
 
 
 
 
IV.  Normal Science as Puzzle-solving 

 
Perhaps the most striking feature of the normal research problems we 

have just encountered is how little they aim to produce major novelties, 
conceptual or phenomenal. Sometimes, as in a wave-length 
measurement, everything but the most esoteric detail of the result is 
known in advance, and the typical latitude of expectation is only 
somewhat wider. Coulomb’s measurements need not, perhaps, have 
fitted an inverse square law; the men who worked on heating by 
compression were often prepared for any one of several results. Yet even 
in cases like these the range of anticipated, and thus of assimilable, 
results is always small compared with the range that imagination can 
conceive. And the project whose outcome does not fall in that narrower 
range is usually just a research failure, one which reflects not on nature 
but on the scientist. 

In the eighteenth century, for example, little attention was paid to the 
experiments that measured electrical attraction with devices like the 
pan balance. Because they yielded neither consistent nor simple results, 
they could not be used to articulate the paradigm from which they 
derived. Therefore, they remained mere facts, unrelated and unrelatable 
to the continuing progress of electrical research. Only in retrospect, 
possessed of a subsequent paradigm, can we see what characteristics of 
electrical phenomena they display. Coulomb and his contemporaries, of 
course, also possessed this later paradigm or one that, when applied to 
the problem of attraction, yielded the same expectations. That is why 
Coulomb was able to design apparatus that gave a result assimilable by 
paradigm articulation. But it is also why that result surprised no one and 
why several of Coulomb’s contemporaries had been able to predict it in 
advance. Even the project whose goal is paradigm articulation does not 
aim at the unexpected novelty. 

But if the aim of normal science is not major substantive novelties—if 
failure to come near the anticipated result is usually 
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failure as a scientist—then why are these problems undertaken at all? 
Part of the answer has already been developed. To scientists, at least, the 
results gained in normal research are significant because they add to the 
scope and precision with which the paradigm can be applied. That 
answer, however, cannot account for the enthusiasm and devotion that 
scientists display for the problems of normal research. No one devotes 
years to, say, the development of a better spectrometer or the 
production of an improved solution to the problem of vibrating strings 
simply because of the importance of the information that will be 
obtained. The data to be gained by computing ephemerides or by 
further measurements with an existing instrument are often just as 
significant, but those activities are regularly spurned by scientists 
because they are so largely repetitions of procedures that have been 
carried through before. That rejection provides a clue to the fascination 
of the normal research problem. Though its outcome can be anticipated, 
often in detail so great that what remains to be known is itself 
uninteresting, the way to achieve that outcome remains very much in 
doubt. Bringing a normal research problem to a conclusion is achieving 
the anticipated in a new way, and it requires the solution of all sorts of 
complex instrumental, conceptual, and mathematical puzzles. The man 
who succeeds proves himself an expert puzzle-solver, and the challenge 
of the puzzle is an important part of what usually drives him on. 

The terms ‘puzzle’ and ‘puzzle-solver’ highlight several of the themes 
that have become increasingly prominent in the preceding pages. 
Puzzles are, in the entirely standard meaning here employed, that 
special category of problems that can serve to test ingenuity or skill in 
solution. Dictionary illustrations are ‘jigsaw puzzle’ and ‘crossword 
puzzle,’ and it is the characteristics that these share with the problems 
of normal science that we now need to isolate. One of them has just 
been mentioned. It is no criterion of goodness in a puzzle that its 
outcome be intrinsically interesting or important. On the contrary, the 
really pressing problems, e.g., a cure for cancer or the design of a 
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lasting peace, are often not puzzles at all, largely because they may not 
have any solution. Consider the jigsaw puzzle whose pieces are selected 
at random from each of two different puzzle boxes. Since that problem 
is likely to defy (though it might not) even the most ingenious of men, it 
cannot serve as a test of skill in solution. In any usual sense it is not a 
puzzle at all. Though intrinsic value is no criterion for a puzzle, the 
assured existence of a solution is. 

We have already seen, however, that one of the things a scientific 
community acquires with a paradigm is a criterion for choosing 
problems that, while the paradigm is taken for granted, can be assumed 
to have solutions. To a great extent these are the only problems that the 
community will admit as scientific or encourage its members to 
undertake. Other problems, including many that had previously been 
standard, are rejected as metaphysical, as the concern of another 
discipline, or sometimes as just too problematic to be worth the time. A 
paradigm can, for that matter, even insulate the community from those 
socially important problems that are not reducible to the puzzle form, 
because they cannot be stated in terms of the conceptual and 
instrumental tools the paradigm supplies. Such problems can be a 
distraction, a lesson brilliantly illustrated by several facets of 
seventeenth-century Baconianism and by some of the contemporary 
social sciences. One of the reasons why normal science seems to 
progress so rapidly is that its practitioners concentrate on problems that 
only their own lack of ingenuity should keep them from solving. 

If, however, the problems of normal science are puzzles in this sense, 
we need no longer ask why scientists attack them with such passion and 
devotion. A man may be attracted to science for all sorts of reasons. 
Among them are the desire to be useful, the excitement of exploring 
new territory, the hope of finding order, and the drive to test established 
knowledge. These motives and others besides also help to determine the 
particular problems that will later engage him. Furthermore, though the 
result is occasional frustration, there is good reason 
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why motives like these should first attract him and then lead him on.1 
The scientific enterprise as a whole does from time to time prove useful, 
open up new territory, display order, and test long-accepted belief. 
Nevertheless, the individual engaged on a normal research problem is 
almost never doing any one of these things. Once engaged, his motivation 
is of a rather different sort. What then challenges him is the conviction 
that, if only he is skilful enough, he will succeed in solving a puzzle that 
no one before has solved or solved so well. Many of the greatest 
scientific minds have devoted all of their professional attention to 
demanding puzzles of this sort. On most occasions any particular field of 
specialization offers nothing else to do, a fact that makes it no less 
fascinating to the proper sort of addict. 

Turn now to another, more difficult, and more revealing aspect of the 
parallelism between puzzles and the problems of normal science. If it is 
to classify as a puzzle, a problem must be characterized by more than an 
assured solution. There must also be rules that limit both the nature of 
acceptable solutions and the steps by which they are to be obtained. To 
solve a jigsaw puzzle is not, for example, merely “to make a picture.” 
Either a child or a contemporary artist could do that by scattering 
selected pieces, as abstract shapes, upon some neutral ground. The 
picture thus produced might be far better, and would certainly be more 
original, than the one from which the puzzle had been made. 
Nevertheless, such a picture would not be a solution. To achieve that all 
the pieces must be used, their plain sides must be turned down, and 
they must be interlocked without forcing until no holes remain. Those 
are among the rules that govern jigsaw-puzzle solutions. Similar 
restrictions upon the admissible solutions of crossword puzzles, riddles, 
chess problems, and so on, are readily discovered. 

If we can accept a considerably broadened use of the term 
 

1 The frustrations induced by the conflict between the individual’s role and the over-all 
pattern of scientific development can, however, occasionally be quite serious. On this 
subject, see Lawrence S. Kubie, “Some Unsolved Problems of the Scientific Career,” 
American Scientist, XLI (1953), 596-613; and XLII (1954), 104-12. 
 
Vol. II, No. 2 
38 



Normal Science as Puzzle-solving 
 
‘rule’—one that will occasionally equate it with ‘established viewpoint’ or 
with ‘preconception’—then the problems accessible within a given 
research tradition display something much like this set of puzzle 
characteristics. The man who builds an instrument to determine optical 
wave lengths must not be satisfied with a piece of equipment that 
merely attributes particular numbers to particular spectral lines. He is 
not just an explorer or measurer. On the contrary, he must show, by 
analyzing his apparatus in terms of the established body of optical 
theory, that the numbers his instrument produces are the ones that 
enter theory as wave lengths. If some residual vagueness in the theory 
or some unanalyzed component of his apparatus prevents his 
completing that demonstration, his colleagues may well conclude that 
he has measured nothing at all. For example, the electron-scattering 
maxima that were later diagnosed as indices of electron wave length had 
no apparent significance when first observed and recorded. Before they 
became measures of anything, they had to be related to a theory that 
predicted the wave-like behavior of matter in motion. And even after 
that relation was pointed out, the apparatus had to be redesigned so that 
the experimental results might be correlated unequivocally with 
theory.2 Until those conditions had been satisfied, no problem had been 
solved. 

Similar sorts of restrictions bound the admissible solutions to 
theoretical problems. Throughout the eighteenth century those 
scientists who tried to derive the observed motion of the moon from 
Newton’s laws of motion and gravitation consistently failed to do so. As 
a result, some of them suggested replacing the inverse square law with a 
law that deviated from it at small distances. To do that, however, would 
have been to change the paradigm, to define a new puzzle, and not to 
solve the old one. In the event, scientists preserved the rules until, in 
1750, one of them discovered how they could successfully be applied.3 
 

2 For a brief account of the evolution of these experiments, see page 4 of C. J. Davisson’s 
lecture in Les prix Nobel en 1937 (Stockholm, 1938). 
3 W. Whewell, History of the Inductive Sciences (rev. ed.; London, 1847), II, 101-5, 220-22. 
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Only a change in the rules of the game could have provided an 
alternative. 

The study of normal-scientific traditions discloses many additional 
rules, and these provide much information about the commitments that 
scientists derive from their paradigms. What can we say are the main 
categories into which these rules fall?4 The most obvious and probably 
the most binding is exemplified by the sorts of generalizations we have 
just noted. These are explicit statements of scientific law and about 
scientific concepts and theories. While they continue to be honored, 
such statements help to set puzzles and to limit acceptable solutions. 
Newton’s Laws, for example, performed those functions during the 
eighteenth and nineteenth centuries. As long as they did so, quantity-of-
matter was a fundamental ontological category for physical scientists, 
and the forces that act between bits of matter were a dominant topic for 
research.5 In chemistry the laws of fixed and definite proportions had, 
for a long time, an exactly similar force—setting the problem of atomic 
weights, bounding the admissible results of chemical analyses, and 
informing chemists what atoms and molecules, compounds and 
mixtures were.6 Maxwell’s equations and the laws of statistical 
thermodynamics have the same hold and function today. 

Rules like these are, however, neither the only nor even the most 
interesting variety displayed by historical study. At a level lower or more 
concrete than that of laws and theories, there is, for example, a 
multitude of commitments to preferred types of instrumentation and to 
the ways in which accepted instruments may legitimately be employed. 
Changing attitudes toward the role of fire in chemical analyses played a 
vital part in the de- 
 

4 I owe this question to W. O. Hagstrom, whose work in the sociology of science 
sometimes overlaps my own. 
5 For these aspects of Newtonianism, see I. B. Cohen, Franklin and Newton: An Inquiry 
into Speculative Newtonian Experimental Science and Franklin’s Work in Electricity as an 
Example Thereof (Philadelphia, 1956), chap, vii, esp. pp. 255-57, 275-77. 
6  This example is discussed at length near the end of Section X.  
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velopment of chemistry in the seventeenth century.7 Helmholtz, in the 
nineteenth, encountered strong resistance from physiologists to the 
notion that physical experimentation could illuminate their field.8 And 
in this century the curious history of chemical chromatography again 
illustrates the endurance of instrumental commitments that, as much as 
laws and theory, provide scientists with rules of the game.9 When we 
analyze the discovery of X-rays, we shall find reasons for commitments 
of this sort. 

Less local and temporary, though still not unchanging characteristics 
of science, are the higher level, quasi-metaphysical commitments that 
historical study so regularly displays. After about 1630, for example, and 
particularly after the appearance of Descartes’s immensely influential 
scientific writings, most physical scientists assumed that the universe 
was composed of microscopic corpuscles and that all natural 
phenomena could be explained in terms of corpuscular shape, size, 
motion, and interaction. That nest of commitments proved to be both 
metaphysical and methodological. As metaphysical, it told scientists 
what sorts of entities the universe did and did not contain: there was 
only shaped matter in motion. As methodological, it told them what 
ultimate laws and fundamental explanations must be like: laws must 
specify corpuscular motion and interaction, and explanation must 
reduce any given natural phenomenon to corpuscular action under 
these laws. More important still, the corpuscular conception of the 
universe told scientists what many of their research problems should be. 
For example, a chemist who, like Boyle, embraced the new philosophy 
gave particular attention to reactions that could be viewed as 
transmutations. More clearly than any others these displayed the 
process of corpuscular rearrangement that must underlie all 
 

7 H. Metzger, Les doctrines chimiques en France du début du XVIIe siècle à la fin du XVIIIe 
siècle (Paris, 1923), pp. 359-61; Marie Boas, Robert Boyle and Seventeenth-Century 
Chemistry (Cambridge, 1958), pp. 112-15. 
8 Leo Konigsberger, Hermann von Helmholtz, trans. Francis A. Welby (Oxford, 1906), 
pp. 65-66. 
9 James E. Meinhard, “Chromatography: A Perspective,” Science, CX (1949), 387-92. 
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chemical change.10 Similar effects of corpuscularism can be observed in 
the study of mechanics, optics, and heat. 

Finally, at a still higher level, there is another set of commitments 
without which no man is a scientist. The scientist must, for example, be 
concerned to understand the world and to extend the precision and 
scope with which it has been ordered. That commitment must, in turn, 
lead him to scrutinize, either for himself or through colleagues, some 
aspect of nature in great empirical detail. And, if that scrutiny displays 
pockets of apparent disorder, then these must challenge him to a new 
refinement of his observational techniques or to a further articulation of 
his theories. Undoubtedly there are still other rules like these, ones 
which have held for scientists at all times. 

The existence of this strong network of commitments—conceptual, 
theoretical, instrumental, and methodological—is a principal source of 
the metaphor that relates normal science to puzzle-solving. Because it 
provides rules that tell the practitioner of a mature specialty what both 
the world and his science are like, he can concentrate with assurance 
upon the esoteric problems that these rules and existing knowledge 
define for him. What then personally challenges him is how to bring the 
residual puzzle to a solution. In these and other respects a discussion of 
puzzles and of rules illuminates the nature of normal scientific practice. 
Yet, in another way, that illumination may be significantly misleading. 
Though there obviously are rules to which all the practitioners of a 
scientific specialty adhere at a given time, those rules may not by 
themselves specify all that the practice of those specialists has in 
common. Normal science is a highly determined activity, but it need not 
be entirely determined by rules. That is why, at the start of this essay, I 
introduced shared paradigms rather than shared rules, assumptions, 
and points of view as the source of coherence for normal research 
traditions. Rules, I suggest, derive from paradigms, but paradigms can 
guide research even in the absence of rules. 
 
10 For corpuscularism in general, see Marie Boas, “The Establishment of the Mechanical 
Philosophy,” Osiris, X (1952), 412-541. For its effects on Boyle’s chemistry, see T. S. Kuhn, 
“Robert Boyle and Structural Chemistry in the Seventeenth Century,” Isis, XLIII (1952), 
12-36. 
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