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XIll. Progress through Revolutions

The preceding pages have carried my schematic description
of scientific development as far as it can go in this essay. Never-
theless, they cannot quite provide a conclusion. If this descrip-
tion has at all caught the essential structure of a science’s con-
tinuing evolution, it will simultaneously have posed a special
problem: Why should the enterprise sketched above move
steadily ahead in ways that, say, art, political theory, or philoso-
phy does not? Why is progress a perquisite reserved almost ex-
clusively for the activities we call science? The most usual an-
swers to that question have been denied in the body of this essay.
We must conclude it by asking whether substitutes can be found.

Notice immediately that part of the question is entirely
semantic. To a very great extent the term ‘science’ is reserved for
fields that do progress in obvious ways. Nowhere does this show
more clearly than in the recurrent debates about whether one or
another of the contemporary social sciences is really a science.
These debates have parallels in the pre-paradigm periods of
fields that are today unhesitatingly labeled science. Their osten-
sible issue throughout is a definition of that vexing term. Men
argue that psychology, for example, is a science because it
possesses such and such characteristics. Others counter that
those characteristics are either unnecessary or not sufficient to
make a field a science. Often great energy is invested, great pas-
sion aroused, and the outsider is at a loss to know why. Can very
much depend upon a definition of ‘science’? Can a definition tell
a man whether he is a scientist or not? If so, why do not natural
scientists or artists worry about the definition of the term? In-
evitably one suspects that the issue is more fundamental. Prob-
ably questions like the following are really being asked: Why
does my field fail to move ahead in the way that, say, physics
does? What changes in technique or method or ideology would
enable it to do so? These are not, however, questions that could
respond to an agreement on definition. Furthermore, if prece-
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dent from the natural sciences serves, they will cease to be a
source of concern not when a definition is found, but when the
groups that now doubt their own status achieve consensus about
their past and present accomplishments. It may, for example, be
significant that economists argue less about whether their field
is a science than do practitioners of some other fields of social
science. Is that because economists know what science is? Or is
it rather economics about which they agree?

That point has a converse that, though no longer simply se-
mantic, may help to display the inextricable connections be-
tween our notions of science and of progress. For many cen-
turies, both in antiquity and again in early modern Europe,
painting was regarded as the cumulative discipline. During
those years the artist’s goal was assumed to be representation.
Critics and historians, like Pliny and Vasari, then recorded with
veneration the series of inventions from foreshortening through
chiaroscuro that had made possible successively more perfect
representations of nature.! But those are also the years, particu-
larly during the Renaissance, when little cleavage was felt be- -
tween the sciences and the arts. Leonardo was only one of many
men who passed freely back and forth between fields that only
later became categorically distinct.? Furthermore, even after
that steady exchange had ceased, the term ‘art’ continued to
apply as much to technology and the crafts, which were also
seen as progressive, as to painting and sculpture. Only when the
latter unequivocally renounced representation as their goal and
began to learn again from primitive models did the cleavage we
now take for granted assume anything like its present depth.
And even today, to switch fields once more, part of our difficulty
in seeing the profound differences between science and tech-
nology must relate to the fact that progress is an obvious attri-

bute of both fields.

1E. H. Gombrich, Art and Illusion: A Study in the Psychology of Pictorial
Representation (New York, 1960), pp. 11-12.

2 Ibid., p. 97; and Giorgio de Santillana, “The Role of Art in the Scientific
Renaissance,” in Critical Problems in the History of Science, ed. M. Clagett
(Madison, Wis., 1859), pp. 33-65.
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The Structure of Scientific Revolutions

It can, however, only clarify, not solve, our present difficulty
to recognize that we tend to see as science any field in which
progress is marked. There remains the problem of understanding
why progress should be so noteworthy a characteristic of an
enterprise conducted with the techniques and goals this essay
has described. That question proves to be several in one, and
we shall have to consider each of them separately. In all cases
but the last, however, their resolution will depend in part upon
an inversion of our normal view of the relation between scien-
tific activity and the community that practices it. We must learn
to recognize as causes what have ordinarily been taken to be
effects. If we can do that, the phrases ‘scientific progress’ and
even ‘scientific objectivity’ may come to seem in part redundant.
In fact, one aspect of the redundancy has just been illustrated.
Does a field make progress because it is a science, or is it a
science because it makes progress?

Ask now why an enterprise like normal science should pro-
gress, and begin by recalling a few of its most salient character-
istics. Normally, the members of a mature scientific community
work from a single paradigm or from a closely related set. Very
rarely do different scientific communities investigate the same
problems. In those exceptional cases the groups hold several
major paradigms in common. Viewed from within any single
community, however, whether of scientists or of non-scientists,
the result of successful creative work is progress. How could it
possibly be anything else? We have, for example, just noted that

- while artists aimed at representation as their goal, both critics

and historians chronicled the progress of the apparently united
group. Other creative fields display progress of the same sort.
The theologian who articulates dogma or the philosopher who

" refines the Kantian imperatives contributes to progress, if only

to that of the group that shares his premises. No creative school
recognizes a category of work that is, on the one hand, a creative
success, but is not, on the other, an addition to the collective
achievement of the group. If we doubt, as many do, that non-
scientific fields make progress, that cannot be because individual
schools make none. Rather, it must be because there are always
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the subtlest and most esoteric of the phenomena that concern it.
Inevitably, that does increase both the effectiveness and the
efficiency with which the group as a whole solves new problems.
Other aspects of professional life in the sciences enhance this
very special efficiency still further.

Some of these are consequences of the unparalleled insulation
of mature scientific communities from the demands of the laity
and of everyday life. That insulation has never been complete—
we are now discussing matters of degree, Nevertheless, there are
no other professional communities in which individual creative
work is so exclusively addressed to and evaluated by other mem-
bers of the profession. The most esoteric of poets or the most ab-
stract of theologians is far more concerned than the scientist
with lay approbation of his creative work, though he may be
even less concerned with approbation in general. That differ-
ence proves consequential. Just because he is working only for
an audience of colleagues, an audience that shares his own
values and beliefs, the scientist can take a single set of standards
for granted. He need not worry about what some other group or
school will think and can therefore dispose of one problem and
get on to the next more quickly than those who work for amore
heterodox group. Even more important, the insulation of the
scientific community from society permits the individual scien-
tist to concentrate his attention upon problems that he has good
reason to believe he will be able to solve, Unlike the engineer,
and many doctors, and most theologians, the scientist need not

choose problems because they urgently need solution and with-
out regard for the tools available to solve them, In this respect,
also, the contrast between natural scientist
scientists proves instructive. The latter often
almost never do, to defend their choice of a
e.g., the effects of racial discrimination or the causes of the
business cycle—chiefly in terms of the social importance of
achieving a solution. Which group would one then expect to
solve problems at a more rapid ratep

The effects of insulation from the larger society are greatly
intensified by another characteristic of the professional scientific

s and many social
tend, as the former
research problem—
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niques by which this is accomplished, and we have just re-
curred to a closely related aspect of professional scientific life.
When it repudiates a past paradigm, a scientific community
simultaneously renounces, as a fit subject for professional
scrutiny, most of the books and articles in which that paradigm
had been embodied. Scientific education makes use of no
equivalent for the art museum or the library of classics, and the
result is a sometimes drastic distortion in the scientist’s percep-
tion of his discipline’s past. More than the practitioners of other
creative fields, he comes to see it as leading in a straight line to
the discipline’s present vantage. In short, he comes to see it as
progress. No alternative is available to him while he remains in
the field.
Inevitably those remarks will suggest that the member of a
mature scientific community is, like the typical character of
Orwell’s 1984, the victim of a history rewritten by the powers
that be. Furthermore, that suggestion is not altogether inap-
propriate. There are losses as well as gains in scientific revolu-
tions, and scientists tend to be peculiarly blind to the former.?
On the other hand, no explanation of progress through revolu-
tions may stop at this point. To do so would be to imply that in
the sciences might makes right, a formulation which would
again not be entirely wrong if it did not suppress the nature of
the process and of the authority by which the choice between
paradigms is made. If authority alone, and particularly if non-
professional authority, were the arbiter of paradigm debates,
the outcome of those debates might still be revolution, but it
would not be scientific revolution. The very existence of science
depends upon vesting the power to choose between paradigms
in the members of a special kind of community. Just how special
that community must be if science is to survive and grow may
be indicated by the very tenuousness of humanity’s hold on the
scientific enterprise. Every civilization of which we have records
encounter this blindpess in a particularly striking
ho come to them from the sciences is very often
the most rewarding group they teach. But it is also usually the most frustrating

at the start. Because science students “know the right answers,” it is particularly
difScult to make them analyze an older science in its own terms.

8 Historians of science often
form. The group of students w.
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the scientist is ordinarily trained. Note, however, that despite
its small size the list is already sufficient to set such communities
apart from all other professional groups. And note, in addition,
that despite its source in normal science the list accounts for
many special features of the group’s response during revolutions
and particularly during paradigm debates. We have already ob-
served that a group of this sort must see a paradigm change as
progress. Now we may recognize that the perception is, in
important respects, self-fulfilling. The scientific community is a
supremely efficient instrument for maximizing the number and
precision of the problem solved through paradigm change.
Because the unit of scientific achievement is the solved prob-
lem and because the group knows well which problems have

already been solved, few scientists will easily be persuaded to
adopt a viewpoint that again opens to question many problems
olved. Nature itself must first under-

that had previously been s
by making prior achievements seem

mine professional security
roblematic. Furthermore, even when that has occurred and a
ntists will be

new candidate for paradigm has been evoked, scie
reluctant to embrace it unless convinced that two all-important
conditions are being met. First, the new candidate must seem
to resolve some outstanding and generally recognized problem
that can be met in no other way. Second, the new paradigm
must promise to preserve a relatively large part of the concrete
problem-solving ability that has accrued to science through its
predecessors. Novelty for its own sake is not a desideratum in
the sciences as it is in so many other creative fields. As a result,
though new paradigms seldom or never possess all the capabili-
ties of their predecessors, they usually preserve a great deal of
the most concrete parts of past achievement and they always
pei'mit additional concrete problem-solutions besides.

To say this much is not to suggest that the ability to solve
problems is either the unique or an unequivocal basis for para-
digm choice. We have already noted many reasons why there
can be no criterion of that sort. But it does suggest that a com-
munity of scientific specialists will do all that it can to ensure
the continuing growth of the assembled data that it can treat
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with precision and detail. In the process the community will
sustain losses. Often some old problems must be banished. Fre-
quently, in addition, revolution narrows the scope of the com-
munity’s professional concerns, increases the extent of its spe-
 cialization, and attenuates its communication with other
groups, both scientific and lay. Though science surely grows in
depth, it may not grow in breadth as well. If it does so, that
breadth is manifest mainly in the proliferation of scientific spe-
cialties, not in the scope of any single specialty alone. Yet de-
spite these and other losses to the individual communities, the
nature of such communities provides a virtual guarantee that
both the list of problems solved by science and the precision of
individual problem-solutions will grow and grow. At least, the
nature of the community provides such a guarantee if there is
any way at all in which it can be provided. What better criterion
than the decision of the scientific group could there be?
These last paragraphs point the directions in which I believe
a more refined solution of the problem of progress in the sci-
ences must be sought. Perhaps they indicate that scientific prog-
ress is not quite what we had taken it to be. But they simulta-
neously show that a sort of progress will inevitably characterize
the scientific enterprise so long as such an enterprise survives.
In the sciences there need not be progress of another sort. We
may, to be more precise, have to relinquish the notion, explicit
or implicit, that changes of paradigm carry scientists and those
who learn from them closer and closer to the truth,
- Itis now time to notice that until the last very few pages the
term ‘truth’ had entered this essay only in a quotation from
Francis Bacon. And even in those pages it entered only as a
source for the scientist’s conviction that incompatible rules for
doing science cannot coexist except during revolutions when
the profession’s main task is to eliminate all sets but one. The
developmental process described in this essay has been a
process of evolution from primitive beginnings—a process
whose successive stages are characterized by an increasingly de-
tailed and refined understanding of nature. But nothing that has
been or will be said makes it a process of evolution toward any-
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thing. Inevitably that lacuna will have disturbed many readers.
We are all deeply accustomed to seeing science as the one enter-
prise that draws constantly nearer to some goal set by nature in
advance.

But need there be any such goal? Can we not account for
both science’s existence and its success in terms of evolution
from the community’s state of knowledge at any given ‘tir.ne?
Does it really help to imagine that there is some one full, objec-
tive, true account of nature and that the proper measure of
scientific achievement is the extent to which it brings us closer
to that ultimate goal? If we can learn to substitute evolution-
from-what-we-do-know for evolution-toward-what-we-wish-to-
know, a number of vexing problems may vanish in the process.
Somewhere in this maze, for example, must lie the problem of
induction. '

I cannot yet specify in any detail the consequences of this
alternate view of scientific advance. But it helps to recognize
that the conceptual transposition here recommended is very
close to one that the West undertook just a century ago. It is
particularly helpful because in both cases the main ol?stacle to
transposition is the same. When Darwin first published his
theory of evolution by natural selection in 1859, what m?st
bothered many professionals was neither the notion of species
change nor the possible descent of man from apes. The evidence

pointing to evolution, including the evolution of man, had been
accumulating for decades, and the idea of evolution had b.een
suggested and widely disseminated before. Though evolutxox},
as such, did encounter resistance, particularly from some reli-
gious groups, it was by no means the greatest of the difficulties
the Darwinians faced. That difficulty stemmed from an idea that
was more nearly Darwin’s own. All the well-known pre-Darwin-
ian evolutionary theories—those of Lamarck, Chambers, Spen-
cer, and the German Naturphilosophen—had taken evolution to
be a goal-directed process. The “idea” of man and of the con-
temporary flora and fauna was thought to have been present
from the first creation of life, perhaps in the mind of God. That
idea or plan had provided the direction and the guiding force to
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the entire evolutionary process. Each new stage of evolutionary
development was a more perfect realization of a plan that had
been present from the start.* ‘

For many men the abolition of that teleological kind of evo-
lution was the most significant and least palatable of Darwin’s
suggestions.® The Origin of Species recognized no goal set either
by God or nature. Instead, natural selection, operating in the
given environment and with the actual organisms presently at
hand, was responsible for the gradual but steady emergence of
more elaborate, further articulated, and vastly more specialized
organisms. Even such marvelously adapted organs as the eye
and hand of man—organs whose design had previously provided
powerful arguments for the existence of a supreme artificer and
an advance plan—were products of a process that moved stead-
ily from primitive beginnings but toward no goal. The belief
that natural selection, resulting from mere competition between
organisms for survival, could have produced man together with
the higher animals and plants was the most difficult and disturb-
ing aspect of Darwin’s theory. What could ‘evolution,’ ‘develop-
ment,’and ‘progress’ mean in the absence of a specified goal? To
many people, such terms suddenly seemed self-contradictory.

The analogy that relates the evolution of organisms to the evo-
lution of scientific ideas can easily be pushed too far. But with
respect to the issues of this closing section it is very nearly per-
fect. The process described in Section XII as the resolution of
revolutions is the selection by conflict within the scientific com-
munity of the fittest way to practice future science. The net
result of a sequence of such revolutionary selections, separated
by periods of normal research, is the wonderfully adapted set
of instruments we call modern scientific knowledge. Successive
stages in that developmental process are marked by an increase
in articulation and specialization. And the entire process may
have occurred, as we now suppose biological evolution did,

4 Loren Eiseley, Darwin’s Century: Evolution and the Men Who Discovered
It (New York, 1958), chaps, ii, iv-v,

8 For 2 particularly acute account of one prominent Darwinian's struggle with
this problem, see A. Hunter Dupree, Asa Gray, 1810~1888 (Cambridge, Mass.,
1859), pp. 295-306, 355-83.
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without benefit of a set goal, a permanent ﬁx.ed sFlentlﬁc tl:udth,
of which each stage in the development of scientific knowledge
is a better exemplar. ‘ .
? Anyone who I})ms followed the argument this far will I;fve]r(i
theless feel the need to ask why the evolutionary process s c:l}ll
work. What must nature, including man, be. like in ord.ex.' l:
science be possible at all? Why should scxen?nﬁc commum;xi:/ 2
able to reach a firm consensus unattainable m.other fields f y
should consensus endure across one parad'ngm 'change 03 ter
another? And why should paradigm change invariably pr t;)ce
an instrument more perfect in any sense thzfn those kno.wn l:a-
fore? From one point of view those questions, excepting the
first, have already been answered. But from ano%her they lan'et }::s
open as they were when this essay be.gan. It is not ofn yh. ;
scientific community that must be special. Th’e world' o }\‘v ic
that community is a part must also possess quite special ¢ k';rac-
teristics, and we are no closer than we were at the start to ] (;);)v;
ing what these must be. That problem—What must the wor \be
like in order that man may know it?—was not,.howe-ver, cread .
by this essay. On the contrary, it is as old as sc1ence'1tsel‘f, axl\a it
remains unanswered. But it need not be answered in thfls place.
Any conception of nature compatible v.v1th the growtfh o scner:;:
by proof is compatible with the evolutionary view of ;lcuince de-
veloped here. Since this view is also compatible with ¢ fose
servation of scientific life, there are strong arguments hor e:n1i
ploying it in attempts to solve the host of problems that sti

remain.
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