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Preface

The essay that follows is the first full published report on a
project originally conceived almost fifteen years ago. At that
time I was a graduate student in theoretical physics already
within sight of the end of my dissertation. A fortunate involve-
ment with an experimental college course treating physical
science for the non-scientist provided my first exposure to the
history of science. To my complete surprise, that exposure to
out-of-date scientific theory and practice radically undermined
some of my basic conceptions about the nature of science and
the reasons for its special success.

Those conceptions were ones I had previously drawn partly
from scientific training itself and partly from a long-standing
avocational interest in the philosophy of science. Somehow,
whatever their pedagogic utility and their abstract plausibility,
those notions did not at all fit the enterprise that historical study
displayed. Yet they were and are fundamental to many dis-
cussions of science, and their failures of verisimilitude therefore
seemed thoroughly worth pursuing. The result was a drastic
shift in my career plans, a shift from physies to history of sci-
ence and then, gradually, from relatively straightforward his-
torical problems back to the more philosophical concerns that
had initially led me to history. Except for a few articles, this
essay is the first of my published works in which these early
concerns are dominant. In some part it is an attempt to explain
to myself and to friends how I happened to be drawn from
science to its history in the first place.

My first opportunity to pursue in depth some of the ideas set
forth below was provided by three years as a Junior Fellow of
the Society of Fellows of Harvard University. Without that
period of freedom the transition to a new field of study would
have been far more difficult and might not have been achieved.
Part of my time in those years was devoted to history of science
proper. In particular I continued to study the writings of Alex-
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senschaftlichen Tatsache (Basel, 1935), an essay that antici-
pates many of my own ideas. Together with a remark from an-
other Junior Fellow, Francis X. Sutton, Fleck’s work made me
realize that those ideas might require to be set in the sociology of
the scientific community. Though readers will find few refer-
ences to either these works or conversations below, I am in-
debted to them in more ways than I can now reconstruct or
evaluate.

During my last year as a Junior Fellow, an invitation to lec-
ture for the Lowell Institute in Boston provided a first chance
to try out my still developing notion of science. The result was
a series of eight public lectures, delivered during March, 1951,
on “The Quest for Physical Theory.” In the next year I began
to teach history of science proper, and for almost a decade the
problems of instructing in a field I had never systematically
studied left little time for explicit articulation of the ideas that
had first brought me to it. Fortunately, however, those ideas
proved a source of implicit orientation and of some problem-
structure for much of my more advanced teaching. I therefore
have my students to thank for invaluable lessons both about
the viability of my views and about the techniques appropriate
to their effective communication. The same problems and orien-
tation give unity to most of the dominantly historical, and ap-
parently diverse, studies I have published since the end of my
fellowship. Several of them deal with the integral part played
by one or another metaphysic in creative scientific research.
Others examine the way in which the experimental bases of a
new theory are accumulated and assimilated by men committed
to an incompatible older theory. In the process they describe
the type of development that I have below called the “emer-
gence” of a new theory or discovery. There are other such ties
besides.

The final stage in the development of this essay began
with an invitation to spend the year 1958-59 at the Center for
Advanced Studies in the Behavioral Sciences. Once again I was
able to give undivided attention to the problems discussed
below. Even more important, spending the year in a community
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Preface

the perception and evaluation of familiar data, the schematic
character of this first presentation need be no drawback. On the
contrary, readers whose own research has prepared them for the
sort of reorientation here advocated may find the essay form
both more suggestive and easier to assimilate. But it has dis-
advantages as well, and these may justify my illustrating at the
very start the sorts of extension in both scope and depth that I
hope ultimately to include in a longer version. Far more histori-
cal evidence is available than I have had space to exploit below.
Furthermore, that evidence comes from the history of biological
as well as of physical science. My decision to deal here exclu-
sively with the latter was made partly to increase this essay’s
coherence and partly on grounds of present competence. In
addition, the view of science to be developed here suggests the
potential fruitfulness of a number of new sorts of research, both
historical and sociological. For example, the manner in which
anomalies, or violations of expectation, attract the increasing
attention of a scientific community needs detailed study, as
does the emergence of the crises that may be induced by re-
peated failure to make an anomaly conform. Or again, if I am
right that each scientific revolution alters the historical perspec-
tive of the community that experiences it, then that change of
perspective should affect the structure of postrevolutionary
textbooks and research publications. One such effect—a shift in
the distribution of the technical literature cited in the footnotes
to research reports—ought to be studied as a possible index to
the occurrence of revolutions.

The need for drastic condensation has also forced me to fore-
go discussion of a number of major problems. My distinction
between the pre- and the post-paradigm periods in the develop-
ment of a science is, for example, much too schematic. Each of
the schools whose competition characterizes the earlier period
is guided by something much like a paradigm; there are circum-
stances, though I think them rare, under which two paradigms
can coexist peacefully in the later period. Mere possession of a
paradigm is not quite a sufficient criterion for the develop-
mental transition discussed in Section II. More important, ex-
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opens will serve to acknowledge what I can recognize of my
main debt both to the works of scholarship and to the institu-
tions that have helped give form to my thought. The remainder
of that debt I shall try to discharge by citation in the pages that
follow. Nothing said above or below, however, will more than
hint at the number and nature of my personal obligations to the
many individuals whose suggestions and criticisms have at one
time or another sustained and directed my intellectual develop-
ment, Too much time has elapsed since the ideas in this essay
began to take shape; a list of all those who may properly find
some signs of their influence in its pages would be almost co-
extensive with a list of my friends and acquaintances. Under
the circumstances, I must restrict myself to the few most signif-
icant influences that even a faulty memory will never entirely
suppress.

It was James B. Conant, then president of Harvard Univer-
sity, who first introduced me to the history of science and thus
initiated the transformation in my conception of the nature of
scientific advance. Ever since that process began, he has been
generous of his ideas, criticisms, and time—including the time
required to read and suggest important changes in the draft of
my manuscript. Leonard K. Nash, with whom for five years I
taught the historically oriented course that Dr. Conant had
started, was an even more active collaborator during the years
when my ideas first began to take shape, and he has been much
missed during the later stages of their development. Fortunate-
ly, however, after my departure from Cambridge, his place as
creative sounding board and more was assumed by my Berkeley
colleague, Stanley Cavell. That Cavell, a philosopher mainly
concerned with ethics and aesthetics, should have reached con-
clusions quite so congruent to my own has been a constant
source of stimulation and encouragement to me. He is, further-
more, the only person with whom I have ever been able to ex-
plore my ideas in incomplete sentences. That mode of com-
munication attests an understanding that has enabled him to
point me the way through or around several major barriers en-
countered while preparing my first manuscript,

Yol. ll, No. 2

Xi






I. Introduction: A Role for History

History, if viewed as a repository for more than anecdote or
chronology, could produce a decisive transformation in the
image of science by which we are now possessed. That image
has previously been drawn, even by scientists themselves, main-
ly from the study of finished scientific achievements as these are
recorded in the classics and, more recently, in the textbooks
from which each new scientific generation learns to practice its
trade. Inevitably, however, the aim of such books is persuasive
and pedagogic; a concept of science drawn from them is no
more likely to fit the enterprise that produced them than an
image of a national culture drawn from a tourist brochure or a
language text. This essay attempts to show that we have been
misled by them in fundamental ways. Its aim is a sketch of the
quite different concept of science that can emerge from the
historical record of the research activity itself.

Even from history, however, that new concept will not be
forthcoming if historical data continue to be sought and scruti-
nized mainly to answer questions posed by the unhistorical
stereotype drawn from science texts. Those texts have, for
example, often seemed to imply that the content of science is
uniquely exemplified by the observations, laws, and theories
described in their pages. Almost as regularly, the same books
have been read as saying that scientific methods are simply the
ones illustrated by the manipulative techniques used in gather-
ing textbook data, together with the logical operations em-
ployed when relating those data to the textbook’s theoretical
generalizations. The result has been a concept of science with
profound implications about its nature and development.

If science is the constellation of facts, theories, and methods
collected in current texts, then scientists are the men who, suc-
cessfully or not, have striven to contribute one or another ele-
ment to that particular constellation. Scientific development be-
comes the piecemeal process by which these items have been
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Introduction: A Role for History

date theories are not in principle unscientific because they have
been discarded. That choice, however, makes it difficult to see
scientific development as a process of accretion. The same his-
torical research that displays the difficulties in isolating indi-
vidual inventions and discoveries gives ground for profound
doubts about the cumulative process through which these indi-
vidual contributions to science were thought to have been com-
pounded.

The result of all these doubts and difficulties is a historio-
graphic revelution in the study of science, though one that is
still in its early stages. Gradually, and often without entirely
realizing they are doing so, historians of science have begun to
ask new sorts of questions and to trace different, and often less
than cumulative, developmental lines for the sciences. Rather
than seeking the permanent contributions of an older science to
dur present vantage, they attempt to display the historical in-
‘tegrity of that science in its own time. They ask, for example,
not about the relation of Galileo’s views to those of modern
science, but rather about the relationship between his views and
those of his group, i.e., his teachers, contemporaries, and imme-
diate successors in the sciences. Furthermore, they insist upon
studying the opinions of that group and other similar ones from
the viewpeint—usually very different from that of modern sci-
ence—that gives those opinions the maximum internal coherence
and the closest possible fit to nature. Seen through the works
that result, works perhaps best exemplified in the writings of
Alexandre Koyré, science does not seem altogether the same
enterprise as the one discussed by writers in the older historio-
graphic tradition. By implication, at least, these historical
studies suggest the possibility of a new image of science. This
essay aims to delineate that image by making explicit some of
the new historiography’s implications.

What aspects of science will emerge to prominence in the
course of this effort? First, at least in order of presentation, is
the insufficiency of methodological directives, by themselves, to
dictate a unique substantive conclusion to many sorts of scien-
tific questions. Instructed to examine electrical or chemical phe-
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Introduction: A Role for History

of which the universe is composed? How do these interact with
each other and with the senses? What questions may legitimate-
ly be asked about such entities and what techniques employed
/in seeking solutions? At least in the mature sciences, answers
' (or full substitutes for answers) to questions like these are
ﬁrmly embedded in the educational initiation that prepares and
llcensee the student for professional practice. Because that edu-
“cation is both rigorous and rigid, these answers come to exert a
deep hold on the scientific mind. That they can do so does much
to account both for the peculiar efficiency of the normal re-
search activity and for the direction in which it proceeds at any
given time. When examining normal science in Sections III, IV,
and V, we shall want finally to describe that research as a
strenuous and devoted attempt to force nature into the con-
ceptual boxes supplied by professional education. Simulta-
neously, we shall wonder whether research could proceed with-
out such boxes, whatever the element of arbitrariness in their
1’_118thth orlgms and, occas1onally, in their subsequent develop-
ment.

Yet that element of arbitrariness is present, and it too has an
important effect on scientific development, one which will be
examined in detail in Sections VI, VII, and VIII. Normal sci-
_ence, the activity in which most scientists 1nev1tably spend al-

m\most all their time, is predicated on the assumption that the
“scientific community knows what the world is like. Much of the
success of the enterprise derives from the community’s willing-
ness to defend that assumption, if necessary at considerable
cost) Normal science, for example, often suppresses fundamental
novelties because they are necessarily subversive of its basic
commitments. Nevertheless, so long as those commitments re-
tain an element of the arbitrary, the very nature of normal re-
search ensures that novelty shall not be suppressed for very
long. Sometimes a normal problem, one that ought to be solv-
able by known rules and procedures, resists the reiterated on-
slaught of the ablest members of the group within whose com-
petence it falls. On other occasions a piece of equipment de-
signed and constructed for the purpose of normal research fails
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The Structure of Scientific Revolutions

to perform in the anticipated manner, revealing an anomaly
that cannot, despite repeated effort, be aligned with profes-
isional expectation. In these and other ways besides, normal
iscience repeatedly goes astray, And when it does—when, that is,
ithe profession can no longer evade anomalies that subvert the
lexisting tradition of scientific practice—then begin the extraordi-
ary investigations that lead the profession at last to a new set
of commitments, a new basis for the practice of science. The
extraordinary episodes in which that shift of professional com-
;mitments occurs are the ones known in this essay as scientific
,revolutlons They are the tradition-shattering complements to
the tradition-bound activity of normal science,

The most obvious examples of scientific revolutions are those
famous episodes in scientific development that have often been
labeled revelutions before. Therefore, in Sections IX and X,
where the nature of scientific revolutions is first directly scruti-
nized, we shall deal repeatedly with the major turning points in
scientific development associated with the names of Copernicus,
Newton, Lavoisier, and Einstein. More clearly than most other
eplsodes in the hlstory of at least the physical sciences, these
display what all scientific revolutions are about. Each of them
necessitated the community’s rejection of one time-honored
scientific theory in favor of another incompatible with it. Each
{produced a consequent shift in the problems available for scien-
'tific scrutiny and in the standards by which the profession de-
termined what should count as an admissible problem or as a
legitimate problem-solution. And each transformed the scien-
tific imagination in ways that we shall ultimately need to de-
scribe as a transformation of the world within which scientific
‘work was “gone Such changes, together with the confroversies
that almost always accompany them, are the defining character-
istics of scientific revolutions.

These characteristics emerge with particular clarity from a
study of, say, the Newtonian or the chemical revolution. It is,
however, a fundamental thesis of this essay that they can also
be retrieved from the study of many other episodes that were
not so obviously revolutlonary For the far smaller professwnal
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Introduction: A Role for History

group affected by them, Maxwell’s equations were as revolu-
tionary as Einstein’s, and they were resisted accordingly. The
invention of other new theories regularly, and appropriately,
evokes the same response from some of the specialists on whose
area of special competence they impinge. For these men the
new theory implies a change in the rules governing the prior
practice of normal science. Inevitably, therefore, it reflects upon
much scientific work they have already successfully completed.
That is why a new theory, however special its range of applica-
tion, is seldom or never just an increment to what is already
known. Its assimilation requires the reconstruction of prior
theory and the re-evaluation of prior fact, an intrinsically revo-
lutionary process that is seldom completed by a single man and
never overnight. No wonder historians have had difficulty in
dating precisely this extended process that their vocabulary im-
pels them to view as an isolated event.
~ Nor are new inventions of theory the only scientific events
that have revolutionary impact upon the specialists in whose
domain they occur. The commitments that govern normal sci-
ence specify not only what sorts of entities the universe does
contain, but also, by unpllcatlon those that it does not. It fol-
lows, though the point will require extended discussion, that a
discovery like that of oxygen or X-rays does not simply add one
more item to the population of the scientist’s world. Ultimately
it has that effect, but not until the professional community has
re-evaluated traditional experimental procedures, altered its
conception of entities with which it has long been familiar, and,
in the process, shifted the network of theory through which it
deals with the world. Scientific fact and theory are not categori-
cally separable, except perhaps within a single tradition of nor-
mal-scientific practice. That is why the unexpected discovery is
not simply factual in its import and why the scientist’s world is
qualitatively transformed as well as quantitatively enriched by
fundamental novelties of either fact or theory.

This extended conception of the nature of scientific revolu-
tions is the one delineated in the pages that follow. Admittedly
the extension strains customary usage. Nevertheless, I shall con-
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The Structure of Scientific Revolutions

tinue to speak even of discoveries as revolutionary, because it is
just the possibility of relating their structure to that of, say, the
Copernican revolution that makes the extended conception
seem to me so important. The preceding discussion indicates
how the complementary notions of normal science and of scien-
tific revolutions will be developed in the nine sections imme-
diately to follow. The rest of the essay attempts to dispose of
three remaining central questions. Section XI, by discussing the
textbook tradition, considers why scientific revolutions have
previously been so difficult to see. Section XII describes the
revolutionary competition between the proponents of the old
normal-scientific tradition and the adherents of the new one. It
thus considers the process that should somehow, in a theory of
scientific inquiry, replace the confirmation or falsification pro-
cedures made familiar by our usual image of science. Competi-
tion between segments of the scientific community is the only
historical process that ever actually results in the rejection of
one previously accepted theory or in the adoption of another.
Finally, Section XIII will ask how development through revolu:
tions can be compatible with the apparently unique character
of scientific progress. For that question, however, this essay will
provide no more than the main outlines of an answer, one which
depends upon characteristics of the scientific community that
require much additional exploration and study.

Undoubtedly, some readers will already have wondered
whether historical study can possibly effect the sort of concep-
tual transformation aimed at here. An entire arsenal of dichoto-
mies is available to suggest that it cannot properly do so. His-
tory, we too often say, is a purely descriptive discipline. The
theses suggested above are, however, often interpretive and
sometimes normative. Again, many of my generalizations are
about the sociology or social psychology of scientists; yet at
least a few of my conclusions belong traditionally to logic or
epistemology. In the preceding paragraph I may even seem to
'have violated the very influential contemporary distinction be-

| tween “the context of discovery” and “the context of justifica-
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Introduction: A Role for History

tion.” Can anything more than profound confusion be indicated
by this admixture of diverse fields and concerns?

Having been weaned intellectually on these distinctions and
others like them, I could scarcely be more aware of their import
and force. For many years I took them to be about the nature of
knowledge, and I still suppose that, appropriately recast, they
have something important to tell us. Yet my attempts to apply
them, even grosso modo, to the actual situations in which
knowledge is gained, accepted, and assimilated have made them
seem extraordinarily problematic. Rather than being elementary
logical or methodological distinctions, which would thus be
prior to the analysis of scientific knowledge, they now seem
integral parts of a traditional set of substantive answers to the
very questions upon which they have been deployed. That cir-
cularity does not at all invalidate them. But it does make them
parts of a theory and, by doing so, subjects them to the same
scrutiny regularly applied to theories in other fields. If they are
to have more than pure abstraction as their content, then that
content must be discovered by observing them in application to
the data they are meant to elucidate. How could history of
science fail to be a source of phenomena to which theories about
knowledge may legitimately be asked to apply?
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