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Theory Choice

In the penultimate chapter of a controversial book first published fifteen
years ago, | considered the ways scienlists are brought to abandon one
time-honored theory or paradigm in favor of another. Stch decision prob-
lems, 1 wrote, “cannot be resolved by proof.” To discuss their mechanism
is, therefore, 1o talk “about techniques of persuasion, or about argument
and counterargument in a situation in which there can be no proof”
Under these circumstances, 1 continued, “lifelong resistance [to a new
theory| . . . is nol a violation of scientific standards. . . . Though the
historian can always ind men—Priestley, for instance—who were unrea-
sonable 1o resist for as long as they did, he will nol find a point at which
resistance becomes illogical or unscientific.”™ Stalements of that sort ob-
viously raise the question of why, in the absence of binding criteria for
scientific choice, both the number of solved scientific problems and the
precision of individual problem solutions should increase so matkedly with
the passage of time. Confronting that issue, 1 sketched in my closing chap-
ter a number of characteristics that scientists share by virtue of the training
which licenses their membership in one or another community of spe-
cialists. In the absence of eriteria able 1o dictate the choice of cach indi-
vidual, 1 argued, we do well to trust the collective judgment of scientists
trained in this way. “What betier criterion could there be,” 1 asked rhe-
torically, “than the decision of the scientific group?”™

A number of philosophers have greeted remarks like these in a way
that continues 1o surprise me. My views, it is said, make of theory choice
“a matter for mob psychology.” Kublin believes, I am 1old, that “the de-
cision of a scientific group to adopt a new paradigm cannot be based on

From Thomas 8. Kuhn, The Essential Tension: Selected Studies in Scientific Tra-
dition and Change (Chicago: University of Chicago Press, 1977), 320-39, This
essay was originally presented as the Machetie Lecture, delivered at Fusman Uni-
versily, Greemille, 5.C., on 30 November 1973,
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good reasons of any kind, factual or otherwise.™ The debates surrounding
such clioices must, my erities clanm, be for me “mere persnasive displays
without deliberative substunce.” Reports of this sorl manifest lotal mis-
understanding, and T have occasionally smd as much in papers direcled
srinarity to other ends, But those passing prolestations have had negligible
effect, and the misunderstandings continue to be important. | conciude
that it 1s past time for me to deseribe, at greater length and with greater
precision, what has been on my mind when 1 have uitered statements like
the ones with which 1 fust began. If T have been reluctant to do so in the
past, that is fargely because 1 have preferred o devole altention o arcus
in which my views diverge more sharply from these currently received
than they do wilh respect to theory choice.

What, I ask to begin with, are the characleristics of a good scientific
theory? Among a number of quite vsual answers T select five, nol because
thev are exhaustive, but becanse they are individually tmportant and col-
lectively sufficiently varied 1o indicale whal is ot stake. First, a theory
should be accurate: within its domain, that is, consequences deducible
from a theory should be in demonstrated agrecinent with the results of
existing experiments and observations. Second, a theory should be consis-
lent, not only internally or with itself, but also with other currently ac-
cepled theories applicable to related aspects of nature. Third, it should
have broad scope: in particular, a theory's consequences should extend far
beyond the paricular observations, laws, or subtheories it was initially de-
signed 1o explain. Fourth, and closely related, it should be simple, bringing
order 10 phenomena that in 1ts absence would be individually isolated
and, as i sel, confused. Filth—a somewhat less standard item, but one of
special importance lo actual seientific decisions—a theory should be fruit-
ful of new rescarch findings: it should, that is, disclose new phenomena
or previously unuoted relationships among those already known® These
fve charactenistics—accuracy, consisteney, scope, simplicity, and fruil-
fulness—are all standard crileria for evaluating the adequacy of a theory.
If they had not been, 1 would have devoted far more space 1o them in my
book, for 1 agree entirely with the traditional view that they play a vital
role when scientisls must choose hetween an established theory and an
upstart competitor. Together with others of much the sume sort, they pro-
vide the shared basis for theory choice.

Nevertheless, two sorts of difficulties are regularly encountered by the
men who must use these criteria in choosing, say, between Plolemy’s as-
tronomical theory and Copemicus’s, between the oxygen and phlogiston
theories of combustion, or belween Newtonian mechanics and the quan-
tum theory. Individually the criteria are imprecise: individuals may legil-
imalely differ aboul their application 1o concrele cases. In addition, when
deployed together, they repeatedly prove to conflicl with one mother;
accuracy may, for exaple, dictate the choice of one theory, scope the
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choice of its competitor. Since these difficulties, especially the first, are
also relatively familiar, | shall devote litlle time to their elaboration.
Though my argument does demand that [ iflustrate them briefly, my views
will begin to depart from those long current only after I have done so.

Begin with accuracy, which for present purposes 1 take to include not
only quantitative agreement but qualitative as well. Ultimately it proves
the most nearly decisive of all the criteria, partly because it s less equivocal
than the others but especially because predictive and explanatory powers,
which depend on it, are characteristics that scientists are particularly un-
willing to give up. Unfortunately, however, iheories cannot always be dis-
criminated in terms of accuracy. Copernicus’s system, for example, was
nol more accurale than Plolemy’s until drastically revised by Kepler more
than sixty years afier Copericus’s death. If Kepler or someonc else had
not found other reasons to choose heliocentric astronomy, those improve-
menls in accuracy would never have been made, and Copernicus’s work
might have been forgotten. More typically, of course, accuracy does permit
discriminations, but not the sort that lead regularly to unequivocal choice.
The oxygen theory, for example, was universally acknowledged to account
for observed weight relations in chemical reactions, something the phlo-
gislon theory had previously scarcely attempled 1o do. But the phlogiston
theory, unlike ils rival, could account for the metals’ being much more
alike than the ores from which they were formed. One theory thus
matched experience betler in one area, the other in another.” To choose
between them on the basis of accuracy, a scientist would need to decide
the area in which accuracy was more significant. Abont that matter chem-
ists could and did differ without violating any of the crileria outlined
above, or any others yet to be suggested.

However imporstant it may be, therefore, accuracy by itself is seldom
or never a sufficient criterion for theory choice. Other criteria must func-

Supporiers of the phlogiston theory argued that metals are similar because they
all contain phlogiston, which is released as heat and fire when metals bum in air,
{This argument is nol very impressive, since it fails to explain why carbon and
other nonmetallic combustible materials, which are also supposed lo be rich in
phlogiston, are not al all hike melals,) Lavoisier’s oxygen theory offered no expla-
nalion of why inetals rescinble cach other, but it did predict that all metals become
heavier when they buen, and his prediction was confinmed by weighing experi-
menls. Melals gain weight when they bum because buming invelves the chemical
combination of the metal with the oxvgen in the air to form an oxide. The heat
associaled with oxidation was attributed by Lavoisier to the release of calonie fld
thal, according lo his theory, surrounds the particles of oxygen. This is a ypical
exatuple of what has come to be known as a “Kulm loss”: when one paradigm
replaces another, not every problem that was solved by the old paradigm can be
solved by the new one, even though the new paradigm solves problemns that the
old one cither ignored or could not solve. Modern science has finally succeeded
in explaining the similanty among metals: metals are shiny, conduct electricity,
cle. because they all contin free electrons that are not bound to individnal aloms.
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tion as well, but they do not eliminate problems. To illustrate 1 select just
two—consistency and simplicity—asking how they functioned in the
choice between the heliocentric and geocentric systems, As astronomical
theories both Ptolemy’s and Copemicus’s were interally consistent, but
their relation to related theories in other fields was very different. The
stationary central carth was an essenlial ingredient of received physical
theory, a tight-knit body of doctrine which explained, among other things,
how stones fall, how waler pumps function, and why the clouds move
slowly across the skies. Heliocentric astronomy, which required the earth’s
molion, was inconsislend with the existing scientific explanation of these
and other terresirial phenomena. The consistency criterion, by itsell, there-
fore, spoke unequivocally for the geocentric tradition.

Simplicity, however, favored Copernicus, bul only when evaluated in
a quite special way. If, on the one hand, the two systems were compared
in terms of the actual compultational labor required lo predict the position
of a planet at a particular time, then they proved substantially equivalent.
Such compulations were what astronomers did, and Copernicus’s system
offered them no labor-saving techniques; in that sense it was not simpler
than Ploleny’s. If, on the other hand, one asked about the amount of
mathematical apparalus required lo explain, nol the defailed quantitative
motions of the plancts, but merely their gross qualitative features--limited
clongation, retrograde molion, and the like—then, as every schoolchild
knows, Copemicus required only one circle per planet, Plolemy two. In
that sense the Copernican theory was the simplet, a fact vitally important
to the choices made by both Kepler and Galileo and thus essential to the
ultimate trivmph of Copernicanism. But that sense of simplicily was not
the only one available, nor even the one most natural to professional
astronomers, men whose task was the actual computation of planetary
position.

Because time is short and I have multiplied examples elsewhere, |
shall here simply assert that these difficulties in applying standard eriteria
of choice are typical and that they arise no less forcefully in twenticth-
century situations than in the earlier and betler-known examples 1 have
just sketched. When scientists must choose between competing theories,
two men fully commitled 1o the same list of criteria for choice may nev-
ertheless reach different conclusions. Perhaps they interpret simplicity dif-
ferently or have different convictions about the range of fields within
which the consislency criterion must be met. Or perhaps they agree about
these matters but differ about the relative weights to be accorded to these
or 1o other criteria when several are deployed together. With respect to
divergences of this sort, no set of choice criteria yet proposed is of any
use, One can explain, as the historian characteristically does, why partic-
ular men made particular choices at particular times. But for that purpose
one must go beyond the list of shared criteria to characteristics of the
individuals who make the choice. One must, that is, deal with character-
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istics which vary from one scientist to another without thereby in the least
jeopardizing their adherence to the canons that make science scientific.
Though such canons do exist and should be discoverable {doubtless the
criteria of choice with which I began are among them), they are not by
themselves sufficient to delermine the decisions of individual scientists.
For that purpose the shared canons must be fleshed out in ways that differ
from one individual to another.

Some of the differences 1 have in mind result from the individual’s
previous experience as a scientist. In what part of the field was he at work
when confronted by the need to choose? How long had he worked there;
how successful had he been; and how much of his work depended on
concepls and lechniques challenged by the new theory? Other faclors
relevant to choice lic outside the sciences. Kepler's carly election of Co-
pernicanism was due in part to his immersion in the Neoplatonic and
Hermetic movements of his day; German Romanticism predisposed those
it affected toward both recognilion and aceeplance of encrgy conservation;
nineteenth-century British social thought had a similar influence on the
availability and acceptability of Darwin's concept of the struggle for exis-
tence. Still other significant differences are functions of personality. Some
scientists place more premium than olhers on originalily and are corre-
spondingly more willing to take risks; some scientists prefer comprehen-
sive, unified theories 1o precise and detailed problem solutions of appar-
ently narrower scope. Differentiating faclors like these are described by
my crilics as subjective and are contrasled with the shared or objective
criteria from which | began. Though 1 shall later question that use of
terms, let me for the moment accept it. My point is, then, that every
individual choice between competing theories depends on a misture of
objective and subjective factors, or of shared and individual criteria. Since
the latter have not ordinarily figured in the philesophy of science, my
emphasis upon them has made my bebefl in the former hard for my critics
lo see.

What | have said so far is primarily simply descriplive of what goes
on in the sciences al times of theory choice. As description, furthermore,
il has nol been challenged by my critics, who reject instead my claim that
these facls of scientific life have philosophic import. Taking up that issue,
I shall begin lo isolate some, though | think not vast, differences of opin-
ion. Let me begin by asking how philosophers of science can for so long
have neglected the subjective elements which, they freely grant, enter
regularly into the actual theory choices made by individual scientists? Why
have these elements secmed to them an index only of human weakness,
not at all of the nature of scientific knowledge?

One answer {o that question is, of course, thal few philosophers, if
any, have claimed to possess cither a complete or an entirely well-articu-
lated list of criteria. For some time, therefore, they could reasonably expect
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that further research would eliminate residusl imperfections and produce
an algorithim able {o diclate rational, imanimous choice. Pending that
achievement, scienlists wonld have no allernalive hut to supply subjee-
tively what the best current list of objective criteria still lacked. That some
of them might still do so even wilh a perfected list at hand would then
be an index only of the inevitable imperfection of hunun nature.

That sorl of answer may still prove to he correet, but 1 think no phi-
losopher still expects that it will. The scarch for algorithmic decision pro-
cedures has conlinued for some time and produced both powerfal and
illuminating results. Bul those results all presuppose that individual eriteria
of choice can be nnambiguously slated and also thal, if more than one
proves relevant, an appropriate weight function is al hand for their joint
application. Unfortunalely, where the choice at issuc is between scientific
theories, litlle progress has been made toward the first of these desiderala
and none toward the second. Most philosophers of science would, there-
lore, Tthink, now regard the sort of algorithm which has traditionally heen
sought as a nol quite allainable ideal. | entirely agree and shall hencefoth
tuke that much for granted.

Even an ideal, however, if it is 1o remain credible, requires some
demonstrated relexiince to the sitmations in which it is supposed 1o apply.
Claiming that such demonstration requires no recourse o subjective fac-
tors, my critics seem to appeal, implicitly or explicitly, Lo the well-known
distinction between 1he comexts of discovery and of justification.™ They
concede, that is, thal the subjective factors T invoke play a significant role
i the discovery or invention of new theories, but they also insist 1hat that
mevitably intuilive process lies outside of the bounds of philosophy of
science and is irrelevant to the question of scientific objectivity. Objectivity
enlers science, they continue, through the processes by which theories are
lested, justified, or judged. Those processes do not, or at least need not,
involve subjective factors at all. They can be governed by a set of {objee-
tive) criteria shared by the entire group compelent to judge.

I have already argued that that position does not At observations of
scientific life and shall now assime that that much has been conceded.
What is now al issue is a different point: whether or not this invocation
of the distinclion belween conlests of discovery and of justification pro-
vides even a plausible and useful idealization. | think it does not and ¢n
best make my point by suggesting first a likely source of its apparent co-
geney. I suspect thal my critics have been misled by seience pedagogy or

“The “wellknown” distinetion 1o which Kuhn refers—between the conlexts of
discovery and justification—has been endorsed by many philosophers of scicnce.
Ihe |)||r.|~u context of discovery i comlent of justification were coined by Hans
RL‘I(.IN.II[).IL'I in Experience and Prediction (Chicago: University of Chic: ngo Press,
1938), ¢h. 1. For fusther discussion, see “T'he Problem of Du,:.nplmu. m the
u:mmcul::r_\' on chapler 4 below,
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what | have elsewhere called textbook science. In science teaching, the-
ories are presented together with exemplary applications, and those appli-
cations may be viewed as evidence. But that is not their primary pedagogic
function (science students are distressingly willing to receive the word from
professors and texts). Doubtless some of them were part of the evidence
at the time actual decisions were being made, but they represent only a
fraction of the considerations relevant lo the decision process. The context
of pedagogy differs almost as much from the context of justification as it
does from thal of discovery.

Full documentation of that point would require longer argument than
is appropriate here, but two aspects of the way in which philosophers
ordinarily demonstrate the relevance of choice criteria are worth noting.
Like the science textbooks on which they are often modelled, books and
articles on the philosophy of science refer again and again to the famous
crucial experiments:* Foucaull's pendulum, which demonstrates the mo-
tion of the carth; Cavendish’s demonstration of gravitational attraction; or
Fizeauw's measurement of the relative speed of sound in water and air.
These experiments are paradigms of good reason for scientific choice; they
illustrate the most cffective of all the sorls of argument which could be
available to a scientist uncertain which of two theories to follow; they are
vehicles for the transmission of criteria of choice. But they also have an-
other characteristic in common. By the time they were performed no
scientist still needed to be convinced of the validity of the theory their
outcome is now used to demonstrate. Those decisions had long since been
made on the basis of significantly more equivocal evidence. The exem-
plary crucial experiments to which philosophers again and again refer
would have been historically relevant to theory choice only if they had
yielded unexpected results. Their use as itlustrations provides needed econ-
omy lo science pedagogy, but they scarcely illuminate the character of the
choices that scientists are called upon to make.

Standard philosophical illustrations of scientific choice have another
troublesome characteristic. The only arguments discussed are, as I have
previously indicated, the ones favorable to the theory that, in fact, ulti-
mately triumphed. Oxygen, we read, could explain weight relations, phlo-
giston could not; but nothing is said about the phlogiston theory’s power
or about the oxygen theory's limitations. Comparisons of Ptolemy’s theory

* A crucial experiment is one that conclusively falsifies one of two rival theories
or hypotheses, thereby establishing its rival as well confirmed or true, Thus, for
example, Kuhn describes Foucault’s pendulum as a crucial experiment because it
conclusively refules the hypothesis that the earth is stationary, thereby “demeon-
strating” the motion of the earth. For further discussion, see the section, “Why
Crucial Experiments Are Impossible in Physics,” in the commentary on chap-
ter 3.
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with Copernicus’s proceed in the same way. Perhaps these examples
should not be given since they contrast a developed theory with one still
i its infancy. But philosophers regularly use them nonetheless. I the only
result of their doing so were 1o simplify the decision situation, one could
not object. Exen historians do not claim to deal with the full factual com-
plexity of the situations they describe. But these simplifications emasculale
by making choice totally unproblematic. They climinate, that is, one es-
sential clement of ihe decision situations thai scientisls must resolve il
their field is to move ahcad. In those situations there are always al least
some good reasons for each possible choice. Considerations relevant to
the conlext of discovery are then relevant to justification as well; scientisls
who share the concerns and sensibilities of the individual who discovers
a new theory are ipso faclo likely to appeur disproportionately frequently
among that theory's first supporters. That is why it has been difficult to
construet algorithins for theory choice, and also why such difficulties have
scemed so thoroughly worlli resolving. Choices that present problems are
the ones philosophers of science need 1o understand. Philosophically in-
leresting decision procedures must function where, in their absence, the
decision might still be in doubl.

That much 1 have said before, if only briefly. Recently, however, |
have recognized another, subller source for the upparent plausibility of my
critics” position. To present it, 1 shall briefly describe a hypothetical dia-
logue with one of them. Both of us agree that cach scientist chooses be-
tween competing theories by deploying some Bavesian algorithm which
permils him to compuic a value for p(1E), ic., for the probability of a
theory ‘" on the evidence E available both to him and 1o the other mem-
bers of his professional group at a particular period of time. “Evidence,”
furthermore, we both interpret broadly to include such considerations as
simplicity and fruitfulness. My eritic asserls, however, that there is only
one such value of p, that corresponding 1o objective choice, and he be-
lieves that all rational members of the gronp musl arrive al it. 1 asserl, on
the other hand, for rcasons previously given, that the factors he calls ob-
jective are insufficient to delermine in full any algorithm at all. For the
sake of the discussion | have conceded hat cach individual has an algo-
rithm and that all their algorithms have much in common. Nevertheless,
I continue to hold that the algorithms of individuals are all ultimately
different by virtue of the subjective considesations with which cach must
complete the objective criteria before any computations can be done. If
my hypothetical critic is liberal, he may now geant that these subjective
differences do play a role in determining the hypothetical algonthm on
which cach individual relies during the carly stages of the competition
between rival theories. But he is also likely 1o claim that, as evidence
increases with Lhe passage of time, the algorithms of different individuals
coiverge Lo the algorithm of objective choice with which his presentation
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began. For him the increasing unanimity of individual choices is evidence
for their increasing objectivity and thus for the elimination of subjective
elements from the decision process.

So much for the dialogue, which 1 have, of course, contrived to dis-
close the non sequitur underlying an apparently plausible position, What
converges as the evidence changes over time need only be the values of
p that individuals compute from their individual algorithms. Conceivably
those algorithms themselves also become more alike with time, but the
ultimate unanimity of theory choice provides no evidence whatsoever that
they do so. If subjective factors are required to account for the decisions
that initially divide the profession, they may still be present later when the
profession agrees. Though 1 shall not here argue the point, consideration
of the occasions on which a scientiic communily divides suggests that
they actually do so.

My argument has so far been directed 1o two points, It first provided
evidence that the choices scientists make between competing theories de-
pend not only on shared criteria—those my critics call objective—Dbut also
on idiosyncratic factors dependent on individual biography and personal-
ity. The latter are, in my crilics’ vocabulary, subjective, and the second
part of my argument has attempted 1o bar some likely ways of denying
their philosophic import. Let me now shift to a more positive approach,
returning briefly to the list of shared criteria—accuracy, simplicity, and the
like—with which I began. The considerable effectiveness of such criteria
does not, | now wish to suggest, depend on their being sufficiently artic-
ulated to dictate the choice of each individual who subscribes to them.
Indeed, if they were articulated to that extent, a behavier mechanism fun-
damental to scientific advance would cease to function. What the tradition
sees as eliminable imperfections in its rules of choice I take lo be in part
responses to the essential nature of science.

As so often, | begin with the obvious. Criteria that influence decisions
without specifying what those decisions must be are familiar in many as-
pects of human life. Ordinarily, however, they are called, not criteria or
rules, bul maxims, norms, or values. Consider maxims first. The individual
who invokes them when choice is urgent usually finds them frustratingly
vague and often also in conflict one with another. Contrast “He who
hesitates is lost” with “Look before you leap,” or compare “Many hands
make light work” with “Too many cooks spoil the broth.” Individually
maxims dictale different choices, collectively none at all. Yet no one sug-
gesls that supplying children with contradictory tags like these is irrelevant
to their education. Opposing maxims alter the nature of the decision to
be made, highlight the essential issues it presents, and point to those re-
maining aspecis of the decision for which each individual must take re-
sponsibility himsel{. Once invoked, maxims like these aller the nature of
the decision process and can thus change its outcome.
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Values and norms provide even clearer examples of effective gnidance
in the presence of conflict and equivocation. Improving the quality of life
is a value, and a car in every garage once followed from it as a norm. But
quality of life has other aspects, and the old norm has become problem-
atic. Or again, freedom of speech is a value, but so is preservation of life
and property. In application, the two often conflict, so that judicial soul-
searching, which still continues, has been required 1o prohibit such be-
havior as inciting to riot or shouting fire in a crowded theater. Difficultics
like these are an appropriate source for frustration, but they rarely result
in charges that values have no function or in calls for their abandonment.
That response is barred to most of us by an acute consciousness that there
are sociclies with other values and that these value differences result in
other ways of life, other decisions about what may and what may not be
done.

I am suggesting, of course, that the criteria of choice with which |
began function not as rules, which determine choice, but as values, which
mfluence it. Two men deeply commitied to the same values may never-
theless, in particular situations, make different choices as, in facl, they do.
But that difference in outcome ought not to suggest that the values sci-
entists share are less than critically important cither to their decisions or
to the development of the enterprise in which they participate. Values like
accuracy, consistency, and scope may prove ambiguous in application,
both individually and collectively; they may, that is, be an insufficient basis
for a shared algorithm of choice. But they do specify a great deal: what
cach scientist must consider in reaching a decision, what he may and may
not consider relevant, and what he can legitimately be required to report
as the basis for the choice he has made. Change the list, for example by
adding social utility as a criterion, and some particular choices will be
different, more like those one expects from an engineer. Subtract aceuracy
of fit to nature from the list, and the enterprise that results may not resem-
ble science at all, but perhaps philosophy instead. Different creative dis-
ciplines are characterized, among other things, by different sets of shared
values. If philasophy and engineering lie too close to the sciences, think
of literature or the plastic arls. Milton’s failure to set Paradise Lost in a
Copernican universe does not indicate that he agreed with Plolemy but
that he had things other than science lo do.

Recognizing thal criletia of choice can function as values when in-
complete as rules has, | think, a number of striking advantages. First, as [
have already argued at length, it accounts in detail for aspects of scientific
behavior which the tradition has seen as anomalous or even irrational.
More important, it allows the standard criteria to function fully in the
carliest stages of theory choice, the period when they are most needed but
when, on the traditional view, they function badly or not at all. Copernicus
was responding to them during the years required te convert heliocentric
astronomy from a global conceptual scheme to mathematical machinery
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for predicting planctary position. Such predictions were what astronomers
valued; in their absence, Copernicus would scarcely have been heard,
something which had happened 1o the idea of a moving carth belore.
That his own version convinced very few is less impostant than his ack-
nowledgment of the basis on which judgments would have to be reached
if heliocentricism were to survive. Though idiosyncrasy must be invoked
lo explain why Kepler and Galilco were early converts to Copernicus’s
system, the gaps filled by their efforts to perfect it were specified by shared
values alone.

That point has a corollary which may be more important still. Most
newly suggested theories do not survive. Usually the difficulties that evoked
them are accounted for by more traditional means. Even when this does
not occur, much work, both theoretical and experimental, is ordinarily
required before the new theory can display sufficient accuracy and scope
to generate widespread conviction. In short, before the group accepts i, a
new theory has been lested over ime by Lhe research of o number of men,
some working within it, others within its traditional rival. Such a mode of
development, however, requires a decision process which permits rational
men to disagree, and such disagreement would be barred by the shared
algorithm which philosophers have generally sought. i it were at hand,
all conforming scientisls would make the same decision at the same time.
With standards for acceplance set loo low, they would move from one
attractive global viewpoint lo another, never giving traditional theory an
opportunity to supply equivalent altractions. With standards set higher, no
one satisfying the criterion of rationality would be inclined to try out the
new theory, to asticulate 1t in ways which showed its fruitfulness or dis-
played ils accuracy and scope. I doubt that science would survive the
change. What from one viewpoinl may scein the looseness and imperfec-
tion of choice criteria conceived as rules may, when the same criteria are
seen as values, appear an indispensable means of spreading the risk which
ihe introduction or support of novelty always entails.

Even those who have followed me this far will want to know how a
value-based enterprise of the sorl I have described cun develop as a science
does, repeatedly producing powerful new techniques for prediction and
conlrol. To that question, unfortunately, 1 have no answer at all, ot that
is only another way of saving that I make no claim to have solved the
problem of induction. If science did progress by virtue of some shared and
binding algorithm of choice, I would be equally at a loss lo explain its
success. The lacuna is one [ feel acutely, but its presence does not differ-
enliale my posilion from the tradition.

It is, after all, no accident that my list of the values guiding scientific
choice is, as nearly as makes any difference, identical with the tradition’s
list of rules dictating choice. Given any concrete situation to which the
philosopher’s rules could be applied, my values would function like his
nules, producing the same choice. Any justification of induction, any ex-
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planation of why the rules worked, would apply equally 10 my values. Now
consider i situation in which choice by shared rules proves impossible,
not beeause the rules are wrong but because they are, as rules, intrinsically
incomplete. Individuals must then still choose and be guided by the rules
(mow values) when they do so. For that purpose, however, each must first
flesh out the rules, and cach will do so in a somewhat different way even
though the decision dictated by the variously completed rles may prove
ananimous. 11T now assume, in addition, that the group is large enough
so that individual differences distribule on some normal curve, then any
argiment that justifies the philosopher’s choice by mle should be imme-
diately adaplable to my choice by value. A group too small, or a distri-
bution excessively skewed by external historical pressures, woukd, of
course, prevenl the argument’s transfer. Bul those are just the eircum-
stances under which scienlific progress is itsell problematic. The transfer
is not 1hen 1o be expected.

I shall be glad if these references to a normal distribulion of individual
differences and to the problem of induction make my position appear very
close to more traditional views, With respeet Lo theory choice, 1 have never
thought my departures large and have been correspondingly startled by
such charges as “mob psychology,” quoled at the starl, It is worth noting,
however, [hal the positions are nol guite identical, and for that purpose
an analogy may be helpfull Many properties of Tiquids wid gases can be
acconted for on the kinetic theory by supposing that all molecules travel
al the smne speed. Among such propertics are the regularities known as
Bovle's and Charles's law. Other characteristics, most obviously evapora-
tion, cannot be explained in so simple a way. To deal with them one must
assume thal molecular speeds differ, that they are distributed at random,
governed by the laws of chance. What I have been suggesting here is that
theory choice, loo, can be explained only in part by a theory which at-
tributes the same properties to all the scientists who must do the choosing,
Essential aspecls of the process generally known as verification will be
underslood only by recourse to the features with respect to which men
may differ while still remaining scientists. The tradition takes it for granted
that such features are vilal to the process of discovery, which it at once
and for that reason rules out of philosophical bounds. That they may have
significant functions also in the philosophically central problem of justi-
Rving theory choice is what philosophers of science have to date categor-
ically denied.

Whal remains to be said can be grouped in a somewhat miscellancous
epilogue, For the sake of clarity and to avoid writing a book, I have
throughout this paper utilized some traditional concepts and locutions
about the viability of which I have elsewhere expressed serious doubts. For
those who know the work in which I have done so, I close by indicating
three aspects of what I have said which would better represent my views
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if cast in other terms, simultaneously indicating the main directions in
which such recasting should proceed. The areas I have in mind are: value
fnvariance, subjectivity, and partial communication. If my views of sci-
entific development are novel—a malter about which there is legitimate
room for doubl—it is in areas such as these, rather than theory choice,
that my main departures from tradition should be sought.

Throughout this paper | have implicitly assumed that, whalever their
inilial source, the criteria or values deployed in theory choice are fixed
once and for all, unaffecied by their parlicipation in transitions from one
theory to another. Roughly speaking, but only very roughly, I take that to
be the case. If the list of relevant values is kept short (I have mentioned
five, not all independent) and if their specification is left vague, then such
values as accuracy, scope, and fruitfulness are permanent attributes of sci-
ence. Bul little knowledge of history is required to suggest that both the
application of these values und, more obviously, the relative weighis at-
tached to them have varied markedly with time and also with the held of
application. Furthermore, many of these variations in value have been
associated with particular changes in scientific theory. Though the expe-
rience of scientists provides no philosophical justification for the values
they deploy (such justification would solve the problem of induclion),
those values are in part learned from that experience, and they evolve with
i,

The whole subject needs more study (historians have usually taken
scicntific values, though noi scienlific imethods, for granted), but a few
remarks will illustrate the sort of variations I have in mind. Accuracy, as
a value, has with time increasingly denoted quantitative or numerical
agreemenl, somelimes al the expense of qualitative, Before carly modern
times, however, accuracy in lat sense was a criterion only for astronomy,
the science of the celestial region. Elsewhere it was neither expected nor
sought. During the sevenieenth century, however, the criterion of numer-
ical agreement was estended to mechanics, during the late eighteenth and
carly nincteenth centuries 1o chemistry and such other subjects as elee-
tricity and heat, and in this century 1o many parts of biology. Or think of
utility, an item of value not on my initial list. It too has hgured significantly
in scientific development, but far more strongly and steadily for chemists
than for, say, mathematicians and physicists. Or consider scope. It is still
an imporlant scientific value, but important scientific advances have re-
pealedly been achieved at its expense, and the weight attribuled to it al
times of choice has diminished correspondingly.

What may seem particularly troublesome about changes like these s,
of course, thal they ordinarily occur in the aftermath of a theory change.
One of the objections to Lavoisier’s new chemisirny was the roadblocks
wilh which it confronted the achievement of what had previously been
one of chemistry’s traditional goals: the explanation of qualities, such as
color and texture, as well as of their changes, With the acceptance of
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Lavousicr’s theory such explanations ccased for some time Lo be a value
for chemists: the ability 1o explam qualilative variation was no longer a
criterion relevant 1o the evalnation of chemical theory. Clearly, il such
calue changes had occurred as rapidly or been as complete as the theon
changes to which they related, then theory choice would be value choice,
and neither could provide justification for the other. Bal, historically,
value change is ordinarily a belaled and largely unconscious concomitant
of theory choice, and the former's magnilude is regularly smaller than 1he
[atter's. Tor the functions 1 have here ascribed 1o values, such relative
stability provides a sufficient basis. T'he existence of a feedback loop
through which theory change affects the values which led 1o thal change
does not make the decision process cireular in any damaging sense.

About a second respect in which my resorl to fradition may be mis-
Jeading, I must be far more lentative, B demands the skills of an ordinan
Langnage philosophier, which 1 do not possess. Still, no very acule ear for
Janguage is required 1o generale discomforl will the wayvs in which the
terms “objectivity” and, more especially, “subjectivity™ have funclioned in
this paper. et me briefly suggest the respects in which T believe laingnage
has gone astray. “Subjective”™ 15 a term wilh several established uses: in
ong of these it is opposed lo “objeciive,” in another lo “judgmental.”
When my erilies deseribe the idiosyneratic features 1o which 1 appeal as
subjeclive, they resort, erroncously T think, 1o the second of these senses.
When they complain that 1 deprive scienee of objeclivity, they conflate
ihat second sense of subjeclive with the firsi,

A standard application of the term “subjective™ is 1o malters of laste,
and my crities appear 1o suppose thal that is what | have made ol theory
chaice. But they are missing a distinclion standard since Kant when they
do so. Like sensation reporls, which are also subjeclive in the sense now
at issue, matlers of lasle are undiscussable. Suppose thal, leaving a movie
theater with a friend afler seeing a western, T exclaim: “Tow 1 liked thai
ternible potboiler!” My friend, if he disliked the flin, may tell me I have
low tasles, a maller aboul which, in these cireamstances, 1 would readily
agree. But, short of saving that [ licd, he cannot disagree wilh wiv report
that | liked the film or Irv to persuade me that what | said about i
reaction was wrong. What is discussable in my remark is not my charac-
terization of my internal state, my exemplification of tasie, but rather my
judgment that the film was a potboiler. Should wy friend disagree on that
ponl, we v argue most of the night, cach comparing the Rl with good
or greal ones we have seen, cach revealing, implicitly or explicitly, some-
Ihing aboul how he judges cinematic merit, about his aesthetic. Though
one of us may, hefore retiring, have persuaded the other, he need nol have
done so (o demonsirate that our difference is one of judgment, not laste.

Evaluations or choices of theony have, | think, exactly this character.
Nol that scientists never say merely, 1like such and such a theory, or | do
not. After 1926 Linstein said hifle more than that about his apposition lo
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the quantum theory.” But scientists may always be asked to explain their
choices, to exhibit the bases for their judgments. Such judgments are
eminently discussable, and the man who refuses 1o discuss his own cannot
expecl to be taken seriously. Though there are, very occasionally, leaders
of scientific tasle, their existence lends to prove the rule. Einslein was one
of the few, and his increasing isolation from the scientific communily in
later life shows how very limited a role faste alone can play in lheory
choice. Bohr, unlike Einstein, did discuss the bases for his judgment, and
he carried the day. If my crilics introduce the ternm “subjective” in a sense
that opposes it to judgmental—thus suggesting that 1 make theory choice
undiscussable, a matter of taste—they have seriously mistaken my position.

Turn now to the sense in which “subjectivity” is opposed 1o “objec-
tivity,” and nole frst that it raises issues quite separate from those just
discussed. Whether my taste is low or refined, my report that 1 liked the
film is objective unless I have lied. To my judgment that the Alm was a
potboiler, however, the objectivessubjective distinction does not apply at
all, at least not obviously and directly. When my critics say [ deprive theory
choice of objectivity, they must, therefore, have recourse to some very
different sense of subjective, presumably the one in which bias and per-
sonal likes or dislikes function instead of, or in the face of, the actual facts.
But that sense of subjective does not fil the process 1 have been deseribing
any betier than the frst. Where factors dependent on individual biography
or personality mnst be introduced to make values applicable, no standards
of factuality or actuality are being set aside. Conceivably my discussion of
theory choice indicates some limilations of objectivity, but not by isolating
elements properly called subjective. Nor am | even quite content with the
notion that what I have been displaying are limitations. Objectivily ought
1o be analyzable in terms of criteria like accuracy and consistency. If these
criteria do not supply all the guidance that we have customarily expected
of them, then it may be the meaning rather than the limits of objectivily
that my argument shows.

Turn, in conclusion, to a third respect, or set of respects, in which
this paper needs 1o be recast. I have assumed throughout that the discus-
sions surrounding theory choice are unproblematic, that the facts appealed

Prestmably Kuhn meant #1936, given that from 1927 to 1936 Einstein and
Bohr carried on a debate about quantum mechanics that has been deseribed as
“one of the great imtellectual disputes in the history of science.” ‘Fhe debate cul-
minated i the fimous EPR paper of 1936 in which the authots (Einstein, Po-
dalsky, and Rosen) argued thal quantum mechanics could not give a complete
description of reality. During this period, Einstein was an articulale and relentless
eritic of the so-called Copenlhagen inlerpretation of quantum mechanics. See Ar-
thur Fine, The Shaky Game: Einstein, Realism, and the Quantum ‘Theory (Clu-
cago, llL: University of Chicago Press, 1986), and Dugald Murdoch, Niels Bohr's
Philosophy of Physies (Cambridge: University of Cambridge Press, 1987). The quo-
tation is from page 155 of Murdoch’s book.
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(o in such discussions are independent of theory, and that the disenssions’
putcome is appropriately called a choice. Elsewhere 1 have chalienged all
three of these assumplions, arguing thal communication belween propo-
nents of different theories is inevitably partial, that what each takes 1o be
facts depends in parl on the theory he espouses, and that an individual’s
transfer of allegiance from theory to theory 1s often betier described as
conversion than as choice. Though all these theses are problemalic as well
as controversial, my commilment to them is undiminished. T shall not
now defend them, bul must at least attempt 1o indicate how what I have
said here can be adjusted 1o conform with these more central aspects of
my view of scientific development.

* For that purpose | resort to an analogy 1 have developed in other
places. Proponents of different theories are, 1 have claimed, like native
speakers of different langnages. Communication between them goes on
by translation, and 3t raises all translation’s familiar difficultics. That anal-
ogy is, of course, incomplele, for the vocabulary of the lwo theories may
be identical, and most words funclion in the smne ways in hoth. But some
words in the basic as well as in the theorelical vocabularies of the two
theories—words like “star™ and “planet,” “mixture” and “compounnd,” or
“force” and "matter” —do funclion differently. Those differences are an-
expected and will be discovered and localized, if at all, only by repeated
experience of communication breakdown, Withoul pursuing the maiter
further, I simply assert the existence of significant Fimits 1o what the pro-
ponents of different theories can communicate 1o one another, The same
limits make it difficult or, more likely, impossible for an individual 1o hold
both theories in mind logether and compare them point by point with
cach other and with nature. That sorl of comparison is, however, the
process on which the appropriateness of any word like “choice” depends,

Nevertheless, despite the incompleteness of their communication,
proponents of differet theories can exhibit to cach other, not always cas-
ily, the conerete lechnical resnlls achievabie by those who practice within
cach theory. Little or no translation is required 1o apply at least some value
criteria lo those results. (Accuracy and fruitfuliess are most immediately
applicable, pethaps lollowed by scape. Consistencey and simplicily are far
more problematic.) However incomprehensible the new theory may be to
the proponeats of tradition, the exhibit of impressive conerele results will
persuade al teast a few of them that they must discover how such results
are achicved. For that purpose they must leamn 1o translate, perhaps by
treating already published papers as a Rosetta stone or, often more effec-
live, by visiting the innovalor, lalking with him, watching him and his
students at work. Those exposures may nol result in the adoption of the
theory; some advocates of the tradition may returm home and attempt to
adjust the old theory to produce cquivalent results, But others, if the new
theory is 10 survive, will find that al some point in the language-learmning
process they have ccased 1o translate and begun insiead to speak the lan-
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guage like a native. No process quite like choice has occuired, but they
are practicing the new theory nonetheless. Furthermore, the faclors that
have led them 1o risk the conversion they have undergone are just the
ones this paper has underscored in discussing a somewhat different pro-
cess, one which, following the philosophical tradition, it has labelled the-
ory choice.
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1. The Structure of Scientific Revolutions, 2d ed. (Chicago, 1970), pp. 148, 151-
52, 159. All the passages from which these fragments are taken appeared in the
swime form in the first edition, published in 1962.

2. Ibid., p. 170.

3. hmre Lakatos, “Falsification and the Methodology of Scientific Research Pro-
grammes,” in I, Lakatos and A, Musgrave, eds,, Criticism and the Growth of
Knowledge (Cambridge, 1970), pp. 91-195. The quoted phrase, which appears on
p- 178, is italicized in the original.

4. Dudley Shapere, “Meaning and Scientific Change,” in R. G. Colodny, ed.,
Mind and Cosmos: Essays in Contemporary Science and Philosophy, University of
Pitisburgh Series in the Philosophy of Science, vol. 3 (Pittsburgh, 1966), pp. 41—
85. The quolation will be found on p. 67.

5. lsrael Scheffler, Science and Subjectivity (Indianapolis, 1967), p. 81.

6. The last criterion, fruitfulness, deserves more emphasis than it has yet received.
A scientist choosing between two theories ordinarily knows hat his decision will
have a bearing on his subsequent research career. OFf course he is especially at-
tracted by a theory that promises the conerete successes for which scientisls are
ordinarily rewarded.

7. The least equivocal example of this position is probably the one developed in
Scheffler, Science and Subjectivity, chap. 4.

8. If the group is siall, it is more fikely that random fuctuations will result in its
members’ sharing an atypical set of values and therefore making choices different
from those that would be made by a larger and more representative group. External
environment—intellectual, ideological, or economic—must systematically affect
the value system of much larger groups, and the consequences can include diffi-
culties in introducing the scientific enterprise to societies with inimical values or
perthaps even the end of that enterprise within societies where it had once fiour-
ished. In this area, however, great caution is required. Changes in the environment
where science is practiced can also have fruitful effects on research. Historians
often resort, for example, to differences between national environments to explain
why particular innovations were initiated and at first disproportionately pursued in
particular countries, ¢.g., Darwinism in Britain, energy conservation in Germany
At present we know substantially nothing about the minimum requisites of the
social milieux within which a sciencelike enterprise might fourish.



