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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out-of-date scientific theory and practice radically undermined 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 physics 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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andre Koyre and first encountered those of Emile Meyerson, 

Helene Metzger, and Anneliese Maier.1 More clearly than most 

other recent scholars, this group has shown what it was like to 

think scientifically in a period when the canons of scientific 

thought were very different from those current today. Though 

I increasingly question a few of their particular historical inter­

pretations, their works, together with A. 0. Lovejoy's Great 

Chain of Being, have been second only to primary source ma­

terials in shaping my conception of what the history of scientific 

ideas can be. 

Much of my time in those years, however, was spent explor­

ing fields without apparent relation to history of science but in 

which research now discloses problems like the ones history was 

bringing to my attention. A footnote encountered by chance 

led me to the experiments by which Jean Pia get has illuminated 

both the various worlds of the growing child and the process 

of transition from one to the next. 2 One of my colleagues set me 

to reading papers in the psychology of perception, particularly 

the Gestalt psychologists; another introduced me to B. L. 

'Wharf's speculations about the effect of language on world 

view; and W. V. 0. Quine opened for me the philosophical 

puzzles of the analytic-synthetic distinction. 3 That is the sort of 

random exploration that the Society of Fellows permits, and 

only through it could I have encountered Ludwik Fleck's almost 

unknown monograph, Entstehung und Entwicklung einer wis-

t Particularly influential were Alexandre Koyre, Etudes GaliUennes ( 3 vols.; 
Paris, 1939); Emile Meyerson, Identity and Reality, trans. Kate Loewen berg 
(New York, 1930); Heh~ne Metzger, Les doctrines chimiques en France du debut 
du XVIIe ala fin du XVIIJe siecle (Paris, 1923), and Newton, Stahl, Boerhaooe 
et la doctrine chimique (Paris, 1930); and Anneliese Maier, Die V orliiufer Gall­
leis im 14. ]ahrhundert ("Studien zur Naturphilosophie der Spatscholastik"; 
Rome, 1949). 

2 Because they displayed concerts and processes that also emerge directly from 
the history of science, two sets o Piaget s investigations proved particularly im­
portant: The Child's Conception of Causality, trans. Marjorie Gabain (London, 
1930). and Les notions de 11&01JVement et de vltesse chez r enfant (Paris, 1946). 

3 Wharfs papers have since been collected by John B. Carroll, Language, 
Thought, and Reality-Selected Writings of Benjamin Lee Whorf (New York, 
1956). Quine has presented his views in "Two Dogmas of Empiricism," reprinted 
in his From a Logical Point of View (Cambridge, Mass., 1953), pp. 2~. 
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seMchaftlichen 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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composed predominantly of social scientists confronted me 

with unanticipated problems about the differences between 

such communities and those of the natural scientists among 

whom I had been trained. Particularly, I was struck by the 

number and extent of the overt disagreements between social 

scientists about the nature of legitimate scientific problems and 

methods. Both history and acquaintance made me doubt that 

practitioners of the natural sciences possess firmer or more 

permanent answers to such questions than their colleagues in 

social science. Yet, somehow, the practice of astronomy, physics, 

chemistry, or biology normally fails to evoke the controversies 

over fundamentals that today often seem endemic among, say_, 
psychologists or sociologists. Attempting to discover the source 

of that difference led me to recognize the role in scientific re· 

search of what I have since called "paradigms." These I take to 

be universally recognized scientific achievements that for a 

time provide model problems and solutions to a community of 

practitioners. Once that piece of my puzzle fell into place, a 

draft of this essay emerged rapidly. 

The subsequent history of that draft need not be recounted 

here, but a few words must be said about the form that it has 

preserved through revisions. Until a first version had been com­

pleted and largely revised, I anticipated that the manuscript 

would appear exclusively as a volume in the Encyclopedia of 
Unified Science. The editors of that pioneering work had first 

solicited it, then held me finnly to a commitment, and finally 

waited with extraordinary tact and patience for a result. I am 

much indebted to them, particularly to Charles Morris, for 

wielding the essential goad and for advising me about the 

manuscript that resulted. Space limits of the Encyclopedia 
made it necessary, however, to present my views in an extreme­

ly condensed and schematic fonn. Though subsequent events 

have somewhat relaxed those restrictions and have made pos­

sible simultaneous independent publication, this work remains 

an essay rather than the full-scale book my subject will ulti­
mately demand. 

Since my most fundamental objective is to urge a change in 
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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. 

Furthennore, 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 confonn. 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 eHect-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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