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Preface

The genesis of this book began in December 2005 when a U.S. National
Science Board Task Force was meeting in Santa Fe, New Mexico to discuss
transformative research. Nina Fedoroff, the Task Force chairperson, suggested
over lunch that I might like to consider writing an essay on how an organiza-
tion might go about setting up a transformative research initiative. I have
somewhat extended that remit, but I hope that the book also goes some way
to meeting Nina’s original specification. I am also immensely grateful to her
for the invitation to join the Task Force and fully to participate in its extensive
deliberations. Other Task Force members, Michael Crosby, Douglas Randall,
and Jerry Pollack, were also especially helpful.

I am most grateful to Claudio Vita-Finzi, fellow founder-member of the
“never say die” club, and an enthusiastic supporter over the years. John Allen,
Peter Cotgreave, Irene Engle, Ross Gayler, Nigel Keen, Iain Steel, Ken Seddon,
and Isa Zalaman have been unfailing sources of advice and much appreciated
encouragement. Nina Fedoroff, Claudio Vita-Finzi, and Isa Zalaman also made
many helpful comments on the early drafts for which I am grateful.

I would also like to express my gratitude to David Price, Duncan Wingham,
and my many other friends in the Earth Sciences Department at University
College, London, where I am a visiting professor. My weekly visits to the
department’s research seminars are invariably stimulating, and for a few hours
each week they make it possible for me to pretend that I am a normal
academic.
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As ever, I am grateful to my wife Shirley, and to David Braben, Peter and
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feedback in addition to their usual love and affection.
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Introduction

New products, new industries, and more jobs require continuous additions to
knowledge of the laws of nature, and the application of that knowledge to practi-
cal purposes. . .. 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 a team, whether the conditions be peace or war. But without sci-
entific progress no amount of achievement in other directions can insure our
health, prosperity, and security as a nation in the modern world.
—Vannevar Bush, Science—The Endless Frontier, Report to the
US President, 1945, p. 5.

Thinking has always been humanity’s greatest strength. That abstract ability
separates us from the rest of the animal kingdom and has brought us to our
present dominance. Like skipping in children, it is innate; it does not have to
be taught. Civilizations have prospered or failed as our thirst for knowledge
has been tolerated or suppressed. Remarkably, however, until the European
Renaissance humanity’s progress had been glacial, and centuries might pass
before a detached observer might have noticed significant changes to global
population or ways of life. The Renaissance then stirred the human spirit, and
later created the conditions that launched the Industrial Revolution, first in
Britain, and then rapidly elsewhere. Slowly at first we began to harvest our
understanding of Nature and to use it for the greater good—material and
intellectual. The result was that by the end of the twentieth century the average
productivity of every man and woman had increased more than a 100-fold in

Scientific Freedom: The Elixir of Civilization, by Donald W. Braben
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2 INTRODUCTION

real terms since the Renaissance. Global population also increased rapidly, but
material wealth in the industrialized nations more than kept pace.

This prodigious progress came from our growing ability to harvest the fruits
of humanity’s intellectual prowess—scientific endeavor, as it is usually called.
Material wealth continued to accelerate through most of the last century
despite financial crashes and global wars. But then gradually, around about
1970, signs of major change began to emerge. Science’s very success had unsur-
prisingly led to a steady expansion in scientists’ numbers. That could not con-
tinue indefinitely, of course, and the inevitable crunch came when there were
more than could adequately be funded. This was not only a numbers problem—
the unit costs of research were also increasing. The funding agencies should
have seen this coming, but they did not. Indeed, as I shall explain, many today
do not accept this version of events, and are thereby contributing to one of
the greatest tragedies of modern times. This perhaps surprising statement
arises because the agencies’ virtually universal response to the crisis was to
restrict the types of research they would fund. Thus, to use a truly horrible
word, they would prioritize, and focus funding on the most attractive objec-
tives—that is, objectives the agencies perceived to be the most attractive. Thus,
for the first time since the Renaissance, the limits of thinking began to be sys-
tematically curtailed.

The new policies* would seem to have been phenomenally successful.
Modern life is enriched by vast and expanding ranges of astounding technolo-
gies. Communications, entertainment, food production, leisure, travel, and
many other aspects of modern life have been transformed. Closer inspection
would reveal, however, that most of this bounty stems from generic scientific
discoveries made decades ago, a source that seems to have dried up in recent
years. Consequently, our intellectual account is becoming overdrawn at a time
when the demands on it are increasing. There is no shortage of initiatives
aiming to deal with such problems as global warming, population growth, and
terrorism, but one vital factor is usually overlooked.

Imagine for a moment that you are invited to list humanity’s basic material
needs. It would probably contain the obvious things such as food, water, heat,
light, health, and security, but it might fail to mention the air we breathe simply
because that vital ingredient can usually be taken for granted. Scientific
freedom could indeed be placed in that latter category before 1970 or so
because research policies then were usually based on laissez-faire. However,
we have moved on, as they say. Nowadays, interference is the norm. However,
as few funding agencies seem to have noticed, if current policies had applied
at the beginning of the twentieth century, say, the world would now be a much
harsher place. Today, far from being an inconvenience confined to feather-
bedded academics, their consequences are approaching “the operation was a
success but the patient died” category, and will affect the very foundations of
our civilization.

*An analysis was presented in my Pioneering Research: A Risk Worth Taking (2004).
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Such abstract qualities as freedom are difficult or impossible to define.
Freedom’s loss may be easier to recognize, but it does not necessarily lead to
chains. Increasingly nowadays, freedom is a managed commodity, but the con-
sequences are subtle and varied. Indeed, at least for the time being, it is pos-
sible for almost everyone to live happily and productively within the current
bounds. That is also generally the case in the sciences except for one essential
factor. Those exceptionally rare scientists whose revolutionary work can open
new horizons can do so only if they have total freedom. The routes to new
types of knowledge can be deceptively disguised, and may appear to ordinary
mortals as unimportant byways leading nowhere. There must be no filters
whatsoever on what they do, therefore, however well intended. Furthermore,
their work is vital to future prosperity. In an increasingly complex and popu-
lous world, any attempt to limit it will lead us down the path to stagnation and
pain.

Scientific progress comes in a vast number of ways, ranging from the appar-
ently spontaneous comprehension of a new facet of Nature’s behavior* as
typified by Albert Einstein’s research on relativity, say, to the prolonged and
often agonizing study of a perplexing phenomenon as typified by Max Planck’s
work that led to the discovery of energy quantization. But if discoveries are
to become part of the scientific lexicon, they must be endorsed by the scientific
community, and that can often be problematic. However, leaving social prob-
lems aside for the moment, research for most scientists is indeed 99% perspira-
tion with maybe 1% flashes of inspiration that hopefully culminate in the
complex pieces coming together to form a coherent picture, at least in the
investigator’s mind.

Max Planck was one of the most influential scientists of the twentieth
century, and therefore an appropriate role model for the story recounted
here. In 1933, he wrote a typically succinct comment on the problems facing
researchers who perceive serious flaws in accepted wisdom and know what to
do about them:

No doctrinal system in physical science, or indeed perhaps in any science, will
alter its content of its own accord. Here we will always need the pressure of outer
circumstances. Indeed the more intelligible and comprehensive a theoretical
system is the more obstinately it will resist all attempts at reconstruction or
expansion. And this is because in a synthesis of thought where there is an all-
round logical coherence any alteration in one part of the structure is bound to
upset other parts also. For instance, the main difficulty about the acceptance of

*I have long used the word “Nature” as if to describe a being. My use has no religious or mystical
significance, but is shorthand for the universe and every aspect of everything in it. We have made
some progress, but our understanding of that infinitely faceted system is still in its infancy. We are
not casual observers, of course, as Nature embraces the entirety of our very existence. Nature is,
therefore, my affectionate and respectful anthropomorphism for a system that is the constant
preoccupation of every scientist.



4 INTRODUCTION

the relativity theory was not merely a question of its objective merits but rather
the question of how far it would upset the Newtonian structure of theoretical
dynamics. The fact is that no alteration in a well-built synthesis of thought can
be effected unless strong pressure is brought to bear from outside. This strong
pressure must come from a well-constructed body of theory which has been
firmly consolidated by the test of experimental research. It is only thus that we
can bring about the surrender of theoretical dogmas hitherto universally accepted
as correct.

—Max Planck, Where is Science Going? Ox Bow Press, 1933, pp. 44-45.

These words are as valid today as when Planck wrote them a lifetime ago, and
reveal something of the dilemma he faced when he began his remarkable
career some 50 years earlier. But the issues he identifies are still relevant.
Indeed, they seem invariant and timeless.

One would hope, therefore, that research-funding organizations would have
Planck’s thinking in mind whenever they were contemplating new policies.
Until about 1970, that effectively would seem to have been the case.* However,
one must always be careful with generalizations. Not surprisingly, there is a
voluminous literature, but it is concerned mostly with the qualities of freedom
enjoyed by the profession as a whole. It deals with rights to freedom and aca-
demics’ responsibilities to their various sponsors—society, government, indus-
try, charities, and philanthropists—but the extent to which individuals can
acquire or lose freedom is rarely discussed. Change in the academic world is
often slow, so that my cited date is the peak of a broad distribution. Before
1970 or so, tenured academics with an individual turn of mind could usually
dig out modest sources of funding to tackle any problem that interested them
without first having to commit themselves in writing. Afterward, unconditional
sources of funds would become increasingly difficult to find. Today, they are
virtually nonexistent.

The way forward for ambitious young researchers was once clear, therefore.
All they had to do was to acquire the necessary qualifications, and then to find
a tenured appointment. To say the least, that was not easy, but not substantially
more difficult than it would be today. However, having served their apprentice-
ship, they were free. They may have had to overcome the inevitable peer
pressure if their plans were controversial, but their peers did not have power
of veto—see Poster 1. Written applications were necessary if expensive equip-
ment or large teams were required, but tenured researchers with modest needs
would meet few obstacles. One’s dedication and talent would usually be suffi-
cient to silence the critics if the problem chosen were controversial, or if
progress appeared to be lacking.

*Leon M. Lederman, when he was president-elect of the American Association for the Advance-
ment of Science said that funding for academic research was adequate in 1968, which year he
described as the peak of a “golden age” of American science (Lederman 1991).
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*Their support came from a Joint Services contract managed by the Army Signal Corps.
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As Planck says, researchers who claim that an accepted dogma is seriously
flawed have a duty to persuade the scientific community that their alternative
is better. Planck was indeed his own severest critic in this respect as serious
researchers often are. As he would have been the first to point out, the status
quo should not be changed lightly. He was, in his own words, a reluctant revo-
lutionary. In Planck’s time, academic research was essentially unmanaged,
whether by objectives or otherwise. There was no central direction or coordi-
nation. The issues involved were largely scientific. That is no longer the case.
Now that the new policies are firmly established, for the first time in science’s
long history researchers must submit their proposals in writing to an appropri-
ate agency. Spontaneity has been lost. The funding agencies subject these
proposals to an arcane set of tests (peer review) designed to flag what they
perceive as the best, expecting thereby that the rest will probably be lost.

These well-intentioned changes have created lumbering bureaucracies to
ensure compliance. They have also inhibited exploration outside the main-
streams and challenges to convention. This is most unfortunate because the
great discoveries that transformed the twentieth century came out of the blue.
There was no demand for them. One might suggest that the Manhattan Project
and the Human Genome Project are among examples to the contrary, but the
unexpected discoveries on which they were based had come much earlier.
Their successes are monuments to organised creativity and depended on
exquisite fine-tuning of existing knowledge and orchestration of resources on
unprecedented scales rather than on new science per se. However, scientists
today with radical turns of mind—the successors to Planck et al. (see Poster
2)—are unlikely to get funded because their ideas are unlikely to impress a
committee before they have been confirmed. Consequently, there has been a
dearth of major scientific discoveries in recent decades. We are living off the
seedcorn.
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However, issues much wider than research are at stake. In everyday life we
rely, usually unquestioningly, on humanity’s basic needs being available at
affordable prices so that we can get on with our lives at our own pace. For
those of us living in the industrialized countries—say, the 20 or so richest states
of the Organization for Economic Cooperation and Development (OECD)—
we can usually take them for granted. But global population is steadily increas-
ing. In addition, many millions in China and India, for example, deemed
hitherto not to have such needs are now beginning to assert their rights to
them. Demand for some vital resources—oil, copper,* and water—is increas-
ing rapidly. Many doomsayers take the Malthusian line. Earth’s resources are
strictly limited, they say, and we are all going to hell in a handcart.

They are wrong, because they reckon without humanity’s apparently bound-
less command of the intellectual dimension. Thanks to that precious gift, and
despite the havoc of world wars, financial crashes, and a threefold rise in popu-
lation, per capita economic growth' soared in the twentieth century, reaching
a peak, coincidentally perhaps, around about 1970. It then began a steady
decline. Unfortunately, however, that decline is now being masked by unprec-
edented rises in residential and other property values dubbed by The Econo-
mist as perhaps the biggest bubble in history (see Chapter 3). Bubbles usually
collapse more quickly than they inflate, and who knows what the effects will
be. Humanity is indeed blessed with the ingenuity necessary for survival, but
much of this priceless asset will be wasted if we smother it with consensus. See
Poster 3.

This book seeks to extend the debate to anyone who takes a serious interest
in global affairs—industrialists, academics, legislators, consumers. Sadly,
however, even though the fruits of research are essential for modern life, the
media seem to confine their interest to specific discoveries; research as an
enterprise is generally ignored, and research policies have even less appeal
apparently, if that is possible. This indifference would seem to have a simple
explanation. Since the Renaissance, the policy on academic research has gen-
erally been not to have a policy. Patronage and sponsorship have always been
important, but their agendas were diverse and they often backed creative
talent for its own sake. Society’s reward was a remarkably steady trickle of
astonishing miracles. But times have changed; funding agencies’ mission state-
ments (or other expressions of purpose) are now de rigueur, and often cast in
stone. This situation has long been the case for researchers in the industrial
sector, but that is to be expected. Industrialists must know where they are
going. Now, academics, too, are almost invariably subject to externally imposed
constraints. Unfortunately, these dramatic changes seem to have passed the
media by, so would-be reformers are starved of the oxygen of publicity.

*The Economist’s metal index published on March 22, 2007—which includes aluminum, copper,
lead, nickel, tin, and zinc—was at its highest level for 16 years.

'During the twentieth century, the average real-terms productivity of every person on the planet
increased 4.3-fold despite a 3-fold increase in population.
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*Based on an editorial by the author published in The Scientist on September 27, 2004.



