develop programs of scientific and technological
cooperation with rhiddle-income countries such as Brazil, Mexico and
Korea, which are “graduates” of aid programs and on the way to becoming
major industrial powers.

The ISTC proposal reflected increased understanding of the complex
role of science and technology in development ~ as an important dimension
of development rather than a “fix,” a panacea or a stunt. It recognized that
technology covered a broad range of levels of sophistication, from satellite-
based remote sensing to improved clay and sand cookstoves. It recom-
mended that sociological and institufional constraints to the diffusion of
improved technology be explicitly addressed and that particularly complex
problems —such as nutrition and public health — be addressed by integrated
reseaich on technology policy and institutional design. Finally, it gave
developing countries a role in the management of the institute through the
establishment of an advisory council on which they were to be represented.
All of these were important advances.

Congress has not approved the establishment and funding of such an in-
dependent ISTC, allowing instedd only a small increase in the budget for
science and technology within the regular AID structure. AID has estab-
lished the position of scientific adviser in the Office of the Administrator

and is making arrangements to fund research on topics identified by the Na-*
tional Acgdemy of Sciences through its Board on International Science and,

Technology for Development.
This is not the place to assess the prospécts of some version of ISTC for
eventual enactment or to review the efforts of its planners, who worked

- S

under difficult pressures of timé and politics tg design it and to justify it to -

the Congress. Some of the participants ifr effort have suggested in per-
sonal conversations with the author thaf the difficulties were no more fun-

the laudable objectives of ISTC, to which the Congress was basic recep- .

damental than the failure to convince skeptical members NCQ]:J:ZS that

tive, could not be achieved within existing organizatiornis. A few are even
convinced that scientific and technological cooperation will become the ma-
jor thrust of U.S. bilateral development assistance over the next several
years, partly because science and technology are theé areas in which the
United States has the mostto offer and partly because this kind of coopéra-
tion is ocheaper than financing large investment projects.

Others, by contrast, cite the.uneasiness of politicians at the premise that X

science and teghnology can fully contribute to LDC needs only if scientists
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are given a greater voice in such efforts and are able to use resources
* without the constraints of existing organizations. | .

In any case, the rgfusal of the Congress to appropriate funds for the ISTC
or to contribute t6 the U.N. Interim Fund,'* combined with the increasing
unpopularity of foreign\assistance—as shown by the annual difficulties
faced by the foreign aid billin Congress—show clearly the present lack ofa
strong domestic political congituency' for improved scientific and tech-
nological cooperation with the developing world. The author would suggest
that 1t is time to seek to create’or strengthen the domestic political consti-
tuencies for such activities. .

A likely basic constituency would seem to be the U.S. scientific and
technological community. However, with the exception of a relatively small
number of professionals Qoncerﬁea with scientific and technological
development in LDCs, there is an absence f strong interest in this field
among much of the leadership of the U.S. scientific and technological com-
munity. Proposals for support of research on problems of interest to LDCs,
whatever their intrinsic scientific interest’or practical importance, have been
re_garded as competition for budget resources with the “real” jnterests of the
U'S. scientific community— namely, those problems defined by purely
domestic interests of the United States. o

Therehas been some change in this attitude, partly because of the expan-
sion of scientific and technological cooperation with China, the Middle East
and (to a lesser extent) Africa. Technical journals such as Science, the New
Scientist and the Bulletin of the Atomic Scientists have begun to devote in-
creased space to issues concerning developing countries. But there has been
far too little effort to convey both the human impoytance and the intellec-
tual challenge and excitement of the scientific and technological problems
confronting the developing world. SN

U.S. scientists should, in the name of devotion to the pursuit of
knowledge, assume some responsibility for the professional“éurvival of their
colleaguesin LDCs. They should encourage U.S. funding agencies to make
available the relatively small sums needed to keep scientific research alivein
these countries, and they should acquire the knowledge needed to be able to
prepare studeiits from these countrie§ for the special problems they will face
on their return home.!?

Popular interest among Américans in the scientific and technological
problems of LDCs has been limited fo subjects that echo the domestic gon-
cerns of organized groups. Public-interest groups have rendered a useful
service -in spotlighting the particular technological problems faced by .
women in developing countries, as.well as the need to protect endangered
species from commercial exploitasion.

I .
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Occasionally, however, the projection of domestic political issues onto
the different cenditions of LDCs results in a4 somewhat distorted perspec-
tive. I have already discussed the difficulties of applying arguments de-
signed for U.S. conditions to the problems of pesticide and contraceptive
use in LDCs. There are many similar policy issues. The use of infant for-
mula is heavily promoted to the poor in LDCs who cannot afford and fre-
quently misuse it. Yet, such products are as essential to working mothers
there as they are hére. Here public pressure to dlscourage mesponsxble
advertising can have a useful effect.

Wages, working conditions and safety and. envnronmental safeguards in
most developing countries are far below U.S. standards. In many cases,
scandalous conditions could be improved~at little cost. Yet, LDC:s cannot
afford the unquestioning application of the standards typical of advanced
countries. Here the efforts of U’S.-based labor unions to raise the aware-
ness of their colleagues in LDCs are far more effective_than calls for protec-
tion against “cheap labor.” ¢

By comparisqn, U.S. environmental and consumer groups have been
curiously mward looking.. Americans mobilized to save the snail darter, yet,
they have paid little attentipn to the predictions that hundreds of thousands
of species may become extinct in coming decades without having been
catalogued, let alone studied for possible economic value or scientific in-
terest.'® Popular suppott is needed for research programs to survey and
study existing flora and fauna in these areas and for ecologically sustainable
strategies for their protection; in several poor countries these areas occupy.-
much of the remaining unused arable land.

Public pressure_might also be useful in persuading timber companies to
adopt sustainable approaches to forest exploitation, even in countries where
this approach may not be scrupulously,required or even encouraged by local
authorities. Such an approach might well be made unofficial U.S. govern-
ment policy and urged on U.S.-based companies —much as foreign policy
officials occasionally urge financial support of a shaky government of
special geopolitical lmportance

The distinguished Dutch economist Jan Tinbergen has pointed out the
natural alliance between consumer advocates in developed-countries, who
seek to lower costs and improve the quality of products in the marketplace,
and the advocates of increased trade with LDCs, whese products tend to be_
at the low-cost, low-quality end, of the spectrum. Their combined efforts
could lower prices of an entire array of products. Yet U.S. consumer groups
have thus far spent surprisingly little of their political cgpital in opposing
protectionism. It is strongly in the interest of the U.S. gonsumer both to in-
sist on adequate measures to ensure mnovatnvenes§ in U.S. industry and 1o
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place no obstacles before—and, in some cases, to assist — the technological
" capacity,of LDC industry.
Conclusions v ‘.?

A' major expansion and redefinition  of scientific and technological
‘cooperation with the LDCs is néeded, not only for humanitarian or
charitable reasons but also to address major concerns of U.S. foreign policy -

» for the 1980s: food, energy, global political stability and the future of the
world environment. The need for greater cooperation is especially acute i
food, energy and population. Effective bilateral and multilateral progr;nu;\

. are already under way in food crop production research. These deserve con-
tinued support and expansion. In addition, there is an urgent need for inter-
national efforts to assist developing countries 1o develop indigenous sources
of<energy. Such a progrdm could be readily designed and implemented.

The urgency and importance of the population problem is no less acute,
but the priorities for international technological collaboration in this field
are less clear and require further study. This should be carried out without
delay so that effective action can be undertaken.

Needs have. also been identified for international scientific and tech-
nological collaboration in the study of parasitic and diarrheal diseases and

" for the study of ecosystems of great economic potential, such as the humid
tropical rain forest, which are in_acute danger of.disappearance. Finally,
there is a general need to suppj‘cpn local capability to mobilize science and
technology at.the national levg] as a part of ovérall national development. .

These suggestions, taken individually, may be relatively modest, but they
add ug toa substantial redéfinition of U.S. attitudes and interests vis-a-vis

{he role of science and techr;glo'gy in foreign policy toward the developing
world. ~ ' )

. - Although scientific and 4e'chnological cooperation along the lines sug-

" gested"in this paper do pot necessarily give rise to technological spec-

taculars, they do directly affect U.S. voter interests in lower food costs,
freedom from petroleum gutoffs, secure supplies of minerals, the continued
expansion of the world economy and the expansion of world demand for
technojogically sophisticated U.S. equipment and services. They are essen-

- tial pagﬂ.ﬁ&hany strategy to eradicate the worst aspects of poverty and to v -

conserve the global enyironme‘nt. They are important to any strategy to

assist the Jong-run devglopment m;i.DCs as a whole, or of such specific

>

countries» s the United States wishes to support for strategic or other
reasons. And they are intrinsically challenging and exciting at a time when -
U.S. popular interest is returning to scientific and technological advances.

These facts can be used as the basis for efforts to expand public support
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for scientific and technological collabqration with LDCs, as well as to gain
support within the U.S. scientific and technological -community for such
work. Policies and programs based on shared long-term goals should com-
plement, not replace, surrent policies based on humanitarian concern for
the poor in developing countries.

There is a need to continue, and in some cases to expand, research on
small-farmer agriculture, forestry, renewable energy, parasitic diseases,
low-cost housing and sanitation and other fields of specific interest to the
poor. However, political support on this basis is palpably diminishing. In
any case, purely humanitarian concerns do not provide a satisfactory basis
for dealings with oil-exporting or middle-income developing countries, or
indeed with the middle class of the poor developing countries who, after all,
are the holders of political power.

There is no réason for LDCs to feara U.S. policy based on self-interest. On
the contrary, this is their best reason to hope for a consistent pdlicy. It is
unreasonable and unrealistic to expect any country to pursue for long a
policy that does not derive from its own interests, The incoming administra-
tion has emphasized its intention to put U.S. interests at the center of its
foreign policy.

. A fully coherent and integrated policy toward the technological develop-
ment of the developing countries no doubt must await the clarification of
public attitudes toward the technological development of.our own country.
It would clearly be usefdl to build a consensus in this area, as the most im-
portdnt international technological issues vis- -4-vis LDCs are but one aspect
of a broader debate on the response of the United States to its inter-
dependence with the rest of jhe world. This response requires a substantial
effort to refurbish U.S. competitiveness and innovative capacity, which in
turn will require a major rethinking among labor, management, consumers
and the public. An interesting step in this direction was recently taken by the
Economic Policy Unit of the United Nations Association of the United
States, in its report entitled The Growth of the U.S. and World Economies
Through Technological Innovation and Transfer.\”

The world:GTthe 1980s is small, interdependent and fragile. U.S. security
depends on économic stability and growth, here and abroad; a diversified
supply of resources from many parts of the world; and preservation of the
globa] environment. It also depends on relief of the misery of poor people,
development of productive employment opportunities and control of
population growth. It may well-be necessary to redefine public and official
concepts of the national interest, which up to now have tended to refer
primarily to military and strategic concerns.

All of these gdals require that LDCs build the technologlcal capacity to
become full members of the intgrnational community. Fheir technological
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development deserves an important'position on the foreign policy agenda of
the United States. U.S. resources are plentiful and can readily be mobilized.
Although U.S. initiatives have achieved major impact, they continue to fall
far short of the efforts that should be undertaken in our own interest.
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U.S. Agriculture in the Context . -
of the ‘World Food Situation -

- © . Sylvan H. Wittwer .
é. ,

Introduction and Background ]

basic enterprise.' More than half the people in the world live on farms. ..
Food is first"among our needs. Events of the past decade have focused at-
tention on a new element of national power and safety — the control of vital
resources, one of which is food. Renewable agricultural production will

" become increasingly important in resource bargaining. The potential of
agricultural production as a strategic resource internationally and within the
domestic economy is under review.2 . ‘

The renewability of the products of agriculture comes as a result of

“farming the sun.” Agriculture, through thesproduction of green plants, is
the only major industry that “processes” solar energy. Green plants are ¢
biological sun traps. The aim of agriculture in crop production is to adjust
plant species to locations, planting designs, cropping systems and cultural
practices to maximize the biological harvest of sunlight by gteen plants to
produce useful products for people. Many products of agriculture may be
alternatively routed as food, feed,,fiber or energy. Plants contribute to
world fpod production 94 pefcent of the total edible dry maiter by weight.

“ Animals contribute 6 percent: Most animal products are derived iri turn
from plants. '
» Achieving an adequate and secure food supply Tor all people is both a
humanistic goal and a mark of progress. This paper focuses on science and
‘technology as they relate to these goals, which are by no means easily
managed or predictable. In the mid-¥960s, for example, a two-year drought

. in Indja and Pakistan brought catastrophic shortages of food. The trend

Agriculturi is the world’s oldest and largest industry.and its firstand most -

Sylvan H Wittwer is assistant dean, College of Agriculture and Natural Resources, Michigan J
State University, East Lansing, Mich.
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was reversed by a green revolution in the late 1960f. Poor harvesf in
1972-1974, howgver, produced a new surge of despajt. This was foll wed .
by a wave of optimism in the late 1970s, brought by surpluses, low prices’
and record production. Finally, in the early 1980s, »fe again face prospects
of worldwide shortages and runaway food prices. - .
“ More than 70 percent of the current world population (4.3 billion) and 85
. percent of the projected population growth by the year 2000 are foundin
* the less developed countries. A large par} (80 percent) of the absolute, as
~ well as the relative, poverty is found in the rural and agricultural sectors.
Many of the rural poor in devéloping countries are landless laborers or
small farmers with insufficient land and capital to earn an adequate living
from farming. ( \ _ e
Several hundreds of millions of people are chronically malnoutished.
More than half are children, and more are women than men.3 Food produc-
tion must be increased considerably in the future, or food and nutritional
problems will become worse. According to the report of the Steering Com- ,
mittee for the World Food and Nutrition Study,* it will be necessary to in-
crease food production by at least 3 to 4 percent per year between now and-
. the beginning of the twenty-first century for significant improvement to OcC-
cur. ' 4
" These predictions are sobering in view of the trend during the 1970s for«
yields of the major food crops to reach a plateau both in the United States °
. and in the rest of the world. Some of the possible}ﬁOSes for that leveling out
« . have been outlined in the literature on the biology of crop production.’
. Meanwhile, energy-intensive farm inputs have risen shagply and contjnue an
upward trend. These are ominous signs because the timetable for,doubling
. of food production to meet estimated consumption \in most developing
X countries allows only 7 to 10 years. The decades of the 1950s and the l9$ ’
- were truly the “golden age” for gains in U.S. agricultural productiv '
. ' (Figure 8.1). The yield fluctuations duriflg the.1970s suggest that the consis-
tent gains in the two previous decades are not likely to be repeatéd. N
- Increases in food demand wilt come_from both' growing populatipns and (
increases in consumer incomes. The majar force in the growing commercial *
demand fer food is rising affluence. Expanded pLoductivity per unit land -
area, per unit time and per unit ¢ost is the primadry source for the projected 3
to,4 percent yearly production increases needed. According to the Food and
Agriculture Organization of the United Nations, 28 percent of these in- .
creases could come from an expafsion of arable land — witlr a progressively
decreasing portion in time ~and 72 percent froth intensification of land use
through higher yields and 'm.creasing the -number of crops produced per ,
* year.”in contgast, the Global 2000 Report projects that world food produc-
_tion will _incrte‘o.&% percent over the 30 years from 1970 to 2000.° It also
. . . ! 4

*
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* Figure 8.1." Composite Index of Crop Yields for the_ State of T
"Michigan (1880- 19§0> and for the United States (1910-1980).
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So'urce: Author, with the assistance of Karl-T. Wright, Professor Emerltus of
Agricultural Economic$ at Michigan State University. N

-

. ° Y .
projects that arable land will increase only 4 percent by 2000 and that most
of the increased food output will have to come from highgr yields. The key
to sufficiently large and sustaining yield increases will be technological
change. N

The following scenario is likely. Larger populations, greater affluence
and incfeasingly greater consumption of animal proteins will intensify
pressur er more mtenswe cultivation of available land. The pressurg on
land will>be accentuated by the relative scarcity of water as its use ap-
proaches the limit of potential supply. The scarcity and expense of energy
¢ Will then further aggravate the situation. PR .
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\ z . \ . )
The challenge will be to “make two edrs-of corn or two blades of grass to
grow iipon a spat of ground Where one grew before” (Jonathan Swift‘in
Gullver’s Travels). This can be done by increasing traditional inputs but at
greater costs. The challenge will be to increase inputs at less‘cost,' so that
food prices can be maintained at reasonable levels. To achieve this policy-
strate'gy,i éne must'take into account resource inputs, both natural (climate,
land, water) and manmade (energy, fertilizer, pesticides, human labor,
machinery). Their ‘costs, availability and renewability must also be taken
into account. " . V. .
inthe Umted States the development of labor-saving technology has been
a sig\nificanl’goal and achievement. Never have so few people produced so -
muth. A farm worker’s production can be measured by the number of ‘
people, in addition to himself, he can feed. In 1980, one farm worker can
feed 60 other people; in 1970 he could feed 30 other people; in 1940, only 10
othqr\s; and 1n 1900, only 6 other people. The increased productivity per unit
of'labor. input may be attributed to more extensive and skillful use of the-
resources of water, energy, fertilizer and pesticides. It is also the result of
better management, more timely operations -and more efficient and produc-
_tive equipment. Mechanization in the United States has' enabled farmers
both to carry out their field work on a timely blsis and, at the same time, to
allow for management activities. Mechanization in the United States has
been a necessity because of the unavailability, uncertainties and rising costs
of human-abor. In Japan and some other industrialized nations, where
«jand, water and energy resources have been limited and labor more plen- .
nful, mechanization has not been so prevalent. In these countries, yields are
higher, but output per farm_worker -is much less. ’

c

Thus, there are two general types of food produ‘ction’lechnciiogies forthe

L]
H

*e food production, based on a high degree of mechanization, with ex- ‘
tensive use of land, water and er\ergy resources, agg little use of
) biologically based technology; ' 2

~ o

. LR . L
e food production, based on biological technology and sparing of
land, water and energy-resources. g ' .

The future will show a national and worldwide shift from a resource;based -
agriculture to'one based on biological and scientific technology. The em-

phasis will be on raising output for each*unit of resource input and on eas-

ing the constraints imposed by relatively inelastic supplies of land, water,
fertilizer, pesticides and energy. - |
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4

- Reasons for the Shift to Biologically Based Agriculture

. Ruttan has pointed out that the shift to a b1olog1cally based agriculture
has already occurred during the first part of the twentieth century in Japan
and certain European countries.® Whereas the United States has followed a
mechanical-resource intensive technology, Japam has followed a biologi-
cally and chemlcally based technology which is sparmg of resources. Incen-
tives for increasing yield technologies_have lagged until recently in the
United States, cOmpared with Japan and some Europcan countries, because
of the abundance and lew cost of resources in the United States. But this
situation is bound to change in the United States andselsewhere. It is pro-
jected that almost all future increases in food production will be a result of
increases in yield (output per nit land area per unit time) and from growing
additional crops durin en year on the same land. There are really no
other viable options. -

Any new agricultural technologies for the future will combine more
dependable production and higher yields and will emphasize strategies that
are more labor intensive than capital intensive and that spare rather than ex-
ploit resources. They must be nonpolluting and scale neutral (adaptable to
any size of farm). They must increase the demand for underutilized labor

, Fespurces. And they must offer solutions to the following global problems:
Poverty >
Inflation '

Malnutrition ’ "\
Underemployment

Deforestation , )

Soil erosion _

Changing climate

Gommunication gap between agriculturists and policymakers
Uncertain responses of polmc institutions

Population ihcrease

Shortage of firewood - -
Water-logging and salinization

Uncertainties of energy supplies [
Toxic chemicals in the environment i . ' -
Unstable production and yield : !
Graid-food/energy conflicts

......J..........

-,

* Technologies of this sort already exist. Some will be Aescribed later.

. Oneof the constraining myths in setting the food research and technology
1 ) .
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agenda for the futu?e is"the bellef that all we have to do’is put-t0 use the
technology we now have qnd all will be well, This implies that we do not
neéd mdre research but gg%better disseniination of the results of research
already qqmplcted. Nothirg"¢ould be further from the truth. The agricul-
tural retearch establishments—bqth privately supported and publi
—of Am rica and other i%g{‘strialized nations have focused on large-scAie,
. single crop or livestock op€rations and labor-saving technologies that
tensive in capital,smanagement and resources. The changing cost of ¢nergy,
however, is undermining all our previous assumptjons about the costs and
feasibility of increasing agricultural production and much of the technology
. of agricultural producti‘on as well. No longer-an we planresearch programs
patterned after the conventional ones or those of the past.

. We must now develop more divefSified resource-conserving technologies
for agricultural production. These technologies must, maximize Qutput fora
given set of inputs, optimize labor utilization and minimize capital costs for
development. To be useful, they must improve the economic conditions of"
farmers. Nations. with ‘predominantly small farms must find ways of

transmitting new technology to many farmers. This places a great respon- ’

sibility 76t only on research programs but also on extension and educdtion.
. Environmental issues will become more important as more land, water,
. fertilizets and pesticides are diverted to food production to force higher
productivity. We can expect greater Use of chemicals as new technologies
are applied. The greatest potential for increases in food production is in the
developing countries, and it is in just these countries —mostly tropical and
‘semitropical—that fertilizer needs are greatest and pest problems most

acute. . <7

Conflicts in the use of landiQd' water resources for food, feed or fuel
production will contiﬁue. as resoutce contraints intensify.'° Toxicities from
airborne materials and projected climate changes from fossil fuel emissions
will direct attention to the production and use of renewable resources.

Food production is the chief user of our land and water'resources. Toxic
chemicals in the environment, some of them pesticides and fertilizers used
for food production, have been declared hazards to human health and well-
being\D'cbatcs will continue on-issues of food safety, deleterious effects of
chemicals on fist\ and wildlife and their habitats, endangered species and
carcinogenicity. Although some people have tried, no one has yet clarified
what an environmentally sustainable set of agricultural production tech-
nologies might, be. We must address this issue with more than just debates
that result in polarization. This will require a substantial research_invest-
ment. \ : :
/ Recent history is filled with apocalyptic prophecies of world hunger,
famine and starvafion. The recently released report of the Presidential
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Commission orwoorld Hunger, for example, implies thdt the food produc-
tion situation i rsening, and that we are farther from the goal of reduc-
ing hunger and malnutrition than we were in 1974, The report presents little
evidence, however, to support this statement. i - Other equally dismal
reports ignore prospective scientific discoveries and remain skeptical about
major breakthroughs in production. The unfortunate-consequence of this
pessimism is that without hope there may be little action. Far from achiev-
ing scientific or biological limits, however, scientists have only begun to ex-
plore the capabilities for increasing food proghction. Basic and applied
research can stimulate future governmental and private sector efforts to in-
crease the stability of production and, expand food supplies. '?

. Leadership for the resolution of food production problems through
research and technology will continue to reside with the United States. The
United States now produces, consumes and exports more food than any na-
tion in'all of history. Sixty-one percent of the grain that crossed interna-
tional borders in 1979 was groyn in the United States. Agricultural exports
for 1980 approximated $41 billion and offset more than three-fifths of the
cost of imported oil. Serious questions have been raised about whether the
high U.S. agricultural production can be sustained, especially with the cur-
rent massive resource inputs. The issue is whether continued, abundant,
low-cost foodstuffs can be provided.

v

.

U.S. Agriculture and the World Food Situation )
With approximately 6.2 billion people on the earth by the year 2000, na-

‘ tional strategies must meet increasing demands for improved nutrition and

more animal protein, keep food prices reasonable for everyone and lessen
tensions among nations. The Unifed States, with its vast human and natural
resources, occupies a unique position. Other nations no longer take U.S.
supremacy in food and agriculture for granted; yet, they continue to come
to our doors in search of new food-producing technologies. The United
States cannot and should not plan as a long-term policy to be the bread-
basket of the world. This would require an exploitation of land, water,
mineral and energy resources that neither we nor the rest of the world can
afford for long, if for no other reason than that the price for i increasing in-
puts *will likely become prohibitive. The United States, more than any other
nation, has already used up its geologlc endowment.'* Because long-
distance, massive food transport is energy intensive, it cannot be viewed as a
viable long-term alternative to producing food closer to the people who con-
sume it. Several developing countries already have “pockets of success” that’
employ adaptive sets and combinations of western and domestic technol-
ogies.
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Grpat care and restraint should be exercised in using food as a stratégic
resource. The effects are not always predictable, humane or effective. As
the recert grain embdrgo attempt with the Soviets shows, this kind of
strategic use of food penalizes primarily —and perhaps, only —the poor and
the farm#tst Nevertheless, adequate food supplies can alleviate unrest and
tensions amqng nations and peoples. The U.S. food system faces both
domestic and foreign demands that are largely interdependent. Both the
balance of payments and excirange of raw materials for value-added goods
among the United States and industrial and nonindustrial countries are
crucial to the economies of all. Foreign demand on the U.S. food.system
comes from two different sources: .developed or industrialized nations and.
less developed countries. Food exports from the United States are now go-
ing primarily to the industrialized nations and serve mainly to increase the
availability of dietary animal protein. In the process, the less developed
countries are being largely ignored. It is not likely that this situation will
change quickly. Such a global dichotomy will persist.

The-objective of U.S. agriculture in the context of the world food situa-
tion should be to continue: -

¢ providing a dependable, adequate, safe and nutritious food supply
. for its domestic needs; .

- +
o assisting both industrializéd and developing nations, through food
exports; *

e sustaining a livable environment.

Humanitarian considerations, alleviation of stresses amOng' nations, mar-
keting of surpluses, achieving a balance of payments and needed exchange
of materials dictate these objectives. To achieve them, a reassessment of in-
vestments in U.S. food and agricultural production research and educa-
tional programs, which have progressively .eroded sinc€ the late 1960s, will
be required. The situation has become éven more critical since 1977, when
the Department of Agriculture (USDA) began elevating consumer and

nutrition concerys (food safety, quality, nutritional content) to the highest ’
priority, while deemphasizing food production and marketing research.!*

The U.S. Agricultural Research System -

Food and agricultural research %s managed differently in the United
States than in other countries, State governments, responding to the ag-
gressive actions of research administrators and scientists at universities, are
largely responsible for food and agricultural research. It is the staté govern- _
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ments, not the federal government, that provide the bulk ¢(approximately
two-thirds) of the money and human resources, establish their own direg-
tions, set their own priorities, develop the most innovative approaches on
research frontiers and take the initiative in sponsoring foreign agricyltural
development programs. Thls stands in marked contrast to research can-
ducted in the defense, space, health, energy and regulatory areas, which is
managed largely by federal agencies. <«

Although there has been a long-standing partnership between the Depart-
ment of Agriculture and the agricultural experimen stations of the states,
_that bond i¥ slowly being;roded by a progressive subordination and attri-
tion of cooperative resea"@h within the federal system. (One needs only to
observe the offices they occupy.) Research has not been a major mission
within the Department of Agriculture, although some progress has been
made in, recent years. Moré and more financial responsnblllly for food
research \s falling upon stafe govérnments. N

At the same time, the federal agricultural research system is rapidly
.dlsgmegratmg Few vacancies are being filled. Forty percent of USDA
career scientists were due to become eligible for retirement, between 1977
and 1982; those who leave are not being replaced.'S The average age of
career scientists in the federal agricultural research system is now 49 and in-
creasing by a third of a year per year. There are progressively fewer young
scientists. The'system also has been subject to constant personnel attrition,
the scientific force having been reduced from 3,300 to 2,850 since the
mid-1970s. Meanwhile, new ‘waves of interest and concern— food safety,
environmental problems, regulatory contraints, human nutrition, exces-
sive reporting —have been 1mposed on the research system. Limitations on
travel to professional meetings and on funds for operations, imposed by a
budget that must allot up to 90.percent of the total financial resources to
" salaries, provide little incentive for bright young scientists to enter the sys-
tem.” ' “ )

The Agency for International Development (AlD) suffers a similar"short-
age of agricultural scientists, with only about 300 full-time agricultural posi-
tions now remaining.'¢ This is shocking if we consider that AID’ s fiscal year
1979 budget allocated $669 million to agricultural development and nutri-
tion. Thus, only 10 percent of AID’s staff is professionally competent o
handle agriculture, which is 55 percent of its budget.

Since the early 1970s the purchasing power of federal support of agri-
cultural research has been declmmg at the rate of 2 percent per year. Final
outlays for agricultural research and education in 1980 were 0.3 percent less
than the prévious year, Lompared with an average 7 percent gain in federal
funding for other types of research and development. Less than 2.3 perc,’ent
of the total federal research budget of approximately $30 billion was

-
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‘directed to food and agricultural research in 1980; y'et global outlays for
total research and development for agriculture have averaged 3 percent.!?
We are letting our own natidggl agricultural research system erode while
other nations develop theirs. The Congress should intervene immediately to
correct this situation. . '

The United States and the world continue to underestimate and demean
the importance of investments in agricultural and food research. Viewed as
an investment, with annual returns of 50 percent or more, agricultural
research does not receive adequate support in the United States. Two causes
have been suggested: First, the benefits of agricultural'rgsearch spill acfss
countries, states and regions to those who do not pay for it; and, second,
benefits to consumers often are not apparent to, them.*? .

We should continue to encourage parallel efforts between state and
federal support of agricultural re carch. A decentralized system that dd-
dresses the needs of individual states will more thari compensate for ap-
parent duplication of effort.r Any centralized system designed to achieve

’

maximum coordination among states will only neglect specific regional and *

state problems and will come at a high price. |
Funding of food and agricultural research must_include expenses for

) maintaining and replacing research tools, even when they are not currently
being used. These tools include: flocks, herds, barns, feed, milking parlgrs,

machinery, field stations, land, orchards, crops, irrigation equipment and
greenhouses. Much of the formula (“Hatch”) mongy traditionally allocated
for agricultyral research goes irnto the maintenance of this kind of equip-
ment. As a result, critics repeatedly allege that agricultural research is ineffi-
cient compared to the competitive grant prograrﬁs administered by the Na-
tional Science Foundation, National Institytes of Health, or— under new
legislation— by the USDA. Even though indirect chargﬁ\are included, these
competitive grants do not pay the ever-rising fnaintenance and replacement
costs for machinery, cattle, orchagds, crops, land, water, labor or energy.
University business offices, however, have seen to it that overhead charges
from competitive grant funding pay for on-campus bookkeeping offices,
lights, heat and water. This means that agricultural research in universities”
requires supplementary funding to survive.

Agricultural research in the state agricultural experiment stations is slow-
ing down, not only because prices rise while federal support falls, but
because facilities (laboratories, greenhouses, barns and equipment) are
woefully inadequate and outmoded. In addition, facilities remain cramped,
because studeny loads have increased threefold since 1968. Yet little federal
support has b‘gen provided for renovation and improvement of facilities
since the mid-1960s, and none since 1970. .

Except for maintenance, as outlined above, requests for across-the-board
increases for all agricultural research disciplines are no longer convincing,
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The message, however, is clear: both competitive grant and formula fund-

ing of food and agricultural research should g0 up, but pyiorities have to

be set for not only the amounts but the kinds of researchsto be pursued.

7z

.

Food Production Research Priorities .

The food crisis of 1973-1975 and the oil embargo have created new
priorities for food and agricultural research. Future research will focus on
ways of controlling the biological processes that limit the productivity of
economically important food crops and food animals. Research goals will
also include more effective use and management of resources and other pro-
duction inputs.

The national or international working confqrencc model has been an ef-
fective means of establishing priorities in agricultural research. The best’
scientific talent with a range of inferdisciplinary skills is recruited. Commis-
ssioned papers on specified topics are prepared and distributed to prospec-
tive participants th specified working groups in advance of the conference.
Aftera week’s revision and further development during the conference, the
results afe edited and published as proceeedings. An executive summary sets
forth the priorities.

Assessments of research priorities for the plant and animal sciences have
been elaborated in an international conference on erop productivity,'?
several reports of the U.S. National Research Council — National Academy
of Sciences,2? a national conference, “Animal Agriculture —Meeting

w Human Needs for the 21st Century”?' and by the Office of Technology
Assessment of the U.S. Congress.?? The World Food Conference of 1976
also outlined research priorities.2* A working conference, sponsored by the
Agrlcultural Research Policy Advisory Committee of the state-federal
system, established research priorities by a ballot system from a large
number of participan’ts,“ The International Conference on Agricultural
Produgtion—-Research and Development Strategies for the 1980s issued
recommendations for research and development in biological resources,
soils, water and energy.2® Within the past few years; public and private
agricultural and food research centers, from provincial to mtcmatlonal
, levels, have reassessed and identified research priorities. These centers have
sponsorcd long-range plannmg seminars on the major issues and trends of '
agricultural science and technology. From all of these efforts, a surprising

unanimity has emerged. N P

-3 *

4
ﬁological Research and Fdod Production ;

Through research, scnentlsts could develop technologies that would result
in stable food productlon at high'levels. These technologies would enhance

“
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rather than diminish the earth’s resources. They would not pollute the en-
vironment or use large amou'nt; of capital, management or nonrenewable
resources. They would be scale neutral. Development of these technologies
1s of the highest priority and can be accomplished through biological
research. Through biological research, we can take steps toward enabling
plants and food animals to use present environmental resources more effec-
tively. Through biological research we can achieve:

(1) greater photosynthetic efficiency;
(2) improved biological nitrogen fixation;
(3) genetic improvements; ;

(4) more resistance to competing biological systems (wekds, insects,
diseases); ¢

(5) more efficient nutrient and water uptake and utilization, and fewer
losses Trom nitrification and denitrification of nitrogen fertilizer ap-
plied in crop production;

(6) alleviation of climate and enviropmental stresses (unfavorable
temperatures, soil moisture and mineral stresses in problem soils);

- (7) better understanding of hormonal systems and their regulation.

These technologiés may release food production from dependence on in-
cyeasingiy scarce fossil fuels. )

Efforts to identify these important research areas have not resulted in ex-
panded research support, but they have prompted changes in organization,
administration and funding of agricultural research at the federal level. A
notable example has come with the initiation of the competitive grant pro-
gram administered by USDA. This infant prggram, which supports the first
four of the research areas listed above, was initiated in 1978. Announce-

ent\qt.' the:$14 million program brought in more than 1,100 research pro-
posals, mvofving funding:requests for more than $200 million. Available
fupds could support orly half the proposals rated as excellent. Similar situa-
tions existed in 1979 and 1980. ' . }

All of this has revealed one important fact. There is enormous talent
waiting to be recruited for viable research programs related to the biological
processes that control food production. Nevertheless, during the young life
of the compétitive grant program, now inits fourth year, Congress has con-
sistently limited funding of the program to essentially the same level, deny-
ing the program even those increases needed tQ offset the effects of infla-
tion. The minimal increase allowed has been eaten up in administrative
costs. The available human®resources revealed by the number of applicants

&
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with” excellent” project proposals hé\rald an opportunity for this nation to
reassert the ,world leadership that it has’abdicated in the area of food
research. A policy that severely limits funding, howéver, denies to agri-
cultural and food research programs the talents of some of the very best:
scientists in the nation. This cannot be reconciled with our true national in- A
terest. It istime we opened the door of agricultural and food research to the
nation’s scientific expertise, including that pttsessed by the private sector.
The benefits of support for the competitive grant program would be
reaped b) the developing countries as well as by the United States. Develop-
ing nations can share in the benefits of the new technologies we have already
discussed‘—imprQ\ed plant and animal genetics, increased photosynthetic
effio‘fency and nitrogen fixation, as well as protection against insects,
diseases, weeds and adverse environments. These technologies can free
developing nations as well as the Wnited States from an ill-advised
dependency on fossil fuels for food production. The research necessary to
create these new tech'nologies is adaptable to local conditions and is rela-
tively inexpensive.26 Y o R "
Benefits from such research could be multiplied many times, and ad-
vances made by one nation could be shaged by others. Genetic pools coluld
be assembled, for example, so that nations could share information about
nown fAvorable components for disease resistance, environmental stress
ce,.a superigr “harvest index” (the portion of the plant used for food)
acceptable cplinary characteristics that can be adapted quickly to losal
ne &ané’ conditions. LT
rticularly significant, yet neglected, biological research-area is the
alleviation of climatic and envirorimental stresses.'The report of the Steer-
ing Committee for the National Academy of Sciences World Food and
Nutrition ‘Study, issued in 1977, deemed this as important as improved
photosynthesis and biological nitrogen fixation, genetic manipulation and
protection against pests. The effects of climate and weather remain the most
significant determinants in food production and account, more than any ¥
other iffputs, for instabilities in production fr§)m year to year and from fia-
tion to nation. )
Stability ¢f produc‘&on is as important as the magnitude of production
itself. Climate is probably a more significant determinant of food produc-
{ tion than are pests. The droughts of 1974 and 1980, for example, caused far
greater losses of U.S. agricultural production than the blight that destroyed
15 percent (or about 700 million bushels) of the U.S. corn crop in"1970. In
1974, production plummented 20 percent for corn, wheat and soybeans as a
‘result of drought. In 1980, corn production fell 17 fercknt from 1979, or 1.3
» billion bushels; grain sorghum 32 percent; feed gfains/18 percent; soybeans
22 percent; cotton 23 percent; and peanuts 4 '

A}
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Figure 8.2. Patterns of World Graln Production in Millions
of Metric Tons {MMT).
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Note: For the United States, People’s Republic of China, Soviet Union, and
South Asia from 1960 ‘to 1980. Perturbations in the ‘upward trends are
primarily a result of climatic and weather events. The extreme variatlons
in the USSR result from millions of hectares of land that are marglnally

cold or‘dry. The relative stability of production in China and South Asia

results from a high percentage of crop irrigation. Climatic stresses during
1980 will result In a severe depletion of grain stocks and storage reserves.
Source: U.S. Department of Agricuiture.
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in 1980. That year, the composite index of crop yjelds in the United States
dropped 20 percent because of drought and high temperature. Grain pro-
duction fell off in the People’s Republic of China because of floods in the
south and drought in the north. The Soviet Union witnessed its second
disastrous year in a row because of marginally cold and dry growing condi-

" tions and adverse weather during harvest. Only in South Asia did produc-

tion rise sllghtly above previous highs (Figure 8.2). These statistics suggest
that world and U.S. grain stocks will be reduced, relative to uullzauon to
the lowest levels-encountered in two decades. “

A substantial research effort aimed at improv ing the resistance of crops
to stresses caused by interrannual climate variations is badly needed.
Although potential problems of long-term climate change —for example,
from increasing levels of atmospheric CO, - have received considerable atten-
tion in recent years, problems of interannual climate variation have been
largely overlooked. Research directed at achieving greater production
stablllty through genetic improvement and crop and livestock management
is of ‘high priority. The USDA’s competitive grant, program must be ex-

. panded to accommodate this kind of research, and the Congress should re-

spond accordingly. . .
Some new research initiatives are also called for in animal agrlcult%re and
its products. Three-fourths of the dietary protein, ofe-third of the 8nergy

- and most of the calcium and phosphorus in the U.S. diet conte from animal

products. Food animals, such as ruminants, are living, mobile protein fae-
tories that may sumve and flourish on forages that are indigestibte for peo-
ple. Food animals like swine and poultry use residues and by-products from
food processing and from the polycultyres of lakes and ponds that other-
wise would be wasted. The world fooa"reserves in livestock exceed.those of
grain and are far better distributed.

The feeding’ of,livestock in other nations is the catalyst for much of the
current U.S, world grain trade. Livestock, not people, consume most.of the
corn, wheat and soybeans the United States ships abroad. People of all na-,
tions, developed and less developed, are striving for more dietary animal
protein. Research in animal agriculture should focus on resource conserva-
tion, greater reproductive efficiency and basic studies on protein synthcsns
that would result in less fat and more protein in the final product.

-
Human Resources for Agricultural Research

Consideration must be given to human resource needs for food and
agricultural research and technology. We have already mentioned the
serious loss of career scientists in the federal agricultural research system.
Mention is often made of the lack of social science inputs into the nation’s
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« agricultural reseérch’program. An almost excfusivq responsibility. for
agricultural research training programs in the United States resides Wwith'the
land grant universities, a few additional state unjversities, the colleges of
1890 and the Tuskegee Institute. These institutions train scientists for

2

research in state agricultural experiment stations, the USDA's research pro-
grams, cooperative state-federal progfams, the private sector; the founda-
¥ tions and the international agricultural research centers. The 15 top land
grant universities, each with enrolfments of 100 or more foreign graduate
. students, have now produced 20,000 alumni helping to serve a_gricultural
research and educational needs in developing qgfries. "These alumni are
. one of the greatest resources this nation has cultivated for contributing to
the future role of U.S. agriculture in the context of the world food situa-
tion.“Most of the 10,000 to 12,000 U.S. agricultural scientists who receive
public support, and an even greater number from the industrial sector, plus
many of the more than 600 senior scientists in the international agricultural
research centers, are also alumni of the U.S. land grant system.
The human resource base for scientific support of food research in the
United States now has fallen behind the Soviet Union and the People’s
Republic of China.?” In the United States, shortages of trained scientists are
emerging in agricultural economics, agronomy, engineering and animal
agriculture. The United States can expect increasing demands, both at home
and abroad, for training and aiding agricultural scientists. These demands
call for a review of the entire training program and raise serious questions
about where international agriculturists will come from.2* The Nationa}
Science Foundation is responsible for the health of science in the nation. It
" must reassess its role in supporting the biological, physical and social
sciences in research on food production and distribution and in supporting
foreign graduate students for training programs in agriculture and food
production. L4

.

.

]

International Agricﬁltural Research Centers

Globally, the most successful agricultural research establishments are the

international centers. They have undertaken innovative research projects

. for enhanced food production and other aspects of agriculture and haye

/ prospered. Annual funding for these centers (now numbering 13) has gone
from $10 million in 1969 to more than $125 million in 1980, with $250

million projected for 1984. The United States continues to contribute about

25 percent of their total budget'which, along with other sources of interrlne,

is administered by the Consultative Group on International Agricult ral

Research with advice and scientific input from its Technical Advisory Com-

mittee. '
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Recent congressional and administrative proposals are aimed at con-
solidating all foreign research and technology activities, along with many
other programs, under a ew International Development Cooperation
Agency (IDCA). This agency would include the Institute for Scientific and
Technological Cooperatnqn (ISTC),.which would have a strong input fr
U.S. colleges and universities. ISTC would have responsibility for sci¢nce
and technology efforts in developing, countries relating to fogl and
agriculture. The current Cojlaboratwe Research Supporfy PyOgrams
(CRSPs) would then fall under the administration of ISTC.

An appropriate constituency has not yet been developed ¢gither in Con;
gress or in the nation to support ISTC or expanded international agricul-
tural development programs.2® Approximately half ($50 million) of the pro-
posed 1981 budget of ISTC would have focused on food, nutrition and
agticultural programs in other nations, with primary focus on developing
countries. Congressional opinion, however, does not support federal pro-
grams for food and agricultural research directed toward the needs of other
nations.3°

This lack of support is puzzling in view of the benefits we ourselves can
derive from international involvement. Most of our major food crops and
breeds of livestock and much of our technology hawe been derived from
other cofintries: .

e dwarf— high yielding-varietigs of wheat and rice from Japan,

® soybeans from China,

e insect-resistant wheat from Russia, ,

* new genetic resources for third-generation hybrid .orn from South
America,

e high Vitamin A sorghum from West Africa,
¢ high protein, high lysine wheat from Nepal,

® cattle more tolerant of heat, parasites and insects from Africa and
Asia. -

These are by no means the only benefits to be derived from other countries.
The production of Zebu (Brahma) cattle from the Asian subcontinent has
created an entirely new beef industry in the higher temperature regions of
the southern United States in less than 20 years. The most advanced genetic
material for dwarf hybrid sunflowers resides in the Soviet Union. Future
collaboration with the People’s Republic of China is expected to make
available vast genetic resources in swine breeding, cereal grains, oil crops
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and many yet qndevclopcd fruits and vegetabl\:‘s. The Chinese also have
much to offer in Azolla culture (green manuring through biological
nitrogen fixation) and hybrid rice production. | \

Congress should review carefully what is emergin‘g from the CRSPs that
are, administered by the Board on International Food and Agricultural
Development. Teams of U.S. economists and other social scientists are par-
ticipating in intprdisciplinary and interuniversity programs committed to
research design and implementation. They are collaborating on both basic
and applied research with similar groups from developing countries. The
major objective of such prqgrams is moré effectiyéﬁesolution of a wide
variety of staple food probi¢ms, including productl’o‘r’l,, ‘utilization and the
sociocultural impacts resulting from themt. It is impli%it*in the CRSPs that
research will emphasize technologies tha\\ do not exblpit\ resources, pollute
the envirorrment or depend on large energy inputs. Biplogical solutions will
be emphasized, wherever possible, over reliance on gdstly and possibly
polluting agricultural chemicals. This kind of research may be significant to
U.S.,agriculture as we move toward a more resource-conserving mode.

[t is expected thdt the benefits of the research will have a global impact in-
corporating U.S. interests, because we have been active in planiing strategy

' from the c:lzet. Established efforts involving collaboration among U.S. in-

stitutionsjihternational research centers and commodity netwarks and na-
tional research centers include programs on field beans and cowpeas,

- sorghum-millet, small ruminants, integrated pest management and aqua-

culture. One of the most advanced of the CRSP efforts is the field beans

- and cowpeas program, which has locations outside the United States, in-

cluding 12 research institutions in Latin America and east Africa and 2 in-
ternational agricultural research centers. The program involves 10 U.S.
universities and prings together many disciplines, including agroﬂqmy,
botany, gengtics, plant pathology, entomology, food sciencg, human nutri-
tion, medicine and social science. Managed by Michigan State University
and guided thus far by a sociologist and a plant breeder, th¢ program’s ini
tial contract calls for $16.7 million for a five-year period. /
Challenges ahead for the CRSPs will be to seek funding at the federal
level for up to 50 percent of the U.S. investigators’ time. The current sup-
port level of about 10 percent is disproportionate for the managing institu-
tion anfl cannot survive. There should be an effort to train counterpart
scientists in the developing countries and to promote regional centers for
training intermediate level technicians and extension personnel, both men
and women. CRSPs can help bridge the gap that now exists Qetween inter-
national agricultural research centers and national programs. They can help
develop and hold together global research teams on specific problems.
Through these collaborative efforts, it is hoped that recognition will be
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given to inputs from cultures where the solutions are to be used. Many peas-
ant farming practifes are also worthy of research, and some may have
useful applications fqr U.S. agnculture ’ - -

The role of the international agricultural research centers is under cons-
tant review?' and should go beyond inputs from the Consultative Group o

International Agricultural Research. Major early breakthroughs, such ‘a§

occurred with dwarf types of wheat and rice, characterized their early
development. Gaps now exist between the international centers and national
agricultural research centers. To bridge these‘iaps will require ¥oser col-
laboration in the future between the two. The international agricultural
research centers are not yet truly international, because much of the world is
not a part of the networks either as contributors or as recipients. The inter-
national agricultural research centers also exhibit and exercise a degrec of
research affluence (higher salaries, benefits, equipment, supporting person-
nel, travel opportunities) not typical of the countries in which they are
located. It is unliKely that any of these problems will be overcome soon.

It is recognized that tire international agricultural research centers have,
in some instances, upgraded national agricultural research centers. The Na-
tional Institute for Agricultural Research in Mexico is a good example.

Emphasis in the future should be on the increased support and develop-
ment of national agricultural research centers. Most food production prob-
lems are regional, and solutions must be localized. There is a movement
toward this with the establishment of the International Agricultural Devel-
opment Service and the International Service for National Agricultural
Research, the most recent member of the interndtional agricultural research
network.

It is further recommended that the Consultative Group on International
Agncultural Research take the initiative in estabhshmg two international
research centers for forestry. One center should be located in the tropics,
with Brazil, Indonesia or Africa as possible sntes the other, in the temperate
zones of either North America or Chm% Attentlon shoqus‘e given to
enhancement of forest productivity through genelic lmpzovemenn and
management. Special emphasis would be givern to biomass as a refiewable
energy resource, reforestation and control of soil erosion, trees and their
products as food resources and the technologies of agriforestry, utnth\g
species that have biological nitrogen fixation capabilities. .

N ~

‘ -

Conclusion B

The United States cannot indefinitely serve as the breadbasket of the
world. Food production and its delivery, along with fossil fuel energy, will
become increasingly expensive, and at times both food and energy will be

-
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« Table 8 1. Pockets ol.Successlul Production in Developing World Agriculture

Projects

Grain Production in India's Punjab

. > .

-

Rice Productgbn 1n Colombia

Wheat Production 1in ?urkey

/
Hybrid Rice in China

Hybrid Cotton In India

@

The White.(Mi1lk) Revolution in
the Gujarat State of India

The Puebla (Maize) Project in Mexico

.

The Com:lla Project of East Pakistan
{Bangladesh)

The "Masagana 99" Project in the *

Philippines

Maize in Kenya

Hybrid Maize 1n the U.S.

L

Accomplishments

.

,A 3-fold increase in grain
production in 10 years
- from 1965 to 1975
Yields ros®from }.8 to 4.4
tons/hectare from 1965
“to 1975 -

Increase in }roductxon from »
7 to 17 million tons from I
1961 to 1977

30 to 50 percent yield ~,
increase (labor intensive
high yielding technology)

.

Yields doubled (labor
intensive high ylelding
technology)

- Daily cash income, improved
nutrition, labor inten-
sive technology for
300,000 small farms

vields increased by 30 -
percent from 1968 to
..1972

Rice yields and incomes
of farmers doubled
from 1963 to 1970 -

Rice yields increased by
36 percent in 3 years
from 1973 to 1976

HyBrids and fertilizer
and management increased
yields 4.8 tons/hectare

[y

3.5 fold increase in yield
from 1940 to 1979

-

4

Source:
This World:

Author, and S. Wortman and R.W. Cummings, Jr., To Feed
The Challenge. and the Strateqy (Baltimore:

Johns

* Hopkins University Press, 1978), pp. 186-230.

scarce. Agricultural development must precede economic development.
Ultimately, the answer will dictate that food be produced closer to the peo-
ple who consume it. To this end, there are notable examples of successful
.. food-produding systems in the agriculturally developing world. Some of
them are summarized in Table 8.1. :rhc’technological, social, economic and
resource ingredients that have gone into these pockets of success should be

' . . -
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identified and shared with other natlons where their adoption could prove
equally fruitful.

»
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