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FOREWORD

ORE THAN FIFTY YEARS ago, Vannevar

Bush released his enormously influential re-
port, Science, the Endless Frontier, which asserted a dichotomy
between basic and applied science. This view was at the core of
the compact between government and science that led to the
golden age of scientific research after World War II—a compact
that is currently under severe stress. In this book, Donald E. Stokes
challenges Bush’s view and maintains that we can only rebuild the
relationship between government and the scientific community
when we understand what is wrong with that view.

Stokes begins with an analysis of the goals of understanding
and use in scientific research. He recasts the widely accepted view
of the tension between understanding and use, citing as a model
case the fundamental yet use-inspired studies by which Louis Pas-
teur laid the foundations of microbiology a century ago. Pasteur
worked in the era of the “second industrial revolution,” when the
relationship between basic science and technological change as-
sumed its modern form. During subsequent decades, technology
has been increasingly science based—with the choice of problems
and the conduct of research often inspired by societal needs.

vil
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On this revised, interactive view of science and technology,
Stokes builds a convincing case that by recognizing the importance
of use-inspired basic research we can frame a new compact be-
tween science and government. His conclusions have major impli-
cations for both the scientific and policy communities and will be
of great interest to those in the broader public who are troubled
by the current role of basic science in American democracy.

Having put the final touches on his manuscript, Donald E.
Stokes died of acute leukemia on January 26, 1997. At the time
of his death, he was professor of politics and public affairs in the
Woodrow Wilson School of Public and International Affairs at
Princeton University. Stokes served as dean of the school between
1974 and 1992.

At Brookings, Theresa Walker edited the manuscript, Matthew
Atlas and Tara Adams Ragone verified it, Inge Lockwood proof-
read it, and Julia Petrakis prepared the index.

The views expressed in this book are solely those of the author
and should not be ascribed to the trustees, officers, or other staff
members of the Brookings Institution.

Michael H. Armacost
President
July 1997
Washington, D.C.



PREFACE

THE PROBLEM | EXPLORE in this book first
caught my eye when I was dean of the graduate
school at the University of Michigan, a role that was, among other
things, a walking subscription to Scientific American.

As I made my rounds of a number of scientific fields I was struck
by how often a gifted scientist would talk about the goals of
research—especially the relationship between the quest of funda-
mental understanding on the one hand and considerations of use
on the other—in a way that seemed to me odd. Odd and unhelpful,
since my preceptors’ view of this relationship and of the relation-
ship between the categories of basic and applied research derived
from these goals kept them from seeing things I felt they needed
to see.

This reaction was strongly reinforced when I served for several
years on a council advising the director of the National Science
Foundation and heard this same formulation on a number of oc-
casions. One morning, as an eminent scientist again voiced these
beliefs, I so startled the council with an alternative view that my
ideas were projected as an overhead slide at the beginning of the
afternoon session. An updated version of this slide appears in some

1x
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of the figures in chapter 3. The Foundation widened its complicity
by publishing a statement of the argument I sent the director. |
had a chance to explore other parts of the problem when I chaired
a National Research Council panel that studied the federal gov-
ernment’s support of research on social problems.?

My interest in the problem was kept alive by serving for a
number of years as dean of the Woodrow Wilson School at Prince-
ton. The research efforts of this school so clearly involved the
interplay of understanding and use in the social sciences that no
one could lead such a unit without thinking very deeply about this
relationship, and I draw liberally here on the experience of the
school’s Office of Population Research and Research Program in
Development Studies. Eventually I came to believe that these issues
deserved to be explored in a book-length work.

It took somewhat longer to be convinced that I should write it,
since the early chapters deal with elements of the history of science
and of intellectual history in which I began with no particular
advantage. But the issues I raise have implications for three things
in which I have been directly involved—the building of research
agendas, the creation of institutional settings for research, and the
channeling of research support. The latter chapters of this book
trace the implications of a revised view of the relationship between
basic science and technological innovation for each of these areas
of science policy.

No one should write such a book, least of all a book that cuts
across a number of fields, without a clear idea of who might read
it. The argument I set out is of natural interest to those who deal
with science and technology policy in and outside of government
and to members of the scientific community within the universities,
the government, and the free-standing research institutes and
firms. Since I draw on the experience of several of the countries of
the industrial world, my argument may be of interest to the science
and policy communities in these countries as well. And since [ pass
familiar light through new prisms, my argument may also be of

1. Donald E. Stokes, “Making Sense of the Basic/Applied Distinction: Lessons for Public
Policy Programs,” in Categories of Scientific Research, papers presented at 1979 National
Science Foundation seminar, Washington.

2. The principal report of this study is National Research Council, The Federal Invest-
ment in Knowledge of Social Problems (National Academy of Sciences, 1978).
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interest to historians of science and historians of ideas, however
synthetic my scholarship in these fields may be.

Social scientists will recognize this as a work of social science.
Indeed, my political science colleagues will have no difficulty
seeing 1t as a work of political and institutional analysis. But my
argument extends to research in all scientific fields—including the
physical sciences and engineering, the biological and biomedical
sciences, and the social sciences—since there is a unity to science
in the respects that are critical to my argument. But this carries no
implication that the sciences are in all respects the same; and
certainly none that social science is as close to natural science as
biology, say, is to physics.

I could not have sharpened my argument without the help of
many friends and colleagues. Too many have lent their wisdom
and encouragement for me to acknowledge them all. My special
appreciation goes to a number of my Princeton colleagues, includ-
ing Clinton Andrews, Peter Eisenberger, Harold Feiveson, Charles
Gillispie, Frank von Hippel, Daniel Kammen, Walter Kauzmann,
Michael Mahoney, Harold Shapiro, Robert Socolow, Thomas
Spiro, Thomas Stix, and Norton Wise; if nothing else, this book
is a tribute to the intellectual commerce within this university, Of
the many members of the “invisible college” who have offered
insight and encouragement from a distance, a special debt is owed
to the remarkable Harvey Brooks, who read the manuscript with
care and deep insight. I would also especially mention Max Kaase,
Richard Nelson, Stephen Nelson, Albert Teich, and John Servos.
I have benefited from the help of a number of people in govern-
ment, including Jennifer Sue Bond, Patricia Garfinkel, and Carlos
Krytbosch.

Carolyn North, my research assistant for two periods, gathered
the materials for this work with intelligence, insight, and care.
Mary Huber prepared the ground for this effort, and Betsy Shalley-
Jensen, Robert Sprinkle, Frank Hoke, Chris Thompson, Michael
McGovern, and Esra Diker skillfully grasped the baton as it was
passed to them. I am greatly indebted to each of them.

I want to acknowledge my debts to four research organizations
that have lent me invaluable assistance. In the autumn and winter
of 1992-93 the Research Institute of International Trade and In-
dustry in Tokyo helped to open a window to Japan’s experience
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with science and technology policy. In the spring of 1993 the Royal
Society of London and the Science Policy Research Unit of the
University of Sussex deepened my insight into the experience of
Britain and Europe. I am very grateful indeed to Peter Collins and
Mike Ringe at the Royal Society and to Christopher Freeman,
Michael Gibbons, Diana Hicks, Ben Martin, Keith Pavitt, Mar-
garet Sharp, and their colleagues at Sussex.

Finally, Bruce MacLaury, the president of the Brookings Insti-
tution, and Thomas Mann, the director of its Governmental Stud-
ies Program, offered unfailing support as I pursued a project that
has ranged freely over the fields of science and technology, the
several millennia of the Western experience of science and scientific
philosophy, and the contemporary approaches to science and tech-
nology policy taken by the major countries of the industrial world.
I am grateful to them and to Paul Peterson, Thomas Mann’s prede-
cessor, and my other interim Brookings colleagues. Because the
Brookings Institution’s own mission so clearly involves the goals
both of understanding and use, it proved to be an ideal location
in which to reduce my analysis to a written text,

Donald E. Stokes
September 1996
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STATING THE
PROBLEM

T HE FORCES UNLEASHED by the scientific
revolution of the seventeenth century and the
industrial revolution of the nineteenth century helped create the
modern world. But as the twentieth century draws to a close,
the measures adopted by the leading industrial countries to harness
these twin engines of modernization are in considerable disarray.

A half century earlier, the major scientific countries, led by the
United States, emerged from World War II with policies that were
based on a widely accepted view of the role of basic science in
technological innovation, and these policies remained remarkably
stable over several decades. But this postwar framework has come
under intense pressure in recent years, and searching reviews of
science and technology policy have been undertaken in the United
States and the other industrial countries, including Britain, France,
Germany, and Japan.

The reason for this change most often cited in the United States
is the end of the cold war. Although this reason is particular to
America, it was inevitable that the release of the billions of research
and development dollars impounded by the Soviet confrontation
would raise questions about the federal investment in science and
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technology. The compact between science and government
reached in the early years of the cold war has come unstuck, and
the scientific and policy communities are actively canvassing for
the terms of a fresh agreement,

Yet it would be a mistake, even in America, to attribute the
present disarray simply to the vanishing Soviet threat. At a deeper
level the postwar bargain has been undermined by weaknesses in
the postwar beliefs about the relationship between science and
technology. Well before the end of the cold war these limitations
had inspired considerable skepticism about the prevailing policies,
which by no means had clear sailing through the decades of the
Soviet threat.! We need a more realistic view of the relationship
between basic science and technological innovation to frame sci-
ence and technology policies for a new century. Before the argu-
ment of these chapters fully unfolds, the search for a new under-
standing will raise the deepest issues surrounding the role of basic
science in a political democracy.

Forging the Postwar Paradigm

Late in 1944, a year before the end of World War II, Franklin
D. Roosevelt asked Vannevar Bush, his director of the wartime
Office of Scientific Research and Development, to look ahead to
the role of science in peacetime. Before Bush could file his report,
Roosevelt was dead and the country was readying the grim cap-
stone it would place on its scientific success in the war by exploding
an atomic device in the New Mexico desert. But Bush’s report,
Science, the Endless Frontier, did what Roosevelt had asked and
set out a vision of how the nation could sustain its investment in
scientific research when the war was over. Half a decade later, the
view of basic science and its relation to technological innovation
set out in the Bush report became a foundation of the nation’s
science policy for the postwar decades.?

The reasons for the profound influence of the report lay less in
Bush’s detailed policy blueprint than his framework for thinking
about science and technology as he and his colleagues sought to
extend the government’s support of basic science into peacetime
while drastically reducing the government’s control of the perfor-
mance of research. Indeed, this conceptual framework came to
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have a greater significance than Bush had intended as his plan for
a National Research Foundation as broad as the wartime Office
of Scientific Research and Development foundered in the postwar
years and the scientific community fell back on Bush’s conceptual
premises to achieve its goals.

In a style reminiscent of Francis Bacon, Bush compressed these
premises into two aphorisms. Each was cast in the form of a
statement about basic research, a term he coined. The first was
that “basic research is performed without thought of practical
ends.” Although this sounds like a definition and is often been
taken to be one,® Bush went on to make clear that the defining
characteristic of basic research is its contribution to ‘“‘general
knowledge and an understanding of nature and its laws.”* His first
canon about basic research instead expressed the belief that the
creativity of basic science will be lost if it is constrained by pre-
mature thought of practical use. Bush saw an inherent tension
between understanding and use as goals of research and, by exten-
sion, an inherent separation between the categories of basic and
applied research that are derived from these goals. Indeed, he went
on to endorse a kind of Gresham’s Law for research, under which
“applied research invariably drives out pure” if the two are mixed.’
This tension is nicely captured by the familiar idea of a spectrum
between basic and applied research, the one-dimensional graphic
that came to represent the static version of the postwar paradigm;
research cannot be closer to one of the poles of this continuum
without being farther away from the other,

If Bush’s first aphorism laid the foundation for the static version
of the postwar paradigm, his second laid the foundation for the
dynamic version. “Basic research,” he wrote, “is the pacemaker of
technological progress.”® He expressed in this the belief that if
basic research is appropriately insulated from short-circuiting by
premature considerations of use, it will prove to be a remote but
powerful dynamo of technological progress as applied research
and development convert the discoveries of basic science into tech-
nological innovations to meet the full range of society’s economic,
defense, health, and other needs. The equally one-dimensional im-
age that came to represent this dynamic version of the postwar
vision is the familiar “linear model,” with basic research leading
to applied research and development and on to production or
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operations, according to whether the innovation is of a product
or process.

Bush’s view of the relationship between fundamental science
and technological innovation contained an additional element,
closely related to his second canon of basic research—that those
who invest in basic science will capture its return in technology as
the advances of science are converted into technological innova-
tion by the processes of technology transfer. He asserted this belief
in an obverse form, saying that “a nation which depends upon
others for its new basic scientific knowledge will be slow in its
industrial progress and weak in its competitive position in world
trade.””

From a distance of five decades, we can only admire Bush’s
achievement. He chose for his two canons ideas that have, as
we will see, a deep resonance in the Western tradition of science
and scientific philosophy, one of them dating back to the inven-
tion of scientific inquiry in classical antiquity, the other to the
beliefs about science voiced by Francis Bacon and others in early
modern Europe. Bush wove these ideas into a plan for promot-
ing the country’s goals while allowing its scientists to pursue
basic research wherever it might lead. As this plan was absorbed
into policy in the postwar decades, it did allow the country to
advance its goals as many of its ablest and most highly trained
scientists pursued basic research wherever it led, at public
expense.

We can also only admire how well Bush chose his moment for
converting the kinetic energy of science’s wartime success into the
potential energy of the government’s standing commitment to sci-
ence in peacetime. The world stood awestruck before the power
of science to bring the Pacific war to its astonishing close. Explod-
ing the atomic bomb created a remarkable opening in the national
consciousness for a report that charted the future role of science
in the nation’s life. As a result, Bush’s canons left a deep impression
and provided the dominant paradigm for understanding science
and its relaton to technology in the latter part of the twentieth
century. These ideas can still be heard in the scientific and policy
communities, the communications media, and the informed pub-
lic. And America’s leadership in postwar science has given them
wide circulation in the international community.
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But the influence of this paradigm has come at a price, since it
obscures as well as reveals. Bush’s canon on the essential goal of
basic research gives too narrow an account of the motives that
inspire such work. And his canon on the importance of basic
research for advances in technology also gives too narrow an ac-
count of the actual sources of technological innovation. As a result,
this paradigm has made it more difficult to think through a series
of policy issues that require a clear vision of the goals of scientific
research and of the relationship of scientific discovery to techno-
logical improvement.

These limitations are more troublesome today than they were
in the postwar world, when Bush’s outlook seemed to be validated
by America’s preeminence in science and in technology. A number
of countries, including the United States, see their investment in
science as a means of remaining competitive in the global econ-
omy. This shift poses new questions about whether a nation can
gain a competitive edge by capturing the fruits of its basic research
in new technology, or whether these fruits become part of a com-
mon fund of scientific knowledge that can be exploited by its rivals
as well. Indeed, the changing context of science and technology
policy has put intense pressure on the idea of basic research as a
remote dynamo of progress. Although a general critique of the
prevailing paradigm has yet to appear, today’s circumstances make
it increasingly timely.

A fresh look at the goals of science and their relation to tech-
nology is what this book is about. It reexamines the link between
the drive toward fundamental understanding and the drive toward
applied use, shows how this relationship is often misconceived and
the price we pay for this, proposes a revised view of the interplay
of these goals of science and of the relationship between basic
science and technological innovation, and shows how this revision
could lead to a clearer view of several aspects of science and tech-
nology policy. This first chapter describes the problematic elements
of the postwar paradigm. Chapter 2 examines the history of ideas
to resolve the paradox posed by the widespread acceptance of this
paradigm. Chapter 3, the pivot of the argument, sets out a revised
view of the relationship between understanding and use as goals
of research—and between the categories of basic and applied re-
search derived from these goals—offering a quite different view of
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the links between basic science and technological innovation.
Chapter 4 shows how this revised view could help renew the com-
pact between science and government. Chapter 5 seeks a process
by which American democracy can build agendas of use-inspired
basic research by bringing together judgments of research promise
and societal need.

The analysis begins with the nature of basic and applied re-
search, since the relationship of research inspired by the quest for
understanding and research inspired by considerations of use helps
to define our essential problem. As the analysis unfolds, we will
see where the prevailing paradigm is faithful to, and where it
distorts, the real interplay of the goals of science and the links
between basic science and technological innovation.

The Concepts of Basic and Applied Research

Research proceeds by making choices. Although the activities
by which scientific research develops new information or knowl-
edge are exceedingly varied, they always entail a sequence of de-
cisions or choices. Some of these have to do with the choice of
problem area or particular line of inquiry, some with the construc-
tion of theories or models, some with the derivation of predictions,
deductions, or hypotheses, some with the development of instru-
ments or measures, some with the design of experiments and the
observation of data, some with the use of analytic techniques,
some with the selection of follow-on inquiries, some with the com-
munication of the results to other scientists. Harvey Brooks caught
this universal aspect of research when he said that “any research
process can be thought of as a sequential, branched decisionmak-
ing process. At each successive branch there are many different
alternatives for the next step.”® The distinction between basic and
applied research turns on the criteria that govern the choice among
these alternatives.

Three observations set our argument in motion. The initial ob-
servation is this:

The differing goals of basic and applied research make these
types of research conceptually distinct.
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On any reasonable view of the goals of basic and applied re-
search, one cannot doubt that these categories of research are
conceptually different. The defining quality of basic research is
that it seeks to widen the understanding of the phenomena of a
scientific field. Although basic research has been defined in many
ways and involves the extraordinarily varied steps just suggested,
its essential, defining property is the contribution it seeks to make
to the general, explanatory body of knowledge within an area of
science. In keeping with this conception, the Organization for Eco-
nomic Cooperation and Development defines basic research as
“experimental or theoretical work undertaken primarily to acquire
new knowledge of the underlying foundation of phenomena and
observable facts,” although the OECD definition adds a disclaimer
as to practical use to which we will return.” Sometimes basic re-
search is defined in terms of certain correlates on which it differs
from applied research, such as originality, the freedom of research-
ers, peer evaluation of published results, and length of time be-
tween discovery and practical use. But these corollary properties
ought not to be taken for the characterizing quality of basic re-
search—its thrust toward a wider understanding of the phenom-
ena of a field.

This quality can be found in any number of examples from
the annals of research. One that is useful for the further discus-
sion 1s supplied by the study that launched the scientific career
of Louis Pasteur when the enigma of racemic acid caught his eye
as a student at the Ecole Normale Supérieure in Paris. The Berlin
chemist Mitscherlich had found that two remarkably similar
acids, tartaric and paratartaric (or racemic) acid, had very dif-
ferent actions on light, since tartaric acid rotated a plane of
polarized light through a characteristic angle whereas racemic
acid did not—despite the fact that the two appeared to be iden-
tical in chemical composition, crystalline form, specific weight,
and other properties.

Mitscherlich’s report of this anomaly plunged Pasteur into the
search for an explanation. When he turned his microscope on
crystals made from racemic acid he found that they were of two
forms, one identical to crystals of tartaric acid, the other their
mirror image. Separating the two he found that a solution of the
crystals identical to the tartrates rotated the plane of polarized
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light exactly as tartaric acid did, whereas a solution of the mirror-
image crystals rotated the plane by the identical angle in the op-
posite direction. A solution with equal proportions of the two
was optically neutral, deflecting the plane of polarized light not
at all. Pasteur’s excited “tout est trouvé” took its place in the
litany of scientific discovery. He had indeed solved the problem
by showing that racemic acid is composed of two isomeric forms
whose equal and opposite actions on light canceled each other
when the two were combined. His research, guided at each stage
by the quest of understanding, had extended the frontiers of
crystallography.

If basic research seeks to extend the area of fundamental un-
derstanding, applied research is directed toward some individual
or group or societal need or use. This quality is illustrated well by
an applied problem from Pasteur’s subsequent career, his effort to
cope with the persistent difficulties experienced by those who made
alcohol from beets. These difficulties led an industrialist in the
Lille region to seek his help. As the dean of the local Faculty of
Science Pasteur had encouraged his students to do practical work
in industry before pursuing industrial careers. He visited a factory
and took samples of the fermenting beet juice to his laboratory for
microscopic examination.

Threading his way through a maze of scientific misconceptions,
Pasteur identified the microorganisms responsible for fermentation
and showed that they could survive without free oxygen—indeed,
that they produced the alcohol resulting from fermentation by
wresting oxygen from the sugar molecules in the fermenting juice.
This insight gave his industrial clients an efficient means of con-
trolling fermentation and limiting spoilage. James Bryant Conant,
in his case study of this work by Pasteur, notes that one of the
most valuable properties of applied research is “reducing the de-
gree of empiricism in a practical art.””'° Pasteur’s study dramati-
cally reduced the degree of empiricism in the industries using
fermentation.

If the goal of basic research is, in a word, understanding, and
of applied research, use, it cannot be doubted that these types of
research are conceptually or analytically different. But the pre-
vailing view of scientific research often includes a further element,
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one that leads to the second observation that sets our argument in
motion:

An inherent tension between the goals of general understand-
ing and applied use is thought to keep the categories of basic
and applied research empirically separate.

A particular piece of research will, on this view, belong to one or
the other of these categories but not both. This was Bush’s view
in Science, the Endless Frontier when he spoke of “a perverse law
governing research,” under which “applied research invariably
drives out pure.”' An inherent conflict between the goals of basic
and applied research is thought to preserve an empirical boundary
between the two kinds of inquiry.

This view did not spring Athena-like from Bush’s brow after the
war; in chapter 2 the idea of pure inquiry is traced through two
millennia. But the perceived conflict between the goals of basic
and applied research has rarely been so clearly spelled out as it
was in Bush’s report. The separateness of basic and applied re-
search implied by this presumed conflict is an idea that is woven
into the dominant paradigm of science and technology policy and
perceptions of science held in government, the research commu-
nity, and the communications media.'* It is impossible to go
through the commentaries on science of recent decades without
sensing how deeply this idea pervades our outlook on scientific
research. The belief that basic and applied research are separate
categories also has a considerable history, and chapter 2 shows
how it has been reinforced by the institutional development of
science in Europe and America in the nineteenth and twentieth
centuries.

Static and Dynamic Forms of the Paradigm

The belief that understanding and use are conflicting goals—
and that basic and applied research are separate categories—is
captured by the graphic that is often used to represent the “static”
form of the prevailing paradigm, the idea of a spectrum of research
extending from basic to applied:
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Basic Applied

This imagery in Euclidean one-space retains the idea of an inherent
tension between the goals of understanding and use, in keeping
with Bush’s first great aphorism, since scientific activity cannot be
closer to one of these poles without being farther away from the
other.

The distinctness of basic from applied research is also incorpo-
rated in the dynamic form of the postwar paradigm. Indeed, the
static basic-applied spectrum associated with the first of Bush’s
canons is the initial segment of a dynamic figure associated with
Bush’s second canon, the endlessly popular “linear model,” a se-
quence extending from basic research to new technology:

Basic  ~=——  Applied —— Development ——= Production
research research and operations

The belief that scientific advances are converted to practical use
by a dynamic flow from science to technology has been a staple of
research and development (R&D) managers everywhere. Bush en-
dorsed this belief in a strong form—that basic advances are the
principal source of technological innovation, and this was ab-
sorbed into the prevailing vision of the relationship of science to
technology. Thus an eatly report of the National Science Foun-
dation commented in these terms on this ““technological sequence”
from basic science to technology, which later came to be known
as “technology transfer”:

—The technological sequence consists of basic research, ap-
plied research, and development. . . .

—Basic research charts the course for practical application,
eliminates dead ends, and enables the applied scientist and en-
gineer to reach their goal with maximum speed, directness, and
economy. Basic research, directed simply toward more complete
understanding of nature and its laws, embarks upon the un-
known, [enlarging] the realm of the possible.

—Applied research concerns itself with the elaboration and
application of the known. Its aim is to convert the possible into
the actual, to demonstrate the feasibility of scientific or engi-
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neering development, to explore alternative routes and methods
for achieving practical ends.

—Development, the final stage in the technological sequence,
is the systematic adaptation of research findings into useful ma-
terials, devices, systems, methods, and processes. . . .

From these definitions it is clear that each of the successive
stages depends upon the preceding [one].13

If production and operations, the final stage of converting basic
science into new products or processes, is added, the linear model
is produced. This sort of dynamic linear-model thinking gave rise
to the Department of Defense’s categories for R&D, which soon
accounted for the major share of postwar federal spending on
research. Together with its equally linear static corollary, the basic-
applied spectrum, this dynamic linear image provided a general
paradigm for interpreting the nature of research, one that is re-
markably widespread in the scientific and policy communities and
in popular understanding even today.'4

The diffusion of this paradigm in the postwar world is suggested
by another voice in another place. Keith A. H. Murray, longtime
rector of Lincoln College, Oxford, and chairman of Britain’s Uni-
versity Grants Committee, instructed Australia’s prime minister,
Robert Menzies, and the government colleagues of Menzies on the
needs of Australia’s universities in the second decade after the war.
The 1957 report of the Murray Committee said in part:

It is obvious that most of the basic secrets of nature have
been unravelled by men who were moved simply by intellectual
curiosity, who wanted to discover new knowledge for its own
sake. The application of the new knowledge usually comes later,
often a good deal later; it is also usually achieved by other men,
with different gifts and different interests.!s

This declaration expresses both the belief that basic and applied
research are separate ventures, pursued by different people “with
different gifts and different interests,” and the belief in the priority
in time of the discoveries of basic science.

As the validity of these beliefs is examined, one must remember
that the goals defining the categories of basic and applied research
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by no means exhaust the motives driving the scientific enterprise.
Those who have offered general or particular accounts of the mo-
tives of research scientists paint an extraordinarily diverse portrait
of the actual incentives for research. Some of these are strongly
joined to the normative structure of science, as Robert K. Merton’s
classic study of the race for priority in scientific publication
shows.!¢ But the presence of other motives for research does not
diminish the importance of deeply probing the relationship be-
tween the goals of understanding and use, since the postwar par-
adigm is characterized by the belief that these goals are necessarily
in tension and the categories of basic and applied research neces-
sarily separate as well as by the belief that innovations in technol-
ogy have their source in advances in basic science.

The Experience of Science

It is possible to form a very different view of these relationships
from the annals of research, and the third observation completes
the statement of the problem:

The belief that the goals of understanding and use are inher-
ently in conflict, and that the categories of basic and applied
research are necessarily separate, is itself in tension with the
actual experience of science.

Although a great deal of research is wholly guided by one or the
other of the goals of understanding and use, some studies of great
importance show that the successive choices of research are influ-
enced by both these goals.

This possibility is strikingly illustrated by the rise of microbi-
ology in the nineteenth century; the examples from Pasteur’s work
were deliberately chosen. No one can doubt that Pasteur sought a
fundamental understanding of the process of disease, and of the
other microbiological processes he discovered, as he moved
through the later studies of his remarkable career. But there is also
no doubt that he sought this understanding to reach the applied
goals of preventing spoilage in vinegar, beer, wine, and milk and
of conquering flacherie in silkworms, anthrax in sheep and cattle,
cholera in chickens, and rabies in animals and humans.
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This mix of goals was not visible in the young Pasteur. The 22-
year-old chemist who immersed himself in the enigma of racemic
acid was engaged in a pure quest of understanding. Yet as Pasteur
went to work on this enigma, he caught sight of a further puzzle,
the question of why racemic acid mysteriously appeared in some
places and not in others. He strongly suspected that microscopic
agents were at work, and this conjecture greatly enhanced his
interest in the microorganisms he found responsible for fermenting
beet juice into alcohol in his studies at Lille. As he pursued this
research, he began to fashion a framework for understanding a
whole new class of natural phenomena, and he obtained the strik-
ingly original result that certain microorganisms were capable of
living without free oxygen. This work launched his assault on the
medieval doctrine of the spontaneous generation of life and led to
the brilliant later studies in which he developed the germ theory
of disease. Hence, as Pasteur’s scientific studies became progres-
sively more fundamental, the problems he chose and the lines of
inquiry he pursued became progressively more applied.

The problem of deriving alcohol from beet juice makes this
point well. Pasteur’s work on this problem is, as Conant noted, a
distinguished example of applied research, a highly successful ef-
fort to improve the technology of fermentation. But the study that
Conant called a prime example of applied research was at the
same time a distinguished example of basic research. This blend
characterized virtually the whole of Pasteur’s later career. He
probed ever more deeply into the processes of microbiology by
accepting applied problems from a Lille industrialist, from the
minister of agriculture, even from the Emperor Napoleon IlI—
and, in a case that did much to build the Pasteur legend, from the
distraught mother of a child bitten by a rabid dog. Many of his
detailed lines of inquiry, such as the experiments by which he
developed the process of the “pasteurization” of milk or his ex-
periments in growing attenuated bacterial strains to immunize pa-
tients from disease, are unintelligible apart from his applied goals.
The mature Pasteur never did a study that was not applied, as he
laid out a whole new branch of science.?”

Pasteur’s example was by no means unique. Across the English
Channel, Kelvin’s physics was inspired by a deeply industrial view
and the needs of Empire."® Across the Rhine, the German organic
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chemists were making fundamental advances to lay the basis of
Germany’s chemical dye industry and, later, pharmaceuticals and,
by the time of Staudinger, plastics. In America, Irving Langmuir
earned a Nobel Prize in 1932 for working out the physical chem-
istry of the surfaces of the components being manufactured by the
nascent electronics industry. In the century following Pasteur every
branch of science recorded advances that were partly inspired by
considerations of use.

Certainly, the modern biological sciences are difficult to bring
within the traditional, either-or view of basic and applied research.
The revolution in molecular biology has posed questions, such as
how interferon works, that were enormously important both for
the advance of fundamental knowledge on recombinant DNA and
for major applications—some of which will be immensely profit-
able. A similar observation can be made about the nonmolecular
parts of modern biology. Some of the fundamental problems in
population dynamics, such as the biology underlying recruitment
processes and stock densities in fish, have applications that have
inspired the most innovative research in the field.

Nor is this fusion of goals unique to the biological sciences. The
goals of understanding and use are as closely linked in a cluster of
earth sciences as they are in the life sciences. The fields of seis-
mology, oceanic, and atmospheric science were brought into being
partly by the traditional dread of earthquake, storm, drought, and
flood, and their science has been enriched by such distinctively
modern concerns as global warming and the detection of nuclear
blasts.

The separation of “pure” physical science from engineering has,
as chapter 2 notes, reinforced the impression of the inherent sep-
arateness of basic from applied science, and many of those who
work on the physical science side of this divide see the split as
validating the idea of an inherent separation of pure from applied.
But a number of those who work on the engineering side of this
divide see their fields, with some justice, as providing a home for
research that is driven by the goals both of basic understanding
and applied use.

A revealing example is the advance of physical chemistry
achieved by W. K. Lewis, A. A. Noyes, and G. N. Lewis at the
Massachusetts Institute of Technology (MIT) after World War 1.
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MIT had played an important role as the subject matter of chem-
ical engineering was reorganized around such generic processes as
distillation, filtration, and absorption. Noyes and the two Lewises
extended these developments by exploring such phenomena as
heat exchange and high temperature chemistry, reactions at high
pressure, and gas absorption at a still more general and abstract
level, creating an impressive new school of physical chemistry. But
they also provided a far stronger base of knowledge to meet the
needs of their industrial constituency. If the goal of general under-
standing powerfully guided this work, it did so without in any
way weakening the goal of use. Gillispie cites this research as one
of three early cases in which American science “contributed fun-
damentally to ... the form and content of a discipline,” noting
that the significance of this research was partly '

that the summons to generality should have been heard, not
in the conventional reaches of basic science, but in a realm of
industrial science—heard and answered.!?

These developments are a clear example of research in physical
science driven by the joint goals of understanding and use. The
Lewises, as much as Pasteur, were attuned to both.

One of the clearest moments when modern physical research
fused the goals of understanding and use—the development of
atomic weapons during the war—also serves as a revealing ex-
ample of the tendency to view the experience of science in terms
of the prevailing paradigm. The unease of the scientists who
worked in the Manhattan Project was partly due to the moral
ambiguity of atomic weapons. But their unease was also due to
the tension between the need to work under tight security in a
highly organized setting and their prewar vision of basic research
as conducted by individual scholar-scientists who were free to
share their discoveries with a far-flung company of professional
peers, as well as to the tension between the wartime constraints
on the choice of research problems and their belief in the autonomy
of fundamental research.2°

The result was a strong tendency after the war to remember the
Manhattan Project as a gigantic exercise in applied research and
development, and not as a remarkable effort in basic research as
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well. J. Robert Oppenheimer, who directed the Los Alamos Sci-
entific Laboratory, declared that

the things we learned [during the war] are not very important.
The real things were learned in 1890 and 1905 and 1920, in
every year leading up to the war, and we took this tree with a
lot of ripe fruit on it and shook it hard and out came radar and
atomic bombs. ... The whole spirit was one of frantic and
rather ruthless exploitation of the known; it was not that of the
sober, modest attempt to penetrate the unknown.?!

Henry DeWolf Smyth, who wrote the authoritative report on
the development of the atomic bomb, viewed the war years as “a
period of almost complete stagnation” and felt that in consequence
“the fountainhead of all our future scientific developments has run
dry.”’??

This commentary almost certainly says as much about the tacit
assumptions held by these distinguished scientists as it does about
the actual experience of science during the war. The Manhattan
Project may not have achieved scientific breakthroughs as funda-
mental as those by Niels Bohr and others in the prewar decades.
But it reached its goal only by promoting the development of the
field of nuclear physics and by laying down a base of knowledge
about the fundamental phenomena of the field, such as the prob-
ability of neutrons being captured by nuclei at various neutron
energies and the neutron scattering and absorption of various nu-
clear isotopes. Nuclear physics greatly benefited from the discovery
and study of many new isotopes among uranium and plutonium
fission and neutron-capture products. The advances in basic sci-
ence achieved by the Manhattan Project also nourished later work
in related fields. The understanding it achieved of implosion phe-
nomena, for example, contributed important insights to the later
study of supernovae. It would be difficult to explain the full ex-
citement of the project for scientists of the quality of Luis W.
Alvarez, Hans A. Bethe, Enrico Fermi, John Louis von Neumanun,
Robert Oppenheimer, Isidor Isaac Rabi, Glenn T. Seaborg, Emilio
Gino Segre, Leo Szilard, Edward Teller, Stanislaw M. Ulam, Victor
Frederik Weisskopf, and Eugene Paul Wigner if its basic science
had not posed an extraordinary intellectual challenge. It is more
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reasonable to see this wartime experience not as negating the op-
portunity for basic research but as channeling this research toward
an overriding national goal.

The social sciences also offer striking cases of advances that
were driven by the desire to extend basic knowledge and to reach
applied goals. A conspicuous example is the unfolding of macro-
economic theory in the hands of John Maynard Keynes and his
heirs. Keynes wanted to understand the dynamics of economies at
a fundamental level. But he also wanted to abolish the grinding
misery of economic depression. Although our understanding of
the economy remains unfinished, and sustained growth only par-
tially realized, we could not miss the fusion of goals in this line of
social science research.

Recent research on the sources of economic development illus-
trates this fusion of goals in social research aimed at improved
practice. Those working in the field of economic development have
wanted to raise many of the peoples of the earth above the poverty
line. But they have also sought to understand the sources of eco-
nomic growth at a fundamental level. There is a Pasteur-like clarity
to the link between understanding and use in the work of Arthur
Lewis, a pioneer in the field of economic development whose con-
tributions were recognized by a Nobel Prize. Since he was from
the third world, he had an intense desire to help solve the economic
problems confronting the developing countries in a postcolonial
era. And the third world students crowding into his classrooms in
Manchester and Princeton virtually begged for tools of economic
development they could use to improve the lot of their countries
when they returned home. Yet Arthur Lewis discovered his most
important contribution to development economics, his two-sector
model of development, only by probing the deepest intellectual
puzzles in economics, as he himself described in his Nobel
lecture.?®

The rise of modern demography furnishes a further clear ex-
ample of the fusion of understanding and use in the social sciences.
Those who laid the foundations of this field had an outlook similar
to the view of those who pioneered the field of macroeconomics.
They wanted to understand the sources of population change at a
fundamental level. But they also saw population change as a prob-
lem that required concerted, informed action. The case is an inter-
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esting one because this problem focus became, if anything, sharper
as the quest for understanding moved to deeper levels. In demog-
raphy’s early years its research agendas came under heavy pressure
from those who wanted to support quick action programs. At this
stage a small core of research demographers pulled back and pur-
sued a far more fundamental research agenda, partly by developing
highly sophisticated mathematical models of population replace-
ment. The worth of this strategy of pursuing applied goals through
fundamental understanding was borne out when these models
were refined after World War II for the limited fertility and mor-
tality data of third world countries—and revealed for the first time,
fewer decades ago than we now remember, the staggering force of
the population explosion that lay in store.?*

Science and Technology

The examples from the history of science that contradict the
static form of the postwar paradigm call into question the dynamic
form as well. If applied goals can directly influence fundamental
research, basic science can no longer be seen only as a remote,
curiosity-powered generator of scientific discoveries that are then
converted into new products and processes by applied research
and development in the subsequent stages of technology transfer.
This observation, however, only sets the stage for a more realistic
account of the relationship between basic science and technologi-
cal innovation.

Three questions of increasing importance arise about the dy-
namic form of the postwar paradigm. The least important is
whether the neatly linear model gives too simple an account of the
flows from science to technology. An irony of Bush’s legacy is that
this one-dimensional graphic image is one he himself almost cer-
tainly never entertained. An engineer with unparalleled experience
in the applications of science, he was keenly aware of the complex
and multiple pathways that lead from scientific discoveries to tech-
nological advances—and of the widely varied lags associated with
these paths. The technological breakthroughs he helped foster dur-
ing the war typically depended on knowledge from several, dis-
parate branches of science. Nothing in Bush’s report suggests that
he endorsed the linear model as his own.
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The spokesmen of the scientific community who lent themselves
to this oversimplification in the early postwar years may have felt
that this was a small price to pay for being able to communicate
these ideas to a policy community and broader public for whom
science was always a remote and recondite world of affairs. This
calculation may well have guided the draftsmen of the second
annual report of the National Science Foundation as they stated
the linear model in the simplistic language quoted earlier in this
chapter. In any case, these spokesmen did their work well enough
that the idea of an arrow running from basic to applied research
and on to development and production or operations is still often
thought to summarize the relationship of basic science to new
technology. But it so evidently oversimplifies and distorts the un-
derlying realities that it began to draw fire almost as soon as it
was widely accepted.

Indeed, the linear model has been such an easy target that it has
tended to draw fire away from two other, less simplistic miscon-
ceptions imbedded in the dynamic form of the postwar model.
One of these was the assumption that most or all technological
innovation is ultimately rooted in science. If Bush did not subscribe
to a linear image of the relationship between science and technol-
ogy, he did assert that scientific discoveries are the source of tech-
nological progress, however multiple and unevenly paced the path-
ways between the two may be. In his words,

new products and new processes do not appear full-grown,
They are founded on new principles and new conceptions,
which in turn are painstakingly developed by research in the
purest realms of science.?

Even if we allow for considerable time lags in the influence of
“imbedded science” on technology, this view greatly overstates the
role that science has played in technological change in any age. In
every preceding century the idea that technology is science based
would have been false. For most of human history, the practical
arts have been perfected by “ ‘improvers’ of technology,” in Robert
P. Multhauf’s phrase, who knew no science and would not have
been much helped by it if they had.?” This situation changed only
with the “second industrial revolution” at the end of the nine-



20 STATING THE PROBLEM

teenth century, as advances in physics led to electric power, ad-
vances in chemistry to the new chemical dyes, and advances in
microbiology to dramatic improvements in public health. But a
great deal of technological innovation, right down to the present
day, has proceeded without the stimulus of advances in science.
Chapter 2 reviews evidence that developments in military tech-
nology, an area in which America remained pre-eminent in the
postwar decades, proceeded without much further input from
basic science. And in recent decades, Japan has achieved its posi-
tion in such markets as automobiles and consumer electronics less
because of further applications of science than because of its think-
ing up better products and making good products better through
small and rapid changes in the design and manufacturing process,
which were guided by customer reaction and considerations of
cost.?®

But the deepest flaw in the dynamic form of the postwar para-
digm is the premise that such flows as there may be between science
and technology are uniformly one way, from scientific discovery
to technological innovation; that is, that science is exogenous to
technology, however multiple and indirect the connecting path-
ways may be. The annals of science suggest that this premise has
always been false to the history of science and technology. There
was indeed a notable reverse flow, from technology to science,
from the time of Bacon to the second industrial revolution, with
scientists modeling successful technology but doing little to im-
prove it. Multhauf notes that the eighteenth-century physicists
were “more often found endeavoring to explain the workings of
some existing machine than suggesting improvements in it.”’?* This
other-way-round influence is called the oldest type of interaction
of science and technology by Thomas S. Kuhn, who notes that
Johannes Kepler helped invent the calculus of variations by study-
ing the dimensions of wine casks without being able to tell their
makers how to improve their already optimal design—and that
Sadi Carnot took an important step toward thermodynamics by
studying steam engines but found that engineering practice had
anticipated the prescriptions from the theory he worked out.3

This situation was fundamentally altered from the time of the
second industrial revolution, in two respects. One is that at least
in selected areas, science was able to offer a good deal to technol-
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ogy, and this trend has accelerated in the twentieth century, with
more and more technology that is science-based. But the other,
complementary change, one that is much less widely recognized,
is that developments in technology became a far more important
source of the phenomena science undertook to explain, This was
much more than a matter of instrumentation, which has loomed
large in science at least since the time of Galileo. It was rather that
many of the structures and processes that basic science explored
were unveiled only by advances in technology; indeed, in some
cases existed only in the technology. Hence, more and more science
has become technology derived.

This development was illustrated by the research of Irving Lang-
muir on the surfaces of the devices being produced by GE and the
other electronics firms of his day. It would not be right to say that
the several-billion-year history of the universe had produced no
analogs of the surfaces that so fascinated Langmuir. But neither
humankind nor its scientific community had seen them until they
were unveiled by the advancing technology of the electronics in-
dustry. By working out their physics, Langmuir earned a Nobel
Prize in 1932 as he also cleared the way for significant further
advances in the technology itself. In Leonard S. Reich’s view,
Langmuir felt that “understanding the principles of the physical
world and making improvements to technology were part of the
same venture” and that his “concern with applicability gave con-
siderable direction to his research,” influencing his choice of ap-
paratus, analytical method, and conceptual outlook.’! The devel-
oping technology of the electronics industry revealed the physical
phenomena he probed, and his understanding of molecular inter-
action In crystals and surface films led to important advances in
the technology.

A contemporary example of fundamental research that is tech-
nology based is provided by the work of the condensed-matter
physicists who are seeking the fresh scientific knowledge that will
allow semiconductors to be grown atomic layer by atomic layer.
Although the knowledge laid down by the creators of solid-state
physics between the wars was essential to understanding the tran-
sistor when it was discovered after World War II, what then tran-
spired was more a triumph of technology than of science as the
semiconductors moved through their successive generations, with
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astonishing reductions in scale and increases in speed. The minia-
turization has now carried to the point where it may be possible
to convey information by the location of individual electrons. But
for this a fresh advance in fundamental knowledge will be
needed—to see, for example, whether in circuits that consist of
many quantum dots or wells an electron can behave simultane-
ously as a wave and particle, a finding that can be enormously
important both for fundamental physics and for future technology.

The influence of technology on the course of basic science is
clear in technological innovations in processes as well as products.
This has characterized the role of medical practice in the advances
of biological science. The evolving but incomplete technology of
epidemic control in the nineteenth century influenced the use-
inspired basic science of Pasteur. As Bruno Latour has shown,
Pasteur lent a cutting edge to the broad public hygiene movement
in France and Britain, whose calls to action had been frustratingly
unconvincing before his discoveries on the sources of disease
armed the movement with an adequate theory of the problem.32
A further example described by Judith P. Swazey and Karen Reeds
is the emergence of endocrinology from the work of clinical phy-
sicians concerned with the malfunction of particular glands.?* In
the latter part of the nineteenth century these physicians had ob-
served a series of disorders such as diabetes, goiter, and cretinism
that are now known to be glandular in origin. They connected
their observation of these disorders with the anatomists’ discovery
of a series of ductless glands in the human body. Thomas Addison,
the London physician who gave his name to Addison’s disease,
helped establish this link by recognizing that patients who had the
symptoms of this disease also exhibited pathological changes in
the adrenal glands. Another pioneer was the French physician
Pierre Marie, who linked the appearance of the coarse and elon-
gated features of acromegalic patients with pathological changes
in their pituitary glands. In a similar way diabetes was linked to
disorders of the pancreas—and myxedema and cretinism to dis-
orders of the thyroid.

The research launched by these observations laid the founda-
tions of the modern field of endocrinology, which has worked out
the chemical regulation of physiological processes through the en-
docrine system. By the early twentieth century these studies had
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established that the ductless glands secreted directly into the blood-
stream various hormones essential to the physiology of the body;
the rival hypothesis that these organs detoxified the blood was
decisively rejected. By the 1920s and 1930s this growing field had
provided an understanding of the complex interactions of the sev-
eral glands of the endocrine system; by the end of World War II,
of the relationship between the endocrine and nervous systems. In
recent decades attention has centered on the molecular processes
by which cells and organs receive hormonal direction. Clinical
observation of disturbances in the endocrine system and successful
intervention in the process of disease have been as influential on
research in the recent past as they were in the time of Addison and
Marie. Pathologies have proved to be both a continuing source of
insight into the system’s normal functioning and a motive for
extending basic knowledge.

Who Reaps the Technological Harvest
from Science?

Experience also reveals as problematic the third element we
have identified in Bush’s conceptual system, the idea that a country
can expect to capture the return in technology from its investment
in basic science. A skeptic seated at Bush’s elbow when he penned
his claim that “a nation which depends upon others for its new
basic scientific knowledge will be slow in its industrial progress
and weak in its competitive position in world trade’ might have
pointed out that elsewhere Science, the Endless Frontier noted that
the United States reached the front rank in industrial technology
when it was still far behind Europe in basic science:

In the nineteenth century, Yankee mechanical ingenuity,
building largely upon the basic discoveries of European scien-
tists, could greatly advance the technical arts.**

The question of who reaps the technological rewards from ad-
vances In basic science was scarcely asked in the postwar world,
with the United States so in the ascendancy in both science and
technology.

But the world could scarcely miss this lesson now that the Jap-
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anese have all over again shown that the greatest strides in pro-
ductive technology can be made by a country that is well behind
in basic science, with Japan cast in the technological role earlier
played by the United States and America cast in the scientific role
earlier played by the Europeans. Ralph E. Gomory and Roland
W. Schmitt have observed that the disparity between the Japanese
edge in technology and lag in science is more easily understood
when it is noted that the United States was the world leader in
technology by the 1920s, well before it became preeminent in
science.’ Indeed, chapter 4 discusses the danger of the world’s
overlearning this lesson the second time around and the need to
prevent the concern for relative standing in productive technology
from eroding a collective commitment to renewing the world’s
stock of scientific knowledge.

A Paradox in the History of Ideas

This canvass of the experience of science confronts us with a
notable puzzle of intellectual history. The annals of research so
often record scientific advances simultaneously driven by the quest
for understanding and considerations of use that one is increas-
ingly led to ask how it came to be so widely believed that these
goals are inevitably in tension and that the categories of basic and
applied science are radically separate. Of course, a great deal of
research is dominated by only one or the other of these goals. Niels
Bohr, as he groped for a model of the structure of the atom early
in this century, brilliantly exemplified the scholar-scientist engaged
in a pure search for understanding. Equally, Thomas Edison, as
he drove his research team to complete the development of com-
mercially marketable electric lighting, exemplified the applied in-
vestigator wholly uninterested in the deeper scientific implications
of his discoveries. Edison gave five years to creating his utility
empire, but no time at all to the basic physical phenomena under-
lying his emerging technology.> When others persuaded him that
his primitive grasp of these things would ultimately limit his en-
gineering ventures, he, like the “half-educated electricians’® who
bowed to the heirs of Maxwell in Britain, ran up the white flag of
surrender, confessed that he never had understood these matters,
and hired some technicians trained in Maxwellian field theory.?”
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Yet, however faithful these examples to the goals of a great many
scientists, the annals of science are also rich with cases of research
that is guided both by understanding and by use, confounding the
view of basic and applied science as inherently separate realms.

We are therefore left with a paradox in the history of ideas.
Although the vision of science and technology articulated after the
war by Bush is by no means universally held, it has so permeated
thinking about the scientific enterprise as to constitute a paradigm
for understanding the relationship of science to technology in the
late twentieth century. If this postwar paradigm is in tension with
much of the experience of science, how can this view have become
so prevalent? This puzzle is analyzed in chapter 2. As the paradox
is resolved, we will gain a deeper understanding of the system of
ideas that emerged from the war. The stage is also set for the effort
made in later chapters to reshape the postwar paradigm and to
explore what a new vision implies for policies on science and
technology.



THE RISE OF
THE MODERN
PARADIGM

T T WAS WIDELY ACCEPTED in the postwar
A years that basic science can serve as a pace-
maker of technological progress only if it is insulated from thought
of practical use. What a paradox in view of how often those who
built modern science were directly influenced by applied goals as
Louis Pasteur was influenced by practical goals throughout his
fundamental work in microbiology. How is this paradox to be
resolved? Why has this vision of science and its role in technolog-
ical innovation, which is so evidently incomplete, prevailed?
Although the modern statement of this paradigm view was de-
fined only after World War II, we must reach much farther into
the past for the ideological and institutional insights that help to
resolve this paradox. Indeed, the ideological sources of this view
go back to the origins of the ideal of pure inquiry in the Greek
world, although we owe to early modern Europe the corollary
belief that such inquiry can improve mankind. The institutional
influences on this vision lie in Europe and America in the nine-
teenth and twentieth centuries; the belief that basic and applied
research are separate ventures was built into the institutional ar-
rangements of science and technology in England and Germany in

26
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the nineteenth century and in America in the twentieth century.
To these influences were added the political motives of the scien-
tific community to accept a paradigm view that justified the gov-
ernment’s continued support of basic science while restoring the
autonomy of science that had existed prior to World War II. Many
of the issues surrounding science and technology today can be
clarified by tracing the rise of the paradigm view in the classical,
European, and American experience and by examining the politi-
cal context of science policy after World War I1.

The Ideal of Pure Inquiry in Classical Times

We begin, as scientific philosophy did, with the Greeks. Al-
though there is no Greek equivalent for the modern category of
“science,” it was clearly the Greeks who invented scientific inquiry.
The earlier, technically advanced civilizations of the Egyptians,
Assyrians, and Babylonians, and of the Indians and Chinese, failed
to do so. The Greeks succeeded first of all by discovering “nature,”
although this has an odd ring to the modern ear. They were willing
to regard the world as a natural system governed by general and
discoverable natural causes; to leave the gods out, in Farrington’s
phrase.! To this they added the belief that these causes could be
clarified by rational inquiry. The “Greek miracle,” which began
with the Milesian philosophers in the sixth and fifth centuries B.C.,
grew out of their beliefs in natural cause and the power of reasoned
inquiry.

The Greeks could, in a sense, have invented these things only
by severing the tie between philosophic inquiry and the practical
arts. The technology of the earlier civilizations showed an aware-
ness of some very general properties of natural things. Without a
practical geometry the Egyptians could not have redrawn the land
boundaries in the Nile Valley after the yearly flood. Without a
practical astronomy the Babylonians could not have predicted
eclipses of the sun and moon. But causes were left, in these civili-
zations, to the realm of the supernatural. A cuneiform text that
survives from the Babylonians takes up the question of why the
heavenly bodies should so precisely obey the empirical regularities
their astronomers had worked out. The answer was that a group
of gods had decreed that it be so—in one of the more famous
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committee decisions in the history of science. By freeing their nat-
ural philosophy from the practical arts and focusing it on the quest
for general understanding, the Greeks transformed the practical
geometry of the Egyptians into the works of Pythagoras and Euclid
and arrived at explanations of the nature of matter (physis), such
as the atomic theory of Democritus, that are hauntingly prescient
of modern science, even if they penetrated these mysteries only to
a limited degree.

This philosophic motive for severing inquiry from use was
strongly reinforced in Greek civilization by the consignment of the
practical arts to people of lesser station—and manual labor in-
creasingly to slaves. As a result, as early as the Ionian philosophers
practical utility was rejected as a legitimate end of natural philos-
ophy, and this became a core belief in the Platonic and Aristotelian
systems of thought. This denial took a double form in Plato. His
ideal Republic radically separated those engaged in philosophic
inquiry from those engaged in the manual arts, assigning a more
exalted station to the former. And the ultimate reality sought by
the philosopher lay in general forms or ideals rather than in the
objects of the familiar world.?

Although Aristotle retreated from Plato’s idealist philosophy
and strongly encouraged empirical observation, his aim was still
to identify the general in the particular, sifting his observation by
the rational, deductive method employed. He continued to reject
practical utility as the purpose of inquiry, sharing with his teacher
the belief that philosophic investigation carries its own reward.
Indeed, each made this a centerpiece of his psychology, arguing
that philosophy is essential to happiness, since the reasoning fac-
ulty is the highest part of the soul.

Aristotle’s attitude toward the philosophic calling is revealed by
his remarks in the Metaphysics that “as more arts were invented,
and some were directed to the necessities of life, and others to
recreation, the inventors of the latter were naturally always re-
garded as wiser than the inventors of the former, because their
branches of knowledge did not aim at utility.”* Geoffrey Ernest
Richard Lloyd concludes, “Aristotle does not so much ignore the
possibility of putting theoretical ideas to practical use, as positively
glory in the ideal of the pursuit of knowledge for its own sake.”s
He quotes from the passage in the Metaphysics in which Aristotle
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says that, since men “‘philosophized in order to escape from ig-
norance, evidently they were pursuing science in order to know,
and not for any utilitarian end.”®

The bias against practical use in Plato and Aristotle continued
to dominate Greek thought throughout the Hellenistic and Greco-
Roman periods, despite the considerable Greek achievements in
engineering and the martial arts. Archimedes is a celebrated ex-
ample, He was, by Plutarch’s account, persuaded by King Hiero
to design various warmaking machines. But he thought so little of
this as a subject of philosophic discourse that he included not a
word about mechanics or engineering in the vast body of theoret-
ical writings he left behind, to the evident satisfaction of the neo-
platonic Plutarch. In the words of Lloyd,

the educational elite whom Plutarch typifies generally com-
bined contempt for the life of the engineer with ignorance con-
cerning his work. This attitude, which had the weighty support
of Plato and Aristotle, is, without a doubt, the dominant one in
writers of all periods in antiquity.”

A. C:-Crombie judges that “it remained characteristic of Greek
scientific thought to be interested primarily in knowledge and un-
derstanding and only very secondarily in practical usefulness.”® In
the twilight of the classical Greek world the gulf between inquiry
and use deepened still further as the Stoics, Epicureans, and Neo-
platonists came to think of philosophy less as a means of knowing
than as a means of achieving peace of mind in an increasingly
troubled world.

The major exceptions to all of this were the Hippocratic phy-
sicians. Their surviving writings, including detailed accounts of
clinical practice, show that from the time of Hippocrates in the
fifth century B.C. Greek medicine had inquired into a wide range
of human anatomy and physiology to develop the medical and
surgical means of dealing with wounds, fractures, and disease. The
Greek physicians added to the knowledge gained from surgical
practice what could be learned by dissecting animals and even, for
a brief period in Hellenistic times, by vivisecting condemned crim-
inals bound over to them by their Ptolemaic rulers.
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The Hippocratics were in the mainstream of Greek philosophy
in their attention to natural causes—again, having the courage to
leave the gods out. But they were virtually alone in turning their
inquiry and learning to the improvement of a practical art. By
contrast, Aristotle, when he urged that animals be dissected as a
means of extending biological knowledge, made clear that im-
proving the practice of medicine was not at all what he had in
mind.’

Greek science was the foundation upon which European sci-
ence later built. By a remarkable channel virtually the whole of
the natural philosophy of Plato and Aristotle, as well as of Ar-
chimedes and other writers from the Greek world of science,
became available in the Latin West by the late Middle Ages.
This did not result from the translation of these works into Latin
in Roman times, since the Romans had only superficial interest
in Greek science. Instead, the Greek scientific corpus was trans-
lated into Arabic after the Islamic conquest and spread to the
great centers of Arab learning throughout the Mediterranean
world. It was therefore found in Spain and Sicily when a resur-
gent Christian Europe reclaimed parts of Islam, although ele-
ments were recovered from Byzantium as well. It was then trans-
lated from Arabic in the twelfth and early thirteenth centuries
by an extraordinary band of scholars who made the new learn-
ing available in the universal scholarly language of the Latin
West. The arrival of these intellectual riches was a prime stim-
ulus for the organization of the new universities in Oxford,
Paris, Bologna, and Padua, which focused parts of their curric-
ula on the new science.

The Ideal of the Control of Nature in
Early Modern Science

The system of scientific thought that entered Europe in the
thirteenth century came, in Crombie’s words, “as a complete
and for the most part coherent whole . . . a system of rational
explanations in power and range quite beyond anything known
earlier in the Latin West, and one the general principles of which
in fact dominated European science until the seventeenth cen-
tury.”° It took a century for this system to be absorbed and a
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further century for the medieval scholastic science that was to
be built on this new base to reach its full height. Without this
absorption of classical science the scientific revolution of Galileo
and Newton in the seventeenth century is scarcely imaginable.”
Moreover, the natural philosophy of the Greek world, and the
classical philosophy and literature that entered during the Ren-
aissance, continued to be read by the classes in western Europe
from which the natural philosophers of later centuries were
largely drawn.

There is little doubt that it kept alive the view of the superiority
of pure science that was so deeply rooted in the Greek world. And
there is little doubt that the belief in knowledge for its own sake
was echoed in the thinking of European scientists in every subse-
quent period. It was, for example, heard in our own day in the
retrospective offered by C. P. Snow on the outlook of his fellow
Cambridge scientists in his well-known analysis of the “two cul-
tures” of the sciences and the arts:

We prided ourselves that the science that we were doing could
not, in any conceivable circumstances, have any practical use.
The more firmly one could make the claim, the more superior
one felt.12

But the belief in pure science in the Greek tradition was not the
only strand of European thinking about science. There were dis-
tinctive elements of the European outlook, quite apart from the
revolutionary changes in the substance of scientific theory, which
ultimately overthrew the Aristotelian structure of scholastic sci-
ence. As early as the thirteenth century a utilitarian case for science
was made in terms that would have been quite alien from the
classical world. Europe’s natural philosophers were readier than
the Greeks to see their science as a means of controlling, and not
only of understanding, nature.

We have only partial clues as to why this should be true. Those
performing the practical arts held a different station in late medi-
eval and early modern Europe than they did in the Greek world.
The medieval guilds lent these arts considerable prestige, and the
Christian tradition gave manual labor a meaning quite different
from the ancient world’s. Roger Bacon and other clerics who
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brought Greek science to Christian Europe belonged to religious
orders that affirmed the worth of manual service. And the Chris-
tian faith produced more complex ideas about the uses of science,
such as the belief that scientific knowledge might allow mankind
to regain the dominion lost in the Fall.

The coupling of knowledge and action characterized the Italian
Renaissance, the cultural seed-bed of early modern science.
Charles Coulston Gillispie asserts that

the enterprises of a Brunelleschi, a Leonardo da Vingi, a
Michelangelo, a Vasco da Gama, a Christopher Columbus
[were] ... animated by the same instinct that later formed a
Galileo, namely, that knowledge finds its purpose in action and
action its reason in knowledge.

For Gillispie these behavior patterns “were what made the culture
of the Renaissance in Italy the matrix wherein ancient and scho-
lastic learning and technique were converted into modern science
and engineering”’3>—a transformation that might be thought to
mock the term “Renaissance”—although Gillispie also credits the
influence of Platonic idealism on Galileo’s search for the general
in the particular,

The greater interest of European scientists in the useful arts went
hand-in-hand with their experimentalism. Indeed, the scientific
breakthroughs of the seventeenth century were partly due to their
readiness to apply to science techniques they borrowed from the
arts and crafts. And they were equally ready to lend their talents
to the improvement of technology—Tartaglia and Galileo to the
improvement of military ordnance; Stevin to hydraulic engineer-
ing; Leibniz and Huygens to power machinery; Galileo, Torricelli,
Descartes, Huygens, and Newton to the improvement of the
telescope.'*

The most influential spokesman for this utilitarian ideal was
Francis Bacon, the English philosopher who is also remembered
as a champion of inductive method. Bacon is the source of the
aphorism that knowledge is power, by which he meant power over
nature. In his view the purpose of science was mastery over nature,
and as he prepared to displace the older, Aristotelian Organum
with his Novum Organum he declared that
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knowledge and human power are synonymous, since the ig-
norance of the cause frustrates the effect, for nature is only
subdued by submission.’

In view of the link between human knowledge and human power,
Bacon believed that the utilitarian, material fruits of power would
confirm the adequacy of the knowledge.

The modern distinction between science and technology was
considerably blurred in the thought of Bacon and his contempo-
raries, who tended to merge the two. In Bacon’s view, techniques
were knowledge, rather than the fruits of knowledge. The outlook
was one of an encyclopedic science that sought to establish where
things fif, an exercise in systematics quite different from the more
modern view of this relationship formed in the nineteenth century
by the rise of positivism and the influence of German idealism and
Kant’s neo-Platonism. Indeed, the modern concept of “technol-
ogy” was a neologism that came into common use only in the
nineteenth century.

The influence of Bacon’s utilitarian conception of science was
greatly extended when it was written into the charter of the Royal
Society, founded after his death. His vision of a research institute,
Solomon’s House, set out in his posthumously published New
Atlantis, led to the society’s formation. Its charter, granted in Res-
toration times, included good Baconian language charging the Fel-
lows with “further promoting by the authority of experiments the
sciences of natural things and of [the] useful arts ... to ... the
advantage of the human race,”!® and the society did undertake a
variety of investigations into navigation, mining, and other prac-
tical technologies. Bacon’s utilitarian views, as well as his inductive
methods, greatly appealed to the eighteenth-century French ency-
clopedists and have remained an important part of Western think-
ing about science in all subsequent periods.

But the success of Bacon’s vision is not without its ironies, since
his view of the close link between science and practical technology
outpaced reality by three hundred years. So general in our own
day is the belief that science paves the way for technology that the
actual history of this relationship may seem surprising. As noted
in chapter 1, the link between scientific advance and technological
innovation was in fact weak and problematic down to the time of
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the “second” industrial revolution in the late nineteenth century,
when technical progress in chemical dyes and electric power and
public health clearly depended on advances in chemistry, physics,
and biology.'”

Institutionalizing the Separation of
Pure from Applied in Europe

The claims that practical use made on the decisions of science
and the energies of scientists in the centuries from Bacon to Fara-
day were severely limited by the scant help the emerging sciences
could offer to the flourishing European technologies of the time.
In this long interval the increasing gap between understanding and
use drained Bacon’s utilitarian call to action of its immediacy and
converted it into a faith that the endeavors of science would even-
tually improve the human condition. A natural philosopher who
subscribed to this faith could work in his laboratory, heeding only
the quest for understanding, while believing that his discoveries
would somehow—at a later time and in other hands—benefit
mankind.'® Hence, the emergence of modern science before it
could offer much help to the practical arts converted the Baconian
tradition into an attenuated form in later centuries, the form in-
corporated in the canons of research articulated by Vannevar Bush
in the mid-twentieth century. The strong Baconian doctrine set out
in the New Atlantis and written into the charter of the Royal
Society foresaw immediate benefits from the fusion of science and
practical concerns, with the scientist directly linking the two. But
the attenuated form of the Baconian tradition embraced by many
of the natural philosophers of later centuries envisaged a deferred
link between advances in science and improvements in human
welfare. In this latter view, the two were separated in time and
agency.

The separation in both terms was reinforced by the institutional
arrangements of science and technology in this period, particularly
by the difference in social background and economic circumstance
of those who advanced science and the practical arts. For most of
the eighteenth and nineteenth centuries the natural philosophers
were, for compelling economic reasons, very different from those
who were, in Multhauf’s phrase, *‘improvers’ of technology.”
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Having little impact on technology, the science of the day brought
little economic return. It could therefore be done only by people
of means or patronage, including clergymen and certain other
professionals.

By contrast, technology was in the hands of those who were
engaged in practical work and sustained by its economic return.
As in most technologically advancing societies, their small but
important contributions went typically unsung, until a change in
the patent laws permitted “inventors” to claim part of the return
from technological change.” But the inventors of European society
were far removed from the gentlemen scientists. Although their
approaches to invention could be highly systematic, they had little
theoretical grasp of science and needed little as the pace of their
contributions accelerated into the industrial revolution.

All of this was evident in Britain in the eighteenth and nineteenth
centuries. Many of the scientific advances of the period were the
work of the wellborn or well-educated, some of whom remained
in university settings, although scientists such as Joseph Priestly,
Dalton, and Michael Faraday were of modest origin. Indeed, a
tribute needs to be paid to the scientists of the Scottish Enlight-
enment, who helped make science respectable for the aristocratic
classes in England. By contrast, the great technical advances of the
industrial revolution were almost wholly the work of practical
inventors and entrepreneurs, typically less educated and of lesser
social station, who had and needed little theoretical understanding
of science. In the words of Eric Ashby:

The industrial revolution was accomplished by hard heads
and clever fingers. Men like Bramah and Maudslay, Arkwright
and Crompton, the Darbys of Coalbrookdale and Neilson of
Glasgow, had no systematic education in science or technology.
Britain’s industrial strength lay in its amateurs and self-made
men: the craftsman-inventor, the mill-owner, the iron-master.
It was no accident that the Crystal Palace, that sparkling symbol
of the supremacy of British technology, was designed by an
amateur. In this rise of British industry the English universities
played no part whatever, and the Scottish universities only a
very small part; indeed formal education of any sort was a
negligible factor in its success.’
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With class an important element of the distinction, it was easy to
think that scientific and industrial advances were in the hands of
wholly different people of different backgrounds and training, who
were attuned to different goals.?!

Although this sense of root separation survived the nineteenth
century, its institutional form was profoundly changed. As the
century progressed, scientists were increasingly able to find sup-
port in the universities, and science became a more meritocratic
calling. The creation of professional, economically viable research
careers in the universities and research institutes powerfully stim-
ulated the growth of science. It also institutionally reinforced the
view that scientific inquiry should be pursued for its own sake; the
nineteenth century fully reawakened this oldest Western outlook
on the purpose of science. But the nineteenth century was also the
time in which Bacon’s proposed marriage of science and technol-
ogy was at last consummated, and a number of leading scientists—
with Kelvin a notable example—chose problems and pursued de-
tailed lines of inquiry with an eye to practical technology as well
as fundamental understanding.?? The triumph of Maxwellian field
theory over the more primitive ideas of the “half-educated electri-
cians” was a watershed in the development of electric power in
Britain and America.?

The technologist’s role changed still more dramatically as sci-
ence began to have a direct influence on technology. The spreading
awareness that technical innovation would require the continuous
application of scientific methods to industrial processes led to the
creation of the technical schools, beginning with the Ecole Poly-
technique in France. By the end of the century it was clear that
industry would employ large numbers of trained technologists or
engineers, even if industry continued in many cases to prefer meth-
ods that were ruthlessly empirical.

It was the Germans who most fully institutionalized the new
system. They did so first of all by making their universities an
unparalleled setting for original scientific investigation, inspired by
the great ideal of Wissenschaft. In the prior century the universities
at Gottingen and Halle began to emphasize the creation of new
knowledge through research. These stirrings were quickened when
in the early nineteenth century new universities were founded in
rapid order at Berlin (1810), Breslau (1811), Bonn (1818), and
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Munich (1826) and the new emphasis spread to Leipzig and others
of the established universities.?* The result was an explosive release
of scientific energy. Enrollments, staffs, and budgets soared. New
disciplines and fields of specialization within existing disciplines
were created. A strong link was forged between research and in-
struction as professors, who directed the work within their re-
search institutes, also were responsible for teaching within these
fields. New learning formats—specialist lectures, research semi-
nars, laboratory experiences, monographic studies—were created
to meet the needs of the scientific curriculum. There was a darker
side to the German universities in this period—the rigidities of
university structure that limited the development of important new
fields, the professors’ view of the research institutes as private
baronies, the excessive career anxieties of staff who depended on
the professors’ autocratic authority, the single level of degree that
provided more scientific knowledge than was needed by students
headed for other careers but less than was needed by those aspiring
to research careers. But the record as a whole was remarkable. It
established the German-speaking universities of Germany, Austria,
and Switzerland as the leading centers of scientific development.
The Germans used very different arrangements to support their
rapid technological advances in the nineteenth century. They
lodged applied science and development in the Technische Hoch-
schulen and industry and imparted a new prestige to these tech-
nical schools and the careers to which they led. The Germans
thereby institutionalized a strong sense of the separation of tech-
nology from the pure science lodged in the universities and re-
search institutes. Students were streamed for these alternative ca-
reer paths from an early age, and the technical schools and
technological institutes produced the trained personnel needed by
the parts of industry that were increasingly driven by science. To
sustain the rapid technical advances in fields such as chemical dyes
and pharmaceuticals, the Germans for the first time developed
extensive programs of applied research. Hence, they institution-
alized a sharp separation between pure and applied research—and
not only between scientific research and practical invention—cre-
ating a relationship that was, as Multhauf notes, reminiscent “of
the antagonistic philosophers and tradesmen of antiquity.”?s
These institutional arrangements, which appeared to cleanly



38 THE RISE OF THE MODERN PARADIGM

separate pure from applied science, concealed some complexities
in the interplay of the research goals of understanding and use.
Given science’s increasing importance for technological change,
there were inevitable examples of research undertaken in the uni-
versities with an eye to practical technology as well as fundamental
understanding. The chemical industry recruited university-trained
chemists to produce the new synthetic dyes, by batch-processing
methods that replicated what they had known in their university
settings.”® There were also important examples of research outside
the universities that merged these goals. In the later decades of the
nineteenth century the research needs of industry led to the crea-
tion of the Kaiser Wilhelm Institutes, the forerunners of the Max
Planck Institutes of today, as centers of use-inspired scientific re-
search. Yet German institutions strongly encouraged the separa-
tion of pure from applied science, giving the Greek ideal of pure
inquiry, reinforced by German idealist philosophy, a remarkable
modern revival in the universities. Helmholtz articulated the spirit
of this revival in his Academical Discourse, delivered at Heidelberg
in 1862, in which he declared, in terms echoed by Vannevar Bush
eight decades later, that “whoever, in the pursuit of science, seeks
after immediate practical utility ... will seek in vain.”?” Mean-
while applied science, enjoying a hitherto unparalleled prestige,
helped drive industry’s growth.

Institutionalizing the Separation of
Pure from Applied in America

The spectacular achievements of the Germans both in pure and
in applied science made their system extraordinarily influential.
They were so excellent in each that their institutional arrangements
were thought to be the natural order of things by an admiring
world. Thousands of Americans flocked to the German universities
in the late nineteenth and early twentieth centuries.?® This tide,
which was at flood in the 1880s, reflected the lack of an American
system of advanced studies adequate to the needs of a rising in-
dustrial nation and was a standing challenge to create one. It is no
surprise that the vision of scientific training and research brought
back by these students played so large a role in the way this
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challenge was ultimately met, although the detailed path of insti-
tutional development in America would diverge from Germany’s.

In view of the strongly utilitarian character of prior American
science it is almost astonishing how successful the American em-
ulators of the German experience were in providing pure science
an institutional base within the new universities. From colonial
times America’s scientists had found it natural to mix the quest
for understanding and use. Theirs was a technologically oriented
society with a powerful belief in progress, and they were as likely
to be drawn to their science by the belief it would help in practical
ways as they were by the fascination of discovery. Before the
Revolution, Benjamin Franklin wrote this fusion of goals into the
charter of the American Philosophical Society. In 1819 Silliman
dedicated the first American Journal of Science to the application
of research “to the arts, and to every useful purpose.”? By mid-
century the scientific schools that flourished at Harvard, Yale,
Princeton, and other colleges were amalgams of what today would
be seen as pure science and engineering. In the decades after the
Civil War the mission of the agricultural schools and experiment
stations was an inherent meld of science and technology. In the
latter part of the century the impressive scientific establishment
within the federal government was imbued with a belief in the
public benefits of science and prepared the ground for the vigorous
conservation movement of the Progressive era,°

This same blend of goals is evident in the work of the handful
of genuinely distinguished scientists produced by America in the
eighteenth and nineteenth centuries. The immersion of Franklin in
practical technology is too well known to require comment. The
inventor of the Franklin stove was unlikely to put aside practical
goals when he pursued his research in electricity, his most impot-
tant scientific work. The legacy of this research included the
supremely practical lightning rod, as well as a quantum leap in
fundamental knowledge.

This blend of motives is equally clear in the work that led Joseph
Henry to discover, independently of Faraday, the principle of elec-
tromagnetic induction, converting magnetism to electricity and
preparing the way for the generation of electric power. In his
carlier explorations of steam Henry was aware of the spreading
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use of steam power in industry, and talk of movable “steam
wagons”’ was already in the air. When he turned to electromagne-
tism he well understood the practical benefits that could flow from
significant discovery. He described his first electromagnetic ma-
chine, capable of reciprocating motion seventy-five times a minute,
as ““a philosophical toy” but noted that a modified version “may
hereafter be applied to some useful purpose.” This device in fact
anticipated the direct-current electric motor.>! His decision not to
press ahead was based on his calculation of the relative efficiency
of generating steam power from coal and electric power from the
zinc required for batteries. Henry eschewed commercial invention
and made no effort to become one of America’s celebrated nine-
teenth-century inventors, Yet he found it entirely natural to allow
calculations of use to influence the choices by which his science
unfolded.

The case of Josiah Willard Gibbs, the founder of statistical
mechanics and formulator of the Phase Rule of chemical thermo-
dynamics, is more elusive. The intensity with which this most
modest of scientists pursued the implications of the second law of
thermodynamics, and the mathematical elegance of his methods,
might suggest a pure quest for understanding, and so might the
fact that he was the third person to earn Yale’s new Ph.D. degree.
But Gibbs chose his problem in an age of steam and electricity,
and he understood the enthusiasm of his Yale masters for appoint-
ing him to a chair in physics, the science that seemed capable of
providing a more general understanding of these intensely practical
phenomena. His treatment of equilibrium in heterogeneous sub-
stances was so elegant that its practical worth was for some years
lost on industry, despite repeated plugs by his English admirer
James Clerk Maxwell, so few were his countrymen who were
capable of reading his work. A number of subsequent investigators
independently discovered parts of what Gibbs had found-—only to
realize how much more general and powerful a formulation he
had given. In the end, his work was seen in both Europe and
America as having the practical value that the ethos of his time
always led him to expect it would.

The utilitarian ethos of American science was profoundly
changed by the rise of the research universities. Their advent is a
remarkable chapter in American education. The need to create
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institutions of advanced learning became increasingly clear as
thousands of students who had earned college degrees went on to
study at the German universities in the late nineteenth century.
The efforts to fill this gap in American higher education were
generously supported by America’s economic expansion, particu-
larly by the private individuals who acquired great wealth in the
decades after the Civil War. And the way was led by a remarkable
group of educational entrepreneurs—James Rowland Angell,
Charles W. Eliot, Daniel Coit Gilman, G. Stanley Hall, William
Rainey Harper, David Starr Jordan, and others—many of whom
gained a vision of what might be done from their studies in the
German universities.

The wave of change that swept over American higher education
created new universities—Cornell in 1865, Johns Hopkins in
1876, Clark in 1887, Stanford in 1891, and Chicago in 1892. It
created graduate schools and Ph.D. programs that transformed
private colleges such as Yale, Harvard, and Princeton and state
colleges such as Michigan, Wisconsin, and California at Berkeley
into genuine universities. It spread the elective system from Eliot’s
Harvard to other institutions, opening up the curriculum to the
new fields of study.

These changes gave strong institutional support to the vision of
the universities as centers of original research and teaching in pure
science. This point is strikingly illustrated by the contrast between
the freedom to pursue research enjoyed by a university-based sci-
entist in the late nineteenth or early twentieth century and the
situation of Joseph Henry, whose grinding responsibilities to teach
in the Albany Academy delayed the report of his discovery of
electromagnetic induction until Faraday was already in print. Gil-
lispie has remarked that the first trait of a profession is the custody
and development of a body of knowledge and that the second is
the provision of economically viable careers.** George H. Daniels
has shown that even before the Civil War American scientists had
gained control of their increasingly esoteric fields and shut out the
amateurs.> But it was the American research universities, like their
German inspirations before them, that converted original scientific
research into an economically viable professional career.

Indeed, in some respects their plan improved on the German
original. One was a clearer, institutionalized way of entering the
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newly defined careers of university research. In Germany, well into
the nineteenth century, the capacity to do distinguished research
was still regarded as a charismatic trait possessed by certain gifted
individuals, rather than a trained capacity, and it was in the inter-
est of the holders of research chairs, who were the university in a
corporate sense, to sustain this view. As a result, the way individ-
uals entered research careers was never clearly spelled out, to the
grief of several generations of Privatdozenten who waited in the
shadows for their own extraordinary gifts to be recognized. The
American universities took a more straightforward approach to
all this. Rather than clinging to a single level of degree, they en-
rolled as graduate students those who had finished their baccalau-
reate studies and now wanted to be trained for research careers.
The most proficient of the Ph.D. recipients were then appointed
to junior faculty positions in the research universities—where, if
they realized their potential, they rose to full professorial rank.**

The American plan also improved on the German original by
vesting authority over a field in an egalitarian department of peers
and not in a single professor, holding the chair. The German sys-
tem fell victim to the very research energy it released, since the
rapid specialization and changing content of an exploding body of
knowledge tended to overwhelm the capacities of a single profes-
sor, however distinguished. These changes were far more easily
accommodated by the American department of peers, chaired by
a colleague whose role was seen as administrative.

Understandably, these institutional arrangements for basic re-
search tended also to develop a view of pure science quite different
from the American outlook earlier in the nineteenth century. The
promoters of these arrangements could hardly import from Ger-
many the idea of a career in scientific teaching and original re-
search without also importing the ideal of knowledge for its own
sake and the distinction between pure and applied science. Some
degree of acceptance of these things was needed to establish basic
science in the universities.

As pure science was being provided with an institutional home
in the universities, the sense of separation of pure from applied
was heightened by the institutionalization of applied science in
industry. In America too, industry mounted substantial applied
research that went beyond at-the-bench improvements in technol-
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ogy as the content and methods of science were increasingly
brought to bear on industrial processes. In the larger and more
complex industrial firms untrained empirical technologists were
supplemented by applied scientists and engineers, many trained in
the new colleges of engineering and the polytechnical institutes.
The way was led by the chemical industry. The electrical industry
clung to empirical methods for several decades but fell in line with
the rise of twentieth-century electronics. As other industries fol-
lowed suit, applied industrial research grew in range and volume,
making American science and technology, in Edwin Layton’s
phrase, “mirror-image” twins:

The technological community, which in 1800 had been a craft
affair little changed since the Middle Ages, was reconstructed
as a mirror-image twin of the scientific community. . . . In place
of oral traditions passed from master to apprentice, the new
technologist substituted a college education, a professional or-
ganization, and a technical literature patterned on that of sci-
ence. . . . As a result, by the end of the 19th century technolog-
ical problems could be treated as scientific ones; traditional
methods and cut-and-try empiricism could be supplemented by
powerful tools borrowed from science.?*

These mirror-image twins, so alike yet different, institutionalized
the sense of distance between basic and applied that was welcomed
by the pure-science fields within the universities.

The role claimed here for institutional factors in reinforcing the
separation of pure from applied in Germany and America extends
an observation by Thomas S. Kuhn, after Multhauf. Multhauf saw
the separation as rooted in a radical difference of temperament or
outlook between scientists and improvers of technology, conclud-
ing from his wonderfully learned comparison over two millennia
that they are simply “different species, interdependent and even
occasionally transmutable, but persistently distinct, like land- and
water-dwelling creatures.””* Kuhn, in an essay of equal historical
sweep, draws a similar contrast but sees this difference as character-
izing whole cultures or societies, “for almost no historical society has
managed successfully to nurture both [science and technology] at the
same time”—the Germans being a revealing exception:
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Greece, when it came to value its science, viewed technology
as a finished heritage from its ancient gods; Rome, on the other
hand, famous for its technology, produced no notable sci-
ence. . . . Britain, though it produced a significant series of iso-
lated innovators, was generally backward in at least the abstract
and developed sciences during the century which embraces the
Industrial Revolution, while technologically second-rate France
was the world’s preeminent scientific power. With the possible
exceptions (it is too early to be sure) of the United States and
the Soviet Union since about 1930, Germany during the century
before World War II is the only nation that has managed si-
multaneously to support first-rate traditions in both science and
technology. Institutional separation—the universities for Wis-
senschaft and the Technische Hochschulen for industry and the
crafts—is a likely cause of that unique success.*”

The German exception leads Kuhn to offer an institutional
rather than a societal explanation of the separation. In his view,
the Germans recognized that science and technology advance by
inherently different processes and created distinct institutional set-
tings in which each could thrive. It is the more remarkable that
the Germans institutionalized a sharp separation of basic science
from applied science and technology in the century that finally
harnessed technological to scientific progress. They did so by lodg-
ing pure science in the universities and research institutes and
technology in the technical high schools and industry, drawing the
distinction between pure and applied science exogenously to the
universities.

Institutional factors, no less in America than Germany, helped
create the perception that basic and applied science are separate
ventures, pursued by distinct sets of people with distinct goals. But
the institutional development of pure and applied science in Amer-
ica differed in notable respects from the prior German model. The
American innovators were unwilling to dedicate their universities
only to pure science, even if they had been able to do so. Supported
by the new captains of industry and working within a pragmatic
society with a Baconian tradition of science, the organizers of the
research universities made a place for applied fields that were of
interest to vari- .5 of their constituencies. One of these was agri-
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cultural science, strongly supported by the Morrill and Hatch Acts,
which helped create a remarkable system of land-grant colleges,
agricultural experiment stations, county agents, and extension ser-
vices.”® Another was biomedicine, as the new, scientifically aspir-
ing medical schools were organized. Yet another were the engi-
neering fields that were heirs to the scientific schools of the mid-
nineteenth century, a development strongly reinforced by such
free-standing engineering schools as the United States Military
Academy, the Massachusetts Institute of Technology, Lehigh, and
Rensselaer Polytechnic Institute. Although the engineering schools
and departments seemed to reinstitutionalize in the American set-
ting the empirical separation of applied from pure physical science,
there was no drive to expel engineering from the emerging univer-
sities. The distinction between basic and applied science was sim-
ply drawn within the universities. )

But a subtler reading can be offered of this aspect of the Amer-
ican experience. The applied fields, while they seemed to repeat
the separation of basic from applied science, have in fact provided
an institutional home for research that is driven by the goals of
understanding and use. Similarly, institutions outside the univer-
sities, with Bell Labs the prototype, provided a home for research
melding these goals.

Reinforcing the Separation:
The Aftermath of World War IT

It is difficult to exaggerate how profoundly the relationship
between science and government was transformed by World
War II. The federal government had supported scientific activites
from the beginning of the republic, and by the second half of the
nineteenth century a substantial part of the science being done in
the United States was in the hands of such federal establishments
as the Smithsonian Institution and U.S. Geological Survey, to-
gether with the agricultural experiment stations established with
federal support. But the German model of advanced scientific stud-
ies spread to America via the nascent research universities, and
these institutions laid the groundwork for their preeminent scien-
tific role in the twentieth century mainly with funds from private
donors, philanthrophic foundations, state legislatures, and fee-
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paying students. Indeed, by the interwar years the academic sci-
entists held a deeply rooted hostility toward the idea of federal
support, out of concern over the control of the content of research
such support might bring, the fear that science might lose, in a
word, its “autonomy.”

All of this was overthrown by the war. Its scientific effort was
in the hands of enlightened scientists, foremost of whom was Van-
nevar Bush, who recruited a battalion of gifted colleagues for the
research tasks of the war, with the backing of the strongest presi-
dent of the twentieth century. Bush’s Office of Scientific Research
and Development became, as A. Hunter Dupree has said, “the
nearest thing to a true central science organization in all of Amer-
ican history.”*® An unparalleled flow of resources funded projects
in basic science, including the basic nuclear research leading to the
weapon that altered the final stage of the conflict. As the war drew
to a close, the scientific and policy communities were agreed that
the federal investment in science should continue, and at Franklin
D. Roosevelt’s request, a request at least partially inspired by Bush
himself, Bush prepared a plan for sustaining this investment in
peacetime.

The personal prelude to the Bush report was Bush’s own role in
bringing America’s scientific strength to bear in the war, by a route
thoroughly in keeping with Franklin Roosevelt’s fondness for ini-
tiatives outside of the regular government structure. As the war
clouds gathered over Europe, Bush, then president of the Carnegie
Institution of Washington and formerly vice president of the Mas-
sachusetts Institute of Technology, and four other senior figures
of the scientific community*® held a series of discussions of what
lay ahead. They shared Roosevelt’s awareness of America’s stake
in the impending war. The international character of science made
them acutely aware of the tragedy that had befallen many of Eu-
rope’s most gifted scientists who had been driven from their posts
by the totalitarian regimes.** And Bush and his colleagues under-
stood better than Roosevelt that the coming war would be partly
a scientific and technological conflict, in which the United States
faced an adversary with formidable credentials in both. They felt
that no time should be lost in tapping America’s scientific
potential.

Alone of the five, Bush was Washington based and, by chairing
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the National Advisory Committee for Aeronautics, had experience
in linking science and engineering to defense needs. He also had
the priceless asset of access to the president through his unlikely
friendship with Roosevelt’s legendary assistant, Harry Hopkins.
In June of 1940 Bush laid before Roosevelt a one-page proposal
asking the president to create a National Defense Research Com-
mittee that could begin to enlist the country’s scientific resources
for the coming conflict. Roosevelt issued the necessary executive
order. Bush was named chairman and assured of access to the
president.*?

A year later NDRC became part of the Office of Scientific Re-
search and Development in the Executive Office of the President,
with responsibility for medical research as well. OSRD to a re-
markable degree succeeded in bringing the nation’s strength in
science and industrial engineering to bear in the war. Bush and his
associates had the confidence of the most influential parts of the
scientific community and recruited many of the country’s leading
scientists and engineers for the war effort. OSRD contracted for
this work, rather than operating research laboratories of its own,
and pioneered the idea of contracting directly with the universities
and industry, rather than with individual scientists. It also pi-
oneered the idea of compensating for the full cost of the work,
including indirect costs, establishing the principle of “no loss, no
gain” for nonprofit institutions. Beyond this, it improved the in-
centives for industry by allowing those performing the research to
retain any patent rights. The budgets that supported the rapid
buildup of the nation’s research effort, although a tiny part of the
full cost of the war, were huge by the standard of prior federal
outlays for science. Long before the war’s end, thought was given
to how the momentum of the wartime effort could be continued
in peacetime.*?

So impressive was the wartime role of science, capped by the
making of the atomic bomb, that it is easy to miss the controversies
surrounding the Office of Scientific Research and Development.*
The Bush leadership was drawn from the scientific elite of the
universities and industry, a fact typified by the identities of those
who originally proposed the formation of the National Defense
Research Committee. As they recruited the leading sectors of
American science and technology for the war effort, they inevitably
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inspired criticism from those who saw their generally elitist venture
for what it was.

This reaction was set against a backdrop of liberal and populist
grievance from the years of the Great Depression.* There was an
undercurrent of feeling in the 1930s that science somehow shared
with business the responsibility for America’s economic collapse.
The belief that industry was controlling markets by patents on the
fruits of its research laboratories was fed by charges early in the
war that prewar patent pools linking American and German firms
contributed to U.S. technological unpreparedness for the war.
Roosevelt’s own willingness to substitute “Dr. Win-the-War” for
“Dr. New Deal” was symbolized by Hopkins’s continuing assis-
tance to Bush’s efforts. But the Bureau of the Budget was critical
of Bush’s practice of compensating the universities and industry
for the indirect as well as direct costs of research. Complaints were
heard from inventors whose ideas for improving America’s weap-
ons were shunted aside.*® And there was unease about concen-
trating OSRD’s contracts in the country’s leading universities and
in firms that might use the resulting patent rights to control their
markets.

Much of this criticism found its champion in Harley M. Kilgore,
a populist U.S. senator from West Virginia. In 1942 Kilgore intro-
duced the first of a series of wartime proposals to remedy these
reported difficulties, and as the war progressed he increasingly
gave attention to the postwar role of the federal government in
science and technology. He was the first to call, in 1944, for the
creation of a National Science Foundation to promote basic and
applied research and scientific training after the war.

Bush correctly saw that the Kilgore proposals, whatever their
merits, would deliver the government’s future role in science into
the hands of an agency in which the scientific community did not
have the leading voice, an agency that would encroach on the
autonomy of science that Bush had striven to protect even under
the severe constraints of the war. He therefore welcomed the idea,
first suggested by Oscar S. Cox, a lawyer in the Roosevelt admin-
istration, that the president should ask him to develop an alter-
native proposal for the government’s peacetime role in science.
Roosevelt made his request on November 17, 1944. Bush’s re-
sponding report, Science, the Endless Frontier, was sent to Presi-
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dent Harry S. Truman in early July of 1945, as America’s entry
into the atomic age was about to dramatize the ascendant impor-
tance of science in the war,

In the broadest terms, the task Bush and his advisers set for
themselves was to find a way to continue federal support of basic
science while drastically curtailing the government’s control of the
performance of research. The war had induced many of the coun-
try’s leading scientists to set aside their historic suspicion of gov-
ernment support and to lend their efforts to the scientific goals
identified by OSRD. This was symbolized by the willingness of
James B. Conant and Karl T. Compton, the presidents of Harvard
and MIT, to serve as Bush’s deputies during the war, although
each of them would later decline to be the first director of the
National Science Foundation. Countless scientists in university or
industry laboratories let OSRD set their priorities and coordinate
their efforts while the war was on, although Bush skillfully sought
to give full scope to their creative imagination as they went to
work on the country’s military needs. But the war was over, The
scientific community knew that a great opportunity would be lost
if government funding was not continued. But it wanted the fund-
ing without a continuation of anything like the same degree of
governmental control. It wanted, in other words, to restore the
autonomy of science.

The prime means by which Bush and his advisers sought to
ensure this autonomy was organizational. From one of the back-
ground panels formed to advise him on the answers to the four
questions Roosevelt asked,*” Bush absorbed the idea of creating a
National Research Foundation with responsibilities in basic sci-
ence as broad as OSRD’s during the war. The Foundation was to
be governed by a board drawn from the scientific community. The
director would be chosen by the board rather than appointed by
the president and confirmed by the Senate. The background panel,
chaired by Isaiah Bowman, president of Johns Hopkins, went so
far as to recommend that the Foundation be insulated from the
federal budget process by being provisioned with an expendable
endowment that would need to be renewed only at widely spaced
intervals.*® Bush pulled back from this extreme in his own report
and restored the Foundation to the federal budgetary process. But
there is no doubt that his proposed National Research Foundation,
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if it had been created, would have protected the autonomy of
science by delivering the government’s funding of basic science
into the hands of an agency in which the scientific community had
the leading voice.

Yet Bush did not entrust his strategic ends to organizational
means alone. Much of the later significance of his report lay in the
fact that he reinforced his case for government support of an
autonomous scientific community by setting out a distinctive vi-
sion of the nature of basic science and its relationship to techno-
logical innovation, a paradigm view that became increasingly im-
portant as the plan for a National Research Foundation foundered.
As already noted, Bush’s first canon about basic research—that it
1s performed without thought of practical ends—was admirably
designed to persuade the country and the policy community that
attempts to constrain the free creativity of the basic scientist would
be inherently self-defeating. His second canon-—that basic research
is the pacemaker of technological improvement—was designed to
persuade the policy community that the investment in basic science
would yield technology to meet a broad spectrum of the country’s
needs.

The Response to Bush’s Plan

The reception of Science, the Endless Frontier was filled with
irony, since Bush’s organizational plan was defeated while his
ideology triumphed. His plan for a largely self-governing National
Research Foundation as broad in scope as his wartime Office of
Scientific Research and Development was shattered by the policy
process during the five-year interval between publication of his
report in 1945 and the creation of the National Science Founda-
tion in 1950. Although Bush’s plan was immediately put in bill
form by Senator Warren G. Magnuson of Washington state, resis-
tance to its provisions by the president and Congress delayed its
enactment for half a decade. The most important grounds of re-
sistance were exactly the provisions by which Bush sought to in-
sulate the new agency from political control. President Truman
and his advisers never wavered from the belief that the agency
must be administered by a director chosen by the president and
confirmed by the Senate. Truman vetoed a bill that lacked this
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provision in 1947 when the Republicans controlled both houses
of Congress, but Congress could not muster the votes to override
the veto. The bill ultimately signed into law in 1950, after the
Democrats regained control of Congress, required the director to
be appointed by the president and confirmed by the Senate, al-
though the National Science Foundation’s first director, Alan T.
Waterman, deferred on policy to the National Science Board, a
part-time body generally conforming to Bush’s plan.*®

Bush’s proposal also faced opposition in Congress from those
who correctly saw the provisions for the agency’s governing board
as an attempt to give the country’s leading scientists a dominant
voice and wished to diversify the government’s investment in sci-
ence beyond the elite universities and firms. Many of Bush’s critics
in Congress, a supremely geographic institution attuned to con-
stituency interests, equated a more egalitarian approach with a
geographic formula for the distribution of funds.

There was also resistance to Bush’s proposal on two other
points. One concerned the rights to patents for developments flow-
ing from government-sponsored research, a sensitive matter in the
years before and during World War II. But this issue lost much of
its charge when it became clear that the grants made by the Na-
tional Science Foundation, as it was eventually named, would be
largely for research in the universities rather than industry. A sec-
ond point had to do with the social sciences. Bush and his allies
were conservative on this issue and reluctant to embroil science in
the value controversies that seemed endemic to the social studies.
The bills inspired by Bush’s report grouped social science with
“other sciences,” whereas those in Congress who wanted a more
progressive role for science pressed for explicit mention of the
social sciences. Bush’s view prevailed in 1950, and only in 1968
was the law amended to specifically authorize the Foundation to
support social science research.

During the five-year delay between the publication of Science,
the Endless Frontier and the creation of the National Science Foun-
dation the policy process fragmented the portfolio that Bush had
sought to deliver into the hands of a National Research Founda-
tion. The first part to go was nuclear research, which was vested
by the Atomic Energy Act of 1946 in a five-person Atomic Energy
Commission. Although a more general scientific agency was likely
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to have devolved direct responsibility for nuclear energy, as OSRD
devolved responsibility for the work of its Uranium Committee to
the Manhattan Project in 1943, the agency Bush envisaged would
have had greater involvement in this aspect of the government’s
support of science. The law creating the National Science Foun-
dation turned the tables, however, and required Atomic Energy
Commission approval of NSF grants for research in nuclear
science.’?

The military services filled a second part of the vacuum left by
OSRD with programs of their own for supporting basic research,
a transfer that was cemented by the creation of the Department of
Defense in 1949. Knowing that OSRD would soon be gone, the
secretaries of War and Navy had earlier created a Joint Research
and Development Board chaired, ironically, by Bush himself. The
Office of Naval Research, created in 1945, launched a vigorous
program of support for basic science, becoming in some respects
a “National-Science-Foundation-in-waiting.”” Its National Re-
search Advisory Committee was an important link with the uni-
versity community and developed a successful early model of the
peer-review system for selecting projects deserving support. Alan
T. Waterman, ONR’s deputy director and chief scientist, later
became the founding director of the National Science Foundation.

Perhaps most tellingly of all, the proposed domain of a National
Research Foundation was further diminished by the provisions
made for biomedical research in the absence of a successor to
OSRD. With Congress and the president deadlocked on the new
agency, OSRD’s Medical Committee arranged in 1947 to transfer
its research contracts to the U.S. Public Health Service. The Na-
tional Institute of Health, which had been largely an in-house
laboratory for biomedical research since the 1930s, was renamed
the National Institutes of Health and given a flourishing program
of extramural grants, on which Congress showered appropriations
on an ever-increasing scale.”!

We may wonder how effective a general basic science agency
governed by a board drawn from the scientific community could
ever have been in the decades after the war. The scope of the
proposed agency would have involved it in the affairs of a wide
range of government departments. To cope with the pressures of
a revived budgetary process, it would have needed powerful new
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allies in Congress. It would also have needed the strong presiden-
tial backing that Bush found essential even in the war, when he
had functioned as the president’s science adviser. White House
support was, for example, as essential when the scientific work on
the atomic bomb was transferred to OSRD early in the war as it
was when the development of the bomb was spun off to the U.S.
Army’s Manhattan Project in 1943—with Bush continuing to
chair a “top policy committee” that reported directly to the pres-
ident. With Roosevelt and the invaluable Hopkins gone from the
White House, Bush’s ties with Truman and his aides were far more
distant. His relations with John R. Steelman, a presidential assis-
tant with increasing responsibility for science policy, were partic-
ularly edged by tension, and Steelman won the president’s blessing
for the idea of producing, within two years of Bush’s report, his
own ““Steelman Report,” Science and Public Policy, which sought
in five volumes to supersede Science, the Endless Frontier in key
respects.®? It is hardly believable that without strong backing from
the president and the centers of power in Congress, the authority
of an autonomous Foundation, dominated by the nation’s scien-
tific establishment, could have been nearly as broad as OSRD’s
during the war.

In any case, the organizational plan set out by Science, the End-
less Frontier was never put to the test, and the irony of its reception
is deepened by the fact that the defeat of the plan made it more
likely that its paradigm view of science and technology would
triumph. Indeed, if Bush’s organizational plan had succeeded, it is
unlikely that his report would have left as deep an ideological
imprint as it did. Its defeat allowed the paradigm view to be
warmly endorsed by the R&D-intensive mission agencies as well
as by the National Science Foundation when it was eventually
created. Once the responsibilities for the support of basic science
were fragmented and its own scientific turf secured, the Defense
Department could endorse Bush’s outlook as a way of cementing
its relations with the scientific community. An enterprising re-
porter for Fortune magazine went to a meeting of the American
Physical Society in spring 1948 and found that nearly 80 percent
of the papers were supported by the Office of Naval Research.
Harvey Brooks and others have reminded us how far the onset of
the cold war restored the status quo ante of World War II for parts
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of the scientific community. Indeed, that a reduced form of Bush’s
proposal did not wither and die during this five-year delay is due
partly to how well the cold war sustained the belief that a strong
scientific base was a key to military security.’* The outbreak of the
Korean War and the very real possibility of the cold war’s turning
hot was the urgent backdrop of the actual organization of the
National Science Foundation at the beginning of the 1950s.5°

The National Science Foundation was free to wholeheartedly
endorse Bush’s vision when it was created at the end of this five-
year pause. With the narrower mission of supporting basic re-
search in the universities, the Foundation could be expected to find
the idea of pure research as the ultimate font of technological
progress congenial, and the description of the “technological se-
quence” in the second annual report of the National Science
Board, quoted in chapter 1, is as clear a statement of the linear
model of technology transfer as can be found in print. Waterman,
knowing how protective of turf the departments and agencies
were, steadily resisted the Budget Bureau’s urging that NSF take
responsibility for thinking about science in the government as a
whole.

The postwar event that made clear how deeply Bush’s paradigm
view had soaked into the consciousness of the policy community
was the response to the launching of Sputnik in 1957. The United
States might have seen Sputnik as a challenge to a particular sector
of American technology and renewed its effort to match or surpass
the Soviet achievement in this sector by building bigger booster
rockets and perfecting other parts of its space technology. It did
do this and ultimately put a man on the moon. But the policy
community also responded to Sputnik as a general Soviet challenge
to American science, since they were persuaded that breakthroughs
in technology must be based on prior breakthroughs in science.
President Dwight D. Eisenhower himself played an important role
in this response. He installed James R. Killian of MIT as the first
science adviser to the president since the days of Bush, with in-
structions to help plan the scientific response to Sputnik. He also
created the President’s Science Advisory Committee (PSAC), with
Killian as chairman. But Congress was equally determined to meet
this challenge to American science. As a result, the years after this
unwelcome Soviet surprise were ones of soaring budgets for vir-
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tually every branch of American science—so that the innovations
coming out of the other end of the pipeline leading from basic
scientific advances to new technology would be our surprises and
not theirs. From the launching of Sputnik to the landing of an
American on the moon, federal support for basic science increased
in real terms almost by a factor of five.

The mood generated by Sputnik and the early cold war challenge
did not survive the 1960s. Vietnam, the turbulence on the cam-
puses and in the cities, the end of the long years of economic
expansion without inflation, the concern with harmful effects of
technology—these and other factors sharply reduced the willing-
ness of the policy community to go on funding the expansion of
basic science that was so essential an element of the postwar com-
pact between science and government.’® Yet it was remarkable
how effectively Bush’s paradigm continued to supply the concepts
for the debate between those who sought to change and those who
defended the postwar bargain. :

The pervasiveness of these concepts is shown by the exchange
following the Defense Department’s shot across the bow of the
scientific community when it mounted a retrospective survey of
the contribution of research to a series of current weapons systems.
The results of this “Project Hindsight” undercut any simple belief
that scientific discoveries were the immediate source of continuing
improvements in military technology. Of the several hundred crit-
ical “events” in the development of twenty weapons systems, fewer
than 1 in 10 could be traced to research of any kind and fewer
than 1 in 100 to basic research untargeted on defense needs. Most
improvements in this weaponry were found to be modifications of
existing technology or the result of development activities inspired
not by research but by an awareness of the technical limitations
of existing systems.*” In view of the role of science-inspired weap-
ons in bringing World War II to an end and creating the postwar
strategic balance, no one could seriously have thought that only a
tenth or hundredth part of the country’s military strength rested
on prior basic research, although this study was a reminder of how
many of the advances in technologies where the U.S. remained
ascendant in a high-tech age were extensions of existing tech-
nology rather than the result of scientific discoveries, much as
Multhauf would have led us to expect.
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The scientific community reacted with understandable dismay,
since Project Hindsight so directly challenged the value of the $400
million the Defense Department and other mission agencies of the
federal government were annually investing in basic research. The
National Science Foundation commissioned a rebuttal study,
TRACES, that charted the antecedents of five technological inno-
vations—videotape recorders, oral contraceptives, electron micro-
scopes, magnetic ferrites, and matrix insulation. Since these were
known to have sources in basic science, the rebuttal merely dem-
onstrated what was already clear— that technological innovation
could be science-based—rather than more generally assessing the
dependence of new technology on advances in basic science.®

It 1s possible to criticize both the Hindsight and TRACES studies
as searching for the sources of innovation in discrete “events” in
science. Yet what is most notable about this exchange for our
conceptual account is how deeply the outlook of each side was
shaped by the postwar paradigm. In particular, both the Defense
Department and the Science Foundation continued to think in
terms of the linear model, with analysts from the Defense Depart-
ment claiming that all that mattered for these defense technologies
was the limited segment of this sequence from development to
production and operations, while NSF’s analysts argued the pri-
macy of pure research in the rise of the technologies explored by
the TRACES study. Neither side gave any real attention to the
possibility that technological needs might inspire research of fun-
damental scientific importance. This is the more striking in the
case of those who touted the TRACES findings, since there is clear
evidence that some of the basic scientific research examined by
this study was directly inspired by the technological uses to which
it ultimately led.

Therefore, factors both ancient and modern help to resolve the
paradox of why a paradigm view of science and technology so far
removed from their true relationship came to prevail. The ideal of
pure inquiry that underlay the first of Bush’s canons is as old as
classical antiquity; in the Greek world, only the Hippocratics stood
out against the separation of philosophic inquiry from the applied
arts. The very different attitude toward practical ends by Bacon’s
time linked understanding and use in a common framework of
encyclopedic science. But as a deeper science, distinct from tech-
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nology, emerged in later centuries, the natural philosophers came
to believe that their discoveries would lead to the betterment of
mankind but that this would be the work of others at a later time—
a view that foreshadowed the second of Bush’s canons. And by
the time, three centuries after Francis Bacon, when this deeper
science was demonstrably the source of new technology, the inter-
active ties of science and technology through use-inspired basic
research were shrouded by a further historical accident in the mid-
twentieth century—the effort of the scientific community to pre-
serve the autonomy of publicly funded science by declaring that
efforts to constrain the creativity of basic research by considera-
tions of use were inherently self-defeating. With the triumph of
the outlook of Science, the Endless Frontier the paradox was com-
Plete. But the tension between this paradigm and the actual expe-
rience of science remained, and the challenges to Bush’s canons
became more insistent as the country’s needs shifted from the
military to the economic sphere. The next chapter develops a view
of this relationship more in keeping with the realities of basic
science and technological innovation.



TRANSFORMING
THE PARADIGM

ALF A CENTURY has passed since Vannevar

Bush articulated the paradigm view of basic
science and its role in technological innovation that was absorbed
into the thinking of the scientific and policy communities after
World War II. This framework of understanding, partly inspired
by the ideal of pure inquiry in Western scientific philosophy and
reinforced by the institutional separation of pure from applied
science and by the postwar interests of the scientific community,
has influenced science and technology policy over much of the
succeeding period.

Yet this framework has come under heavy pressure as the pol-
icies to which it led seem less adequate for the needs of a different
era. Indeed, these doubts have appeared in each of the major
industrial countries. It is no longer believed that a heavy invest-
ment in pure, curiosity-driven basic science will by itself guarantee
the technology required to compete in the world economy and
meet a full spectrum of other societal needs. Britain, for example,
issued a May 1993 White Paper on science and technology policy
which flatly stated, “The Government does not believe that it is
good enough simply to trust to the automatic emergence of appli-
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cable results [from basic research] which industry then uses.””* In
each of the industrial countries interest in harnessing science for
the technological race is increasing, and this interest helps to create
a climate that is receptive to a fundamental critique of the postwar
framework for thinking about science and technology.

Early Dissents

Once the prevailing paradigm is challenged, it is not difficult to
find early observers who tried to reshape its one-dimensional im-
ages, seeking like Michelangelo to release the conceptual angel
from the surrounding marble. Such an early sculptor was James
B. Conant, who as Harvard’s president served as one of Bush’s
closest colleagues during the war. Conant declined to be named
the founding director of the National Science Foundation when
the new agency was created in 1950. But he agreed to join the
National Science Board and was elected its chairman. His fore-
word to the Foundation’s first annual report included this notably
heterodox view:

No one can draw a sharp line between basic and applied
research and the Foundation will support many investigations
that might be classed in one area or the other. Indeed, speaking
for myself and not for the Board, I venture to suggest that we
might do well to discard altogether the phrases “applied re-
search” and “fundamental research.” In their place I should put
the words “programmatic research” and “uncommitted re-
search,” for there is a fairly clear distinction between a research
program aimed at a specific goal and an uncommitted explo-
ration of a wide area of man’s ignorance. It would be safe to
say that all so-called applied research is programmatic buz so,
too, is much that is often labeled fundamental

Conant made clear that this view was his own and not the
board’s. Well he might, since the Foundation’s annual reports
stressed the importance of the “technological sequence.” Conant
avoided a direct clash with Bush by substituting “fundamental”
for “basic.” But Conant understood these terms to refer, inter-
changeably, to all research that seeks to extend understanding
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within a scientific field—and therefore to include more than the
curiosity-driven science that he called “uncommitted research”
and Bush had called basic research.? Indeed, by refusing to equate
“fundamental” with “uncommitted” Conant recognized a cross-
cutting relationship between the goals of understanding and use,
one that divides basic or fundamental research into programmatic
work that is influenced by considerations of use and uncommitted
work that is a pure voyage of discovery.

The idea of dividing basic research according to whether or not
it also is inspired by considerations of use has appealed to a num-
ber of observers who wanted to provide for a more complex re-
lationship between these goals. The historian of science, Gerald
Holton, in his remarkable essay on Thomas Jefferson’s vision of
the Lewis and Clark expedition, articulates the need for a category
of research that combines Newton’s tradition of understanding the
natural world with Bacon’s tradition of using this understanding
to achieve purposive ends. Such a category would encompass “re-
search in an area of basic scientific ignorance that lies at the heart
of a social problem.”* Lillian Hoddeson, in a series of articles on
basic research in Bell Laboratories, offered this modification of the
framework:

“Fundamental” and “pure research” refer to the attempt by
experimental and theoretical means to understand the physical
underpinnings of phenomena. The special term “basic research”
refers here to fundamental studies carried out in the context of
industry, which may lead to, but do not aim primarily at, ap-
plication, Applied research, on the other hand, which encom-
passes engineering and technology, does aim primarily at prac-
tical application.’

Hoddeson’s specialized use of “basic research™ is close to the cat-
egory of research offered by Deborah Shapley and Rustum Roy in
their dispirited survey of contemporary science and science policy:

What was lost, in a word, was the importance of applied
science and engineering, and something else we shall call pur-
posive basic research, i.e., research of a fundamental nature that
is done with a general application in mind, like Charles H.



TRANSFORMING THE PARADIGM 61

Townes’ discovery of the maser while working on microwave
transmission for Bell Laboratories, or most biomedical
research.®

Frustration with the prevailing framework is indeed endemic
among those who have tried to fit its categories to research in
biomedical science. A number of biomedical scientists have argued
that applied research includes studies that also seek a more basic
understanding of a field. Thus Julius Comroe and Robert Dripps,
in their seminal study of work leading to major clinical advances,
define a category of research that is related to a clinical problem
but is also “concerned with basic biological, chemical, or physical
mechanisms.””

The insulation of basic research from thought of practical ends
has been defended against such challenges partly by conceding
the legitimacy of the concern for applied goals among those who
support research but not among those who perform it. In an era
of institutionalized science, research is typically set in an organi-
zational framework where influence on goals may be shared with
those who establish priorities and control funds at various levels.
Alan T. Waterman, NSF’s first director, wove this difference be-
tween sponsor and investigator into a defense of Bush’s belief that
scientists must be free to pursue basic research wherever it leads.
In his 1964 address as retiring president of the American Associ-
ation for the Advancement of Science, Waterman noted:

There has been a steady increase in the support of basic re-
search which may be termed “mission-oriented”*—that is, which
is aimed at helping to solve some practical problem. Such re-
search is distinguished from applied research in that the inves-
tigator is not asked or expected to look for a finding of practical
importance; he is still exploring the unknown by any route he
may choose. But it differs from “free” basic research in that the
supporting agency does have the motive of utility, in the hope
that the results will further the agency’s practical mission . . .
Thus, basic research activity may be subdivided into ““free”
research undertaken solely for its scientific promise, and
“mission-related” basic research supported primarily because
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its results are expected to have immediate and foreseen practical
usefulness.®

It is noteworthy how deftly Waterman introduced the category
of “mission-oriented” basic research without giving an inch on
Bush’s insistence that basic research must be done by scientists
who have no thought of practical ends. In Waterman’s formula-
tion, only the funding agency need have such thoughts, as it sup-
ported “mission-oriented” basic research. The individual investi-
gator would, in effect, share with the sponsoring agency only the
choice of the research problem, and thereafter be free to pursue
the research without thought of practical ends.

Harvey Brooks offered a more sophisticated version of Water-
man’s view in a 1967 report to the House Committee on Science
and Astronautics on how to enlist science for advances in tech-
nology as Congress took up the “Daddario amendments™ to NSF’s
charter.” Brooks’s introduction sets out an interesting analysis of
the distinctness of basic and applied research, one that echoes
Waterman by noting that '

there can be a perfectly viable difference in viewpoint between
the research worker and his sponsor. Research that may be
viewed as quite fundamental by the performing scientist may be
seen as definitely applied and may fit into a coherent pattern of
related work from the standpoint of the sponsoring organiza-
tion or agency.®

This observation led Brooks, as it had Waterman, to subdivide
basic research according to this interplay of institutional influences
on problem selection. Shortening Waterman’s “mission-oriented
basic research” to “oriented basic research,” he observed that

the general field in which a scientist chooses or is assigned to
work may be influenced by possible or probable applicability,
even though the detailed choices of direction may be governed
wholly by internal scientific criteria. Research of this type is
sometimes referred to as “oriented basic research.”!

Brooks also noted that research may be differently perceived
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according to where it is done. For example, certain types of re-
search on semiconducting materials, carried out in a university
laboratory, “might be regarded as fairly ‘pure,” while in Bell Lab-
oratories they would be regarded as ‘applied’ simply because po-
tential customers for the research results existed in the immediate
environment,”*? a factor that influences the view held by the bench
scientist and not only the view held by the scientist’s sponsors:

Once the transistor was discovered, and germanium became
technologically important, almost any research on the proper-
ties of group IV semiconducting materials could be considered
to be potentially applicable . . . and research into the theory of
zone-refining single crystals was of such obvious immediate ap-
plication to the control of transistor materials that it could
legitimately be called applied rather than merely applicable,”
whereas “prior to the discovery of the transistor, both of these
types of research would have been of equal interest and impor-
tance from the scientific viewpoint, but they would have been
classified as quite fundamental or ‘pure’.’

But in a remarkable aside, Brooks allowed himself a far more
radical view by noting that

the terms basic and applied are, in another sense, not oppo-
sites. Work directed toward applied goals can be highly funda-
mental in character in that it has an important impact on the
conceptual structure or outlook of a field. Moreover, the fact
that research is of such a nature that it can be applied does not
mean that it is not also basic.**

He supported this observation with the example of Louis Pasteur,
whose later work was, as we have seen, an impressive synthesis of
the goals of understanding and use. This aside represented a much
more radical break with the idea of a one-dimensional spectrum
of basic and applied research and helps to prepare the way for a
different framework for thinking about the goals of understanding
and use.
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Official Reporting Categories

With the interests served by Bush’s framework so firmly en-
trenched, the United States did little at an official level to respond
to the logic of these early dissents. But the countries with a differ-
ent postwar experience sought to recognize a more complex rela-
tionship between understanding and use. With the exception of
Britain, none of the other industrial countries shared the distinctive
circumstances that led the postwar paradigm to become so deeply
ingrained in America.’* The economic and social dislocations of
the war kept the scientists in these countries from making claims
on government equivalent to those asserted in the United States
by the campaign that followed publication of Science, the Endless
Frontier, although the postwar stature of American science made
Bush’s framework highly visible in all of the industrial countries.

A natural, if ultimately limited, focus for the conceptual efforts
to mix the goals of understanding and use was the work of the
Organization for Economic Cooperation and Development to re-
fine the categories within which OECD’s member nations reported
scientific and technological activities. These efforts can be traced
through the successive versions of OECD’s Frascati Manual, so
called because the 1963 conference that agreed on the first manual
was held in the Italian town of Frascati. The first manual, drafted
largely by Christopher Freeman, a British specialist on science
policy who later was cofounder of the Science Policy Research
Unit at the University of Sussex, drew on the definitions the U.S.
National Science Foundation had been using for about a decade.
Hence, his draft presented no challenge to the Bush categories, to
the relief of the National Science Foundation’s representatives.
Fundamental research was defined as ““work undertaken primarily
for the advancement of scientific knowledge, without a specific
practical application in view;” applied research, as work that did
have “an application in view.” Moreover, in keeping with the
linear model of technology transfer, experimental development was
defined as “the use of the results of fundamental and applied
research directed to the introduction of useful materials, devices,
products, systems, and processes, or to the improvement of exist-
ing ones;”’*¢ Bush’s second canon, that technological innovation is
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ultimately rooted in scientific discovery, was alive and well at the
Frascati conference.

These categories were modified when the Frascati Manual was
revised in 1970. This revision approached the definition of basic
and applied research at three levels. It first of all offered a generic
definition of research and experimental development as “creative
work undertaken on a systematic basis to increase the stock of
scientific and technical knowledge and to use this stock of knowl-
edge to devise new applications.”*” It then defined basic research
(“fundamental” having given way to Bush’s term) as “original
investigation undertaken in order to gain new scientific knowledge
and understanding . . . not primarily directed towards any specific
practical aim or application” and applied research as “original
investigation undertaken in order to gain new scientific or techni-

cal knowledge . . . directed primarily towards a specific practical
aim or objective.”'® Thus far, the prevailing framework remained
unchallenged.

At a third level, however, the revised manual added some ob-
servations about basic research that echo Waterman’s and
Brooks’s view of “oriented research,” noting in particular that,
although basic research “has no immediate specific practical ap-
plications in view,” it “may be oriented towards an area of interest
to the performing organization,” adding that “in oriented basic
research the organization employing the investigator will normally
direct his work towards a field of present or potential scientific,
economic or societal interest.”*® These revisionist comments were
accompanied by a figure, reproduced here as figure 3-1, in which a
circle of “oriented basic research™ is included in a larger circle for
“applied research”—as well as, puzzlingly, in a still more embracing
circle for “experimental development”—with a circle for “pure basic
research” tangent to, but not intersecting, these nested circles.

Although this fleur-de-lis-like figure did signal some relaxation
in the presumption that understanding and use are opposed, it did
little to clarify the conceptual relationship between these goals and
has not been widely reproduced. It also suffered the disabilities of
providing only for a dichotomous split of basic research between
“pure” and “oriented” research and of presuming that the mix of
goals in the latter category results only from the organizational
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Figure 3-1. Diagrammatic Presentation of the Concepts of Basic and
Applied Research and Experimental Development Research in the 1970
Frascati Manual

Specific practical aim or objective

T

Experimental development

Applied research

Oriented basic
research

Pure basic research

SOURCE: OECD Directorate for Scientific Affairs, The Measurement of Scientific and
Technical Activities: Proposed Standard Practice for Surveys of Research and Experi-
mental Development (Frascati Manual) (Paris: Organization for Economic Cooperation
and Development, 1970), p. 14.

sponsorship of research and not from a meld of goals held by the
research scientist. This organizational gloss is missing from a num-
ber of subsequent definitions of “strategic research,” the term that
supplanted “oriented research” in the 1980 revision of the Frascati
Manual *°
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Two British scholars, John Irvine and Ben R. Martin, have ad-
dressed the issue of strategic research in the course of two illumi-

nating surveys of research foresight in a number of countries.?!
Their 1989 book has this to say:

Here, the traditional three-fold distinction between “basic
research,” “applied research,” and “‘experimental develop-
ment” is now recognized as inadequate. The “basic” category
is especially problematic in that it covers a disparate variety of
activities ranging from curiosity-oriented, proposal-driven re-
search through long-term targeted programmes supported by
sectoral government agencies, to speculative work in industry
where no specific application is yet in mind. It is therefore useful
to subdivide “basic research” into “curiosity-oriented research”
and “strategic research.”??

It has been inherently difficult for governments to resolve the
conceptual issue surrounding the goals of research by adumbrating
a set of statistical reporting categories. Almost any useful statistical
series becomes the prisoner of its existing definitions, and the dif-
ficulty of establishing the motives of scientific research has
strengthened the hand of those who have wanted to preserve the
empirical separateness of basic and applied research. Hence, the
conceptual issue of strategic research has been taken hostage by
problems of measurement and has remained unresolved.

This was decidedly so when the U.S. National Science Founda-
tion considered the possibility of revising the Bush framework.
The backdrop to this episode was the willingness of Congress and
the Reagan administration to establish new programs of Engi-
neering Research Centers and Science and Technology Centers.
These centers were typically located in universities but with the
participation of industry and the state governments and were de-
signed to bring the resources of several scientific and engineering
disciplines to bear on problem areas of evident importance for the
country’s needs.

It is hardly surprising that as the centers took root, NSF’s direc-
tor, Erich Bloch, should wonder whether the categories for re-
porting government-funded R&D adequately provided for stra-
tegic research of the kind the centers were intended to mount.
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Bloch therefore created a task force to consider this issue and
requested that the group also examine the mixed taxonomies pro-
posed by the British government and U.S. General Accounting
Office. The task force’s report clearly signaled the importance of
the newly funded centers in launching this review:

In recent years a number of new “research centers” have been
formed, often as a partnership of Federal government, state
government, industrial and academic interests. The research
performed at these centers tends to combine many traditional
disciplines and is oriented toward generating knowledge in fields
that may lead to discoveries that will enhance the strategic po-
sition of the U.S. in the world economy. . . . The existing tax-

onomy of research does not address this type of research very
well.23

The task force did not address the conceptual issue head-on but
shifted the basis of a taxonomy from the goals of research to the
intended users of research.?* It proposed a threefold categorization
of research—with fundamental research leading to “results in-
tended at the time the research is funded for dissemination to other
researchers and educators™; strategic research to results “of evident
interest to a broad class of users, external to the research com-
munity, that can be identified at the time the research is funded,”
although “the intended users of the results may also be within the
research community”; and directed research to results bearing on
“the specific needs of the sponsoring organization.”?

The report and appended evaluation of other taxonomies made
clear that the task force had chosen to focus on users in the belief
that it would be difficult to match accurate data to a taxonomy
based on goals and that it should find a taxonomy that would be
a “nonthreatening” change for other federal agencies that fund
substantial R&D; the conceptual issue was again taken hostage
by problems of measurement. In any event, not much came of the
task force’s proposals, NSF still adheres to definitions of basic and
applied research that are firmly in the Bush tradition. Only in its
annual survey of industrial R&D does it attach to the definition
of basic research the limited observation that basic research “may
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be in the fields of present or potential interest to the reporting
company.”?¢

Hence, the twenty-year effort of the OECD countries to modify
their reporting categories has done less than we might expect to
clarify the relationship of understanding and use as goals of re-
search. The extensive discussions of a new (fifth) edition of the
Frascati Manual that were held in the early 1990s found only two
governments pressing to modify the traditional distinction be-
tween basic and applied by including a category for strategic re-
search. These two governments did not agree on how such a cat-
egory should be defined, and the reservations among the other
members were strong enough to limit the headway that could be
made toward resolving the conceptual issue surrounding this dis-
tinction. Indeed, language that went beyond the prior Frascati
Manuals was considerably watered down during the stage of con-
sultation with member countries on the text of the new edition.

The reservations were of several kinds. To begin with, there
again was a desire to preserve the historical distinction between
basic and applied and the statistical series associated with it. As a
result, revisionist proposals were directed toward how strategic
research might be accommodated by drawing distinctions within
the basic and applied categories, rather than by cutting across these
categories. There was also the semantic concern that “strategic
research” might be confused with national or international secu-
rity studies, or with research on strategic materials or technologies.
But there was at least a faint new concern—that by reporting
commercially relevant strategic research an OECD country might
be seen by other governments as indirectly subsidizing goods ex-
ported by firms that benefited from the results of such research.
Some of OECD’s members were reluctant to seed a new set of
trade disputes by creating a category for reporting strategic
research.

With this last concern, the wheel came full circle. The belief that
science could be enlisted in the drive toward economic competi-
tiveness had fueled much of the interest in strategic research in
OECD’s member countries in the first place—and therefore had
also fueled much of the interest in defining categories for reporting
such research. But the very awareness that strategic research might
improve a country’s trading position, and therefore be regarded as
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an export subsidy, ultimately helped to close off the effort to define
one or more categories for reporting strategic research. After de-
fining language had been excised from the draft, all that remained
in the new Frascati edition was the observation that distinguishing
oriented from pure basic research “may provide some assistance
towards the identification of strategic research”?” and the obser-
vation that

while it is recognized that an element of applied research can
be described as strategic research, the lack of an agreed ap-
proach to its separate identification in Member countries pre-
vents a recommendation at this stage.?®

If OECD is to play a significant role in clarifying the conceptual
issue of the relationship of understanding and use as goals of
research, it awaits a new Frascati Manual in 2000 before some
fresh sculpting of categories can free this conceptual angel from
the statistical marble. What is needed is a way of cutting through
the inherently ambiguous choice of assimilating strategic research
either with basic or with applied research. Let us see how this
problem can be resolved by a framework that is clear and concep-
tually spare.

Expanding the Dimensional Image

So strong is the hold of the one-dimensional basic-applied spec-
trum that many observers who find it difficult to fit this framework
to the realities of research think the problem must be because of
the uncertainty of classification near the middle of such a spec-
trum, as if they were measurement psychologists seeking to dis-
criminate two latent classes of subjects on the basis of unreliable
measurements on a single scale. In this vein, a former director of
the Division of Science Resource Studies of the National Science
Foundation has said of the basic-applied spectrum that

any process that divides a continuum into discretely demarc-
able regions is generally plagued by fuzziness and overlaps at
the boundaries of the subdomains.?
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Figure 3-2. One Hypothetical Placement of Pasteur on the
One-Dimensional Basic-Applied Spectrum
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But the difficulty here is more than “fuzziness and overlap at the
boundaries.” It lies rather in the attempt to force into a one-
dimensional framework a conceptual problem that is inherently of
higher dimension.

To trace the implications of this we may note that Conant and
other physical scientists who have wanted to divide basic research
according to whether it also is guided by applied ends have im-
plicitly seen a cross-cutting relationship between the goals of un-
derstanding and use. And Comroe and Dripps and many of the
other life scientists who have wanted to divide applied research
according to whether it also seeks a more fundamental understand-
ing have likewise seen a cross-cutting relationship between these
research goals.

To see how this reformulation would go, return to the familiar
idea of a spectrum of research that extends from basic to applied
and ask where on this spectrum should one place the mature Pas-
teur? The first instinct might be to place him at the mid- or zero-
point of the spectrum in view of his commitment to both under-
standing and use (figure 3-2).

But a moment’s reflection is enough to see that this is quite
wrong and that the mature Pasteur deserves to be placed not at
one point but at two: he belongs far to the left of the spectrum in
terms of the strength of his commitment to understand the micro-
biological processes he discovered, but he equally belongs far to
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Figure 3-3. A Second Hypothetical Placement of Pasteur on the
One-Dimensional Basic-Applied Spectrum
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the right of the spectrum in terms of the strength of his commit-
ment to control the effects of these processes on various products
and on animals and humans (figure 3-3).

We have therefore the anomaly of Pasteur’s being represented
by two Cartesian points in this Euclidean one-space, an anomaly
that should lead us to wonder whether such a one-dimensional
figure can adequately characterize research in terms of its basic
and applied goals. We may remove this anomaly while still retain-
ing the ease of interpreting a space of spare dimension if we grasp
the spectrum at its zero point, rotate the left-hand half through an
arc of 90 degrees, and restore Pasteur to the status of a single
Cartesian point in what is now a two-dimensional conceptual
plane (figure 3-4). The vertical axis represents the degree to which
a given body of research seeks to extend the frontiers of funda-
mental understanding, the horizontal axis the degree to which the
research is guided by considerations of use.

There is not the slightest reason to think of these dimensions
only in dichotomous terms, since there can be many degrees of
commitment to these two goals. But if we do so for heuristic
reasons, it is clear that we now have not one dichotomy but two.
This dual dichotomy can be exhibited as a fourfold table with cells
or quadrants (figure 3-5).*°
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Figure 3-4. Pasteur’s Placement in a Two-Dimensional Conceptual Plane
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It will help to fix the meaning of this array if we characterize its
quadrants. The upper left-hand cell includes basic research that is
guided solely by the quest for understanding without thought of
practical use. It might be called Bohr’s quadrant in view of how
clearly Niels Bohr’s quest of a model atomic structure was a pure
voyage of discovery, however much his ideas later remade the
world. This category represents the research ideal of the natural
philosophers, institutionalized in the pure science of the Germans

Figure 3-5. Quadrant Model of Scientific Research

Research is inspired by:
Considerations of use?

No Yes
Pure basic Use-inspired
Yes research basic research
(Bohr) (Pasteur)
Quest for
fundamental
understanding?
Pure applied
No research
{(Edison)




74 TRANSFORMING THE PARADIGM

in the nineteenth century and of the Americans in the twentieth,
and includes Bush’s concept of “basic research.”

The lower right-hand cell includes research that is guided solely
by applied goals without seeking a more general understanding of
the phenomena of a scientific field. It would be appropriate to call
it Edison’s quadrant, in view of how strictly this brilliant inventor
kept his co-workers at Menlo Park, in the first industrial research
laboratory in America, from pursuing the deeper scientific impli-
cations of what they were discovering in their headlong rush to-
ward commercially profitable electric lighting. A great deal of
modern research that belongs in this category is extremely sophis-
ticated, although narrowly targeted on immediate applied goals.

The upper right-hand cell includes basic research that seeks to
extend the frontiers of understanding but is also inspired by con-
siderations of use. It deserves to be known as Pasteur’s quadrant
in view of how clearly Pasteur’s drive toward understanding and
use illustrates this combination of goals. Wholly outside the con-
ceptual framework of the Bush report, this category includes the
major work of John Maynard Keynes, the fundamental research
of the Manhattan Project, and Irving Langmuir’s surface physics.
It plainly also includes the “‘strategic research” that has waited for
such a framework to provide it with a conceptual home, a case of
orphanhood noted above.

The lower left-hand quadrant, which includes research that is
inspired neither by the goal of understanding nor by the goal of
use, is not empty, and the fact that it is not helps make the point
that we do have two conceptual dimensions and not simply a more
elegant version of the traditional basic-applied spectrum. Indeed,
the “prediction” of such a category further validates the frame-
work as a whole. This quadrant includes research that systemati-
cally explores particular phenomena without having in view either
general explanatory objectives or any applied use to which the
results will be put, a conception more at home with the broader
German idea of Wissenschaft than it is with French and Anglo-
American ideas of science. Research of this type may be driven by
the curiosity of the investigator about particular things, just as
research in Bohr’s quadrant is driven by the curiosity of the sci-
entist about more general things. The bird watchers who are grate-
ful for the highly systematic research on the markings and inci-
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dence of species that went into Peterson’s Guide to the Birds of
North America might want to call this Peterson’s quadrant, al-
though this is too limited an example to warrant the name.

In the dynamic pathways that link research in the four cells of
the table, it is clear that studies in the fourth quadrant can be
important precursors of research in Bohr’s quadrant, as it was in
the case of Charles Darwin’s masterpiece The Origin of Species, as
well as of research in Edison’s quadrant. Other motives inspire
research in this quadrant. There are cases in which the prime goal
of research is to enhance the skills of the researchers. Arnon gives
examples of agricultural research projects in which the investiga-
tors start to work in a new area not for the findings they will
obtain but to gain skill and experience they may later use “when
problems arise in the area” or when breakthroughs achieved by
other researchers make the field hot.3! Those familiar with the role
of research in the policy process will have no difficulty identifying
cases where studies are launched not for what they learn but to
block the start of an operating program, a goal to which the
Investigators may be willing parties.3?

Probing the Framework

The sense of abstractness is lessened and the greater realism of
such a conceptual plane is demonstrated if this framework is ap-
plied to an illustrative body of research. A chapter from the annals
of research that admirably lends itself to this purpose is the analysis
by Comroe and Dripps of the developments in physical and bio-
logical science that led to the most significant recent advances in
diagnosing, preventing, and curing cardiovascular or pulmonary
disease.* These investigators mounted their uniquely detailed in-
quiry into the scientific backdrop of new technology in the 1970s,
provoked by the shift toward purely applied biomedical research
that had been signaled by the Johnson and Nixon administrations.

The findings from their meticulous study are, to begin with, a
striking illustration of how multiple, unevenly paced, and nonlin-
ear are the paths between scientific discovery and new technology.
From this standpoint, their account of the developments leading
to cardiac surgery is especially interesting:
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When general anesthesia was first put to use in 1846, the
practice of surgery exploded in many directions, except for tho-
racic surgery. Cardiac surgery did not take off until almost 100
years later, and John Gibbons did not perform the first success-
ful operation on an open heart with complete cardiopulmonary
bypass apparatus until 108 years after the first use of ether
anesthesia. What held back cardiac surgery? What had to be
known before a surgeon could predictably and successfully re-
pair cardiac defects? First of all, the surgeon required precise
preoperative diagnosis in every patient whose heart needed re-
pair. That required selective angiocardiography, which, in turn,
required the earlier discovery of cardiac catheterization, which
required the still earlier discovery of X-rays. But the surgeon
also needed an artificial heart-lung apparatus (pump-oxygena-
tor) to take over the function of the patient’s heart and lungs
while he stopped the patient’s heart in order to open and repair
it. For pumps, this required a design that would not damage
blood; for oxygenators, this required basic knowledge of the
exchange of O, and CO, between gas and blood. However,
even a perfect pump-oxygenator would be useless if the blood
is clotted. Thus the cardiac surgeon had to await the discovery
and purification of a potent, nontoxic anticoagulant—
heparin.*

The aspect of their analysis that directly bears on our framework
is their painstaking assessment of the goals moving those respon-
sible for the scientific advances that prepared the way for these
breakthroughs in medical technology. Comroe and Dripps first of
all elicited from physicans and specialists in the field the ten most
important clinical advances since the early 1940s for “diagnosing,
preventing, or curing cardiovascular or pulmonary disease; stop-
ping its progression, decreasing suffering, or prolonging useful
life.” In addition to open heart surgery, the resulting list included
blood vessel surgery, treatment of hypertension, management of
coronary artery disease, prevention of poliomyelitis, chemother-
apy of tuberculosis and acute rheumatic fever, cardiac resuscita-
tion and cardiac pacemakers, oral diuretics (for treatment of high
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blood pressure or of congestive heart failure), intensive care units,
and new diagnostic methods.

They then analyzed the work that led to each of these advances.
With the help of 140 consultants they identified the knowledge
essential to each advance and more than 500 “key articles,” going
back in some cases more than two centuries, reporting the work
that developed this knowledge. They made these articles (or, equiv-
alently, the reported research) the central focus of their analysis,
classifying them in two ways. The first was whether the authors
of these reports gave any sign of the work’s having been “clinically
oriented” by indicating “an interest in diagnosis, treatment, or
prevention of a clinical disorder or in explaining the basic mech-
anisms of a sign or symptom of the disease itself.” In our frame-
work, this amounts to asking whether a given piece of work should
be placed in the left- or right-hand column of figure 3-5.

Comroe and Dripps crossed this with a second classification,
according to whether the reported research was basic in the sense
that the investigator sought to understand the mechanisms respon-
sible for observed effects; that is, in our terms, whether the re-
search should be placed in the upper or lower row of our fourfold
table. The three resulting categories—basic research unrelated to
the solution of a clinical problem, basic research related to the
solution of a clinical problem, and research not concerned with
basic biological, chemical, or physical mechanisms—correspond
with Bohr’s, Pasteur’s, and Edison’s quadrants. They found that
these categories included, respectively, 37 percent, 25 percent, and
21 percent of the key articles. The remaining 17 percent were
classified as development (15 percent) or as “review and synthesis”
(2 percent). The 25 percent classified as basic research related to
the solution of a clinical problem (that is, work lying in Pasteur’s
quadrant) is impressive further evidence of the intermingling of
understanding and use as goals of research, although the 37 per-
cent classified as basic research unrelated to the solution of a
clinical problem (that is, work lying in Bohr’s quadrant) is a fresh
tribute to the role of pure research in new technology.’s

What is entailed by this way of thinking about basic and applied
science may be further clarified by addressing four conceptual
issues. Each is important in its own right, and a discussion of these
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points may also lessen any sense that invoking the idea of a con-
ceptual plane is a purely formal device.

Characterizing research ex ante or ex post. The first of these
issues is whether the classification of research as basic and applied
should rest on advance judgments as to the intended goals of
research or on retrospective judgments as to what research has
achieved. It is sometimes objected that classifying research on the
basis of intended goals involves unscientific speculation about the
motives of researchers that is quite unlike the assured and objective
judgments historians of science can later make. One resisting sci-
entist has said that distinguishing basic from applied research on
the basis of such ex ante judgments is like putting scientists on the
couch.

The logic of classifying research on the basis of intended goals
rather than known achievements rests on the fact that policy has
to do with choice—the choices facing individual scientists, the
choices facing those who match resources to alternative research
uses at the retail or wholesale level. All of these require ex ante
judgments under the uncertainty that is an inherent part of re-
search yet to be done. Although the historian of science will in due
course be able to give far more assured judgments as to which
research proved in fact to advance the general understanding of a
field and which in fact led to significant use, only a framework
that deals ex ante with the goals of research can serve the needs
of science and technology policy.

Such an approach reaches beyond purely private motives. Al-
though there must always be some uncertainty as to whether the
goals of research will be achieved, these purposes have to do with
“obijective” future conditions, about which considered judgments
can be made. Indeed, the integrity of the peer review process rests
on the fact that it is possible to reach considered, institutionalized
judgments on the likelihood of achieving the goals specified for
particular projects of research.

Whose goals are to be consulted? Sometimes the objection is
made that it is impossible to distinguish types of research on the
basis of goals because those who play different roles in the modern
system of research may have different goals for a given project. In
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an era of organized science, research is, as already noted, typically
done in an institutional framework where influence on goals may
be shared with those who set priorities and control funds at various
organizational levels. The sharper focus of working scientists on
understanding and of their sponsors on use is a conspicuous ele-
ment of a system that involves heavy government support. A
university-based biomedical scientist seeking support from the Na-
tional Institutes of Health may see the proposed work as extending
fundamental knowledge, and so may the investigator’s department
head and the NIH study section that recommends support. Yet the
project may be approved by the university’s vice president for
medical affairs and funded by NIH, and ultimately by Congress,
for the contribution it makes to the control of disease. Some years
ago Charles V. Kidd wryly noted that the nation’s universities
reported accepting $85 million in federal grants for basic research
in a year in which the government thought its outlays for basic
research were half that large.3 Vannevar Bush, after all, recog-
nized the difference of view between scientist and sponsor on the
grand scale when he called on the nation to advance its social and
economic goals by supporting research that would, in an imme-
diate sense, be driven only by the scientist’s quest of added under-
standing. As noted earlier, Alan T. Waterman, NSF’s first director,
wove this difference of view between investigator and sponsor into
a defense of Bush’s belief that scientists must be free to pursue
basic research wherever it leads. In one sort of limiting case, a
sponsor might put together a portfolio of basic studies involving
multiple researchers without letting the researchers in on the ap-
plied objective.

Yet the point should be forcefully made that the mix of goals
in use-inspired basic research is not only the result of differing
goals being held by those at different levels of the institutionalized
system of modern science. Despite the rearguard action by Water-
man and others to defend the purity of the quest of understanding
by the individual scientist, the annals of research are replete with
examples of work by investigators who were directly influenced
both by the quest of general understanding and by considerations
of use. Pasteur wanted to understand and to control the micro-
biological processes he discovered. Keynes wanted to understand
and to improve the workings of modern economies. The physicists
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of the Manhattan Project wanted to understand and to harness
nuclear fission. Langmuir wanted to understand and to exploit the
surface physics of electronic components. The molecular biologists
have wanted to understand and to alter the genetic codes in DNA
material.

Moreover, the sharing of influence on research choices between
working scientist and sponsor need not entail so sharp a disso-
nance on goals as to make it unreasonable to classify research
within our two-dimensional framework. In the major scientific
countries the independence of university-based scientists is well
enough established that they largely set their own goals within
inevitable resource constraints and the perspectives of their scien-
tific disciplines, which typically dominate the peer-review mecha-
nisms for allocating grants. Yet this independence has not pre-
cluded a lively interest in applied goals in academic fields as diverse
as chemistry, computer science, economics, molecular biology,
pharmacology, statistics, and atomic, molecular, and optical sci-
ence. If academic scientists have a deserved reputation for pursuing
interests of their own, they too are generally faithful to added
objectives when they become involved in basic, use-inspired spon-
sored research. Likewise, scientists who work in government or
industrial laboratories generally accept the mission of these units,
even if many retain a taste for basic science—one that is encour-
aged by the leadership of the strongest of these laboratories as a
means of recruiting, developing, and retaining excellent staff.

The substantial volume of basic academic research that is use
inspired helps to explain the ironic inequality noted by Kidd—that
the universities reported accepting a total of federal grants for
basic research twice as large as the government thought it made
in a particular year; since the accounting both by the universities
and by the government used an either-or coding of basic and
applied research, it should not be surprising that the universities
considered much of their federally funded Pasteur’s quadrant re-
search to be basic, while the government considered much of it to
be applied.” The dissonance as to goals between working scientists
and their overseers or funders would be diminished if it were
generally perceived that research can be simultaneously influenced
by the quest of scientific understanding and considerations of use,
a point that deserves special emphasis:
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Freed from the false, “cither-or” logic of the traditional basic/
applied distinction, individual scientists would more generally
see that applied goals are not inherently at war with scientific
creativity and rigor, and their overseers and funders would more
generally see that the thrust toward basic understanding is not
inherently at war with considerations of use.

Indeed, the institutional settings of modern science do not pro-
duce conflict over research goals so much as help to define these
goals for their scientific staff. This conclusion reverses the thrust
of the reservation as to whose goals should be consulted. The
organizational settings of research do not so much complicate a
goal-based framework for thinking about science and technology
policy as they encourage research with particular patterns of the
alternative goals of understanding and use, including research that
is both basic and use-inspired. For example, a number of research
units, some within industry (Bell Laboratories), some free-standing
(the Rand Corporation), some within the universities, have used a
matrix plan of organization to engage first-class scientists in re-
search of impressive scientific rigor that is also deeply influenced
by considerations of use.

Can the two dimensions be reduced to one? The graphic image
of a one-dimensional basic-applied spectrum naturally gives way
to the two-dimensional plane once it is clear that these goals are
not inherently opposed. But the power of one-dimensional think-
ing is such that there have been other attempts to array research
on a single scale. An instructive effort of this kind was included in
a 1981 report of the Australian Science and Technology Council
(ASTEC).*® The report reproduces the categories of research pro-
posed by the Frascati Manual, with modifications by Australia’s
Bureau of Statistics. These definitions, as already noted, move
toward a cross-cutting vision of basic and applied research. But
the report fails to pursue this logic and instead proposes a single-
dimensional research spectrum that extends from “immediately
applicable” to “highly abstract.” The graphic representation of
this spectrum is reproduced here as figure 3-6. The relative loca-
tions of pure, strategic, and tactical research are suggested by three
Gaussian (bell) distributions that march across this Euclidian one-
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Figure 3-6. Australian Modification of Linear Model
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wealth of Australia copyright, reproduced by permission. :

space from the “immediately applicable” to the ‘“highly abstract™
poles.

This spatial imagery owes more to the appeal of one-dimen-
sional thinking than to the characteristics of research that the
ASTEC authors sought to bring out. By labeling one of their poles
“immediately applicable,” the drafters show their desire to con-
trast the two goals of research described by their modified Frascati
definitions. But it simply clouds the issue to make “highly ab-
stract” the pole opposite from “immediately applicable” and to
produce another one-dimensional array. Abstract thinking is no
doubt most conspicuous in research that lies in Bohr’s quadrant
and least prominent in work that lies in Edison’s quadrant. But
this is only a statement about an empirical correlate of the goal
patterns envisaged by the Frascati definitions. The ASTEC authors
would have been closer to the mark if they had abandoned their
one-dimensional framework and used their graphic skills to illu-
minate the conceptual basis of the distinctions among “pure,”
“strategic,” and “tactical” research.
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Time to application. The most important factor that is some-
times believed to array research on a single continuum is the idea
of “time to application.” Indeed, this factor is often thought to
define the difference between basic and applied research. No one
can doubt that there is a vast difference in the time that is likely
to elapse between the production of new knowledge and the uti-
lization of this knowledge for an applied purpose as one moves
from Bohr’s to Edison’s quadrants. It could hardly be otherwise,
since pure basic research seeks only to probe unknown fundamen-
tals, while purely applied research seeks only to meet some clearly
defined need. But time to application is far more problematic in
the use-inspired basic research of Pasteur’s quadrant, which seeks
both to probe unknown fundamentals and to meet a societal need.
The knowledge gained by Pasteur’s own fundamental work in
microbiology was quickly applied to industrial and public health
problems, as much of the fundamental work in molecular biology
is quickly applied in biotechnology today—indeed, so quickly that
some observers speak playfully of negative time to application.
However, the plasma scientists will in the end require more than
half a century to gain the basic understanding that will yield com-
mercially profitable power from nuclear fusion. Moreover, there
is a good deal of variation not only in time-to-application but in
our ability to estimate the time horizon of application. It may
indeed make sense to regard time-to-application and the predict-
ability of this time as separate dimensions. The reasonable view is
therefore that time to application is not a one-dimensional sub-
stitute for our conceptual plane but an important empirical cor-
relate of the pattern of goals that defines this two-dimensional
framework.

It will be important to have a clear view of the relationship
between time and use to understand the policy implications of this
framework, which are discussed in chapters 4 and 5. It will be
especially important to see that some advances of fundamental
scientific importance have near-term applications—and not to
think that all research of a basic character must play only a distant
role in advances in technology. This point is far more easily
grasped if one appreciates the reality of use-inspired basic research,
a reality expressed by Pasteur’s quadrant. If we are aware of how
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often considerations of use, including the needs of evolving tech-
nology, do influence fundamental research, it will be easier to
understand that this research can have applications in a relatively
near future.

But it will also be important to see that considerations of use
may influence basic research that is unlikely to bring an early
return in technology—and not to suppose that all research with a
distant horizon of use must be curiosity-driven science that lies in
Bohr’s quadrant. To believe that all research with such a time
horizon is a pure venture in understanding, whose applications are
impossible to foresee, is again to miss the essential point that,
where the applications of fundamental science are concerned,
“everything good does not have to start with a twinkle in a basic
researcher’s unfocused eye.””>*

Rethinking the Dynamic Paradigm

To recognize the possibility of use-inspired basic science is to
see the role of science in new technology from a perspective quite
different from the postwar paradigm’s view of basic research as a
remote dynamo of technological innovation. Although a degree of
metaphorical license will always be needed to organize our think-
ing about these complex relationships, it is clear that the license
extended to the “linear model” running from basic to applied
research and on to development and production and operations
has long since expired. In the words of Nathan Rosenberg, “every-
one knows that the linear model of innovation is dead,”*° even if
it still lives on in parts of the science and policy communities and
broader public. It has been dealt mortal wounds by the spreading
realization of how multiple and complex and unequally paced are
the pathways from scientific to technological advance; of how
often technology is the inspiration of science rather than the other
way round; and of how many improvements in technology do not
wait upon science at all.

Indeed, the last of these criticisms has led a number of observers
to shift their focus away from the links between science and tech-
nology as such to all of the sources of technological innovation,
with only a secondary interest in how many of these are ultimately
traceable to science. The rapidly expanding literature of innova-
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tion has offered a number of alternative images of these sources
that are vastly less simplistic than the linear model. Ryo Hirasawa,
for example, has proposed a ‘““concurrent system> model of the
overlapping rather than sequential management of the phases of
research, development, production, and sales by innovative Japa-
nese firms.*! Hirotaka Takeuchi and Ikujiro Nonaka use a sports
idiom to develop this distinction, contrasting a relay race, in which
a baton is passed from one runner to the next at the end of each
lap, with a rugby game, in which the outcome depends on a team
that “tries to go the distance as a unit, passing the ball back and
forth.””*? Stephen J. Kline and Rosenberg offer an iterative “chain-
linked” model of innovation that distinguishes chain, feedback,
and initiation elements, a model which, if nothing else, conveys
the potential complexity of the innovation process.*

Inevitably, the more general canvass of the sources of innova-
tion involved in these models has somewhat diverted attention
from the relationship between basic science and technological in-
novation. This relationship was what the linear model was all
about, however flawed its account. Attention has also been di-
verted from this relationship by the concern with economic com-
petitiveness, which has led a number of commentators to shift their
focus to the link between new technology and its commercial ap-
plication. Erich Bloch, former director of the National Science
Foundation, and David Cheney, a colleague at the Council on
Competitiveness, express this concern well:

Technology that remains in the lab provides almost no eco-
nomic benefits. Technology that is applied only to government
markets, such as defense, provides much smaller economic ben-
efits than technologies that contribute to success in the much
larger commercial markets, and especially in the ever more im-
portant global markets.*

In the view of these authors, the United States leads the world in
basic science and probably also in technological innovation; it is
falling down, however, in converting new technology into prod-
ucts and services that meet the test of the market. It is almost a
commonplace of commentaries on America’s lagging competitive-
ness how often technologies first developed in the United States
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have been commercially exploited elsewhere in the world, espe-
cially Japan. The authors of a comprehensive report on European
policy toward innovation and technology diffusion also distin-
guish between new technology and its use in products or services
that meet the test of the market.*’ The British government has
incorporated this distinction into the vocabulary of technology
policy, using “innovation” for the development of new technology,
“exploitation” for its commercial application.

The case for drawing such a distinction would seem to be
strengthened by the notable examples from the annals of technol-
ogy, detailed by Rosenberg and others, in which it took many
years for a new technology to find its most important commercial
uses. The steam engine was initially seen as a device for pumping
water from mines and only later as a power plant for movable
ships or carriages. The railroad was initially seen as a feeder of
goods for canal transport and only later as a fully articulated
system of transportation in its own right. The radio was initially
seen as a “wireless” substitute for the electric telegraph for com-
municating between two points that could not be connected by
wire, such as ship to shore, and only later as a means of “broad-
casting” communication to a mass audience.* Indeed, this is an
almost universal phenomenon in the evolution of technology. New
technological paradigms seldom spring full-blown from the minds
of their inventors, and when they do, as in the case of Arthur
Clarke’s vision of communications satellites, the visionary is un-
likely to be the person who makes the technological dream come
true.

Yet there are pitfalls in distinguishing a technology from its
applications. A valid distinction is to be drawn between a general
technology and its application to particular products or processes.
Moreover, particular goods or services may combine several tech-
nologies, and some aspects of marketing and finance that may be
critically important for economic success are quite distinct from
the technology that is being exploited. But it is simply a holdover
of linear-model thinking to suppose that technology is shaped only
by technical or engineering considerations, free of market influ-
ence. Technology itself can be deeply influenced by consumer de-
mand in emerging markets, as it was in each of the cases of the
steam engine, railroad, and radio; the technology of the steam
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locomotive had moved considerably beyond the steam technology
that pumped water from the mines. It makes perfectly good sense
to speak of a “trajectory” of technology that is guided by technical
and by market considerations, as we might speak of the trajectory
followed by a branch of science that is guided by several influ-
ences-—including, at times, the opportunity to create a commer-
cially successful technology.*’

Indeed, this useful metaphor may be adapted to restate the
dynamic problem in these terms:

To replace the linear model of the postwar paradigm, we
need a clearer understanding of the links between the dual but
semiautonomous trajectories of basic scientific understanding
and technological know-how.

Although the linear model saw the advances of science as fully
determining the development of technology, we have seen that the
relationship between the two is a far more interactive one, with
technology at times exerting a powerful influence on science. It is
here that the problems of transforming the static and dynamic
paradigms come together: a deeper understanding of this relation-
ship is possible if the dynamic importance of research in Pasteur’s
quadrant is noted.

Although it would be playful to see a double helix in the inter-
twined, upward course of scientific understanding and of techno-
logical capacity, the one-dimensional, one-way model of the link
between basic science and technological innovation clearly needs
to be displaced by an image that conceives of their dual, upward
trajectories as interactive but semiautonomous (figure 3-7). These
trajectories are only loosely coupled. Science often moves from an
existing to a higher level of understanding by pure research in
which technological advances play little role. Similarly, technology
often moves from an existing to an improved capacity by narrowly
targeted research, or by engineering or design changes, or by sim-
ple tinkering at the bench, in which fresh advances in science play
little role. But each of these trajectories is at times strongly influ-
enced by the other, and this influence can move in either direction,
with use-inspired basic research often cast in the linking role. In a
similar vein, Brooks has observed that “the relation between sci-
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Figure 3-7. A Revised Dynamic Model
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ence and technology is better thought of in terms of two parallel
streams of cumulative knowledge, which have many interdepen-
dencies and cross-relations, but whose internal connections are
much stronger than their cross connections,”*®

This image of dual trajectories of knowledge leaves a good deal
out of account. The interaction of science and technology includes
the role that new research technologies at times play in the creation
of operational technologies and the importance that the availabil-
ity of commercialized measurement methods may have in sup-
porting new fundamental science. Nonetheless, a loosely interac-
tive relationship has characterized the trajectories of scientific
understanding and technological capacity since the period in the
nineteenth century when the concept of “technology” first took
root in positivist thought. In this period the marriage of science
with the practical arts proposed by Francis Bacon more than two
centuries before was at last consummated by the influence of tech-
nology on the development of science and by the influence of the
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emerging disciplines of physics, chemistry, and biology on the
development of new products and processes.

Implications for Policy

More is involved in these revised images of the links between
basic science and technological innovation than their greater faith-
fulness to the annals of research. These revisions in the postwar
paradigm are also of broad importance for science and technology
policy. Indeed, the following five observations may carry us across
the threshold between analysis and policy:

—The paradigm view of science and technology that emerged
from World War II gave a notably incomplete account of the
actual relationship between basic research and technological
mnovation,

—The incompleteness of the postwar paradigm is impairing
the dialogue between the scientific and policy communities and
impeding the search for a fresh compact between science and
government.

—A more realistic view of the relationship of science and
technology must allow for the critically important role of use-
inspired basic research in linking the semiautonomous trajec-
tories of scientific understanding and technological know-how.

—A clearer understanding by the scientific and policy com-
munities of the role of use-inspired basic research can help re-
new the compact between science and government, a compact
that must also provide support for pure basic research.

—Agendas of use-inspired basic research can be built only by
bringing together informed judgments of research promise and
societal need.

The policy implications of these observations are discussed in
chapters 4 and 5. Chapter 4 explains how a more realistic view of
the relationship of basic research to technological innovation can
help restore the compact between science and government. Chap-
ter 5 explores how to link judgments of scientific promise with
judgments of social value in the funding of basic research that is
inspired by considerations of use.



RENEWING
THE COMPACT
BETWEEN
SCIENCE AND
GOVERNMENT

T HE DISARRAY OF science and technology pol-
icy in the industrial world is especially clear in
the United States as the twentieth century draws to a close, It is
easy to exaggerate the consensus that underlay the golden age of
American science after World War II. The verities that now seem
to have commanded universal respect were only tentatively em-
braced at the time, and the unparalleled postwar flow of funds to
basic science moved through organizational channels quite differ-
ent from those proposed by Vannevar Bush in his epic report,
Science, the Endless Frontier. Moreover, the Vietnam War, concern
for technology’s impact on the environment, and the desire to
make headway on the nation’s unfinished domestic agenda shook
the foundations of public support for pure as well as applied sci-
ence in the late 1960s and early 1970s more than is remembered
today; indeed, the Vietnam experience created intense frustration
at how little the country’s technological edge seemed to weigh on
the scales of military success. In view of this ebb in support of
science, the Bush era might be said to have lasted twenty-five rather
than fifty years.!

But the postwar compact made a comeback in the later 1970s

90
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and 1980s, from the time when the Soviet invasion of Afghanistan
again focused America’s attention on its global adversary. A fresh
sense of danger marked the last Carter years and was a prominent
element of the early Reagan years. Indeed, the Reagan administra-
tion, as much as the Eisenhower administration thirty years eatlier,
believed that science was an ultimate source of the country’s
strength as it confronted Soviet power across a still-divided world.
As a result, the budgets for basic science made a remarkable re-
covery in real terms, if they did not soar upward quite as freely as
they had in the aftermath of Sputnik. Although the postwar com-
pact rested on weakened foundations and the limitations of its
underlying paradigm of basic science and technological innovation
became increasingly clear, it has crumbled only in the 1990s.

Collapse of the Postwar Bargain

Three developments in the present decade have combined to
usher in a profoundly unsettled period in the country’s science and
technology policy. Each has underscored the limitations in the
paradigm underlying the postwar compact between science and
government.

End of the Cold War

The first and most conspicuous of the factors in this change was
the collapse of Soviet power. The astonishing death of the Soviet
empire removed an engine of science policy that started up in two
stages at the close of World War II. The final events of the Pacific
war led to the view that America’s military survival might depend
on its leadership in science and technology, and this view was
greatly reinforced by the emergence of a global adversary that soon
had a bomb of its own. But it was the launching of Sputnik that
attached a sense of urgency to the need for leadership in technology
and in the science believed to underlie it; however well the policy
community may have absorbed Bush’s dictum in the early years
of the Soviet confrontation, the appropriations for basic science
remained relatively modest until Sputnik created fears that the
Soviets might be overtaking American science.
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Although these fears receded long before the collapse of the
Soviet regime, the Soviet challenge in military technology remained
deadly enough into the 1980s for military security still to provide
a standing reason for strengthening the country’s scientific base.
But with the cold war’s end, an aura of military survival no longer
cloaked the need to assure the scientific source of technological
innovation, and this reason for the support of R&D budgets was
not reinstated by the subsequent Persian Gulf War, although this
conflict created a more favorable impression than Vietnam of the
edge that high technology might bring in a local or regional war,
one that was encouraged by the Pentagon’s successful management
of media coverage of the Gulf War.

As this prop of science policy was knocked away, it was quickly
evident that a number of leaders of the policy community felt that
the investment in basic science should be justified in terms of other
societal needs, now that the urgency of military security was
greatly reduced, and not simply by Bush’s general dictum that
advances in fundamental science would nourish the country’s fu-
ture technological advances. Indeed, this was a period in which it
was increasingly clear that the bargain between science and gov-
ernment at the end of World War 1l might prove to be a Faustian
one, that a society persuaded to support pure science by the prom-
ise of unlimited technological progress might after several decades
say, “Now just a moment—we have some unmet needs, including
some that were created by the technological spin-offs of science;
the deal is off.” There were echoes of such a view in the words of
Representative George E. Brown Jr., the chairman of the House
Committee on Science, Space, and Technology, as he spoke to his
committee:

From the perspective of policy makers [the perception that
the federally funded research system is under] stress may be
manifested by discord between the promised benefits of research
and a society beset by a range of seemingly intractable eco-
nomic, environmental, and social problems.”?

There were echoes in the White Paper on science and technology
issued by the British government in the spring of 1993.3 Others
who commanded the congressional budget heights in the first years
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after the cold war urged the importance of “strategic research”
that would more effectively devote the country’s research strength
to unmet societal needs. In her subcommittee’s hearings on
the budget for the National Science Foundation, Senator Barbara
Mikulski pressed the director to say what fraction of the research
funded by NSF was inspired by national needs, and the subcom-
mittee’s subsequent report admonished the Foundation to set this
fraction at not less than 60 percent.*

Integration of the World Economy

Helping America to compete in the global economy was the
need most vigorously pressed by the policy community as an ap-
propriate task for the nation’s research strength, and the integra-
tion of the world economy is a second development that has un-
dermined the postwar compact. By the 1990s the remarkable
expansion of world trade under the trading umbrella erected by
the United States and its partners after World War II had inte-
grated a great deal of the world’s economic activity into a global
economy. Despite its economic ascendancy after the war, the
United States entered the postwar world with its relatively huge
economy remarkably detached from this new trading order; the
average of America’s imports and exports of goods and services
represented only 4.7 percent of gross domestic product even by
1960. This figure had increased more than twofold—to 11.4 per-
cent—by 1994. The comparable figure for the average OECD
country grew from 12.5 percent in 1960 to 18.6 percent in 1990.3
As the global economy became further integrated, the need to
compete was given special poignancy for the United States by the
progressive loss of manufacturing jobs to other countries. Al-
though most of this loss was to countries with lower labor costs,
some was to overseas competitors better able to exploit the new
technology, including a number of the science-based technological
innovations of American origin. With the cold war winding down,
wide portions of the policy community in the United States came
to believe that competing in the global economy was the foremost
challenge to the country’s R&D now that the needs of military
security were greatly reduced.
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This belief was especially corrosive of the postwar paradigm,
because it was so clear that the paramount position of the United
States in basic science had not prevented its being severely chal-
lenged in world trade. Japan’s experience in the postwar decades
contradicted Bush’s claim that “a nation which depends upon
others for its new basic¢ scientific knowledge will be slow in its
industrial progress and weak in its competitive position in world
trade,” just as Bush’s claim was disputed by America’s own ex-
perience in the earlier decades of the century when it borrowed
the European science and technology it needed to become the
world’s leader in industrial technology while lagging in basic sci-
ence. Plainly, Japan’s success owes more to acquiring and improv-
ing upon the world’s technology, including a good deal that is
science based, than to building a basic-science dynamo to power
its Industrial progress from within. Some skeptics of a science
policy limited to pure research began to paint a dolorous future in
which the United States would join the ranks of the world’s pri-
mary producers, exporting the intellectual ore of its basic research,
which other countries would incorporate in high-tech products for
sale back to the United States at a price reflecting their added value.
Concerns of this sort made a general critique of the prevailing
paradigm especially timely, had the intrusion of a third develop-
ment not slowed the search for a paradigm appropriate for a new
science and technology policy.

The Budgetary Legacy of Fiscal and
Economic Policy

There is a substantial danger in the current decade that the
pressures of the budgetary process will close off efforts to lay the
conceptual foundations of a science and technology policy for the
coming decades. The intense pressures that will shape the federal
budget to the end of the century have built up over a number of
years, as a legacy of the fiscal and economic policies pursued by
both parties at both ends of Pennsylvania Avenue. Their source
lies partly in the belief that the cost of social policy initiatives (and
of the Vietnam War) could be met from the dividend provided by
the long economic expansion and rising incomes of the 1960s, a
miscalculation that was clear when the bills came due in the stag-
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flation of the 1970s; partly in the determination of the Reagan
administration to enact the tax cuts of the supply-side economists
while building the defense budget in real terms in the 1980s; partly
in its failure to persuade Congress to shrink the domestic side of
the government and its countenancing of unprecedented interest
rates to squeeze inflation from the economy and to attract the
foreign funds needed to cover the budget deficits, an experience
that converted America from the world’s leading creditor to the
leading debtor nation and committed a far larger portion of the
federal budget to servicing a debt that had tripled in size; and
partly in the skill with which later Congresses used the intricacies
of the Gramm-Rudman process to put off the hard decisions on
budget reduction. Against this backdrop, it was no surprise for the
Republicans to put the deficit first when they took control of
Congress in 1994. Nor was it a surprise for them to believe they
could best achieve drastic reductions by insisting that virtually all
discretionary programs share the pain. _

In such a climate the opportunities for a more creative science
policy are easily missed. Almost inevitably, those making budget
decisions that are driven by a broader political agenda have fallen
back on established categories and concepts to spell out their de-
tailed policies for the support of research and development by the
federal government. Certainly their actions and explanations pro-
vide fresh evidence of the hold of the idea of root separation of
basic and applied research. Indeed, this distinction has been rein-
forced by the new congressional leadership’s acceptance of the
argument from neoclassical economic thinking that pure research
should be funded by government as a public good that is unlikely
to find alternative support, whereas research and development
activities that are nearer to the market should be funded by private
firms applying a market test. This outlook put a number of the
Democratic administration’s technology programs on the block
and lessened the share of the pain that the basic research budgets
were asked to bear, although very real constant-dollar reductions
were promised for these as well. Yet any period of rapid policy
change holds the potential for reform, and we should see how a
more realistic conception of basic science and technological inno-
vation could help renew the compact between science and govern-
ment in an era of profound discontinuity in science policy.
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Against the weight of the factors unsettling science and tech-
nology policy in the current decade, vigorous public support for
basic research is unlikely to be restored by asserting the case for
pure science, in accord with the postwar paradigm. Indeed, this
assertion increasingly casts the scientific community in the role of
an interest group seeking support for an activity that reflects its
own essential needs rather than in the role of informed spokesman
for an important general interest. However appealing the scientific
community may find the ideal of pure inquiry and the autonomy
it brings, these do not offer a clear and powerful case for public
support of basic science.

This point needs to be strongly emphasized, lest the scientific
community take false comfort from the new congressional lead-
ership’s greater support of basic science relative to the technology
programs launched by the Bush and Clinton administrations. The
danger here is to mistake relative for absolute favor. However
reassuring it may be to find the new leadership embracing the
economist’s belief in the need for government to support basic
research because the market will fail to do so, the fire will have
gone out of this support if it is seen as directed only to pure
research, just as a fire did not ignite the postwar support for basic
science until the confrontation with the Soviets gave the policy
community a clearer view of how vital this support might be for
the country. In this regard, it should be noted that the neoclassical
“market failure” argument for government support of basic sci-
ence did not keep the House leadership from adopting a budget
plan in the spring of 1995 that projected cumulative, constant-
dollar reductions of 30 percent for basic science over a seven-year
period.”

A policy based on the common recognition of the importance
of use-inspired basic research could help break this impasse. Such
a keystone to a renewed arch between science and government
would be well matched to realities on both sides of this troubled
dialogue. The realities of science include the fact that considera-
tions of use have been part of the motivation for basic science since
the late nineteenth century. The second industrial revolution was
fueled by scientific discoveries inspired by industrial development,
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as the advances in public hygiene were fueled by the profoundly
use-inspired discoveries of the scientist who has lent his name to
this book. Indeed, in this century science has increasingly been
furnished with problems for investigation by advances in technol-
ogy and not only by the unfolding of its own inner agenda. The
partial concealment of these realities by the paradigm view artic-
ulated by the Bush report has stayed the scientific community from
revealing how much of its basic research is influenced by national
need—and from helping to dispel the mistaken idea that the deep-
est scientific inquiry must be free of considerations of use.

In a complementary way, the realities of the policy community
and public to which it is attuned include a considerable esteem for
science as a force for human betterment. Absent the budgetary
pressures that threaten to make a hostage of science policy, the
policy community and broader public want to enlist the undoubted
power of science to provide for unmet societal needs. The public
opinion data are remarkably clear on the support for science in
these terms, however distant and puzzling much of the public may
find the scientific venture. The framework for the interplay of the
policy and scientific communities that is provided by the attitudes
and belief of the attentive public is of considerable importance in
a democratic system with substantial tax monies committed to
scientific research. The popular support for the federal investment
in research and development was most authoritatively analyzed by
Jon D. Miller and Kenneth Prewitt with support from the National
Science Foundation more than a decade ago, and these studies
have provided a baseline for Miller’s contributions to the reports
monitoring public opinion toward science that have subsequently
appeared in the National Science Board’s biennial Science and
Engineering Indicators volumes.®

Following a conceptual approach pioneered by Gabriel Almond
to chart public opinion in another area of limited public infor-
mation and understanding, that is, foreign policy, Miller and Prew-
itt explored the information and attitudes about science and sci-
ence policy held at the several levels of a “pyramid” whose layers,
from apex to base, were made up of science policy decisionmakers,
nongovernmental science policy leaders, the attentive public for
science policy, the interested public, and the nonattentive public.®
No one familiar with creationism or the assaults on science from
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such quarters as the animal rights movement and a wing of the
environmental movement could miss the variety of the views of
science held by the broad public. But the evidence built up by
Miller and his colleagues over the past decade indicate that, how-
ever limited the information and understanding of science at the
base of this pyramid, the general public’s view of science is broadly
favorable and that the information and support for science rise
steadily at higher levels of the pyramid. Although the public is
aware that science entails a degree of risk, Miller in 1981 found
that the benefits of science outweighed the risks in the eyes of 90
percent of the attentive public, of 79 percent of the interested
public, and of 66 percent of the nonattentive public.'

This research has also shown how deeply the public values
science not for what it is but for what it’s for. It is strikingly clear
that the instrumental uses of science are the key to popular sup-
port. Especially the attentive public believes that “technological
know-how” and “scientific creativity” are important sources of
U.S. influence in the world and economic well-being at home, and
they have high expectations for future achievements of science on
such goals as a supply of cheap energy, a cure for cancer, and for
the desalination of water. Miller summarized these findings by
noting that

the public attributes to science and technology a central role
in the nation’s influence in the world and in the standard of
living of the American people. The level of expectations for
future scientific achievements indicates that the past is viewed
as prologue, especially among the attentive and interested pub-
lics. The substantial proportion of the public that reported that
the benefits of scientific research had outweighed its risks points
to a solid foundation of public confidence in science and
technology.!

That this preponderant support has remained firm over the sub-
sequent decade is illustrated by the results of a 1994 Harris poll
that recorded 68 percent of a nationwide sample as agreeing that
“science will solve many of the world’s problems” and only
29 percent as disagreeing. This continued support is also attested
by the indicators of popular attitude monitored by the National



RENEWING THE COMPACT BETWEEN SCIENCE AND GOVERNMENT 99

Science Board, which include a 1993 survey showing that 79 per-
cent of all adults in a nationwide sample agreed with the statement
that “most scientists want to work on things that will make life
better for the average person.”'

In a period of uncertain party control and savage budgetary
pressure, there are occasional calls from within the policy com-
munity for government to limit its support to the pure research
envisaged by Science, the Endless Frontier. In the longer run, how-
ever, a broader understanding that a great deal of basic science is
also inspired by considerations of use is likely to offer a far better
hope of broad public backing. The first of three closely related
reasons why a more realistic view of the relationship between
advances in science and technology can strengthen the bridge be-
tween science and government can be stated as follows:

The inspiration that basic research can draw from societal
need strengthens its claim on public support in the policy com-
munity and from the public to which it responds.

Hence, from the perspective of the scientific community a wider,
shared recognition of the importance of use-inspired basic research
offers the possibility of strengthening the support for the funda-
mental research the scientific community wants to pursue in a
period of fierce pressure on the federal budget. But this recognition
can also increase the support for pure research, by an argument
that invokes the unity of science and the unpredictable nature of
scientific discovery. This argument leads to a second reason why
a more realistic view of the relationship between advances in sci-
ence and technology can help renew the compact betweeen science
and government, since such a compact will not work if many in
the scientific community feel that it will lead to a hemorrhage of
resources from Bohr’s to Pasteur’s quadrants,

Strengthening the Case for Pure Research

In the traditional repertory of science policy, there is a well-
rehearsed litany of reasons for supporting pure, curiosity-inspired
research. A reason as old as the classical world is the belief that a
civilized people will seek knowledge for its own sake. The belief
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in pure inquiry as a mark of civilization is influential in our own
time as well, and the constituency for this belief is augmented by
the popular curiosity about the unknown. The attentive public of
a country that generates nine million subscriptions to National
Geographic can be deeply interested in the revelations of the Hub-
ble telescope about the origins of the universe—and find it reason-
able for this curiosity to be satisfied at public expense, even though
it finds other reasons for supporting science more compelling.
Nothing in this analysis is meant to diminish the case for pure
research in terms of the intrinsic, civilizing value of knowledge.

Yet Vannevar Bush found the appeal of knowledge for its own
sake 50 unequal to the task of sustaining the flow of public support
for basic science in peacetime that it went almost unmentioned in
his report of forty pages, a document superbly tuned to the ear of
his postwar audience. Bush instead centered his case on what has
become the primary reason for supporting pure science—one dat-
ing from the Enlightenment—the belief that the advances in un-
derstanding achieved by pure research will later improve the hu-
man condition. This argument is central to the case made for basic
science today, however much its force may be lessened by the
doubts about the technology to which science has led or by doubts
as to whether others may capture the return in commercial tech-
nology from our investment in pure research. Sometimes the pro-
ponents of pure science seek to counter the mixed feelings about
the technological spin-offs of science by saying that we need even
more knowledge to deal with these negative side effects. But this
is clearly a call for something other than pure research, since the
problems created by technology will in this case influence the re-
newed search for basic understanding—which becomes an exercise
in use-inspired, rather than pure, basic research.

The case for investing in pure science has recently been but-
tressed by a variant of this argument—that the country needs
reserve strength in all fields of science so that it will be ready to
exploit unforeseen developments in technology unleashed by ad-
vances in some of these scientific fields. Just as it is hard to know
what the technological spin-offs of science will be, so it is difficult
to foresee what areas of science will undergird the development of
future technologies. This argument was given considerable prom-
inence by a report of the Committee on Science, Engineering, and
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Public Policy of the National Academies of Science and Engineer-
ing and Institute of Medicine.!* The need for such a hedge against
an uncertain future lay behind the committee’s proposal that “the
United States should be among the world leaders, at least, in all
major areas of science,” a criterion that was spelled out in a sub-
sequent lecture by Ralph E. Gomory, one of the report’s principal
authors.'*

This argument reinforces the case for pure research by linking
it to the country’s need to remain competitive in an increasingly
high-technology global economy. Only by being among the
world’s leaders in all areas of science will the United States be able
to share in the unforeseen—indeed, unforeseeable—break-
throughs in technology to which the advances in some of these
fields will surely lead. Without this investment, the United States
could be shut out of these developments when they occur. Gomory
illustrated his case with the experience of solid-state physics and
molecular biology, fields in which he felt the scientific leadership
of the United States allowed it to take advantage of unforeseen
technological breakthroughs based on prior research in the purest
realms of science.

This argument is a powerful restatement of the case for pure
research in the circumstances of a competitive world. But it would
be a pity for this argument to reinforce linear-model thinking by
exaggerating the primacy of pure research. The scientists who in
the 1930s created the field of solid-state physics as an extension
of quantum mechanics had no practical purposes in view. But this
field has exhibited a notably interactive relationship between sci-
ence and technology in the decades since World War IL'S The
discovery of the transistor soon after the war established solid-
state physics as a field of university study, thereby encouraging a
good deal of pure as well as use-inspired basic research verifying
and extending the quantum theory of solids. And the subsequent
miniaturization of successive generations of semiconductors has in
recent years inspired a number of condensed-matter physicists to
seek the additional scientific understanding that will allow semi-
conductors to be built atomic layer by atomic layer. The interactive
relationship of science and technology is even more marked in the
field of molecular biology. The most practical of concerns led
Oswald Avery to his discovery of DNA as the carrier of the genetic
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code, however much James Watson and Francis Crick may have
viewed the problem of DNA’s structure as a pure intellectual puz-
zle. The possibilities of biotechnology have never been far from
the thoughts of those who have achieved the breakthroughs in
molecular biology in subsequent decades, to a degree that almost
overwhelmed the field when the methods of recombinant DNA
were first discovered.

Indeed, the interactive nature of the relationship between sci-
ence and technology in these and other fields offers a further
argument for supporting pure research, one that supplies yet
another reason for believing that the concept of use-inspired
basic research can help renew the compact between science and
government. This argument centers on the importance of
strengthening pure research in those scientific fields in which the
course of basic research bears on societal needs. The argument
is lent its force by the unity of science and the profound uncer-
tainty as to the future interplay of advances in scientific under-
standing and technological know-how. It is not the case that in
a scientific field of demonstrated importance for social goals,
the fundamental research that is influenced by societal need is
one kind of science, while the fundamental research that is dri-
ven by curiosity alone is another. Both fall within a common
scientific framework, however real the difference in goals that
makes the work in Bohr’s quadrant conceptually distinct from
work in Pasteur’s quadrant. Breakthroughs achieved by use-
inspired basic research can lead to further pure research, just as
breakthroughs in pure research can lead to further use-inspired
research, all in accord with Pasteur’s famous dictum that “there
is not pure science and applied science but only science and the
applications of science.”'¢ We may cite on the same point the
words of Vannevar Bush and his colleagues on the panel ap-
pointed by Harvard’s President James B. Conant to advise him
on the use of the McKay Bequest:

A science, such as physics or chemistry or mathematics, is not
the sum of two discrete parts, one pure and the other applied.
It is an organic whole, with complex interrelationships through-
out.'”
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There are limits to this argument for the spillover benefit for
pure basic research from investments in use-inspired basic re-
search. Work in fields of pure “intensive” science, with high-
energy physics the paradigm case, will need to be justified in terms
of the instrinsic value of knowledge and in two other terms as
well. One is the value of innovation in the instrumentation devel-
oped for research in such fields, an argument that was legitimately,
if ultimately unsuccessfully, advanced by advocates of the Super-
conducting Super Collider (SSC). The other is a human resource
extension of the argument about the unity of science—the broad
value for other fields of science and technology of having a set of
researchers schooled in the most intensive fields of science. Harvey
Brooks has observed that scientists trained in nuclear physics led
the scientific success of World War II—on such problems as radar
and the proximity fuse, as well as atomic weapons—and that
scientists trained in nuclear physics, rather than solid-state physics,
also led much of the early development of semiconductors. In
his view, these “cross-overs” may have had less to do with the
intellectual content of nuclear physics than with the familiarity
with sophisticated electronic circuits and instrumentation and the
systems-type thinking required by critical experiments in nuclear
physics.®

Physicists trained in nuclear, or very fundamental atomic, phys-
ics—James Watson, Francis Crick, Wally Gilbert, and Seymour
Berger—were equally conspicuous in the early development of
molecular biology. But molecular biology is also a notable example
of the case that the unity of sciences makes for investments in pure
research once the case for investments in use-inspired basic re-
search is clear. No one could doubt that the advances achieved by
the pure science of Watson and Crick were as important as those
of the use-inspired science of Avery, or of Herbert Boyer and
Stanley Cohen, or of Georges Kéhler and César Milstein in helping
the field to realize the promise of biotechnology. Hence, the success
of the research directed toward social goals broadened the support
for the pure research that would strengthen the capacity of the
field as a whole to meet societal needs.

There are many other cases of this mutual reinforcement in the
annals of scientific research. In the history of organic chemistry,
the breakthroughs by Herman Staudinger and Wallace Hume
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Carothers ignited an explosion of further work that made polymer
chemistry into a major field of chemical science. Some of this new
work was influenced by the industrial value of synthesizing high-
polymer materials, much as the work of these pioneers had been—
with Staudinger supported by 1. G. Farben AG and Carothers by
Dupont." But some of this subsequent research, largely university
based, was a pure quest of the further understanding that helped
give the field its intellectual structure. Both strands contributed to
the capacity of polymer science to bring the world a remarkable
diversity of new, high-polymer materials.

Such examples lead us to the second observation supporting the
idea that a more realistic view of the relationship between ad-
vances in science and technology can help to strengthen the bridge
between science and government:

The societal value of use-inspired basic research within a
scientific field strengthens the case for supporting the pure re-
search on which the development of the field partly depends.

Hence, support for research inspired by societal goals need not
divert support away from pure research or inspire a massive trans-
fer of resources within a field from Bohr’s to Pasteur’s quadrant.
On the contrary, as the emergence of goal-oriented basic research
within a scientific field strengthens the case for public investment,
it also strengthens the case for public investment in the pure re-
search that will enhance the capacity of the field as a whole to
meet the societal goals on which it bears. This point can be ab-
sorbed into the renewed compact between science and government
if it is mutually accepted by the scientific and policy communities.

Capturing the Benefit in Technology

A shared recognition of use-inspired basic research can help
strengthen the bridge between science and government in yet an-
other way—by increasing the confidence that investments in this
type of research will bring a return in technology to those who
make them. This confidence sorely needs restoring, in view of how
rapidly research knowledge can disseminate across national fron-
tiers. Indeed, the pace of this diffusion has led a number of
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respected observers to wonder whether this premise of national
investment in basic science continues to be viable. For example,
Harold Shapiro, an economist prominent in the world of science
and technology policy, has suggested that the rapid spread of sci-
entific knowledge across national frontiers is diminishing the abil-
ity of single countries to pursue science-driven technology policies,
just as the increasingly rapid transfers of capital had earlier dimin-
ished the ability of single countries to pursue independent policies
of economic stabilization.2

So long as one clings to an older image of basic research as pure
science it is appropriate to take a more pessimistic view of captur-
ing the return from investments in basic science. Yet once the
complementary idea is accepted of basic research that is use in-
spired, it is plausible to suppose that investments in basic knowl-
edge guided by considerations of use are more likely to bring a
substantial return to those who make them, whether use is defined
in terms of economic gain or of other societal goals. The experience
of a number of scientific fields supports the view that scientists
involved in fundamental use-inspired research will play a role in
the technological return from the resulting knowledge, enhancing
the likelihood that the nation investing in the basic science will
share in the technological return.

As discussed earlier, the stylized scientist who might be imag-
ined from Bush’s canons of basic research—an investigator remote
from ideas of use whose curiosity leads to discoveries that only
later provide the basis of new technology—offers a progressively
less adequate image for modern science. By the late nineteenth
century a number of scientists were exploring phenomena revealed
by the advance of technology and were deeply involved in the
technological return from the knowledge they gained. And, as we
saw in prior chapters, this was by no means a passing phase in the
development of science. Despite the power of the ideal of pure
inquiry, equally notable examples arise in the twentieth century of
basic scientists drawing their inspiration from applied needs and
playing a role in the technological return from the knowledge they
gain—as consultants, employees, entrepreneurs, or teachers and
mentors of scientists who enter industry. As a result, those who
have, for example, invested the funds through the National Insti-
tutes of Health and other agencies to support the massive build-
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up of molecular biology in the years since the Watson-Crick dis-
coveries could have greater confidence that the country would
capture a substantial share of the return in biotechnology as the
advances in molecular biology established how DNA replicates
itself, how the genetic code is read by living organisms, and how
restriction enzymes can find genetic needles in chromosomal
haystacks.

Hence a third general reason for believing that a more realistic
view of the relationship between advances in science and technol-
ogy can help rebuild the bridge between science and government
may be stated:

The uncertainty as to who will capture the benefit in tech-
nology from new scientific knowledge is lessened when basic
research is directly influenced by potential use.

This observation can reduce the reluctance to invest in basic sci-
ence that is felt by a policy community accustomed to the postwar
view of basic research as pure research, driven by curiosity alone
and leading to knowledge that is freely available to the technolog-
ically advanced countries.

Institutionalizing a New Compact

There is nothing self-exploiting about the opportunity to
strengthen the bridge between science and government by coupling
the inspiration basic science can draw from unmet societal need
with the high value the policy community places on the problem-
solving capacity of science. Although these interlocking realities
enhance the promise of renewing the compact between science and
government, this promise will be realized by strengthening the
process for bringing together the two quite disparate kinds of
judgments that shape agendas of use-inspired basic research—
scientific judgments of research promise and political judgments
of societal need.

After World War II this process question might have been ex-
plored in more general terms if the organizational plan proposed
by Bush had prevailed and a National Research Foundation as
broad as the wartime Office of Scientific Research and Develop-
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ment had inherited the government’s investment in basic research.
Such a foundation would almost certainly have addressed this
process issue in broad terms as it built agendas of basic research
in areas such as defense and health. But the defeat of this organi-
zational plan gave much greater prominence to the distinctive par-
adigm view of basic science and technological innovation in Sci-
ence, the Endless Frontier, which became a second line of defense
against government control of the performance of research. Al-
though such agencies as the Defense Department and National
Institutes of Health developed considerable operational skill in
building agendas of use-inspired basic research, the general con-
ceptual question of how to gauge the potential of research for both
understanding and use was largely swept under the carpet by
Bush’s canon that the attempt to mix these goals would be inher-
ently self-defeating.?

Hence, it is hardly surprising that the leading scientific coun-
tries, equating basic with pure research, were slow to institution-
alize a process for building agendas of Pasteur’s quadrant research
in the earliest postwar decades. This was as true of Britain and
Germany as it was of the United States, although the Napoleonic
tradition of purposive state action made the French a partial ex-
ception. This process issue has been considered in general terms
only in more recent decades as a number of the OECD countries
took a keener interest in “strategic research”—and with it, a
keener interest in “research foresight.” It should also occasion no
surprise that the nation most alert to the value of developing a
process for bringing together judgments of scientific promise and
societal need was Japan, the country in which the radical separa-
tion of basic and applied research was least accepted.

The reasons why the Japanese have been the prime exception
are cultural and historical. Less imbued by a rationalist scientific
philosophy, they are perhaps also less inclined to such absolutist
distinctions as the separation between pure inquiry and the prac-
tical arts that has had such a deep resonance in the Western tra-
dition. Beyond this characteristic, the Japanese have from Meiji
times believed that significant public and private investments
should strengthen the country and safeguard its autonomy, and
this impulse was heavily reinforced by the defeat in World War IL.
It was, as a result, natural for Japan to develop a process for
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linking scientific promise with societal goals as it made its invest-
ments in basic science,

Although each country must work out its own policy processes,
it is odd that the United States should have been so inattentive to
this aspect of the Japanese experience, in view of its awareness of
Japan’s industrial strides. Whatever its enthusiasm for Japan’s
quality circles or methods of reverse engineering and just-in-time
assembly, America remained largely unaware of the Japanese ef-
forts over several decades to develop a process of research foresight
to guide their investments in research and development.”> The
foresight exercises periodically mounted by the Japanese govern-
ment encompass both technology and science and are worldwide
in scope; indeed, they are a natural outgrowth of the resolve to
acquire the best of the world’s technology that dates from Meiji
times. In the postwar decades this scan enabled Japan to acquire
a great deal of state-of-the-art technology, including much that
was science based. As Japan became technologically and scientifi-
cally more mature, this search was linked to periodic reviews of
Japan’s investment in scientific research and technological
development.

The Japanese have developed a considerable apparatus to con-
duct these periodic reviews. At the apex of the process is a Council
for Science and Technology (CST), chaired by the prime minister
and composed of very senior representatives of the major govern-
ment ministries, of industry, and of the scientific community. The
CST is assisted by a number of panels that include many additional
senior figures from industry, government, and the scientific com-
munity. The eminence of these representatives gives the process
great legitimacy in a consensual society and assures its conclusions
wide influence. This structure does not, however, lead to a top-
down, command-and-control process. Information about research
“seeds” and social “needs” across a broad range of fields is elicited
from scientists and engineers working at or near the bench and
from many other informants by surveys, Delphi exercises, expert
seminars, and specialized studies by research institutes. The pro-
cess is an interactive one that allows informants to comment on
the preliminary findings. The flows are managed by a separate
division of the Science and Technology Agency, the most general
scientific agency of the Japanese government. The most recent
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review, the eighteenth in a series extending back thirty years, cul-
minated in the January 1992 publication of the CST’s draft of a
“Comprehensive and Basic Science and Technology Policy for the
New Century,” a document addressed by Kiichi Miyazawa, as
chair of the council, to himself, as prime minister of Japan. The
council’s recommendations were accepted by the Cabinet in April
1992.

This process has had an important influence on both the micro-
and macroallocation of research resources. At the retail level, it
has encouraged firms to reexamine their research priorities against
a backdrop of informed judgments about the promise of research
in various subfields of science, requirements of the economy, and
noneconomic societal needs. At a more global level, it has allowed
private firms and public agencies to rethink their wholesale deci-
stons about research support against this sort of backdrop.

Indeed, in the 1980s and 1990s these global priorites have in-
creasingly focused on the place of basic research in the private and
public investments in research and development. No strategic con-
clusion stood out more sharply from these reviews than the belief
that Japan could no longer depend on acquiring and improving
upon the world’s technology. As clearly as their overseas critics,
the Japanese understood how much of their economic progress
since the war had involved a skillful acquisition of the world’s
technology and the scientific knowledge that underlay it. In a way
reminiscent of Vannevar Bush’s observation in the postwar years
that America would now need to do its own basic research, the
Japanese government accepted the conclusion of its Council on
Science and Technology that the country needed to do more of its
own fundamental science. This conclusion was reinforced by the
awareness that Japan had come under increasing criticism for its
deficit in the international trade in scientific ideas and would find
it increasingly difficult to sustain a favorable business climate with-
out making a substantial return to the world’s stock of fundamen-
tal scientific knowledge.?*

This impulse did not, however, translate mainly into increased
investment in pure basic research, and the fact that it did not is
relevant to our broader argument. With the well-developed sense
of the importance of use-inspired basic research appropriate for a
technologically oriented society, the government placed much of
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its own investment in basic science in research institutes with agen-
das of basic research that were strongly shaped by considerations
of use and employed the indirect means at its disposal to encourage
private firms to invest more heavily in basic research.>* Associated
with this authoritative statement by government was the rising
interest in basic research in a number of Japan’s largest business
firms in the 1980s and early 1990s. Applying to themselves the
conclusion reached by the Council on Science and Technology, an
impressive group of Japan’s flourishing, globally competitive com-
panies established or strengthened basic research laboratories in
this period. Hitachi, Toshiba, Canon, NEC, and others empha-
sized the commitment to research without expectation of imme-
diate application in a way that echoed the earlier commitment of
the GE of Langmuir, or the Dupont of Carothers, or the AT&T
of Bell Labs’ heyday. But the scientific phenomena explored in
these laboratories were broadly related to technologies in which
the firms were strong; indeed, phenomena that were often revealed
by these technologies.> Therefore Japan’s increased investment in
basic science has been substantially devoted to Pasteur’s quadrant
rather than to Bohr’s quadrant research, and the government’s
periodic foresight reviews are partly to be understood as efforts to
bring together assessments of research “seeds” and of societal
“needs.”’2¢

Although no nation’s experience can serve as a template for
others, the manner in which Japan has coupled judgments on
“needs” and “seeds” as it builds agendas of use-inspired basic
research deserves to be heeded elsewhere. The Germans have
funded an adaptation of the Japanese “foresight” methods.””
Partly inspired by the Japanese, Britain’s Office of Science and
Technology has followed up on the Government’s White Paper on
science and technology with fifteen “foresight” reports on the re-
search and development needs of major sectors of industry.?®

This review of Japanese practice has been useful mainly to un-
derscore the need to rethink the way agendas of use-inspired basic
research are shaped in the United States, a subject explored in
chapter 5.



BASIC SCIENCE
AND AMERICAN
DEMOCRACY

IN THE SETTING of American democracy, a
broad awareness of how deeply modern science
is inspired by societal need is more likely to renew the compact
between science and government than is a generalized promise of
a technological return from pure science. So runs the argument of
chapter 4. Even in the years following World War II the promise
of pure science as a remote but powerful dynamo of future tech-
nology was not enough to open the federal purse strings until the
Soviet challenge gave the policy community a better understanding
of what basic research was for. Only with the launching of Sputnik
a dozen years after publication of Science, the Endless Frontier was
the postwar bargain between science and government properly
struck.

Nor should the scientific community take a new congressional
leadership’s acceptance of the need to support basic science as a
public good to be a conversion to Vannevar Bush’s case for pure
research. This economist’s argument tells us why the market wil]
not supply a public good; it tells us nothing about what the good
is worth. If the R&D expenditures of the federal government were
released from the vise in which all discretionary spending is pres-
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ently held, more than the generalized promise of a return in tech-
nology from investments in pure science would be needed to put
the support of basic research on a strongly upward course.

The risk that an explicit recognition of the importance of use-
inspired basic research will encourage the government to erode the
autonomy of basic science is much less severe than it seemed to
Bush and his colleagues when they set out his case for pure research
at the end of the war. Over the postwar decades the country has
evolved a diversified system of federal support for basic science,
one that includes a great deal of basic research that is partly in-
spired by societal need, broadly conceived. In a later section of this
chapter the conceptual lens of chapter 3 is used to describe how
the federal government has evolved substantial agendas of Pas-
teur’s quadrant research as the mission agencies extended their
R&D investments beyond Edison’s quadrant and the scientific
R&D agencies, especially the National Science Foundation (NSF),
extended their investments beyond Boht’s quadrant. _

But the influence of the postwar paradigm has impeded these
developments at many stages along the way. The conceptual lens
of chapter 3 is also used to trace the unfortunate influence of a
paradigm view that continued to partition the world of research
into pure science and purely applied science. An intellectual system
that concealed the presence of Pasteur’s quadrant has made it far
more difficult to address in general terms the central question
raised by this final chapter—how judgments of scientific promise
and of social value can be brought together in federal investments
in use-inspired basic research.

A more realistic paradigm view of basic science and technolog-
ical change can help to clarify this problem of science policy, one
that is of broad importance for basic science in the setting of
America’s system of political democracy. In the following section
the contrasting roles of the scientific and policy communities in
applying scientific and use criteria at the “retail” level of funding
individual projects through systems of peer review are explored.
The distorting effect of the postwar paradigm on the evolution of
“wholesale” support of categories of use-inspired basic research is
also traced. Finally, several unresolved issues of science policy,
which a more realistic paradigm view of basic research can help
to clarify, are reviewed. These issues are of substantial importance
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for the health of basic science in the setting of American
democracy.

We can make a start toward understanding how a system of
allocation can take account both of scientific promise and of social
value by focusing on the fundamental distinction between the
funding of basic research at the project level and the funding of
basic research at a more aggregative level. The needs of an allo-
cation system are quite different along this “vertical” dimension
extending upward from the retail choices about funding individual
projects to wholesale decisions about funding programs or cate-
gories of basic research.® We will see that the task of combining
informed judgments about scientific promise and societal need is
transformed between these microallocative and macroallocative
levels of choice.

Recognizing Scientific Promise and Social Value
at the Project Level

From the definition of use-inspired basic science it is clear that
the decision to proceed with a particular project involves a judg-
ment both of scientific promise and of social value. A key to un-
derstanding how these criteria can best be applied at the project
level is to note that judgments of social value will typically involve
one or more goals that do not require deep technical background
to comprehend, while the judgments of scientific promise will typ-
ically require professional expertise that is held only by scientists
with considerable background in the area of research. Hence, there
is typically a marked asymmetry in the difficulty of judging social
value and research promise at the project level-—and, by extension,
a marked asymmetry in the information that scientists with mas-
tery of a field and those without this mastery can bring to the
choice among alternative projects.

These asymmetries may be clearer if we consider a prototypical
example of research in which the quest of fundamental knowledge
is partly inspired by considerations of use. Suppose that a protein
chemist is renewing the quest for the scientific understanding that
will allow the synthesis of blood by developing a substitute for
hemoglobin capable of transporting oxygen. This quest was given
an enormous forward thrust earlier in the century when Max F.
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Perutz earned a Nobel Prize for transforming the general under-
standing of proteins by using the technique of X-ray diffraction to
“solve” the structure of the hemoglobin molecule, one with more
than 5,000 atoms. There is little doubt that Perutz turned his
crystallographic studies to this molecule partly because of its im-
portance in human blood, and several decades later the immense
potential market for improved blood continues to inspire research
into the relationship between the structure and function of the
hemoglobin molecule. Indeed, our prototypical scientist might be
pursuing research within one of the companies that have been
formed to enter this race. But he or she might equally be a univer-
sity-based chemist, alert to the scientific and societal importance
of this research, who is seeking funding from the National Insti-
tutes of Health (NIH).

What is to be learned by considering the situation of this pro-
totypical investigator? A first elementary observation is the con-
trast between the conceptual difficulty of the scientific and use
criteria that are involved. The project’s applied goal will in general
be much easier to grasp than the theoretical and technical elements
of the field of protein chemistry that shape the scientific objectives
and design of the research. The more fundamental the research,
the likelier this is to be true.

A further observation follows directly from the first: that there
is an inherent contrast between the relative ease with which sci-
entists with technical knowledge of a field can grasp its applied
goals and the far greater difficulty of those outside this circle in
appraising a project’s scientific promise. This contrast is evident
even among scientists who are closely familiar with the field in
question and scientists from more distant fields. But the contrast
is very marked indeed between scientists who have mastered the
field and those without scientific training, even if they hold posi-
tions of political authority within the allocative system. The sci-
entist and lay observer are on vastly different footing in judging
the scientific promise of next research steps in understanding the
properties of hemoglobin. But the protein chemist and his or
her funders are on much more equal footing in knowing the value
of synthesizing blood free of HIV virus in a world suffering
from AIDS.
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This conclusion ought not to be pressed too far, since the anal-
ysis of social value may in some cases involve considerable tech-
nical rigor. If, for example, social value resides in commercial
profitability, nonscientists may be far more adept in the analysis
of prospective revenues and costs that is required to say what this
value may be. Similarly, nonscientists may have an advantage in
the analysis of complex moral and ethical issues that is sometimes
required to judge the value of a potential application of scientific
knowledge. But these are exceptions; the appraisal of scienti-
fic promise will typically be far more demanding than the under-
standing of social value at the project level.

Three implications of broad significance flow from these obser-
vations about the relative ease of gauging the scientific and social
value of research. The first is that the scientists embarked on Pas-
teur’s quadrant research can play an important role in clarifying
the potential social value of their work. In many cases, societal
needs have partly inspired their work, and the conduct of their
research can involve an interactive growth in their understanding
of the scientific structure of the problem and the societal needs on
which it bears, The annals of research are richly supplied with
examples of this process. Some were indeed furnished by the sci-
entist whose name appears in the title of this book. As his research
provided an adequate theory of the problem that had stymied the
efforts of the public hygiene movement in England and France,
Louis Pasteur laid out a whole new agenda of public health needs
and opportunities, such as purifying milk that was infecting chil-
dren with tuberculosis. A contemporary example is supplied by
the studies of the effects of chlorofluorocarbon (CFC) gases in the
upper atmosphere, a case in which the initiative in defining societal
need again came from the scientific community, It required the
extraordinary scientific detective work for which Mario Molina
and F. Sherwood Rowland received the Nobel Prize in chemistry
in 1995 to make the world aware of the need to prevent the
depletion of the ozone layer if it were not to risk substantial plant
and animal damage and rising cancer rates. The initial oblivious-
ness of the policy community and public to this social need gave
way to cautious awareness and then to broad acceptance as the
predictions of Molina and Rowland were confirmed by observa-
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tions of the ozone layer made by the National Aeronautics and
Space Administration (NASA) and by a British research group
working in Antarctica.?

The importance of the creative involvement of scientists in de-
fining societal need deserves some emphasis, in view of how effec-
tively the postwar paradigm has obscured this phenomenon as
well. As noted in chapter 3, it was specifically downplayed by Alan
T. Waterman and others who sought to rescue Bush’s canon, that
basic research is performed without thought of practical ends, in
a period when it was becoming increasingly difficult to overlook
the influence of applied goals on the course of basic science. As
Waterman laid out the concept of “mission-oriented” basic re-
search, only the funders of research would be concerned with
considerations of use, while the bench scientist remained free to
pursue his or her fundamental inquiries without thought of prac-
tical ends. The first of our implications may be stated as follows:

A system for appraising scientific promise and social value at
the project level should enlist the insight of the working scientist
into the nature of the social goals on which his or her research
bears.

A second implication that flows from the relative ease of gauging
scientific and social value at the project level is that it is unwise to
use a system of allocation that separates these two judgments.
There is a surface appeal to the idea that they ought to be assigned
to those most competent to make them, with a project’s research
promise being judged by scientists close to the field of research,
while its social value is judged by those with organizational or
political authority to define social goals. This appeal has been
strong enough to inspire recurring efforts to institutionalize such
a division of labor. Whatever its surface logic, however, this
arrangement loses the creative insight of the bench scientist in
helping to define societal need. It also runs the risk of creating a
bifurcated funding system with substantial conflict between those
who are asked to judge scientific promise and those who are asked
to judge social value.

These disabilities are illustrated by a famous episode of science
policy in Britain. In the early 1970s a plan for giving separate and
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equal weight to judgments of research “seeds’ and societal
“needs” was proposed by Lord Rothschild when he served as chief
of the Central Policy Review Staff under prime minister Edward
Heath. A “customer-contractor” principle was the keystone of the
Rothschild Report and was accepted by the Government White
Paper on Science in 1972.* Under this principle, funds were to be
awarded projects with applied goals by joint action by one of the
science research councils, which would judge their scientific prom-
ise, and by one of the government departments declared in those
pre-Thatcher days to be the “customers” who would judge the
social value of the research.

The relevance of the Rothschild Report and Government White
Paper for our argument is obscured by Rothschild’s total accep-
tance of the postwar dogma of the separation of basic and applied
research, Indeed, the science council most hostile to the Rothschild
plan, the Medical Research Council (MRC), was equally hostage
to the postwar paradigm and argued its case in terms of the value
of fundamental science, since it too lacked a conceptual vocabulary
transcending the basic-applied dichotomy. But its argument was
really about the funding of use-inspired fundamental science. The
MRC ultimately prevailed by convincing its “client,” a remarkably
enlightened Department of Health and Social Security, that the
funds in question would have far greater impact on the nation’s
health if allocated by the MRC to the most scientifically promising,
yet typically use-inspired, studies proposed to the council. The
MRC’s Cambridge Laboratory of Molecular Biology was subse-
quently the site of such studies as Aaron Klug’s research on the
tangled aggregations of molecules that lead to the death of nerve
cells in Alzheimer’s disease, as well as Georges Kéhler and César
Milstein’s Nobel Prize~winning achievement in harnessing cancer
cells to produce monoclonal antibodies in great quantity, a break-
through that, together with the development of the methods of
recombinant DNA, revolutionized the fields of molecular biology
and biotechnology.

The third implication to flow from the relative ease of under-
standing the scientific and social goals of research is the ability of
the bench scientist to comprehend and accommodate to the incen-
tives having to do with societal need that may be built into a system
of funding research at the retail level. In particular, experience has
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shown the feasibility of introducing such incentives into systems
of peer review, which are often seen purely as a means of judging
the scientific promise of alternative projects. This point is sup-
ported by the comparison of practice in the National Science Foun-
dation, where peer review is almost wholly dedicated to gauging
research promise, and in the National Institutes of Health, where
peer review has been administered with an eye to the country’s
medical needs since the interwar years.

Peer review has a considerable history in scientific publication;
the logic of such a process for allocating scarce pages in scientific
journals was, as Robert K. Merton and Harriett Zuckerman note,
evident from the dawn of the Royal Society in Restoration Eng-
land.* Although peer review of journal articles has long been ac-
cepted, a grants peer review process evolved at the fledgling NIH,
especially the National Cancer Institute, toward the end of the
interwar period, and this device became a cornerstone of the pro-
cess by which NIH selected projects for support in the postwar
years. A somewhat different process of the microallocation of re-
search support through peer review grew up in the National Sci-
ence Foundation, from a seedling brought to the Foundation from
the Office of Naval Research by Waterman, NSF’s first director.

Although these NIH and NSF models of grants peer review are
very similar, the differences between them reflect the greater early
commitment of NSF to pure research. Each of the proposals to a
given NSF program is typically sent out for review by a number
of scientific peers judged by the program officer to be best able to
assess the scientific excellence of the proposal and the qualifica-
tions of the investigator. These reviews strongly influence the pro-
gram officers and the disciplinary panels that advise a number of
the programs, although the Foundation’s officers are ultimately
responsible for making awards. Such reviews are often supple-
mented by site visits in the case of large projects and special
competitions.

By contrast, NIH initially relies not on mail assessments by peer
scientists who are intimately familiar with the technical content of
a subfield but on the assessments reached by reviewers who make
up more than 100 study sections of scientists outside of the gov-
ernment who meet several times a year on NIH’s Bethesda campus
to assess the proposals assigned to their sections. For each proposal
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one member of the study section serves as the primary reviewer
and one as the secondary reviewer, chosen for their ability to gauge
the scientific quality of the proposal and applicant. Each writes a
detailed critique. A third member serves as a reader who is espe-
cially prepared to discuss the proposal when the study section
meets.

The NIH procedure is therefore less deep in terms of the judg-
ments of peers most knowledgeable in the area of a particular
proposal but provides a more comprehensive view of how well the
science funded by a set of awards will serve the biomedical goals
for which the study section is responsible, and the influence of
programmatic considerations becomes still more explicit when
the recommendations of the study sections are reviewed by the
legislatively mandated National Advisory Councils, one for each
institute of NIH. These councils, consisting of scientists and “com-
munity leaders in areas relevant to the health areas and scientific
responsibilities of the particular Institute,” approve the funding of
proposals on the basis of program goals and priorities as well as
scientific merit.* This system of project review has been an essential
element at the retail level of NIH’s extraordinary success in devel-
oping a “‘comprehensive” strategy of wholesale allocation that
encompasses work in Bohr’s, Pasteur’s, and Edison’s quadrants
but is fairly clearly centered on Pasteur’s quadrant. This strategy
is discussed in the next section, when the evolution of the federal
government’s macroallocative policies of research support in the
postwar decades is described.

Peer review is by no means the universal method of allocating
federal support for use-inspired basic research at the project level.
Although it is used by a variety of mission agencies and the Office
of Management and Budget and Office of Science and Technology
Policy are strongly encouraging its spread, it is less well suited to
the big science projects that are undertaken by many of the federal
government’s own research establishments. The national labora-
tories typically use quite different means of allocating research
funding at the retail level.

Moreover, from the moment of its inception, grants peer review
had its critics, who over several decades have produced a consid-
erable literature in the letters columns of Science and other journals
and in occasional more substantial pieces.® The critics have said
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that peer review is biased toward existing rather than novel ap-
proaches, toward higher-profile rather than lesser-known re-
searchers, toward projects within the established disciplines rather
than across disciplines, toward research in high-prestige rather
than less prestigious institutions. Its survival they attribute to the
inevitable satisfaction of scientists who have done well under the
system, suggesting that peer review is yet another realm of human
experience subject to Abraham Lincoln’s taunt that those who like
this sort of thing will find this the sort of thing they like.

The response of the agencies administering peer review, with
prods from Congress, has been a series of studies assessing the
performance of the system and recommending perfecting changes.”
One change was a shift of nomenclature from “peer review” to
the more easily explained “merit review.” Although these reports
have failed to silence the most articulate critics, they bear out the
broad conclusion that peer review is a reasonable way to allocate
funds to individual basic research projects according to judgments
of scientific promise, one that stands up well against the alternative
methods of allocation that have been proposed. Indeed, the sci-
entific community’s current complaints about peer review are
largely provoked by the low rate of yield of the grants process and
by the realization that peer review has a far more difficult task
when it is asked to decide among a plethora of excellent proposals,
This extrinsic disability of grants peer review will be still more
troubling in a period of severe budget stringency, and there is
unease that investigators may write proposals defensively rather
than imaginatively, lest a review panel seize on an element of
weakness to simplify an impossible task. NIH in particular is con-
sidering ways of adapting its review procedures to the realities of
a period of drastically reduced success rates.

All the same, microallocation by peer review has almost cer-
tainly played a major role in the extraordinary achievements of
federally funded basic science over half a century, including the
achievements of such use-inspired areas of fundamental research
as biomedicine and health. If the return on projects judged most
promising in research terms is only marginally greater in a given
period, such an increment compounded over time can lead to a
markedly greater yield from the investment in basic science. This
conclusion deserves to be forcefully stated as the conception of
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basic science is broadened to include fundamental research that is
also inspired by applied ends. Imbued with an older, linear-model
thinking, parts of the policy community may want to see basic yet
use-inspired work simply as applied research and to suppose that
a different kind of microallocation is appropriate; for the U.S.
Congress, a superlatively geographic institution, a natural alter-
native is to distribute research funding by geographic formula.®
Echoes of this view could be heard in the remarks of a congres-
sional leader, a long-standing friend of basic science, who told the
January 1994 Forum on Science in the National Interest convened
by the Office of Science and Technology Policy that if science was
now to help create jobs in the U.S. economy, his economically
hard-pressed state should have a share of the funds for performing
the research. This geographic impulse is also clear in congressional
“earmarking” of funds for research infrastructure.

Therefore, the conclusion that is suggested by the contrast be-
tween microallocation by peer review and by alternative methods
may be stated as follows:

Public funds invested in use-inspired basic research will bring
a greater return if they are allocated among alternative pro-
jects through peer review by panels capable of judging scientific
promise and the societa! benefit from the resulting scientific
knowledge.

This conclusion was endorsed by the memorandum on Fiscal Year
1996 Research and Development Priorities jointly issued by the
director of the Office of Management and Budget and the director
of the Office of Science and Technology Policy, a circular that has
quickened the interest in peer review in a number of the federal
mission agencies that had utilized other means of funding basic
research.’

Linking Scientific Promise to Social Value at the
Wholesale Level

The problem of building and allocating funds to agendas of use-
inspired basic research is fundamentally transformed as one moves
from the microallocation of resources to the macroallocation of
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resources to categories of research. Both the scientific and policy
communities have at the wholesale level of choice different roles.
No longer can the leading scientists in various fields, especially
those where the frontiers of knowledge are pushed back mainly
by “small science” projects lending themselves to peer review,
make judgments about scientific promise applying a deep knowledge
of a particular field. The broader the categories of research to which
funds are allocated, the greater this transformation will be.

The policy community too has a markedly different role as one
moves from the retail to the wholesale level of research funding.
In America’s governmental system, judgments of social value will
ultimately be made by the cut and thrust of pluralist democracy,
in which those in Congress and the White House who are clothed
in democratic authority by election to office have the most influ-
ential role. Those wielding this authority will directly determine
the fate of individual big-science projects, as they settled the fate
of the star-crossed Superconducting Supercollider project in high-
energy physics. By contrast, the role of the policy community will
typically be limited to setting overall budgetary levels in the case
of small-science projects that lend themselves to peer review—and
to giving broad legislation on budgetary sanction to the societal
needs that may partly guide the peer review process, such as the
health goals that partly guide decisions of many of NIH’s study
sections and National Advisory Councils.

In this section the problems of institutionalizing the role of the
scientific and policy communities in blending scientific promise
and social value at the wholesale level of research funding are re-
visited. The conceptual framework of chapter 3 is used to show
how the federal government built a series of ad hoc policies for
supporting use-inspired basic research in the postwar decades and
to show how deeply the postwar paradigm compounded these
developments.

If one examines the evolution of federal support of basic science
through the lens of chapter 3, three developments by which the
federal government has implicitly sought to build and fund agen-
das of use-inspired basic research in the postwar decades can be
distinguished. The first has involved an increasing recognition of
the use-inspired elements within the scientific and engineering
fields by the National Science Foundation, the hallmark institution
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of pure research, a development that might be said to have ex-
tended NSF’s portfolio of research from Bohr’s quadrant into
Pasteur’s quadrant. The second has involved the recognition of the
importance of a more fundamental understanding of scientific phe-
nomena bearing on the goals of the mission agencies of the gov-
ernment, a development that might be said to have extended the
R&D programs of these agencies from Edison’s quadrant to
Pasteur’s quadrant, The third has involved NIH’s recognition from
the earliest postwar years that it could best fulfill its mission by
building extensive agendas of use-inspired basic science as well as
by funding a considerable volume of pure basic research and of
purely applied research. This third pattern might therefore be said
to involve a more comprehensive portfolio of investments centered
on Pasteur’s quadrant.

Extending Support Beyond Bohr’s Quadrant in
the Practice of NSF

By creating the National Science Foundation five years after the
publication of Science, the Endless Frontier, the federal government
provided an explicit channel for funds dedicated to basic research.
In view of the investments in basic science then being made by
the Defense Department, the Atomic Energy Commission, and the
National Institutes of Health, this new channel was not the sole
or even the most important route for funds to basic research,
although it became impressively broad and deep in the aftermath
of Sputnik, and was from the beginning distinguished by the qual-
ity of the science it supported by peer review. It was expected that
this channel would be almost entirely dedicated to the pure re-
search anticipated by the Bush report; in the 1950s and 1960s,
NSF understood its primary role to be the support of curiosity-
inspired disciplinary research in the universities, and this Bohr’s-
quadrant mission was vigorously defended by NSF’s academic
constituency,?

In terms of the criterion of scientific promise, NSF has faithfully
adhered to this mission in the years since; if the conceptual plane
of chapter 3 is again invoked, the Foundation has made no conces-
sion on its commitment to invest in research high on the vertical
dimension of fundamental understanding. Over time, however,
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NSF has taken a more open view of where to place its investments
along the horizontal dimension representing the influence of ap-
plied goals on projects of research. An undoubted factor in this
shift has been the broadening of the Foundation’s scope to include
the engineering fields; the agency was bound to be moved toward
a more open stance on research that is inspired by societal need as
it responded to the successful, several-decade campaign of the
engineers to join the scientists under NSF’s tent. (This was itself a
fascinating chapter in the assertion of professional interest culmi-
nating in the 1986 amendment to NSF’s Organic Act that accorded
engineering equal status with science.)!! But the engineering dis-
ciplines were by no means the only fields within NSE’s scope where
research could be influenced by applied goals, as the review of the
interventionist and observational sciences in chapter 1 made clear.
An increasing awareness of the interplay of understanding and use
in biology and the other life sciences, in physics and chemistry,
and in geology, atmospheric, and oceanic science and other earth
sciences helped move the Foundation to a more accepting attitude
toward considerations of use.!?

Other organizational initiatives reinforced this shift. None was
more impressive than NSF’s success in the late 1970s in harnessing
the disciplinary strengths of physics and chemistry, chemical and
electrical engineering, and metallurgy and materials science to es-
tablish new Materials Research Laboratories. These laboratories
were partly inherited from the Advanced Research Projects Agency
(ARPA) of the Department of Defense, when the Mansfield amend-
ment (which required that the Defense Department’s basic research
be clearly related to its mission) led OMB to encourage the transfer
to NSF of ARPA’s fundamental research. NSF’s Materials Re-
search Laboratories anticipated the Engineering Research Centers
and the Science and Technology Centers created by the Foundation
from the mid-1980s, launched during the directorship of Erich
Bloch, a distinguished engineer with a background in industry.

This shift had carried far enough by the 1990s for a special
National Science Board of the NSF Commission on the Future,
appointed during the directorship of Walter Massey, to incorpo-
rate in its general recommendations the observations that

the history of science and its uses suggests that the NSF
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should have two goals in the allocation of its resources. One is
to support first-rate research at many points on the frontiers of
knowledge, identified and defined by the best researchers. The
second goal is a balanced allocation of resources in strategic
research areas in response to scientific opportunities to meet
national goals.

It is in the national interest to pursue both goals with vigor
and in a balanced way.!?

Senator Barbara A. Mikulski, who chaired the Senate appropria-
tions subcommittee responsible for NSF’s budget, was quick to
understand “in a balanced way” as meaning “to give equal weight
to” when Massey subsequently testified on NSF’s fiscal year 1994
budget. Massey responded by saying that the Foundation ought
“to harness the strengths of the Nation’s research enterprise on
broad strategic goals” and agreed in budget terms that the division
“will be about 50/50, in fact, if we track the funds.”** The sub-
committee promptly increased the pressure on the Foundation by
including in its report that “not less than 60 percent of the agency’s
annual program research activities should be strategic in nature.”s
At a number of points, however, the mindset of those imbued with
the postwar paradigm impeded the broadening of the NSF’s port-
folio to include use-inspired basic research.

We have seen how vigorously NSF’s academic constituency,
deeply persuaded that research beyond the realm of pure science
is purely applied, defended the primacy of the Foundation’s mis-
sion in curiosity-driven, disciplinary research in the Foundation’s
early years. But the policy community, having also absorbed the
idea that basic and applied research are necessarily separate, only
reinforced the scientists’ fears that whatever was added to this
traditional research mission must be purely applied. Such an ironic
scenario was played out in the passage of the Daddario amend-
ments that broadened the Foundation’s charter in the late 1960s,
as the policy community sought to harness the power of science
for social goals. Accepting the dogma of basic and applied as
separate realms, the congressional sponsors of these amendments
supposed that the appropriate course was to incorporate applied
research into NSF’s charter rather than to encourage the Founda-
tion’s support of fundamental research that is inspired by societal
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need. With the amendments to NSF’s charter conceived in these
terms, the Foundation’s academic constituency understandably
saw these new activities as lying beyond the realm of basic science
and in competition with basic research for scarce funds.

A clearer view of the distorting role of the postwar paradigm
can be seen in the fate of RANN (Research Applied to National
Needs), NSF’s programmatic response to Congress’s adoption of
the Daddario amendments. This was a time at the juncture be-
tween the Johnson and Nixon administrations when Congress and
the executive branch shared a concern as to whether technology
transfer was bringing the country an adequate return from its
investment in science—through the National Institutes of Health,
the Department of Defense, and the National Science Foundation.
Both the outgoing and incoming presidents showed their impa-
tience with this return, and President Richard M. Nixon soon
announced his War on Cancer.

How NSF should respond to its broader charter was a matter
of considerable tension within the Foundation.'® An activist stance
was advocated by the Foundation’s director, William D. McElroy,
and a number of his lieutenants, as well as by spokesmen for the
engineering community who were pressing for a larger role for
engineering within the Foundation. McElroy’s incentives for such
a stance were greatly strengthened in December 1970 when the
Office of Management and Budget offered to increase the Foun-
dation’s fiscal year 1972 budget by $100 million, rather than by
the $13 million it had modestly requested, if it would put together
a new program to enlist science and technology in the nation’s
needs. For a leadership intent on making NSF a billion-dollar
agency, the lure of such a proposal was understandable.

But a number of scientists within NSF’s board and research
directorate viewed the broadening of the Foundation’s mission to
include applied science with a hostility reminiscent of Bush’s var-
iant of Gresham’s Law that applied would always drive out pure
if the two forms of research were mixed. The National Science
Board noted its fear that over time Congress’s enthusiasm for
applied science would lead to a “relative diminution in the basic
science portion of the [NSF’s] budget.””'” Although they were un-
able to block a major initiative to respond to the challenge by
Congress and OMB, they created so hostile a climate for such an
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initiative that it was exceedingly difficult for the Foundation to
exploit the opportunity it faced.

Under fairer skies the Foundation might have taken the broaden-
ing of its congressional charter and the prospect of further funding
as an occasion for radically rethinking the separation of basic and
applied research and investing the new funds in areas of basic
science where research was directly influenced by considerations
of use. There are glimmers of such a vision in the justification for
NSF’s earlier initiative, IRRPOS (Interdisciplinary Research Rele-
vant to Problems of Our Society), by which it sought in 1968 and
1969 to respond to the Daddario amendments. The logic for re-
thinking the separation between basic and applied research in a
larger program was strengthened by OMB’s stipulating that half
of NSF’s new funds be used to support basic research cut loose
from the mission agencies.'®* McElroy claimed that as much as 40
percent of the funds for his fresh initiative would be devoted to
basic research, and he embraced the acronym RANN (Research
Applied to National Needs) as implying “that either basic or ap-
plied research would . . . be directed to the solution of identified
problems.”"®

It is hardly surprising that the hostility of NSF’s science constit-
uency, augmented by doubts in the National Science Board about
whether NSF had a comparative advantage over the mission agen-
cies in undertaking this type of research, kept the Foundation from
seizing this opportunity. Notably absent was the rationale that the
concept of use-inspired basic research might have provided for
distinguishing the NSF’s from the mission agencies’ role in research
influenced by considerations of use. The budget justification and
programming strategies for RANN prepared at breakneck speed
by an eight-person task force chaired by Joel Snow, IRRPOS’s
director, were mainly focused on applied research on the environ-
ment, urban problems, and the country’s energy needs. Almost
from the beginning RANN was also hobbled by the prospect, in
accord with good linear-model thinking, that NSF would be a
catalyst and at the “proof-of-concept stage” would transfer to
appropriate mission agencies or to private industry the findings
and responsibility for the applied research it started. In 1975 this
promissory note came due when NSF transferred to the newly
organized Energy Research and Development Administration
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(ERDA) virtually the whole of the solar and other energy projects
that had been given a strong thrust forward by the oil shock of
1973. This end of the “walk over the energy mountain” went
unlamented by NSF’s basic science constituency, and in 1977 the
National Science Board and a new NSF director terminated RANN
as abruptly as it had been launched six and one-half years earlier.
The 1994 admonition of Senator Mikulski’s subcommittee that
not less than 60 percent of the NSF’s annual program research
allocation should be strategic in nature still sent a shudder through
parts of the scientific community that were accustomed to the
basic-applied distinction and were therefore quick to associate
“strategic research” with narrowly targeted applied work.

Extending Support from Edison’s Quadrant in
the Practice of the Mission Agencies

A small but telling mark of the triumph of scientific outlook in
modern America is the routine practice of incorporating authority
to undertake research and development that bear on the agencies’
mission in the legislation authorizing the agencies of the federal
government. Most of the research supported by the vast resulting
array of R&D accounts is purely applied and closely aligned with
the operating needs of the mission agencies. And in the early 1970s
the Mansfield amendment settled a chill on basic science in the
mission agencies; even if its requirement that basic research be
clearly related to an agency’s mission applied only to the Defense
Department and only to a single fiscal year, a number of other
agencies accepted the either-or logic of the basic-applied distinc-
tion and felt that they too should limit their R&D activities to
purely applied research and development lest they come under
similar fire.

There were, however, notable exceptions to this reluctance
among the mission agencies to extend their R&D activities beyond
Edison’s quadrant, since it was clear that some agencies could
achieve their goals only by promoting a more fundamental under-
standing of the scientific phenomena that bore on their missions.
An early case was furnished by the U.S. Department of Agriculture,
although USDA’s role in basic research has receded in recent years.
America became the pacemaker of world agriculture by drawing
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on the knowledge gained from the federal investment in agricul-
tural science that goes back to the founding of the land grant
universities and agricultural experiment stations in the nineteenth
century. Although a great deal of the R&D funded by the Agri-
culture Department too is purely applied, the department’s budget
for fiscal year 1996 contained $605 million for basic research,
including a number of fundamental studies in fields such as mo-
lecular biology.?® There is, in effect, substantial consensus among
the relevant parts of the policy community, its agricultural con-
stituency, and a community of agricultural scientists that the de-
partment’s mission requires the extension of its R&D programs
upward from Edison’s to Pasteur’s quadrant.

Four other mission agencies of the government surpass the vol-
ume of basic research in the Agriculture Department. Each has a
distinctive background to its willingness to extend its R&D activ-
ities beyond the purely applied. In the early years of the cold war
the service departments moved swiftly to promote the flow of basic
research that bore on the country’s security without waiting for
the emergence of a unified Department of Defense. Indeed, we
have seen how far the Office of Naval Research went toward
becoming a National Science Foundation-in-waiting by funding a
large volume of research in Bohr’s as well as Pasteur’s quadrant
to help fill the gap created by the failure of Bush’s organizational
plan. In the postwar years the Defense Department was also will-
ing to buy into fundamental Pasteur’s quadrant research, as it did,
for example, in funding John Slater and Arthur von Hippel’s pi-
oneering research in condensed-matter physics at MIT, research
that helped lay the foundation for the postwar boom in materials
science.?! Although there were periods of ebb as well as flow in
the military’s enthusiasm for basic research, the budget for fiscal
year 1996 included $1.214 billion for basic research sponsored by
the Defense Department.

The Energy Department’s portfolio of basic research—totaling
$1.785 billion in fiscal year 1996—has been assembled from two
main sources. One is the interest in alternative energy sources
inspired by the oil shocks of the 1970s, an interest still highly
relevant to the country’s needs. The other is the research of the
Atomic Energy Commission, for which DOE inherited responsi-
bility (via the Energy Research and Development Administration)
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when the reluctance to have the AEC serving as both developer
and regulator of nuclear energy led to its dismemberment in 1974
and the assignment of the first of these roles to the Energy De-
partment, the second to the Nuclear Regulatory Commission. Be-
cause these transfers have weakened the postwar belief that the
research underlying atomic weapons should be in civilian hands,
it is now sometimes thought to be an anomaly for the Energy
Department, rather than Defense, to operate the nation’s weapons
laboratories. Another anomalous legacy from the AEC is DOE’s
sponsorship of the remarkably pure research in high-energy phys-
ics, a link explained by institutional history and not at all by the
accidental presence of “energy” in the name of the field.

Special characteristics mark the R&D programs of the two
other mission agencies with budget authority for basic research
exceeding the Department of Agriculture’s. One of these is the
National Aeronautics and Space Administration, where a substan-
tial fraction of the funds for basic research ($1.841 billion in fiscal
year 1996) is devoted to operational projects. The other is the
National Institutes of Health, administratively located within the
Public Health Service and the Department of Health and Human
Services. NIH is distinctive not only for the enormous scale of its
support of basic research, at $6.311 billion in fiscal year 1996 by
far the largest among the federal agencies, but for the degree to
which this support is centered on use-inspired basic science. In-
deed, NIH deserves to be seen not as a mission agency but as a
scientific R&D agency that has pioneered a comprehensive strat-
egy that spans Bohr’s, Pasteur’s, and Edison’s quadrants.

The postwar paradigm’s concealment of use-inspired basic re-
search has introduced a different set of distortions into the devel-
opment of basic science in the mission agencies. With the scientific
and policy communities believing that basic research is performed
without thought of practical ends, mission agencies that nonethe-
less wanted to involve first-class scientists in their problems did so
by cobbling together offers of support for the investigator’s own
basic research, as pure as the investigator wished it to be, in ex-
change for applied research and consulting of importance to the
agencies. In the early postwar years, there were examples of this
stratagem at both the retail and wholesale levels of research sup-
port. At the retail level, the Defense Department achieved such an
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amalgam in a variety of its contracts with individual scientists and
engineers by adding an override to support the investigator’s own
research. These arrangements almost certainly helped a generation
of physical scientists to perceive themselves as pursuing free re-
search even if their funding came from the Defense Department, a
self-perception that was increasingly important as the controversy
over the department’s funding erupted on university campuses
during the Vietnam War. Long after the year when the Mansfield
amendment legally constrained the Defense Department’s budget,
this magnificent product of linear-model thinking continued to
remind Defense that it was safest to describe as purely applied any
research that bore on the Defense Department’s mission.

The Atomic Energy Commission achieved an amalgam of pure
and mission-oriented research at a far more wholesale level of
allocation in the early postwar years. Wanting to enlist the help of
the remarkable generation of physicists who split the atom and
built the bomb, and coping with the dangers of a divided world,
the AEC encouraged their involvement by its willingness to sup-
port, at increasingly generous levels, the theoretical and experi-
mental research in high-energy physics that laid the foundation of
the Standard Model of the elementary particles of the physical
universe. The implicit bargain in these arrangements was symbol-
ized by the presence of both weapons-directed and curiosity-
directed research in the Argonne, Brookhaven, Livermore, Los
Alamos, and other national laboratories,?? although this link
weakened when it was clear that the research in high-energy phys-
ics was as pure as any in the postwar era. By the time Enrico
Fermi’s generation gave way to the generation of Sydney Drell,
and DOE supplanted the Atomic Energy Commission as sponsor-
ing agency, high-energy physics was virtually a freestanding pro-
gram of pure research, almost anomalously housed within a De-
partment of Energy.

The distorting effects of the postwar paradigm are clearer still
in the way that the failure to recognize the fundamental character
of use-inspired science in Pasteur’s quadrant has inhibited the
emergence of basic research that is germane to agency missions., A
notable example is furnished by the drive for fusion energy and
the development of plasma science, an example that touches im-
portant issues of current science policy.
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Although the physics of nuclear fusion as the source of the
radiant energy of the sun and stars was spelled out earlier in the
century, it was the work on thermonuclear weapons after World
War II that created the dream of reigniting the sun on earth as a
source of virtually limitless power with far less environmental
hazard than fission power entailed. From the start it was clear that
this goal would require an immense engineering effort, and it was
also clear that it would require fundamental advances in plasma
science. Subsequently, each of these technological and scientific
trajectories has profoundly influenced the other, and their inter-
active relationship is recognized by a recent report issued by the
National Research Council, which notes that “plasma science is
central to the development of fusion as a clean, renewable energy
source”? and that “magnetic confinement fusion continues to be
the largest driver for the intellectual development of plasma sci-
ence.”’?* Well it should, in view of how clearly the realization of
this technological dream will require a fundamental understanding
of such things as turbulence in plasmas and the turbulent transport
of particles and energy.

The several-decade quest of this fundamental knowledge might
have gone quite differently if the policy and scientific communities
had held more realistic views of the relationship between the ad-
vances of basic science and of technology. In this case, the policy
community might have seen this investment in scientific knowledge
as a natural corollary of achieving an important technological
goal. And the scientific community might have seen the drive for
fusion energy as a striking opportunity to develop fundamental
knowledge of matter in the plasma state. As it was, the vision of
both communities has been clouded by the tendency to see the
world of research as divided into the pure and purely applied that
is associated with the postwar paradigm.

The policy community’s perspective on the drive for fusion
power reveals how effectively the postwar paradigm has impeded
the upward diffusion of research in the mission agencies from
Edison’s to Pasteur’s quadrant. Once the technological goal of
generating commercially profitable fusion energy was defined,
agency program managers and their funders tended to style the
effort as a huge venture in applied research and engineering, akin
to the Apollo space program that put a man on the moon with
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off-the-shelf science. Like the Apollo program, the drive for com-
mercially profitable fusion energy was soon geared to the construc-
tion and operation of ever larger and more powerful machines. In
the course of scaling up, the leadership role of the scientists who
first articulated the dream of rekindling the power of the sun was
increasingly shared with engineers and managers who could design
and operate these machines within the constraints of time and
budget. Appropriations requests were keyed to these technological
milestones, and the need to extract a heavy flow of public funding
created incentives for minimizing the uncertainties ahead, includ-
ing those surrounding the fundamental scientific knowledge that
igniting a fusion reactor would require. These uncertainties have
in particular been understated by the Energy Department’s Office
of Fusion Energy, the lead agency in the drive for fusion power.
And as budgets became tighter, Congress reinforced the incentives
for minimizing the scientific uncertainties surrounding fusion en-
ergy by focusing on tokamak, a single energy concept, as the most
promising, to the detriment of research on alternative concepts.?s

But it could equally be said that the scientific community’s per-
spective on the drive for fusion power reveals how the postwar
paradigm has also impeded the upward diffusion of mission-
agency research from Edison’s to Pasteur’s quadrant. Once the
technological goal of generating commercially profitable fusion
energy had been defined, much of the physical science community
too saw this venture as a huge program in applied research and
engineering rather than as a major opportunity to explore the
fundamental phenomena of plasma physics.

Hence, the complementary perspectives on the drive toward
fusion power held by the policy and scientific communities, each
deeply influenced by the postwar paradigm, have limited the fun-
damental Pasteur’s quadrant research that might have flowed from
this drive. After several decades of unparalleled support for the
associated engineering and development, the NRC panel on
plasma science could observe that

we have no first-principles understanding of turbulence in any
plasma, and understanding such turbulent behavior is perhaps
the key unsolved problem in plasma physics.2¢



134 BASIC SCIENCE AND AMERICAN DEMOCRACY

This conclusion was reached by the panel despite the fact that
virtually all magnetically confined plasmas are profoundly influ-
enced by this turbulence.?” The panel went on to say that

because turbulence and turbulent transport are not under-
stood in any plasma, careful experimentation in flexible, small
experiments is likely to make significant contributions to testing
existing theoretical predictions and to guide further theoretical
work in this important area. Given the fundamental lack of
understanding and the important practical consequences that
would derive from a deeper understanding of turbulence and tur-
bulent transport, a sustained program of both theoretical and
experimental research is extremely important.?8

The quest for this fundamental knowledge can benefit from *“small
science” as well as from inquiries mounted with large machines.
Just as it is important for the drive toward fusion energy, which
requires very large installations, not to crowd out funding for
fundamental research in much smaller laboratories, so it is impor-
tant for the large installations not to be wholly seen as hand-
maidens to a technological goal.

Comprebensive Investment Centered on
Pasteur’s Quadrant

An extraordinary match between societal needs and research
seeds accounts for the spectacular growth of the National Insti-
tutes of Health in the postwar decades. The needs were compelling,
in view of the priority given by the policy community and public
to the goal of health. This priority is shown by the steadily rising
fraction of gross national product directed to health care, as well
as by the soaring government expenditures for biomedical stud-
ies.?? In the words of John Sherman, “Every public opinion poll
since World War II touching on the subject has reflected a strong
willingness to see our federal tax monies used for the support of
medically related research,”*® and for several decades there was a
W. S. Gilbert quality to the way the president’s handsome requests
on NIH’s behalf were regularly topped by the appropriations voted
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by Congress. The seeds were also favorable, since the fields of
molecular biology, biochemistry, and allied sciences were capable
of an explosion of biomedical discovery and unparalleled advances
in the understanding of discase and its remedies. An important
additional background factor may have been the presence of a
professional group—the country’s doctors—schooled in the
biomedical sciences to at least an elementary level. This confluence
made NIH the most successful channel of support for use-inspired
basic science in the postwar era, and this development was spec-
tacularly validated when it was realized how applicable the knowl-
edge gained by fundamental research in molecular biology would
prove to be,

From the moment NIH offered to assume responsibility for the
contracts of the Committee on Medical Research of the Office of
Scientific Research and Development, as OSRD went out of busi-
ness at the end of World War II, NIH’s leadership skillfully shaped
a distinctive research role for the institutes. The years of James
Shannon’s leadership from the mid-1950s to the late 1960s were
marked by the decision to achieve NIH’s extraordinary growth
primarily through the program of peer-reviewed grants rather than
work within NIH’s own laboratories, a decision that helped un-
leash the postwar revolution in biological science in the universi-
tics. The human significance of biomedical knowledge since the
time of the Hippocratics placed the center of gravity of this re-
search squarely in Pasteur’s quadrant. But the evolving strategy of
NIH coupled this with substantial investments in pure research
and purely applied research as well. What emerged was a compre-
hensive strategy, unique in America’s experience, of research in-
vestments that included all three patterns of research goals but was
clearly centered on use-inspired basic science, an institutional strat-
egy that has led at times to a kind of schizophrenia among both
NIH staff and principal investigators. In policy circles, they are
apt to emphasize their Pasteur’s quadrant role, whereas in aca-
demic research circles, where the ideal of pure inquiry still burns
brightly, they are apt to emphasize their Bohr’s quadrant
credentials.

The evolution of federal support in the postwar decades has
therefore channeled funds to use-inspired basic research by varied
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channels involving agencies that invoke varied criteria in their
wholesaling of such support. The scientific R&D agencies heavily
rely on categories that are defined in terms of disciplines or fields.

By contrast, the support for use-inspired basic science by the
R&D-intensive mission agencies flows through channels that are
problem or mission defined. Thus the Department of Energy
establishes the Office of Basic Energy Sciences. The Agriculture
Department proposes research initiatives on natural resources and
the environment; plants; animals; nutrition, food safety, and
health; processes and new products; and markets, trade, and rural
development.

The outlook of these two groups of agencies is therefore fun-
damentally different. The significance of this difference may be
captured by a metaphor of hammer and nails borrowed from the
philosopher of science, Abraham Kaplan, and his “law of the in-
strument.”* In this homely figure, the deepening understanding
sought by the scientific R&D agencies may be likened to making
a better hammer; the problems that this understanding may help
solve, likened to the nails that such a hammer could more effec-
tively drive home. To be sure, these agencies know quite a lot
about the nails that need hammering, as NIH knows a great deal
about the diseases that might be cured by the gain in scientific
understanding from research it sponsors; in this sense, a good deal
of this research is use inspired. But these agencies are first of all in
the business of improving hammers, of raising scientific under-
standing to a higher level from its current disciplinary base.

The mission agencies are, by contrast, in the business of driving
in nails, and ordinarily look for a better hammer when they need
to drive such a nail home. These mission-related objectives (the
nails) provide a distinctive perspective for the basic scientists
whose work they fund, a perspective that leads at times to strik-
ingly original research. The value of this fresh angle of vision
extends the list of “standard” advantages of a plural system of
research support over a monolithic system—the greater possibility
of multiple, independent reviews of novel research ideas and the
greater continuity of support that plural sources offer academic
and other organizations performing research.??

The country has almost certainly been well served by the plu-
ralism of these arrangements and has reason to be skeptical that
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an overarching ministry of research, adapted to American circum-
stances as a Department of Science, would preserve this value.
This observation is important enough to deserve restating:

The flows of support through the multiple channels of the
scientific and R&D-intensive mission agencies are a source of
creativity in building agendas of use-inspired basic research, a
source that would be put at risk by the formation of an over-
arching Department of Science.

If the evolution of federal support in the postwar decades has
managed to fund a use-inspired basic science that is largely con-
cealed by the postwar paradigm, one ought not to miss the degree
to which this paradigm has impeded the flow of support to basic
research of this kind. It has in fact hampered the development of
a broader research mission by the National Science Foundation
and the development of stronger programs in basic science by the
R&D-intensive mission agencies

Evaluating the NIH Model

The distortions created by the postwar paradigm that impeded
the support of fundamental yet use-inspired research by NSF and
the mission agencies have been far less troublesome in the case of
the National Institutes of Health, an agency that grasped the im-
portance of use-inspired basic research from the inception of its
extramural grants program after World War II. A comprehensive
strategy of research support anchored on Pasteur’s quadrant po-
sitioned NIH to resist far more effectively the pressures that the
postwar paradigm brought to bear on NSF and the R&D-intensive
mission agencies.

This benefit of a research strategy that granted full, if implicit,
recognition to the science of Pasteur’s quadrant was shown in the
late 1960s and early 1970s by NIH’s success in coping with the
rising enthusiasm of the policy community for putting new knowl-
edge to work. A shudder went through the biomedical community
when Lyndon B. Johnson chose NIH’s Bethesda campus as the site
of an address in which he implied that biomedical science had
amassed enough new knowledge and that this knowledge should
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now be taken from the shelf and turned into cures for the diseases
that still threatened the nation’s health. This apparent case for
applied research and development was echoed by the War on
Cancer declared in 1971 by Johnson’s successor, Richard M.
Nixon. Parts of the biomedical research community understood
the War on Cancer to be a call for fairly narrowly targeted applied
work.

What kept these calls for applied work from having a far greater
impact on NIH’s priorities was the belief of the biomedical com-
munity that work of fundamental scientific significance could be
inspired by societal need. NIH may have felt it had been provided
with more money for cancer research than it could in the short
run usefully spend. But it did not believe that this windfall appro-
priation had to be deployed on narrowly applied studies. On the
contrary, it knew how to dedicate much of the added funding to
Pasteur’s quadrant research that advanced fundamental scientific
understanding as it helped with the detection, treatment, and cure
of human cancers. An example cited by Daniel J. Kevles is the fact
that the “war-on-cancer money paid for basic research into the
mechanisms that transform healthy cells into malignant ones, and
so sustained the work that led J. Michael Bishop and Harold
Varmus ... to their Nobel Prize—winning discovery of
oncogenes.”’*

This lesson from the history of the National Institutes of Health
underscores the fact that the country has not adequately exploited
the varied institutional experience it has gained in the wholesaling
of support for use-inspired basic science. There is no reason to
believe that the enormously successful model pioneered by NIH
must be confined to biomedical research. Important factors fa-
vored its success there. The goal of better health commanded uni-
versal support. The disciplinary range of the biomedical sciences
was relatively limited. These sciences stood at the edge of discov-
eries of profound importance for the country’s unmet health needs.
And much of the needed research was “small science” that could
be done by individual investigators and teams of researchers, sup-
ported by competitive, peer-reviewed grants. Yet these factors
ought not to be overstated. The debates over abortion and animal
rights remind us of potential conflicts surrounding health care, and
NIH has avoided other sources of conflict, such as those which
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might have been generated by flourishing programs of research on
the health risks of tobacco use or the economics of health care
delivery.

Plainly, the NIH model could be repeated only sparingly. The
resources that built up the National Institutes of Health were in-
vested over several decades of flush federal budgets and rising
incomes. Under the budgetary constraints that will be in force for
the rest of the century, any replication would require reallocating
funds. It is nonetheless unreasonable to think that only biomedical
research lends itself to the virtues of the NIH model of a scientific
agency focused on an area of recognized societal need that is able
to enlist basic science of the highest caliber from a range of disci-
plines to develop a fundamental understanding of the phenomena
that underlie the problem area, while it also sponsors some pure
research and some purely applied research.

The environment is a problem area in which the NIH model
might be replicated. Over several decades a growing multidiscipli-
nary community of scientists has laid the groundwork for such an
experiment by the understanding they have gained of the global
and more regional systems that shape the human environment.
Physicists, chemists, oceanographers, geologists, meteorologists,
ecologists, and scientists from many other fields have made an
impressive start on understanding such basic processes as the
“grand cycles” by which carbon, nitrogen, sulfur, and phosphorus
move from the soil, the atomosphere, and the oceans to living
plants and animals and back again. Understanding these cycles in
the millions of centuries prior to the appearance of the human
species provides a backdrop for understanding the subsequent hu-
man influence on these four biochemical building blocks for all
forms of life, an influence that has sharply escalated in recent
centuries. D. Allan Bromley, the distinguished physicist who served
as George Bush’s science adviser, frequently cited the estimate that
more than 200 billion tons of carbon have been injected into the
atmosphere since 1850.3¢

Although it is an extraordinarily difficult scientific task to sep-
arate human influence from natural variation in these complex
systems, this research has charted the impact of human technology
on most of the basic biochemical cycles of the natural world, an
impact leading to consequences as disparate as acid rain and global
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warming. This research has enjoyed increasing success in spelling
out the nature of such fundamental processes as the exchanges
between the atmosphere and the world’s oceans and the interface
between the inorganic world and biological forms as varied as the
tropical forests and sea-borne algae. But much more needs to be
learned to provide a sure understanding of how we can preserve
the essential balances in the human environment in a new century
of rapid technological change.

Reproducing the NIH model in the environmental area would
need to be justified by judgments of research promise at the whole-
sale level. It is unlikely that replicating the NIH model would lead
to advances in scientific understanding comparable to those
achieved by the biomedical sciences in the postwar decades, al-
though the creation of such a funding channel would encourage
important breakthroughs. The National Academy of Sciences has
been actively tracking the potential of research on global change,
and the National Science Foundation has mounted small but vig-
orous programs of fundamental science on the environment.
Perhaps the most revealing indicator of scientific promise is the
remarkable number of research universities that have mounted
environmental initiatives focused on both teaching and research.
The sense of research opportunity shared across a number of ac-
ademic institutions has indeed already spawned an effort to create
a National Institute for the Environment. It is quite possible that
the emergence of an important new channel of funding of rigorous,
peer-reviewed projects would further unite the research strengths
of a number of scientific and engineering fields that bear on the
environment.

Equally critical judgments of societal need would be required to
justify the NIH model in the environmental area. As the impor-
tance of protecting the environment burst on the nation’s con-
sciousness in the late 1960s and early 1970s, this need may have
enjoyed as strong a consensus as the importance of improved
health, and the opinion polls have continued to record overwhelm-
ing majorities of the American people as supporting clean air and
clean water in subsequent decades. Nonetheless, a more polarizing
belief in the trade-off between environmental protection and eco-
nomic opportunity has characterized the debate over environmen-
tal policy in recent years. Indeed, the appeal of an NIH for the
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environment is diminished in some political quarters by the fear
that deeper scientific understanding would do little more than give
future government regulators additional tools to constrain indus-
try. But an NIH-type investment in the environmental area would
attract broader political support if a deeper scientific understand-
ing was expected to yield an economic return for the private sector
~by allowing firms to experience the greater profitability of
sustainable development or to exploit some of the resulting tech-
nologies, as the pharmaceutical firms have profited from the fun-
damental advances in biomedical science. On the latter point, the
United States might well learn from the Japanese, who have re-
markably clear ideas as to how an investment in basic environ-
mental science may help Japanese firms to sell the rest of the world
the technologies that will be needed to clean up the global envi-
ronment in the next century.

The environment is not the only area in which the match of
research promise with societal need might justify repeating the
NIH model. So important is the intense interplay of fundamental
science and technological development in a cluster of fields sur-
rounding condensed-matter physics and materials science that this
area too might supply an opportunity for an NIH-type channel for
the wholesaling of research support that could enlist the interest of
the basic research community and protect the scientific integrity of
decisions at the project level. In any case, the conclusion to which
these observations naturally lead can be stated in general terms:

In the evolving arrangements for funding use-inspired basic
tesearch, attention should be given the possibility of replicating
the National Institutes of Health model in other areas where
research promise is felt to match societal need, with the field of
environmental science a leading candidate,

At the retail level, choices among alternative projects of use-
inspired basic research should be largely in the hands of those who
can judge scientific promise, constrained by wholesale decisions as
to the societal needs a given program of research is to address. By
contrast, there is at the wholesale level of research funding much
less asymmetry between the ability of those with scientific expertise
to judge the social value of alternative programs of research and



142 BASIC SCIENCE AND AMERICAN DEMOCRACY

the ability of nonscientists to judge the scientific promise of these
programs. Where these decisions are confined to a single scientific
field, something akin to the central limit theorem of probability
theory may make it easier for scientists well versed in the field to
gauge the promise of significant progress by a large number of
projects than to predict the success or failure of particular projects.
But this advantage rapidly melts away when the promise of alter-
native programs of research must be judged across fields of widely
varied conceptual and empirical content. -

Yet these constraints by no means remove the need to bring the
best scientific judgment to bear on wholesale decisions of support
for use-inspired basic science. At this level too it is critically
important to join informed estimates of scientific promise with
judgments of societal need, lest those in political authority fund
research bearing on their social goals that is as likely to affect the
course of affairs as King Canute’s commands to halt the advancing
tide. The annals of science policy in the postwar decades chronicle
a sustained effort to institutionalize the flows of scientific infor-
mation to the president and Congress, the twin centers of demo-
cratic authority in American national government.

Linking Scientific Judgment with
Political Authority

The effort to bring together informed judgments of scientific
promise and of national need date from the earliest years of the fed-
eral investment in research during World War II. Indeed, the
blending of scientific expertise and political authority in the war-
time presidency of Franklin D. Roosevelt set a standard that was
difficult for Roosevelt’s postwar successors to meet. The role of
science adviser almost disappeared from the White House in the
earliest postwar years. For science policy advice, Harry S. Truman
primarily relied on John R. Steelman, an economist and sociologist
by training, who chaired the President’s Scientific Research Board
and supervised the compilation of the five-volume Steelman Re-
port.> The scientists brought into the Executive Office in Tru-
man’s presidency served only as advisers to the director of the
Office of Defense Mobilization, without direct access to the pres-
ident.?” It took the storm created by the launching of Sputnik in
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Eisenhower’s second term to revive a relationship closer to the one
that F. D. Roosevelt and Vannevar Bush had pioneered. In re-
sponse to this Soviet challenge, Eisenhower appointed James R.
Killian, president of the Massachusetts Institute of Technology, as
special assistant to the president for science and technology, and
Killian assembled a group of volunteer colleagues to serve as the
President’s Science Advisory Committee (PSAC), also with direct
access to the president.

These arrangements were strengthened by John F. Kennedy. His
special assistant for science and technology, Jerome B. Wiesner,
became an explicit part of the Executive Office as director of an
Office of Science and Technology and played an important role
in the soaring expenditures on space and defense R&D as the
confrontation with the Soviets entered its tensest stage. But this
advisory relationship suffered as the Vietnam War darkened the
feelings toward academic science held by Kennedy’s successors,
Johnson and Nixon. Indeed, Nixon was so angered when members
of PSAC went public with their opposition to his Anti-Ballistic
Missile, Super-Sonic Transport, and Vietnam policies that he dis-
solved the committee and dismissed Edward E. David Jr., his sci-
ence adviser, declaring that he would henceforth take counsel on
science and technology policy from the director of the National
Science Foundation.

The recovery from this low point for science advice in the White
House proceeded in several stages. President Gerald Ford rein-
stated the role of science adviser, with a willing Congtess providing
statutory authority for a White House Office of Science and Tech-
nology Policy (OSTP), directed by the science adviser, and for a
Federal Coordinating Council for Science and Technology—later
changed to Science, Engineering, and Technology (FCCSET)—
chaired by the science adviser. Guy Stever, the director of the
National Science Foundation who doubled as science adviser after
Nixon abolished the White House post, left the NSF to devote his
energies to these arrangements.

Frank Press, who succeeded Stever as science adviser in the
Carter years, played a critical role in shaping the priorities for
scientific research during the administration of a nuclear engineer
turned president. Press formed a close entente between OSTP and
the Office of Management and Budget and pioneered the concept
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of a presidential R&D ‘initiative’ cross-cutting a number of de-
partments and agencies.*® An agreement between Press and Bert
Lance, Carter’s first director of OMB, which was continued by
Lance’s successor, James McIntyre, allowed senior OSTP staff to
play a role in R&D decisions at each step in the construction of
the executive budget right up to the director’s review. But the
revival of a committee of advisers from the scientific community
fell victim to Jimmy Carter’s desire to reduce White House staff
and to mold the Executive Office to the president’s decision needs.

Although Ronald Reagan believed that basic science was a
prime element of the country’s strength in confronting the Soviets,
the Reagan presidency took at least a short step backward in the
role of science advice in the White House. George Keyworth,
the first of Reagan’s directors of OSTP, was a late recruit with
limited stature in the scientific community and was felt to be too
much within the orbit of Edwin Meese, Reagan’s principal policy
adviser. Despite these reviews, Keyworth and his successor, Wil-
liam Graham, accomplished a good deal, including launching the
ultimately star-crossed Superconducting Supercollider.

The revival of science advice in the White House continued
during the presidency of George Bush, who for the first time made
his science adviser one of the assistants to the president.>* Bush
also took advantage of the previously unused statutory authority
to revive and meet directly with an advisory committee of scien-
tists—renamed the President’s Committee of Advisors on Science
and Technology (PCAST). Beyond these steps, he agreed to fill all
of the senior staff positions provided by the statute creating OSTP.
This added staff strength permitted the Bush administration to
mount important initiatives in science and technology, most no-
tably in the fields of environmental science, high-performance
computing, advanced materials, and biotechnology.*

Science advice in the White House entered a further stage in the
Clinton administration, which considerably elaborated the orga-
nization of this function as it defined and implemented its priorities
in science and technology, including several inherited from the
Bush administration.** Clinton, a president with a strong technol-
ogy agenda, created a White House National Science and Tech-
nology Council (NSTC), a cabinet-level group chaired by the pres-
ident himself that is formally coordinated with the National
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Security and National Economic Policy Councils. The dual post of
the assistant to the president for science and technology and direc-
tor of the Office of Science and Technology Policy was filled by
John Gibbons, an experienced former director of the congressional
Office of Technology Assessment, who in his Capitol Hill years
had become close to the new, technology-minded vice president.
One of nine committees of the NSTC was charged with overseeing
the federal role in basic science and was jointly chaired by OSTP’s
associate director for science and by the directors of the National
Science Foundation and National Institutes of Health. Like its
predecessor, the Clinton administration impaneled a PCAST com-
mittee of scientific advisers and asked its members and others from
the scientific community to undertake such ad hoc policy studies
as the previously cited review of fusion energy. The experience
with this apparatus in a presidency as favorable to science and
technology as any in the postwar period suggests the limits of what
can be done in the eye of the governmental hurricane to bring
deeply informed judgments of scientific promise to bear on whole-
saling decisions on research support. Both the time and preferences
of the president were mortgaged to a vast array of other commit-
ments, Likewise, the officials who sat on the NSTC and its com-
mittees had departments and agencies to run and turf to protect.
Their staffs, drawn from OSTP and elsewhere in the executive
branch, were stretched equally tight by short-term deadlines and
fires that needed to be put out. Although some of the scientists
staffing this apparatus brought agendas that reflected their own
prior involvements in research, on most issues they served as
brokers mustering scientific and political information for those
in the White House and OMB who were reaching decisions on the
wholesaling of support for research and development.

The effort to institutionalize the flow of science advice has had
a still more checkered history in Congress, the other major insti-
tution with legitimate authority over the wholesaling of support
for scientific research in our democratic system. In the first postwar
years Congress sought technical information to deal with science
and technology policy issues by the classic means of elaborating
its committee structure. The Joint Senate-House Committee on
Atomic Energy, created by the Atomic Energy Act of 1946, over-
saw all aspects of the work of the newly established Atomic Energy
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Commission, including appropriations, from 1947 to 1977, when
the committee was dismantled and the regulation of nuclear energy
divorced from the operating responsibilities that the Department
of Energy inherited from the AEC. In the wake of Sputnik the
Senate created a Select Committee on Space and Aeronautics that
in 1958 was transformed into a Standing Committee on the
Aeronautical and Space Sciences. In 1977 the Senate Commerce
Committee became the Committee on Commerce, Science, and
Transportation, with responsibility for authorizing and overseeing
the government’s science and technology programs. In 1958, in
the scientific build-up following Sputnik, the House of Represen-
tatives followed suit by creating a Standing Committee on Science
and Astronautics. In 1974 this became the Committee on Science
and Technology; in 1987, the Committee on Science, Space, and
Technology; and in 1995, simply the Committee on Science, as a
reflection of the skepticism about the government’s technology
programs harbored by the new Republican leadership. In line with
the deep congressional tradition of separating appropriations from
authorization and oversight, the funding of scientific programs
remained the preserve of the appropriations committees and sub-
committees of the House and Senate, apart from the three-decade
exception of the Atomic Energy Committee,

The hearings of these committees were an important channel
for scientific information to reach the government, and their pro-
ceedings and reports are a distinguished archive of American sci-
ence and technology policy. The formation of these committees
and rapid expansion of congressional staffs in the postwar decades
brought into Congress’s service a number of scientists and engi-
neers who could play important interpretive roles for their mem-
bers and committees.*> Two support agencies of Congress also
acquired increasing staff strength in science and technology policy
to respond to requests by the authorizing and appropriating com-
‘mittees of Congress and by individual members. At the General
Accounting Office (GAO) successive comptrollers general wel-
comed the need to provide congressional committees with advice
on science and technology programs as part of their efforts to
extend GAQ’s audits to include program performance as well as
financial management. Elmer B. Staats, the comptroller general
who pioneered this change, had a deep background in science and
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technology policy from his years at the Bureau of the Budget. At
the Library of Congress, the Legislative Reference Service was
upgraded in the postwar decades, becoming in 1972 the Congres-
sional Research Service (CRS). From the outset CRS created a
Science Policy Division and an Environmental and Natural Re-
sources Division to respond to requests from individual senators
and representatives for information on science and technology
policy issues.

Congress took a far more ambitious step to provide itself with
advice on science and technology policy when it created the Office
of Technology Assessment (OTA) in 1972. The title of this agency
reflected the concern of many of its congressional Sponsors over
threats to the environment posed by new and rapidly evolving
technologies in a period when the environmental movement was
at flood. But the reports issued by OTA covered a broad terrain
and embraced a number of scientific questions as well. Moreover,
these reports, largely contracted out to specialists in the field, were
often of a scope and depth that reached well beyond the policy
and program analysis more typical of the reports issued by GAO
and CRS.

OTA did not have an easy passage, for reasons that illuminate
the tensions between political interest and scientific truth. As it
successively tried to serve rach of these masters, the agency was
twice forced to change course in its early years. Its first director
was a former congressman, Emilio Daddario, who five years earlier
had shepherded the changes in NSF’s charter through Congress.
He and a Technology Assessment Board drawn from the members
of the House and Senate administered OTA as they might have
run a congressional committee. Within two years Daddario fell
before a fusillade of criticism from those who expected the agen-
¢y’s reports to be neutral and analytical. So fully did OTA’s second
director, Russell Peterson, take account of the critics’ complaints
that he defined a strategic agenda that largely ignored the intent
of OTA’s organic act to create an agency to help Congress in the
legislative assessment of matters pending. Peterson’s term came to
an even more abrupt end in a shower of complaints that OTA was
proving irrelevant to the work of Congress. Its third director, John
Gibbons, later the science adviser to President Clinton and director
of the White House Office of Science and Technology Policy,
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sought to steer a course between these two shoals by undertaking
studies that were analytically objective but enjoyed bipartisan sup-
port and were keyed to the legislative agenda of Congress.

Although OTA earned substantial respect in the twelve years of
Gibbons’s tenure, it never entirely surmounted the tensions inher-
ent between the needs of policy research and of legislative decision.
These tensions were twofold. One had to do with time. The time
needed by policy research to reach an analytically sound result
may be poorly matched to the rhythms of the legislative process,
which may require a decision on the basis of the current balance
of political forces and what is by then known. This mismatch
continued to frustrate members of Congress even when OTA
sought to limit this dissonance by undertaking short-term studies
keyed to the legislative timetable. The other tension is between
analytical conclusions and political interests. However sensitively
a study may take account of conflicting interests, its conclusions
can seem injurious to some of the stakeholders. This complaint
acquired a partisan cast when the shift of OTA’s director and
several of his senior aides to the Clinton White House seemed to
confirm the agency’s liberal Democratic orientation during his long
tenure.*

OTA proved vulnerable on both these grounds when the Re-
publican leadership brought to power by the elections of 1994 set
out to cut Congress’s own budget prior to balancing the budget of
the government as a whole. OTA was an easy mark for the budget
cutters as an agency with several hundred employees who could
be eliminated at a stroke. But its 1995 death also reflected the
inherent difficulty of building a constituency for an agency dedi-
cated to science and technology policy research in an institution
with exceedingly brief time horizons and highly political tests of
truth.

Despite the vast differences in the problem of advising a unitary
executive and a plural legislature, several closely related lessons
are to be learned from the periodic travails of science advice in
each of these settings:

The Primacy of Political Considerations. The fragility of these
channels of advice shows how easily scientific judgments can be
overwhelmed by political considerations when the stakes are high
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for those in political authority. The stronger the political agenda
of elective leaders the less open they will be to research-based
advice. It is unreasonable to suppose that a rationalist, problem-
solving view of the role of science will prevail when those in au-
thority believe that the results of use-inspired research may be
unwelcome or threatening.* It is not surprising that a political
agenda should color the view of scientific advice that was held by
a Lyndon Johnson embattled in Vietham or by a new congressional
leadership determined to implement its Contract with America.

Discounts of the Future. It is understandable in an elective
democracy for the policy horizons of those in elective office to
coincide with its two-, four-, and six-year election cycles. Demo-
cratic politicians are by no means the only leaders in our society
whose discounts of the future are thought to be excessively deep.
It has become almost a commonplace to criticize corporate leaders
for focusing too much on their firms’ performance in the next
quarter and too little on returns in the longer run. Indeed, many
corporations began their downsizing of central research labora-
tories in the high-inflation years following the oil shocks of the
1970s, years in which the deepest discounts were applied to the
future.

From his observation of successive presidencies, Staats has called
the reconciliation of the president’s short-term need to marshal
support in Congress and the public and his concern to serve the
nation’s long-term interest one of the deepest tensions of the sci-
ence advisory process.

Long-term analysis . . . requires extraordinary discipline to
prevent resources assigned to strategic planning from being ab-
sorbed into short-term “firefighting” work. . . . To be effective,
strategic planning requires insulation without isolation.*

Staats’s concern led him to emphasize the importance of the Pres-
ident’s Science Advisory Committee (PSAC), reborn in the Bush
administration as the President’s Committee of Advisors on Sci-
ence and Technology (PCAST), as a source of long-term thinking.
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Focus on Decision Needs. From what has been said it follows
that those who hold political authority will want policy advice
that is relevant to the matters with which they must deal. Presi-
dents and Congresses will want their science policy advisers to
march to the rhythms of the policy process and to tailor their
structures for policy advice to their decisionmaking needs. Among
postwar presidents, Jimmy Carter most clearly articulated this
principle as he devolved the reporting duties of the White House
Office of Science and Technology Policy to the National Science
Foundation and declined to reconstitute a PSAC committee, His
criterion, that “the Executive Office of the President exists to serve
the President and should be structured to meet his needs,”*¢ has
guided the actions of a number of chief executives as they have
redesigned the science advisory apparatus of the White House.

This pervasive need makes it highly unlikely that Congress or
the Executive Office will provide a setting for a unit that is
equipped to mount a continuing and deeply informed assessment
of the scientific promise of the alternative programs of use-inspired
basic research that might be funded by the national government.
In our open policy system, the role of the science advisory struc-
tures at both ends of Pennsylvania Avenue is inevitably one of
marshaling such assessments from other quarters. This is a classic
role of the science and technology oversight committees and sub-
committees of the House and Senate. In the Bush and Clinton
administrations, the PCAST committee of presidential advisers has
been increasingly effective in providing high-level reviews of such
things as megascience projects and the future of fusion energy
research mounted by panels that include both PCAST members
and specialists recruited for a particular review.

In the American system, an important role in assessing the re-
search promise of alternative fields is played by the congressionally
chartered National Academy of Science, National Academy of
Engineering, Institute of Medicine, and their operating arm, the
National Research Council (NRC). With funding from Congress,
the National Science Foundation, and other governmental sources
the NRC has brought the specialized knowledge of the scientific
community to bear on a remarkable range of science policy ques-
tions, including the promise of major advances in a broad spec-
trum of scientific fields and subfields. An important, continuing
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role is also played by the famously successful American Associa-
tion for the Advancement of Science, publisher of Science maga-
zine, where the continuing program of analytic work on the science
and technology budget deserves its enviable reputation. The Amer-
ican system also depends on the science policy work undertaken
by a remarkable array of academic and freestanding policy re-
search units,

It is difficult not to feel, however, that there is a need for a
sustained and well-institutionalized effort within the national gov-
ernment itself to canvass the strength of the scientific fields that
can be brought to bear on national needs. To raise this question
is to echo Bush’s call for a National Research Foundation a half
century ago. It is also to raise the question of whether such a role
could be played by the National Science Foundation and National
Science Board, the institutional heirs to Bush’s dream. The Na-
tional Science Board was charged with overseeing all government
support for science by the act creating NSF in 1950. But Water-
man, the Foundation’s first director, was recruited from the Office
of Naval Research, one of the several units of the government that
long since had moved into the vacuum created by the disappear-
ance of the Office of Scientific Research and Development at the
end of the war. He had little taste for the trench warfare with
the departments and agencies that would have been needed, with
the Bureau of the Budget’s backing, to assert this authority, and
later members of the National Science Board settled into the com-
mon wisdom that the time for such a role had passed.

This question ought to be reopened in a contemporary form.
Indeed, one of the benefits of the Foundation’s playing this role
would be to make clear to Congress that the key to turning the
power of basic science to national needs is not to ratchet upward
from 50 to 60 percent the proportion of NSF’s budget that sup-
ports “strategic”’ research but to build agendas of use-inspired
basic science, funded by agencies across the government, that bear
on the nation’s needs. Just as the Foundation can play a vitally
important role in helping to safeguard the scientific integrity of
choices among alternative projects at the retail level, it could play
an important role in promoting the scientific integrity of choices
among alternative programs of use-inspired basic research at the
wholesale level. It is unlikely that the open American policy system
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will lend itself to an analog of the Japanese system of research
foresight. But the need to bring deeply informed judgments about
research promise to bear on the allocation of funds to research
focused on national needs is as clear today as it was a half century
ago, even if the compact between science and government is re-
drawn on premises very different from the belief in the return on
research performed without thought of practical ends.
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LETTER OF TRANSMITTAL

OFFI CE OF SCI ENTI FI C RESEARCH AND DEVELOPMENT
1530 P Street, NW

Washi ngton 25, D.C.

JULY 25, 1945

DEAR MR. PRESI DENT:
In aletter dated November 17, 1944, President Roosevelt requested my recommendations on the following points:

(1) What can be done, consistent with military security, and with the prior approval of the military authorities, to make
known to the world as soon as possible the contributions which have been made during our war effort to scientific
knowledge?

(2) With particular reference to the war of science against disease, what can be done now to organize a program for
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continuing in the future the work which has been done in medicine and related sciences?
(3) What can the Government do now and in the future to aid research activities by public and private organizations?

(4) Can an effective program be proposed for discovering and developing scientific talent in American youth so that
the continuing future of scientific research in this country may be assured on alevel comparable to what has been done
during the war?

It is clear from President Roosevelt's letter that in speaking of science that he had in mind the natural sciences,
including biology and medicine, and | have so interpreted his questions. Progress in other fields, such as the social
sciences and the humanities, is likewise important; but the program for science presented in my report warrants
immediate attention.

In seeking answers to President Roosevelt's questions | have had the assistance of distinguished committees specially
qualified to advise in respect to these subjects. The committees have given these matters the serious attention they
deserve; indeed, they have regarded this as an opportunity to participate in shaping the policy of the country with
reference to scientific research. They have had many meetings and have submitted formal reports. | have been in close
touch with the work of the committees and with their members throughout. | have examined all of the data they
assembled and the suggestions they submitted on the points raised in President Roosevelt's |etter.

Although the report which | submit herewith is my own, the facts, conclusions, and recommendations are based on the
findings of the committees which have studied these questions. Since my report is necessarily brief, | am including as
appendices the full reports of the committees.

A single mechanism for implementing the recommendations of the several committeesis essential. In proposing such a
mechanism | have departed somewhat from the specific recommendations of the committees, but | have since been
assured that the plan | am proposing is fully acceptable to the committee members.

The pioneer spirit is still vigorous within this nation. Science offers alargely unexplored hinterland for the pioneer
who has the tools for his task. The rewards of such exploration both for the Nation and the individual are great.
Scientific progressis one essential key to our security as anation, to our better health, to more jobs, to a higher
standard of living, and to our cultural progress.

Respectful ly yours,
(s) V. Bush, Director

THE PRESI DENT OF THE UNI TED STATES,
The Wi te House,
Washi ngton, D. C.

PRESIDENT ROOSEVELT'S LETTER

THE WH TE HOUSE
Washi ngton, D. C
Novenber 17, 1944
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DEAR DR. BUSH: The Office of Scientific Research and Development, of which you are the Director, represents a
unique experiment of team-work and cooperation in coordinating scientific research and in applying existing scientific
knowledge to the solution of the technical problems paramount in war. Its work has been conducted in the utmost
secrecy and carried on without public recognition of any kind; but its tangible results can be found in the communiques
coming in from the battlefronts al over the world. Some day the full story of its achievements can be told.

Thereis, however, no reason why the lessons to be found in this experiment cannot be profitably employed in times of
peace. The information, the technigues, and the research experience devel oped by the Office of Scientific Research
and Development and by the thousands of scientistsin the universities and in private industry, should be used in the
days of peace ahead for the improvement of the national health, the creation of new enterprises bringing new jobs, and
the betterment of the national standard of living.

It iswith that objectivein mind that | would like to have your recommendations on the following four major points:

First: What can be done, consistent with military security, and with the prior approval of the military authorities, to
make known to the world as soon as possible the contributions which have been made during our war effort to
scientific knowledge?

The diffusion of such knowledge should help us stimulate new enterprises, provide jobs four our returning servicemen
and other workers, and make possible great strides for the improvement of the national well-being.

Second: With particular reference to the war of science against disease, what can be done now to organize a program
for continuing in the future the work which has been done in medicine and related sciences?

The fact that the annual deaths in this country from one or two diseases alone are far in excess of the total number of
liveslost by usin battle during this war should make us conscious of the duty we owe future generations.

Third: What can the Government do now and in the future to aid research activities by public and private
organizations? The proper roles of public and of private research, and their interrelation, should be carefully
considered.

Fourth: Can an effective program be proposed for discovering and devel oping scientific talent in American youth so
that the continuing future of scientific research in this country may be assured on alevel comparable to what has been
done during the war?

New frontiers of the mind are before us, and if they are pioneered with the same vision, boldness, and drive with which
we have waged this war we can create a fuller and more fruitful employment and a fuller and more fruitful life.

| hope that, after such consultation as you may deem advisable with your associates and others, you can let me have
your considered judgment on these matters as soon as convenient - reporting on each when you are ready, rather than
waiting for completion of your studiesin all.

Very sincerely yours,
(s) FRANKLIN D. ROOSEVELT

Dr. VANNEVAR BUSH,
O fice of Scientific Research and Devel opnent,
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Washi ngton, D. C.

SCIENCE - THE ENDLESS FRONTIER

"New frontiers of the mind are before us, and if they are pioneered with the same vision, boldness, and drive with
which we have waged this war we can create a fuller and more fruitful employment and a fuller and more fruitful
life."--

FRANKLI N D. ROOCSEVELT
Novenber 17, 1944.

SUMMARY OF THE REPORT

SCIENTIFIC PROGRESS IS ESSENTIAL

Progress in the war against disease depends upon a flow of new scientific knowledge. New products, new industries,
and more jobs require continuous additions to knowledge of the laws of nature, and the application of that knowledge
to practical purposes. Similarly, our defense against aggression demands new knowledge so that we can develop new
and improved weapons. This essential, new knowledge can be obtained only through basic scientific research.

Science can be effective in the national welfare only as a member of ateam, whether the conditions be peace or war.
But without scientific progress no amount of achievement in other directions can insure our health, prosperity, and
security as a nation in the modern world.

For the War Against Disease

We have taken great strides in the war against disease. The death rate for al diseasesin the Army, including overseas
forces, has been reduced from 14.1 per thousand in the last war to 0.6 per thousand in thiswar. In the last 40 yearslife
expectancy has increased from 49 to 65 years, largely as a consequence of the reduction in the death rates of infants
and children. But we are far from the goal. The annual deaths from one or two diseases far exceed the total number of
American liveslost in battle during thiswar. A large fraction of these deathsin our civilian population cut short the
useful lives of our citizens. Approximately 7,000,000 persons in the United States are mentally ill and their care costs
the public over $175,000,000 a year. Clearly much illness remains for which adequate means of prevention and cure
are not yet known.

The responsibility for basic research in medicine and the underlying sciences, so essential to progressin the war
against disease, falls primarily upon the medical schools and universities. Y et we find that the traditional sources of
support for medical research in the medical schools and universities, largely endowment income, foundation grants,
and private donations, are diminishing and there is no immediate prospect of a change in this trend. Meanwhile, the
cost of medical research has been rising. If we are to maintain the progress in medicine which has marked the last 25
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years, the Government should extend financial support to basic medical research in the medical schools and in
universities.

For Our National Security

The bitter and dangerous battle against the U-boat was a battle of scientific techniques - and our margin of success was
dangerously small. The new eyes which radar has supplied can sometimes be blinded by new scientific developments.
V-2 was countered only by capture of the launching sites.

We cannot again rely on our allies to hold off the enemy while we struggle to catch up. There must be more - and more
adequate - military research in peacetime. It is essential that the civilian scientists continue in peacetime some portion
of those contributions to national security which they have made so effectively during the war. This can best be done
through a civilian-controlled organization with close liaison with the Army and Navy, but with funds direct from
Congress, and the clear power to initiate military research which will supplement and strengthen that carried on
directly under the control of the Army and Navy.

And for the Public Welfare

One of our hopesisthat after the war there will be full employment. To reach that goal the full creative and productive
energies of the American people must be released. To create more jobs we must make new and better and cheaper
products. We want plenty of new, vigorous enterprises. But new products and processes are not born full-grown. They
are founded on new principles and new conceptions which in turn result from basic scientific research. Basic scientific
research is scientific capital. Moreover, we cannot any longer depend upon Europe as a major source of this scientific
capital. Clearly, more and better scientific research is one essential to the achievement of our goal of full employment.

How do we increase this scientific capital ? First, we must have plenty of men and women trained in science, for upon
them depends both the creation of new knowledge and its application to practical purposes. Second, we must
strengthen the centers of basic research which are principally the colleges, universities, and research institutes. These
institutions provide the environment which is most conducive to the creation of new scientific knowledge and |east
under pressure for immediate, tangible results. With some notable exceptions, most research in industry and
Government involves application of existing scientific knowledge to practical problems. It is only the colleges,
universities, and a few research institutes that devote most of their research efforts to expanding the frontiers of
knowledge.

Expenditures for scientific research by industry and Government increased from $140,000,000 in 1930 to
$309,000,000 in 1940. Those for the colleges and universities increased from $20,000,000 to $31,000,000, while those
for the research ingtitutes declined from $5,200,000 to $4,500,000 during the same period. If the colleges, universities,
and research ingtitutes are to meet the rapidly increasing demands of industry and Government for new scientific
knowledge, their basic research should be strengthened by use of public funds.

For science to serve as a powerful factor in our national welfare, applied research both in Government and in industry
must be vigorous. To improve the quality of scientific research within the Government, steps should be taken to
modify the procedures for recruiting, classifying, and compensating scientific personnel in order to reduce the present
handicap of governmental scientific bureaus in competing with industry and the universities for top-grade scientific
talent. To provide coordination of the common scientific activities of these governmental agencies as to policies and
budgets, a permanent Science Advisory Board should be created to advise the executive and |egislative branches of
Government on these matters.
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The most important ways in which the Government can promote industrial research are to increase the flow of new
scientific knowledge through support of basic research, and to aid in the devel opment of scientific talent. In addition,
the Government should provide suitable incentives to industry to conduct research, (@) by clarification of present
uncertainties in the Internal Revenue Code in regard to the deductibility of research and development expenditures as
current charges against net income, and (b) by strengthening the patent system so as to eliminate uncertainties which
now bear heavily on small industries and so as to prevent abuses which reflect discredit upon a basically sound system.
In addition, ways should be found to cause the benefits of basic research to reach industries which do not now utilize
new scientific knowledge.

WE MUST RENEW OUR SCIENTIFIC TALENT

The responsibility for the creation of new scientific knowledge - and for most of its application - rests on that small
body of men and women who understand the fundamental laws of nature and are skilled in the techniques of scientific
research. We shall have rapid or slow advance on any scientific frontier depending on the number of highly qualified
and trained scientists exploring it.

The deficit of science and technology students who, but for the war, would have received bachel or's degrees is about
150,000. It is estimated that the deficit of those obtaining advanced degrees in these fields will amount in 1955 to
about 17,000 - for it takes at least 6 years from college entry to achieve a doctor's degree or its equivalent in science or
engineering. Thereal ceiling on our productivity of new scientific knowledge and its application in the war against
disease, and the devel opment of new products and new industries, is the number of trained scientists available.

Thetraining of ascientist isalong and expensive process. Studies clearly show that there are talented individualsin
every part of the population, but with few exceptions, those without the means of buying higher education go without
it. If ability, and not the circumstance of family fortune, determines who shall receive higher education in science, then
we shall be assured of constantly improving quality at every level of scientific activity. The Government should
provide a reasonable number of undergraduate scholarships and graduate fellowshipsin order to develop scientific
talent in American youth. The plans should be designed to attract into science only that proportion of youthful talent
appropriate to the needs of sciencein relation to the other needs of the nation for high abilities.

Including Those in Uniform

The most immediate prospect of making up the deficit in scientific personnel isto develop the scientific talent in the
generation now in uniform. Even if we should start now to train the current crop of high-school graduates none would
complete graduate studies before 1951. The Armed Services should comb their records for men who, prior to or during
the war, have given evidence of talent for science, and make prompt arrangements, consistent with current discharge
plans, for ordering those who remain in uniform, as soon as militarily possible, to duty at institutions here and overseas
where they can continue their scientific education. Moreover, the Services should see that those who study overseas
have the benefit of the latest scientific information resulting from research during the war.

THE LID MUST BE LIFTED

While most of the war research has involved the application of existing scientific knowledge to the problems of war,
rather than basic research, there has been accumulated a vast amount of information relating to the application of
science to particular problems. Much of this can be used by industry. It is aso needed for teaching in the colleges and
universities here and in the Armed Forces I nstitutes overseas. Some of this information must remain secret, but most of
it should be made public as soon as there is ground for belief that the enemy will not be able to turn it against usin this
war. To select that portion which should be made public, to coordinate its release, and definitely to encourage its
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publication, a Board composed of Army, Navy, and civilian scientific members should be promptly established.
A PROGRAM FOR ACTION

The Government should accept new responsibilities for promoting the flow of new scientific knowledge and the
development of scientific talent in our youth. These responsibilities are the proper concern of the Government, for they
vitally affect our health, our jobs, and our national security. It isin keeping also with basic United States policy that
the Government should foster the opening of new frontiers and thisis the modern way to do it. For many years the
Government has wisely supported research in the agricultural colleges and the benefits have been great. The time has
come when such support should be extended to other fields.

The effective discharge of these new responsibilities will require the full attention of some over-all agency devoted to
that purpose. There isnot now in the permanent Governmental structure receiving its funds from Congress an agency
adapted to supplementing the support of basic research in the colleges, universities, and research institutes, both in
medicine and the natural sciences, adapted to supporting research on new weapons for both Services, or adapted to
administering a program of science scholarships and fellowships.

Therefore | recommend that a new agency for these purposes be established. Such an agency should be composed of
persons of broad interest and experience, having an understanding of the peculiarities of scientific research and
scientific education. It should have stability of funds so that long-range programs may be undertaken. It should
recognize that freedom of inquiry must be preserved and should leave internal control of policy, personnel, and the
method and scope of research to the institutionsin which it is carried on. It should be fully responsible to the President
and through him to the Congress for its program.

Early action on these recommendations isimperative if this nation is to meet the challenge of science in the crucial
years ahead. On the wisdom with which we bring science to bear in the war against disease, in the creation of new
industries, and in the strengthening of our Armed Forces depends in large measure our future as a nation.

Chapter 1 INTRODUCTION

Scientific Progress is Essential

We all know how much the new drug, penicillin, has meant to our grievously wounded men on the grim battlefronts of
thiswar - the countless livesit has saved - the incal culable suffering which its use has prevented. Science and the great
practical genius of this nation made this achievement possible.

Some of us know the vital role which radar has played in bringing the United Nations to victory over Nazi Germany
and in driving the Japanese steadily back from their island bastions. Again it was painstaking scientific research over
many years that made radar possible.

What we often forget are the millions of pay envelopes on a peacetime Saturday night which are filled because new
products and new industries have provided jobs for countless Americans. Science made that possible, too.

In 1939 millions of people were employed in industries which did not even exist at the close of the last war - radio, air
conditioning, rayon and other synthetic fibers, and plastics are examples of the products of these industries. But these

things do not mark the end of progress - they are but the beginning if we make full use of our scientific resources. New
manufacturing industries can be started and many older industries greatly strengthened and expanded if we continue to
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study nature's laws and apply new knowledge to practical purposes.

Great advances in agriculture are also based upon scientific research. Plants which are more resistant to disease and are
adapted to short growing season, the prevention and cure of livestock diseases, the control of our insect enemies, better
fertilizers, and improved agricultural practices, al stem from painstaking scientific research.

Advances in science when put to practical use mean more jobs, higher wages, shorter hours, more abundant crops,
more leisure for recreation, for study, for learning how to live without the deadening drudgery which has been the
burden of the common man for ages past. Advancesin science will aso bring higher standards of living, will lead to
the prevention or cure of diseases, will promote conservation of our limited national resources, and will assure means
of defense against aggression. But to achieve these objectives - to secure a high level of employment, to maintain a
position of world leadership - the flow of new scientific knowledge must be both continuous and substantial.

Our population increased from 75 million to 130 million between 1900 and 1940. In some countries comparable
increases have been accompanied by famine. In this country the increase has been accompanied by more abundant
food supply, better living, more leisure, longer life, and better health. Thisis, largely, the product of three factors - the
free play of initiative of avigorous people under democracy, the heritage of great national wealth, and the advance of
science and its application.

Science, by itself, provides no panacea for individual, social, and economic ills. It can be effective in the national
welfare only as a member of ateam, whether the conditions be peace or war. But without scientific progress no
amount of achievement in other directions can insure our health, prosperity, and security as a nation in the modern
world.

Science Is a Proper Concern of Government

It has been basic United States policy that Government should foster the opening of new frontiers. It opened the seasto
clipper ships and furnished land for pioneers. Although these frontiers have more or less disappeared, the frontier of
science remains. It isin keeping with the American tradition - one which has made the United States great - that new
frontiers shall be made accessible for development by all American citizens.

Moreover, since health, well-being, and security are proper concerns of Government, scientific progressis, and must
be, of vital interest to Government. Without scientific progress the national health would deteriorate; without scientific
progress we could not hope for improvement in our standard of living or for an increased number of jobs for our
citizens; and without scientific progress we could not have maintained our liberties against tyranny.

Government Relations to Science - Past and Future

From early days the Government has taken an active interest in scientific matters. During the nineteenth century the
Coast and Geodetic Survey, the Naval Observatory, the Department of Agriculture, and the Geological Survey were
established. Through the Land Grant College acts the Government has supported research in state institutions for more
than 80 years on agradually increasing scale. Since 1900 a large number of scientific agencies have been established
within the Federal Government, until in 1939 they numbered more than 40.

Much of the scientific research done by Government agenciesis intermediate in character between the two types of
work commonly referred to as basic and applied research. AlImost all Government scientific work has ultimate
practical objectives but, in many fields of broad national concern, it commonly involves long-term investigation of a
fundamental nature. Generally speaking, the scientific agencies of Government are not so concerned with immediate
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practical objectives as are the laboratories of industry nor, on the other hand, are they as free to explore any natural
phenomena without regard to possible economic applications as are the educational and private research institutions.
Government scientific agencies have splendid records of achievement, but they are limited in function.

We have no national policy for science. The Government has only begun to utilize science in the nation's welfare.
There is no body within the Government charged with formulating or executing a national science policy. There are no
standing committees of the Congress devoted to thisimportant subject. Science has been in the wings. It should be
brought to the center of the stage - for in it lies much of our hope for the future.

There are areas of science in which the public interest is acute but which are likely to be cultivated inadequately if left
without more support than will come from private sources. These areas - such as research on military problems,
agriculture, housing, public health, certain medical research, and research involving expensive capital facilities beyond
the capacity of private institutions - should be advanced by active Government support. To date, with the exception of
the intensive war research conducted by the Office of Scientific Research and Development, such support has been
meager and intermittent.

For reasons presented in this report we are entering a period when science needs and deserves increased support from
public funds.

Freedom of Inquiry Must Be Preserved

The publicly and privately supported colleges, universities, and research institutes are the centers of basic research.
They are the wellsprings of knowledge and understanding. Aslong as they are vigorous and healthy and their scientists
are free to pursue the truth wherever it may lead, there will be aflow of new scientific knowledge to those who can
apply it to practical problemsin Government, in industry, or elsewhere.

Many of the lessons |learned in the war-time application of science under Government can be profitably applied in
peace. The Government is peculiarly fitted to perform certain functions, such as the coordination and support of broad
programs on problems of great national importance. But we must proceed with caution in carrying over the methods
which work in wartime to the very different conditions of peace. We must remove the rigid controls which we have
had to impose, and recover freedom of inquiry and that healthy competitive scientific spirit so necessary for expansion
of the frontiers of scientific knowledge.

Scientific progress on a broad front results from the free play of free intellects, working on subjects of their own
choice, in the manner dictated by their curiosity for exploration of the unknown. Freedom of inquiry must be preserved
under any plan for Government support of science in accordance with the Five Fundamentals listed on page 26 .

The study of the momentous questions presented in President Roosevelt's letter has been made by able committees
working diligently. This report presents conclusions and recommendations based upon the studies of these committees
which appear in full asthe appendices. Only in the creation of one over-all mechanism rather than several does this
report depart from the specific recommendations of the committees. The members of the committees have reviewed
the recommendations in regard to the single mechanism and have found this plan thoroughly acceptable.

Chapter 2 THE WAR AGAINST DISEASE

In War
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The death rate for all diseasesin the Army, including the overseas forces, has been reduced from 14.1 per thousand in
the last war to 0.6 per thousand in thiswar.

Such ravaging diseases as yellow fever, dysentery, typhus, tetanus, pneumonia, and meningitis have been al but
conguered by penicillin and the sulfa drugs, the insecticide DDT, better vaccines, and improved hygenic measures.
Malaria has been controlled. There has been dramatic progress in surgery.

The striking advances in medicine during the war have been possible only because we had a large backlog of scientific
data accumul ated through basic research in many scientific fieldsin the years before the war.

In Peace

In the last 40 years life expectancy in the United States has increased from 49 to 65 years largely as a consequence of
the reduction in the death rates of infants and children; in the last 20 years the death rate from the diseases of
childhood has been reduced 87 percent.

Diabetes has been brought under control by insulin, pernicious anemiaby liver extracts, and the once widespread
deficiency diseases have been much reduced, even in the lowest income groups, by accessory food factors and
improvement of diet. Notable advances have been made in the early diagnosis of cancer, and in the surgical and
radiation treatment of the disease.

These results have been achieved through a great amount of basic research in medicine and the preclinical sciences,
and by the dissemination of this new scientific knowledge through the physicians and medical services and public
health agencies of the country. In this cooperative endeavour the pharmaceutical industry has played an important role,
especialy during the war. All of the medical and public health groups share credit for these achievements; they form
interdependent members of ateam.

Progress in combating disease depends upon an expanding body of new scientific knowledge.
Unsolved Problems

As President Roosevelt observed, the annual deaths from one or two diseases are far in excess of the total number of
American lives lost in battle during thiswar. A large fraction of these deathsin our civilian population cut short the
useful lives of our citizens. Thisis our present position despite the fact that in the last three decades notable progress
has been made in civilian medicine. The reduction in death rate from diseases of childhood has shifted the emphasis to
the middle and old age groups, particularly to the malignant diseases and the degenerative processes prominent in later
life. Cardiovascular disease, including chronic disease of the kidneys, arteriosclerosis, and cerebral hemorrhage, now
account for 45 percent of the deaths in the United States. Second are the infectious diseases, and third is cancer. Added
to these are many maladies (for example, the common cold, arthritis, asthma and hay fever, peptic ulcer) which,
through infrequently fatal, cause incalculable disability.

Another aspect of the changing emphasisis the increase of mental diseases. Approximately 7 million personsin the
United States are mentally ill; more than one-third of the hospital beds are occupied by such persons, at a cost of $175
million ayear. Each year 125,000 new mental cases are hospitalized.

Notwithstanding great progress in prolonging the span of life and relief of suffering, much illness remains for which
adequate means of prevention and cure are not yet known. While additional physicians, hospitals, and health programs
are needed, their full usefulness cannot be attained unless we enlarge our knowledge of the human organism and the
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nature of disease. Any extension of medical facilities must be accompanied by an expanded program of medical
training and research.

Broad and Basic Studies Needed

Discoveries pertinent to medical progress have often come from remote and unexpected sources, and it is certain that
thiswill betruein the future. It iswholly probable that progress in the treatment of cardiovascular disease, rena
disease, cancer, and similar refractory diseases will be made as the result of fundamental discoveriesin subjects
unrelated to those diseases, and perhaps entirely unexpected by the investigator. Further progress requires that the
entire front of medicine and the underlying sciences of chemistry, physics, anatomy, biochemistry, physiology,
pharmacology, bacteriology, pathology, parasitology, etc., be broadly devel oped.

Progress in the war against disease results from discoveries in remote and unexpected fields of medicine and the
underlying sciences.

Coordinated Attack on Special Problems

Penicillin reached our troops in time to save countless lives because the Government coordinated and supported the
program of research and development on the drug. The devel opment moved from the early laboratory stage to large
scale production and use in a fraction of the time it would have taken without such leadership. The search for better
anti-malarials, which proceeded at a moderate tempo for many years, has been accelerated enormously by Government
support during the war. Other examples can be cited in which medical progress has been similarly advanced. In
achieving these results, the Government has provided over-all coordination and support; it has not dictated how the
work should be done within any cooperating institution.

Discovery of new therapeutic agents and methods usually results from basic studies in medicine and the underlying
sciences. The development of such materials and methods to the point at which they become available to medical
practitioners requires teamwork involving the medical schools, the science departments of universities, Government
and the pharmaceutical industry. Government initiative, support, and coordination can be very effective in this
development phase.

Government initiative and support for the development of newly discovered therapeutic materials and methods can
reduce the time required to bring the benefits to the public.

Action is Necessary

The primary place for medical research isin the medical schools and universities. In some cases coordinated direct
attack on special problems may be made by teams of investigators, supplementing similar attacks carried on by the
Army, Navy, Public Health Service, and other organizations. Apart from teaching, however, the primary obligation of
the medical schools and universitiesis to continue the traditional function of such institutions, namely, to provide the
individual worker with an opportunity for free, untrammeled study of nature, in the directions and by the methods
suggested by his interests, curiosity, and imagination. The history of medical science teaches clearly the supreme
importance of affording the prepared mind complete freedom for the exercise of initiative. It is the special province of
the medical schools and universities to foster medical research in this way - a duty which cannot be shifted to
government agencies, industrial organizations, or to any other institutions.

Where clinical investigations of the human body are required, the medical schools are in a unigue position, because of
their close relationship to teaching hospitals, to integrate such investigations with the work of the departments of
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preclinical science, and to impart new knowledge to physiciansin training. At the same time, the teaching hospitals are
especially well qualified to carry on medical research because of their close connection with the medical schools, on
which they depend for staff and supervision.

Between World War | and World War |1 the United States overtook al other nations in medical research and assumed
aposition of world leadership. To a considerable extent this progress reflected the liberal financial support from
university endowment income, gifts from individuals, and foundation grantsin the 20's. The growth of research
departments in medical schools ahs been very uneven, however, and in consequence most of the important work has
been done in afew large schools. This should be corrected by building up the weaker institutions, especially in regions
which now have no strong medical research activities.

The traditional sources of support for medical research, largely endowment income, foundation grants, and private
donations, are diminishing, and there is no immediate prospect of a change in this trend. Meanwhile, research costs
have steadily risen. More elaborate and expensive equipment is required, supplies are more costly, and the wages of
assistants are higher. Industry isonly to alimited extent a source of funds for basic medical research.

Itisclear that if we are to maintain the progress in medicine which has marked the last 25 years, the Government
should extend financial support to basic medical research in the medical schools and in the universities, through grants
both for research and for fellowships. The amount which can be effectively spent in the first year should not exceed 5
million dollars. After aprogram is under way perhaps 20 million dollars ayear can be spent effectively.

Chapter 3 SCIENCE AND THE PUBLIC WELFARE

Relation to National Security

In thiswar it has become clear beyond all doubt that scientific research is absolutely essential to national security. The
bitter and dangerous battle against the U-boat was a battle of scientific techniques - and our margin of success was
dangerously small. The new eyes which radar supplied to our fighting forces quickly evoked the development of
scientific countermeasures which could often blind them. This again represents the ever continuing battle of
techniques. The V-1 attack on London was finally defeated by three devices devel oped during this war and used
superbly in the field. V-2 was countered only by the capture of the launching sites.

The Secretaries of War and Navy recently stated in ajoint letter to the National Academy of Sciences:

Thiswar emphasi zes three facts of supreme importance to national security: (1) Powerful new tactics of defense and
offense are devel oped around new weapons created by scientific and engineering research; (2) the competitive time
element in devel oping those weapons and tactics may be decisive; (3) war isincreasingly total war, in which the armed
services must be supplemented by active participation of every element of civilian population.

To insure continued preparedness along farsighted technical lines, the research scientists of the country must be called
upon to continue in peacetime some substantial portion of those types of contribution to national security which they
have made so effectively during the stress of the present war * * *.

There must be more - and more adequate - military research during peacetime. We cannot again rely on our allies to
hold off the enemy while we struggle to catch up. Further, it is clear that only the Government can undertake military
research; for it must be carried on in secret, much of it has no commercial value, and it is expensive. The obligation of
Government to support research on military problemsisinescapable.
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Modern war requires the use of the most advanced scientific techniques. Many of the leadersin the development of
radar are scientists who before the war had been exploring the nucleus of the atom. While there must be increased
emphasis on science in the future training of officers for both the Army and Navy, such men cannot be expected to be
specidistsin scientific research. Therefore a professional partnership between the officersin the Services and civilian
scientists is needed.

The Army and Navy should continue to carry on research and development on the improvement of current weapons.
For many years the National Advisory Committee for Aeronautics has supplemented the work of the Army and Navy
by conducting basic research on the problems of flight. There should now be permanent civilian activity to supplement
the research work of the Services in other scientific fields so asto carry on in time of peace some part of the activities
of the emergency war-time Office of Scientific Research and Development.

Military preparedness requires a permanent independent, civilian-controlled organization, having close liaison with the
Army and Navy, but with funds directly from Congress and with the clear power to initiate military research which
will supplement and strengthen that carried on directly under the control of the Army and Navy.

Military preparedness requires a permanent independent, civilian-controlled organization, having close liaison with the
Army and Navy, but with funds directly from Congress and with the clear power to initiate military research which
will supplement and strengthen that carried on directly under the control of the Army and Navy.

Science and Jobs

One of our hopesisthat after the war there will be full employment, and that the production of goods and services will
serve to raise our standard of living. We do not know yet how we shall reach that goal, but it is certain that it can be
achieved only by releasing the full creative and productive energies of the American people.

Surely we will not get there by standing still, merely by making the same things we made before and selling them at
the same or higher prices. We will not get ahead in international trade unless we offer new and more attractive and
cheaper products.

Where will these new products come from? How will we find ways to make better products at lower cost? The answer
isclear. There must be a stream of new scientific knowledge to turn the wheels of private and public enterprise. There
must be plenty of men and women trained in science and technology for upon them depend both the creation of new
knowledge and its application to practical purposes.

More and better scientific research is essential to the achievement of our goal of full employment.
The Importance of Basic Research

Basic research is performed without thought of practical ends. It results in general knowledge and an understanding of
nature and its laws. This general knowledge provides the means of answering alarge number of important practical
problems, though it may not give a complete specific answer to any one of them. The function of applied research isto
provide such complete answers. The scientist doing basic research may not be at all interested in the practical
applications of hiswork, yet the further progress of industrial development would eventually stagnate if basic scientific
research were long neglected.

One of the peculiarities of basic science is the variety of paths which lead to productive advance. Many of the most
important discoveries have come as aresult of experiments undertaken with very different purposes in mind.
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Statistically it is certain that important and highly useful discoveries will result from some fraction of the undertakings
in basic science; but the results of any one particular investigation cannot be predicted with accuracy.

Basic research leads to new knowledge. It provides scientific capital. It creates the fund from which the practical
applications of knowledge must be drawn. New products and new processes do not appear full-grown. They are
founded on new principles and new conceptions, which in turn are painstakingly developed by research in the purest
realms of science.

Today, it istruer than ever that basic research is the pacemaker of technological progress. In the nineteenth century,
Y ankee mechanical ingenuity, building largely upon the basic discoveries of European scientists, could greatly
advance the technical arts. Now the situation is different.

A nation which depends upon others for its new basic scientific knowledge will be slow initsindustrial progress and
weak in its competitive position in world trade, regardless of its mechanical skill.

Centers of Basic Research

Publicly and privately supported colleges and universities and the endowed research institutes must furnish both the
new scientific knowledge and the trained research workers. These institutions are uniquely qualified by tradition and
by their special characteristicsto carry on basic research. They are charged with the responsibility of conserving the
knowledge accumulated by the past, imparting that knowledge to students, and contributing new knowledge of all
kinds. It is chiefly in these ingtitutions that scientists may work in an atmosphere which isrelatively free from the
adverse pressure of convention, prejudice, or commercial necessity. At their best they provide the scientific worker
with a strong sense of solidarity and security, aswell as a substantial degree of personal intellectual freedom. All of
these factors are of great importance in the development of new knowledge, since much of new knowledge is certain to
arouse opposition because of its tendency to challenge current beliefs or practice.

Industry is generally inhibited by preconceived goals, by its own clearly defined standards, and by the constant
pressure of commercial necessity. Satisfactory progress in basic science seldom occurs under conditions prevailing in
the normal industrial laboratory. There are some notable exceptions, it istrue, but even in such casesit israrely
possible to match the universities in respect to the freedom which is so important to scientific discovery.

To serve effectively as the centers of basic research these institutions must be strong and healthy. They must attract our
best scientists as teachers and investigators. They must offer research opportunities and sufficient compensation to
enable them to compete with industry and government for the cream of scientific talent.

During the past 25 years there has been agreat increase in industrial research involving the application of scientific
knowledge to a multitude of practical purposes - thus providing new products, new industries, new investment
opportunities, and millions of jobs. During the same period research within Government - again largely applied
research - has also been greatly expanded. In the decade from 1930 to 1940 expenditures for industrial research
increased from $116,000,000 to $240,000,000 and those for scientific research in Government rose from $24,000,000
to $69,000,000. During the same period expenditures for scientific research in the colleges and universities increased
from $20,000,000 to $31,000,000, while those in the endowed research institutes declined from $5,200,000 to
$4,500,000. These are the best estimates available. The figures have been taken from a variety of sources and arbitrary
definitions have necessarily been applied, but it is believed that they may be accepted as indicating the following
trends:

. (a) Expendituresfor scientific research by industry and Government - almost entirely applied research - have
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more than doubled between 1930 and 1940. Whereas in 1930 they were six times as large as the research
expenditures of the colleges, universities, and research institutes, by 1940 they were nearly ten times as large.

. (b) While expenditures for scientific research in the colleges and universities increased by one-half during this
period, those for the endowed research institutes have slowly declined.

If the colleges, universities, and research institutes are to meet the rapidly increasing demands of industry and
Government for new scientific knowledge, their basic research should be strengthened by use of public funds.

Research Within the Government

Although there are some notable exceptions, most research conducted within governmental laboratoriesis of an
applied nature. This has always been true and is likely to remain so. Hence Government, like industry, is dependent on
the colleges, universities, and research institutes to expand the basic scientific frontiers and to furnish trained scientific
investigators.

Research within the Government represents an important part of our total research activity and needs to be
strengthened and expanded after the war. Such expansion should be directed to fields of inquiry and service which are
of public importance and are not adequately carried on by private organizations.

The most important single factor in scientific and technical work isthe quality of the personnel employed. The
procedures currently followed within the Government for recruiting, classifying and compensating such personnel
place the Government under a severe handicap in competing with industry and the universities for first-class scientific
talent. Steps should be taken to reduce that handicap.

In the Government the arrangement whereby the numerous scientific agencies form parts of larger departments has
both advantages and disadvantages. but the present pattern isfirmly established and there is much to be said for it.
Thereis, however, avery real need for some measure of coordination of the common scientific activities of these
agencies, both as to policies and budgets, and at present no such means exist.

A permanent Science Advisory Board should be created to consult with these scientific bureaus and to advise the
executive and legidlative branches of Government as to the policies and budgets of Government agencies engaged in
scientific research.

This board should be composed of disinterested scientists who have no connection with the affairs of any Government
agency.

Industrial Research

The ssimplest and most effective way in which the Government can strengthen industrial research isto support basic
research and to devel op scientific talent.

The benefits of basic research do not reach all industries equally or at the same speed. Some small enterprises never
receive any of the benefits. It has been suggested that the benefits might be better utilized if "research clinics' for such
enterprises were to be established. Businessmen would thus be able to make more use of research than they now do.
This proposal is certainly worthy of further study.

One of the most important factors affecting the amount of industrial research is the income-tax law. Government
action in respect to this subject will affect the rate of technical progressin industry. Uncertainties as to the attitude of
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the Bureau of Internal Revenue regarding the deduction of research and development expenses are a deterrent to
research expenditure. These uncertainties arise from lack of clarity of the tax law as to the proper treatment of such
Costs.

The Internal Revenue Code should be amended to remove present uncertaintiesin regard to the deductibility of
research and development expenditures as current charges against net income.

Research is also affected by the patent laws. They stimulate new invention and they make it possible for new industries
to be built around new devices or new processes. These industries generate new jobs and new products, all of which
contribute to the welfare and the strength of the country.

Y et, uncertainties in the operation of the patent laws have impaired the ability of small industriesto translate new ideas
into processes and products of value to the nation. These uncertainties are, in part, attributable to the difficulties and
expense incident to the operation of the patent system as it presently exists. These uncertainties are also attributable to
the existence of certain abuses, which have appeared in the use of patents. The abuses should be corrected. They have
led to extravagantly critical attacks which tend to discredit a basically sound system.

It is important that the patent system continue to serve the country in the manner intended by the Constitution, for it
has been avital element in the industrial vigor which has distinguished this nation.

The National Patent Planning Commission has reported on this subject. In addition, a detailed study, with
recommendations concerning the extent to which modifications should be made in our patent lawsis currently being
made under the leadership of the Secretary of Commerce. It is recommended, therefore, that specific action with
regard to the patent laws be withheld pending the submission of the report devoted exclusively to that subject.

International Exchange of Scientific Information

International exchange of scientific information is of growing importance. Increasing specialization of science will
make it more important than ever that scientists in this country keep continually ahead of devel opments abroad. In
addition aflow of scientific information constitutes one facet of general international accord which should be
cultivated.

The Government can accomplish significant results in several ways. by aiding in the arrangement of international
science congresses, in the official accrediting of American scientists to such gatherings, in the official reception of
foreign scientists of standing in this country, in making possible arapid flow of technical information, including
trandation service, and possibly in the provision of international fellowships. Private foundations and other groups
partially fulfill some of these functions at present, but their scope isincomplete and inadequate.

The Government should take an active role in promoting the international flow of scientific information.
The Special Need for Federal Support

We can no longer count on ravaged Europe as a source of fundamental knowledge. In the past we have devoted much
of our best efforts to the application of such knowledge which has been discovered abroad. In the future we must pay
increased attention to discovering this knowledge for ourselves particularly since the scientific applications of the
future will be more than ever dependent upon such basic knowledge.

New impetus must be given to research in our country. Such impetus can come promptly only from the Government.
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Expenditures for research in the colleges, universities, and research institutes will otherwise not be able to meet the
additional demands of increased public need for research.

Further, we cannot expect industry adequately to fill the gap. Industry will fully rise to the challenge of applying new
knowledge to new products. The commercial incentive can be relied upon for that. But basic research is essentially
noncommercial in nature. It will not receive the attention it requiresif left to industry.

For many years the Government has wisely supported research in the agricultural colleges and the benefits have been
great. The time has come when such support should be extended to other fields.

In providing government support, however, we must endeavor to preserve as far as possible the private support of
research both in industry and in the colleges, universities, and research institutes. These private sources should
continue to carry their share of the financia burden.

The Cost of a Program

It is estimated that an adequate program for Federal support of basic research in the colleges, universities, and research
institutes and for financing important applied research in the public interest, will cost about 10 million dollars at the
outset and may rise to about 50 million dollars annually when fully underway at the end of perhaps 5 years.

Chapter 4 RENEWAL OF OUR SCIENTIFIC TALENT

Nature of the Problem

The responsibility for the creation of new scientific knowledge rests on that small body of men and women who
understand the fundamental laws of nature and are skilled in the techniques of scientific research. While there will
always be the rare individual who will rise to the top without benefit of formal education and training, he isthe
exception and even he might make a more notable contribution if he had the benefit of the best education we have to
offer. | cannot improve on President Conant's statement that:

"* * * in every section of the entire area where the word science may properly be applied, the l[imiting factor is a
human one. We shall have rapid or slow advance in this direction or in that depending on the number of really first-
class men who are engaged in the work in question. * * * So in the last analysis, the future of science in this country
will be determined by our basic educational policy."

A Note of Warning

It would be folly to set up a program under which research in the natural sciences and medicine was expanded at the
cost of the social sciences, humanities, and other studies so essential to national well-being. This point has been well
stated by the Moe Committee as follows:

" Ascitizens, as good citizens, we therefore think that we must have in mind while examining the question before us -
the discovery and development of scientific talent - the needs of the whole national welfare. We could not suggest to
you a program which would syphon into science and technology a disproportionately large share of the nation's highest
abilities, without doing harm to the nation, nor, indeed, without crippling science. * * * Science cannot live by and
unto itself alone."
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* * * * * * * * * * * * * *

"The uses to which high ability in youth can be put are various and, to a large extent, are determined by social
pressures and rewards. When aided by selective devices for picking out scientifically talented youth, it is clear that
large sums of money for scholarships and fellowships and monetary and other rewards in disproportionate amounts
might draw into science too large a percentage of the nation's high ability, with aresult highly detrimental to the nation
and to science. Plans for the discovery and development of scientific talent must be related to the other needs of
society for high ability. * * * Thereis never enough ability at high levelsto satisfy all the needs of the nation; we
would not seek to draw into science any more of it than science's proportionate share.”

The Wartime Deficit

Among the young men and women qualified to take up scientific work, since 1940 there have been few students over
18, except some in medicine and engineering in Army and Navy programs and afew 4-F's, who have followed an
integrated scientific course of studies. Neither our allies nor, so far as we know, our enemies have done anything so
radical as thus to suspend almost completely their educational activities in scientific pursuits during the war period.

Two great principles have guided usin this country as we have turned our full efforts to war. First, the sound
democratic principle that there should be no favored classes or special privilege in atime of peril, that all should be
ready to sacrifice equally; second, the tenet that every man should serve in the capacity in which histalents and
experience can best be applied for the prosecution of the war effort. In general we have held these principleswell in
balance.

In my opinion, however, we have drawn too heavily for nonscientific purposes upon the great natural resource which
resides in our trained young scientists and engineers. For the general good of the country too many such men have
gone into uniform, and their talents have not always been fully utilized. With the exception of those men engaged in
war research, all physically fit students at graduate level have been taken into the armed forces. Those ready for
college training in the sciences have not been permitted to enter upon that training.

There is thus an accumulating deficit of trained research personnel which will continue for many years. The deficit of
science and technology students who, but for the war, would have received bachelor's degrees is about 150,000. The
deficit of those holding advanced degrees - that is, young scholars trained to the point where they are capable of
carrying on origina work - has been estimated as amounting to about 17,000 by 1955 in chemistry, engineering,
geology, mathematics, physics, psychology, and the biological sciences.

With mounting demands for scientists both for teaching and for research, we will enter the post-war period with a
serious deficit in our trained scientific personnel.

Improve the Quality

Confronted with these deficits, we are compelled to look to the use of our basic human resources and formulate a
program which will assure their conservation and effective development. The committee advising me on scientific
personnel has stated the following principle which should guide our planning:

"If we were all-knowing and all-wise we might, but we think probably not, write you a plan whereby there might be
selected for training, which they otherwise would not get, those who, 20 years hence, would be scientific leaders, and
we might not bother about any lesser manifestations of scientific ability. But in the present state of knowledge a plan
cannot be made which will select, and assist, only those young men and women who will give the top future leadership
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to science. To get top leadership there must be arelatively large base of high ability selected for development and then
successive skimmings of the cream of ability at successive times and at higher levels. No one can select from the
bottom those who will be the leaders at the top because unmeasured and unknown factors enter into scientific, or any,
leadership. There are brains and character, strength and health, happiness and spiritual vitality, interest and motivation,
and no one knows what else, that must needs enter into this supra-mathematical calculus.

"We think we probably would not, even if we were all-wise and all-knowing, write you a plan whereby you would be
assured of scientific leadership at one stroke. We think as we think because we are not interested in setting up an elect.
We think it much the best plan, in this constitutional Republic, that opportunity be held out to all kinds and conditions
of men whereby they can better themselves. Thisisthe American way; thisis the way the United States has become
what it is. Wethink it very important that circumstances be such that there be no ceilings, other than ability itself, to
intellectual ambition. We think it very important that every boy and girl shall know that, if he shows that he has what it
takes, the sky isthe limit. Even if it be shown subsequently that he has not what it takes to go to the top, he will go
further than he would otherwise go if there had been a ceiling beyond which he always knew he could not aspire.

"By proceeding from point to point and taking stock on the way, by giving further opportunity to those who show
themselves worthy of further opportunity, by giving the most opportunity to those who show themselves continually
developing - thisisthe way we propose. Thisisthe American way: a man work for what he gets."

Remove the Barriers

Higher education in this country is largely for those who have the means. If those who have the means coincided
entirely with those persons who have the talent we should not be squandering a part of our higher education on those
undeserving of it, nor neglecting great talent among those who fail to attend college for economic reasons. There are
talented individuals in every segment of the population, but with few exceptions those without the means of buying
higher education go without it. Here is a tremendous waste of the greatest resource of a nation - the intelligence of its
citizens.

If ability, and not the circumstance of family fortune, is made to determine who shall receive higher education in
science, then we shall be assured of constantly improving quality at every level of scientific activity.

The Generation in Uniform Must Not Be Lost

We have a serious deficit in scientific personnel partly because the men who would have studied science in the
colleges and universities have been serving in the Armed Forces. Many had begun their studies before they went to
war. Others with capacity for scientific education went to war after finishing high school. The most immediate
prospect of making up some of the deficit in scientific personnel is by salvaging scientific talent from the generation in
uniform. For even if we should start now to train the current crop of high school graduates, it would be 1951 before
they would complete graduate studies and be prepared for effective scientific research. This fact underlines the
necessity of salvaging potential scientistsin uniform.

The Armed Services should comb their records for men who, prior to or during the war, have given evidence of talent
for science, and make prompt arrangements, consistent with current discharge plans, for ordering those who remainin
uniform as soon as militarily possible to duty at institutions here and overseas where they can continue their scientific
education. Moreover, they should see that those who study overseas have the benefit of the latest scientific

devel opments.

A Program
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The country may be proud of the fact that 95 percent of boys and girls of the fifth grade age are enrolled in school, but
the drop in enrollment after the fifth grade is less satisfying. For every 1,000 students in the fifth grade, 600 are lost to
education before the end of high school, and all but 72 have ceased formal education before completion of college.
While we are concerned primarily with methods of selecting and educating high school graduates at the college and
higher levels, we cannot be complacent about the loss of potential talent which isinherent in the present situation.

Students drop out of school, college, and graduate school, or do not get that far, for a variety of reasons: they cannot
afford to go on; schools and colleges providing courses equal to their capacity are not available locally; business and
industry recruit many of the most promising before they have finished the training of which they are capable. These
reasons apply with particular force to science: the road is long and expensive; it extends at least 6 years beyond high
school; the percentage of science students who can obtain first-rate training in institutions near home is small.

Improvement in the teaching of science isimperative; for students of latent scientific ability are particularly vulnerable
to high school teaching which fails to awaken interest or to provide adequate instruction. To enlarge the group of
specialy qualified men and women it is necessary to increase the number who go to college. Thisinvolvesimproved
high school instruction, provision for helping individual talented students to finish high school (primarily the
responsibility of the local communities), and opportunities for more capable, promising high school studentsto go to
college. Anything short of this means serious waste of higher education and neglect of human resources.

To encourage and enable alarger number of young men and women of ability to take up science as acareer, and in
order gradually to reduce the deficit of trained scientific personnel, it is recommended that provision be made for a
reasonable number of (a) undergraduate scholarships and graduate fellowships and (b) fellowships for advanced
training and fundamental research. The details should be worked out with reference to the interests of the several
States and of the universities and colleges; and care should be taken not to impair the freedom of the institutions and
individual's concerned.

The program proposed by the Moe Committee in Appendix 4 would provide 24,000 undergraduate scholarships and
900 graduate fellowships and would cost about $30,000,000 annually when in full operation. Each year under this
program 6,000 undergraduate scholarships would be made available to high school graduates, and 300 graduate
fellowships would be offered to college graduates. Approximately the scale of allowances provided for under the
educational program for returning veterans has been used in estimating the cost of this program.

The planis, further, that all those who receive such scholarships or fellowships in science should be enrolled in a
National Science Reserve and be liable to call into the service of the Government, in connection with scientific or
technical work in time of war or other national emergency declared by Congress or proclaimed by the President. Thus,
in addition to the general benefits to the nation by reason of the addition to its trained ranks of such a corps of
scientific workers, there would be a definite benefit to the nation in having these scientific workers on call in national
emergencies. The Government would be well advised to invest the money involved in this plan even if the benefits to
the nation were thought of solely - which they are not - in terms of national preparedness.

Chapter 5 A PROBLEM OF SCIENTIFIC RECONVERSION

Effects of Mobilization of Science for War

We have been living on our fat. For more than 5 years many of our scientists have been fighting the war in the
laboratories, in the factories and shops, and at the front. We have been directing the energies of our scientists to the
development of weapons and materials and methods, on alarge number of relatively narrow projects initiated and
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controlled by the Office of Scientific Research and Development and other Government agencies. Like troops, the
scientists have been mobilized, and thrown into action to serve their country in time of emergency. But they have been
diverted to a greater extent than is generally appreciated from the search for answers to the fundamental problems -
from the search on which human welfare and progress depends. Thisis not acomplaint - it is afact. The mobilization
of science behind the linesis aiding the fighting men at the front to win the war and to shorten it; and it has resulted
incidentally in the accumulation of avast amount of experience and knowledge of the application of scienceto
particular problems, much of which can be put to use when the war is over. Fortunately, this country had the scientists
- and the time - to make this contribution and thus to advance the date of victory.

Security Restrictions Should Be Lifted Promptly

Much of the information and experience acquired during the war is confined to the agencies that gathered it. Except to
the extent that military security dictates otherwise, such knowledge should be spread upon the record for the benefit of
the general public.

Thanks to the wise provision of the Secretary of War and the Secretary of the Navy, most of the results of war-time
medical research have been published. Several hundred articles have appeared in the professional journas; many arein
process of publication. The material still subject to security classification should be released as soon as possible.

It ismy view that most of the remainder of the classified scientific material should be released as soon asthereis
ground for belief that the enemy will not be ableto turn it against usin thiswar. Most of the information needed by
industry and in education can be released without disclosing its embodimentsin actual military material and devices.
Basically thereis no reason to believe that scientists of other countries will not in time rediscover everything we now
know which is held in secrecy. A broad dissemination of scientific information upon which further advances can
readily be made furnishes a sounder foundation for our national security than apolicy of restriction which would
impede our own progress athough imposed in the hope that possible enemies would not catch up with us.

During the war it has been necessary for selected groups of scientists to work on specialized problems, with relatively
little information as to what other groups were doing and had done. Working against time, the Office of Scientific
Research and Development has been obliged to enforce this practice during the war, although it was realized by all
concerned that it was an emergency measure which prevented the continuous cross-fertilization so essential to fruitful
scientific effort.

Our ahility to overcome possible future enemies depends upon scientific advances which will proceed more rapidly
with diffusion of knowledge than under a policy of continued restriction of knowledge now in our possession.

Need for Coordination

In planning the release of scientific data and experience collected in connection with the war, we must not overlook the
fact that research has gone forward under many auspices - the Army, the Navy, the Office of Scientific Research and
Development, the National Advisory Committee for Aeronautics, other departments and agencies of the Government,
educational institutions, and many industrial organizations. There have been numerous cases of independent discovery
of the same truth in different places. To permit the release of information by one agency and to continue to restrict it
elsewhere would be unfair in its effect and would tend to impair the morale and efficiency of scientists who have
submerged individual interestsin the controls and restrictions of war.

A part of the information now classified which should be released is possessed jointly by our allies and ourselves.
Plans for release of such information should be coordinated with our allies to minimize danger of international friction
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which would result from sporadic uncontrolled release.
A Board to Control Release

The agency responsible for recommending the release of information from military classification should be an Army,
Navy, civilian body, well grounded in science and technology. It should be competent to advise the Secretary of War
and the Secretary of the Navy. It should, moreover, have sufficient recognition to secure prompt and practical
decisions.

To satisfy these considerations | recommend the establishment of a Board, made up equally of scientists and military
men, whose function would be to pass upon the declassification and to control the release for publication of scientific
information which is now classified.

Publication Should Be Encouraged

The release of information from security regulations is but one phase of the problem. The other isto provide for
preparation of the material and its publication in aform and at a price which will facilitate dissemination and use. In
the case of the Office of Scientific Research and Devel opment, arrangements have been made for the preparation of
manuscripts, while the staffs under our control are still assembled and in possession of the records, as soon as the
pressure for production of results for thiswar has begun to relax.

We should get this scientific material to scientists everywhere with great promptness, and at aslow apriceasis
consistent with suitable format. We should also get it to the men studying overseas so that they will know what has
happened in their absence.

It is recommended that measures which will encourage and facilitate the preparation and publication of reports be
adopted forthwith by all agencies, governmental and private, possessing scientific information released from security
control.

Chapter 6 THE MEANS TO THE END

New Responsibilities for Government

One lesson is clear from the reports of the several committees attached as appendices. The Federal Government should
accept new responsibilities for promoting the creation of new scientific knowledge and the development of scientific
talent in our youth.

The extent and nature of these new responsibilities are set forth in detail in the reports of the committees whose
recommendations in this regard are fully endorsed.

In discharging these responsibilities Federal funds should be made available. We have given much thought to the
question of how plans for the use of Federal funds may be arranged so that such funds will not drive out of the picture
funds from local governments, foundations, and private donors. We believe that our proposals will minimize that
effect, but we do not think that it can be completely avoided. We submit, however, that the nation's need for more and
better scientific research is such that the risk must be accepted.

It isalso clear that the effective discharge of these responsibilities will require the full attention of some over-all
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agency devoted to that purpose. There should be afocal point within the Government for a concerted program of
assisting scientific research conducted outside of Government. Such an agency should furnish the funds needed to
support basic research in the colleges and universities, should coordinate where possible research programs on matters
of utmost importance to the national welfare, should formulate a national policy for the Government toward science,
should sponsor the interchange of scientific information among scientists and laboratories both in this country and
abroad, and should ensure that the incentives to research in industry and the universities are maintained. All of the
committees advising on these matters agree on the necessity for such an agency.

The Mechanism

There are within Government departments many groups whose interests are primarily those of scientific research.
Notable examples are found within the Departments of Agriculture, Commerce, Interior, and the Federal Security
Agency. These groups are concerned with science as collateral and peripheral to the major problems of those
Departments. These groups should remain where they are, and continue to perform their present functions, including
the support of agricultural research by grantsto the Land Grant Colleges and Experiment Stations, since their largest
contribution lies in applying fundamental knowledge to the special problems of the Departments within which they are
established.

By the same token these groups cannot be made the repository of the new and large responsibilities in science which
belong to the Government and which the Government should accept. The recommendations in this report which relate
to research within the Government, to the release of scientific information, to clarification of the tax laws, and to the
recovery and development of our scientific talent now in uniform can be implemented by action within the existing
structure of the Government. But nowhere in the Governmental structure receiving its funds from Congressis there an
agency adapted to supplementing the support of basic research in the universities, both in medicine and the natural
sciences; adapted to supporting research on new weapons for both Services; or adapted to administering a program of
science scholarships and fellowships.

A new agency should be established, therefore, by the Congress for the purpose. Such an agency, moreover, should be
an independent agency devoted to the support of scientific research and advanced scientific education alone. Industry
learned many years ago that basic research cannot often be fruitfully conducted as an adjunct to or a subdivision of an
operating agency or department. Operating agencies have immediate operating goals and are under constant pressure
to produce in atangible way, for that is the test of their value. None of these conditions is favorable to basic research.
research is the exploration of the unknown and is necessarily speculative. It isinhibited by conventional approaches,
traditions, and standards. It cannot be satisfactorily conducted in an atmosphere where it is gauged and tested by
operating or production standards. Basic scientific research should not, therefore, be placed under an operating agency
whose paramount concern is anything other than research. Research will always suffer when put in competition with
operations. The decision that there should be a new and independent agency was reached by each of the committees
advising in these matters.

| am convinced that these new functions should be centered in one agency. Science is fundamentally a unitary thing.
The number of independent agencies should be kept to a minimum. Much medical progress, for example, will come
from fundamental advances in chemistry. Separation of the sciences in tight compartments, as would occur if more
than one agency were involved, would retard and not advance scientific knowledge as a whole.

Five Fundamentals
There are certain basic principles which must underlie the program of Government support for scientific research and

education if such support isto be effective and if it is to avoid impairing the very things we seek to foster. These
principles are as follows:
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(1) Whatever the extent of support may be, there must be stability of funds over a period of years so that long-range
programs may be undertaken. (2) The agency to administer such funds should be composed of citizens selected only
on the basis of their interest in and capacity to promote the work of the agency. They should be persons of broad
interest in and understanding of the peculiarities of scientific research and education. (3) The agency should promote
research through contracts or grants to organizations outside the Federal Government. It should not operate any
laboratories of its own. (4) Support of basic research in the public and private colleges, universities, and research
institutes must leave the internal control of policy, personnel, and the method and scope of the research to the
institutions themselves. Thisis of the utmost importance. (5) While assuring complete independence and freedom for
the nature, scope, and methodology of research carried on in the institutions receiving public funds, and while
retaining discretion in the allocation of funds among such institutions, the Foundation proposed herein must be
responsible to the President and the Congress. Only through such responsibility can we maintain the proper
relationship between science and other aspects of a democratic system. The usual controls of audits, reports,
budgeting, and the like, should, of course, apply to the administrative and fiscal operations of the Foundation, subject,
however, to such adjustments in procedure as are necessary to meet the special requirements of research.

Basic research isalong-term process - it ceases to be basic if immediate results are expected on short-term support.

M ethods should therefore be found which will permit the agency to make commitments of funds from current
appropriations for programs of five years duration or longer. Continuity and stability of the program and its support
may be expected (a) from the growing realization by the Congress of the benefits to the public from scientific research,
and (b) from the conviction which will grow among those who conduct research under the auspices of the agency that
good quality work will be followed by continuing support.

Military Research

As stated earlier in this report, military preparedness requires a permanent, independent, civilian-controlled
organization, having close liaison with the Army and Navy, but with funds direct from Congress and the clear power to
initiate military research which will supplement and strengthen that carried on directly under the control of the Army
and Navy. As atemporary measure the National Academy of Sciences has established the Research Board for National
Security at the request of the Secretary of War and the Secretary of the Navy. Thisis highly desirable in order that
there may be no interruption in the relations between scientists and military men after the emergency wartime Office
of Scientific Research and Development goes out of existence. The Congress is now considering legislation to provide
funds for this Board by direct appropriation.

| believe that, as a permanent measure, it would be appropriate to add to the agency needed to perform the other
functions recommended in this report the responsibilities for civilian-initiated and civilian-controlled military research.
The function of such a civilian group would be primarily to conduct long-range scientific research on military
problems - leaving to the Services research on the improvement of existing weapons.

Some research on military problems should be conducted, in time of peace aswell asin war, by civilians
independently of the military establishment. It is the primary responsibility of the Army and Navy to train the men,
make available the weapons, and employ the strategy that will bring victory in combat. The Armed Services cannot be
expected to be expertsin all of the complicated fields which make it possible for a great nation to fight successfully in
total war. There are certain kinds of research - such as research on the improvement of existing weapons - which can
best be done within the military establishment. However, the job of long-range research involving application of the
newest scientific discoveriesto military needs should be the responsibility of those civilian scientistsin the universities
and in industry who are best trained to discharge it thoroughly and successfully. It is essential that both kinds of
research go forward and that there be the closest liaison between the two groups.
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Placing the civilian military research function in the proposed agency would bring it into close relationship with a
broad program of basic research in both the natural sciences and medicine. A balance between military and other
research could thus readily be maintained.

The establishment of the new agency, including a civilian military research group, should not be delayed by the
existence of the Research Board for National Security, which is atemporary measure. Nor should the creation of the
new agency be delayed by uncertaintiesin regard to the postwar organization of our military departments themselves.
Clearly, the new agency, including a civilian military research group within it, can remain sufficiently flexible to adapt
its operations to whatever may be the final organization of the military departments.

National Research Foundation

It ismy judgment that the national interest in scientific research and scientific education can best be promoted by the
creation of aNational Research Foundation.

I. Purposes. - The National Research Foundation should develop and promote a national policy for scientific research
and scientific education, should support basic research in nonprofit organizations, should develop scientific talent in
American youth by means of scholarships and fellowships, and should by contract and otherwise support long-range
research on military matters.

[1. Members. - 1. Responsibility to the people, through the President and Congress, should be placed in the hands of,
say nine Members, who should be persons not otherwise connected with the Government and not representative of any
specia interest, who should be known as National Research Foundation Members, selected by the President on the
basis of their interest in and capacity to promote the purposes of the Foundation.

2. The terms of the Members should be, say, 4 years, and no Member should be eligible for immediate reappoi ntment
provided he has served afull 4-year term. It should be arranged that the Members first appointed serve terms of such
length that at |east two Members are appointed each succeeding year.

3. The Members should serve without compensation but should be entitled to their expenses incurred in the
performance of their duties.

4. The Members should elect their own chairman annually.

5. The chief executive officer of the Foundation should be a director appointed by the Members. Subject to the
direction and supervision of the Foundation Members (acting as a board), the director should discharge all the fiscal,
legal, and administrative functions of the Foundation. The director should receive asalary that isfully adequate to
attract an outstanding man to the post.

6. There should be an administrative office responsible to the director to handle in one place the fiscal, legal,
personnel, and other similar administrative functions necessary to the accomplishment of the purposes of the
Foundation.

7. With the exception of the director, the division members, and one executive officer appointed by the director to
administer the affairs of each division, all employees of the Foundation should be appointed under Civil Service
regulations.

[11. Organization. - 1. In order to accomplish the purposes of the Foundation the Members should establish severa
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professional Divisionsto be responsible to the Members. At the outset these Divisions should be:
a. Division of Medical Research. - The function of this Division should be to support medical research.

b. Division of Natural Sciences. - The function of this Division should be to support research in the physical and
natural sciences.

c. Division of National Defense. - It should be the function of this Division to support long-range scientific research on
military matters.

d. Division of Scientific Personnel and Education. - It should be the function of this Division to support and to
supervise the grant of scholarships and fellowships in science.

e. Division of Publications and Scientific Collaboration. - This Division should be charged with encouraging the
publication of scientific knowledge and promoting international exchange of scientific information.

2. Each Division of the Foundation should be made up of at |east five members, appointed by the Members of the
Foundation. In making such appointments the Members should request and consider recommendations from the
National Academy of Sciences which should be asked to establish a new National Research Foundation nominating
committee in order to bring together the recommendations of scientistsin all organizations. The chairman of each
Division should be appointed by the Members of the Foundation.

3. The division Members should be appointed for such terms as the Members of the Foundation may determine, and
may be reappointed at the discretion of the Members. They should receive their expenses and compensation for their
services at a per diem rate of, say, $50 while engaged on business of the Foundation, but no division member should
receive more than, say, $10,000 compensation per year.

4. Membership of the Division of National Defense should include, in addition to, say, five civilian members, one
representative designated by the Secretary of War, and one representative of the Secretary of the Navy, who should
serve without additional compensation for this duty.

Proposed Organi zati on of National Research Foundation
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| Staff offices |
| General Counsel |
| Finance Oficer |
| Admi nistrative planning |
| |

Per sonnel
| | | | |

| Division of | |Division of | |Division of| |Division of| |Division of |
| Medi cal Research| |Scientific | | Nat ur al | | National | |Publications &
| ---------------- | | Personnel and| | Sciences | | Defense | | Scientific |
| Menber s | | Educati on | |----------- | [----------- | | Col | aboration |
------------------ |-------------| | Menbers | | Menbers | |--------------|

| | Menbers [ | Menbers |

| e | | e

| | | | |
| Executive officer| |Exec. officer| |Exec. off. | |Exec. off. | |Exec. officer |

IV. Functions. - 1. The Members of the Foundation should have the following functions, powers, and duties:
a. To formulate over-al policies of the Foundation.

b. To establish and maintain such offices within the United States, its territories and possessions, as they may deem
necessary.

c. To meet and function at any place within the United States, its territories and possessions.

d. To obtain and utilize the services of other Government agencies to the extent that such agencies are prepared to
render such services.

e. To adopt, promulgate, amend, and rescind rules and regulations to carry out the provisions of the legislation and the
policies and practices of the Foundation.

f. To review and balance the financial requirements of the several Divisions and to propose to the President the annual
estimate for the funds required by each Division. Appropriations should be earmarked for the purposes of specific
Divisions, but the Foundation should be left discretion with respect to the expenditure of each Division's funds.

g. To make contracts or grants for the conduct of research by negotiation without advertising for bids.
And with the advice of the National Research Foundation Divisions concerned -

h. To create such advisory and cooperating agencies and councils, state, regional, or national, asin their judgment will
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aid in effectuating the purposes of the legislation, and to pay the expenses thereof.

I. To enter into contracts with or make grants to educational and nonprofit research institutions for support of scientific
research.

J- Toinitiate and finance in appropriate agencies, institutions, or organizations, research on problems related to the
national defense.

k. To initiate and finance in appropriate organizations research projects for which existing facilities are unavailable or
inadequate.

|. To establish scholarships and fellowships in the natural sciences including biology and medicine.
m. To promote the dissemination of scientific and technical information and to further its international exchange.

n. To support international cooperation in science by providing financial aid for international meetings, associations of
scientific societies, and scientific research programs organized on an international basis.

0. To devise and promote the use of methods of improving the transition between research and its practical application
in industry.

2. The Divisions should be responsible to the Members of the Foundation for -
a. Formulation of programs and policy within the scope of the particular Divisions.
b. Recommendations regarding the allocation of research programs among research organizations.

c. Recommendation of appropriate arrangements between the Foundation and the organizations selected to carry on the
program.

d. Recommendation of arrangements with State and local authoritiesin regard to cooperation in a program of science
scholarships and fellowships.

e. Periodic review of the quality of research being conducted under the auspices of the particular Division and revision
of the program of support of research.

f. Presentation of budgets of financial needs for the work of the Division.

g. Maintaining liaison with other scientific research agencies, both governmental and private, concerned with the work
of the Division.

V. Patent Policy. - The success of the National Research Foundation in promoting scientific research in this country
will depend to avery large degree upon the cooperation of organizations outside the Government. In making contracts
with or grants to such organizations the Foundation should protect the public interest adequately and at the same time
leave the cooperating organization with adequate freedom and incentive to conduct scientific research. The public
interest will normally be adequately protected if the Government receives a royalty-free license for governmental
purposes under any patents resulting from work financed by the Foundation. There should be no obligation on the

http://www.nsf.gov/od/l palnsf50/vbush1945.htm (29 of 31)2004-1-5 13:09:32



Science the Endless Frontier

research institution to patent discoveries made as aresult of support from the Foundation. There should certainly not
be any absolute requirement that all rights in such discoveries be assigned to the Government, but it should be left to
the discretion of the director and the interested Division whether in special cases the public interest requires such an
assignment. Legislation on this point should leave to the Members of the Foundation discretion as to its patent policy
in order that patent arrangements may be adjusted as circumstances and the public interest require.

V1. Specia Authority. - In order to insure that men of great competence and experience may be designated as
Members of the Foundation and as members of the several professional Divisions, the legislation creating the
Foundation should contain specific authorization so that the Members of the Foundation and the Members of the
Divisions may also engage in private and gainful employment, notwithstanding the provisions of any other laws:
provided, however, that no compensation for such employment is received in any form from any profit-making
institution which receives funds under contract, or otherwise, from the Division or Divisions of the Foundation with
which the individual is concerned. In normal times, in view of the restrictive statutory prohibitions against dual
interests on the part of Government officials, it would be virtually impossible to persuade persons having private
employment of any kind to serve the Government in an official capacity. In order, however, to secure the part-time
services of the most competent men as Members of the Foundation and the Divisions, these stringent prohibitions
should be relaxed to the extent indicated.

Since research is unlike the procurement of standardized items, which are susceptible to competitive bidding on fixed
specifications, the legislation creating the National Research Foundation should free the Foundation from the
obligation to place its contracts for research through advertising for bids. Thisis particularly so since the measure of a
successful research contract lies not in the dollar cost but in the qualitative and quantitative contribution which is made
to our knowledge. The extent of this contribution in turn depends on the creative spirit and talent which can be brought
to bear within aresearch laboratory. The National Research Foundation must, therefore, be free to place its research
contracts or grants not only with those institutions which have a demonstrated research capacity but also with other
institutions whose latent talent or creative atmosphere affords promise of research success.

Asin the case of the research sponsored during the war by the Office of Scientific Research and Development, the
research sponsored by the National Research Foundation should be conducted, in general, on an actual cost basis
without profit to the institution receiving the research contract or grant.

There is one other matter which requires special mention. Since research does not fall within the category of normal
commercial or procurement operations which are easily covered by the usual contractual relations, it is essential that
certain statutory and regulatory fiscal requirements be waived in the case of research contractors. For example, the
National Research Foundation should be authorized by legislation to make, modify, or amend contracts of all kinds
with or without legal consideration, and without performance bonds. Similarly, advance payments should be allowed
in the discretion of the Director of the Foundation when required. Finally, the normal vouchering requirements of the
General Accounting Office with respect to detailed itemization or substantiation of vouchers submitted under cost
contracts should be relaxed for research contractors. Adherence to the usual proceduresin the case of research
contracts will impair the efficiency of research operations and will needlessly increase the cost of the work of the
Government. Without the broad authority along these lines which was contained in the First War Powers Act and its
implementing Executive Orders, together with the special relaxation of vouchering requirements granted by the
General Accounting Office, the Office of Scientific Research and Development would have been gravely handicapped
in carrying on research on military matters during this war. Colleges and universities in which research will be
conducted principally under contract with the Foundation are, unlike commercial institutions, not equipped to handle
the detailed vouchering procedures and auditing technicalities which are required of the usual Government contractors.

VI1I. Budget. - Studies by the several committees provide a partial basis for making an estimate of the order of
magnitude of the funds required to implement the proposed program. Clearly the program should grow in a healthy
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manner from modest beginnings. The following very rough estimates are given for the first year of operation after the
Foundation is organized and operating, and for the fifth year of operation when it is expected that the operations would
have reached afairly stable level:

Di vi sion of Medical Research | 5.0 | 20.0
Di vision of Natural Sciences | 10.0 | 50.0
Di vi sion of National Defense | 10.0 | 20.0
D vision of Scientific Personnel and Education | 7.0 | 29.0
Di vision of Publications & Scientific Collaboration | .5 | 1.0
Adm ni stration | 1.0 | 2.5

Action by Congress

The National Research Foundation herein proposed meets the urgent need of the days ahead. The form of the
organization suggested is the result of considerable deliberation. The form isimportant. The very successful pattern of
organization of the National Advisory Committee for Aeronautics, which has promoted basic research on problems of
flight during the past thirty years, has been carefully considered in proposing the method of appointment of Members
of the Foundation and in defining their responsibilities. Moreover, whatever program is established it is vitally
important that it satisfy the Five Fundamentals.

The Foundation here proposed has been described only in outline. The excellent reports of the committees which
studied these matters are attached as appendices. They will be of aid in furnishing detailed suggestions.

Legislation is necessary. It should be drafted with great care. Early action isimperative, however, if thisnationisto
meet the challenge of science and fully utilize the potentialities of science. On the wisdom with which we bring
science to bear against the problems of the coming years depends in large measure our future as a nation.
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