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1. Introduction: A Role for History

pl  Iamage of science derived from writings of scientists
and from textbooks exhibit not process of scientific development
but finished products

Questions raised by this type of science-image do not
lead to genketic account: present science as uniquely a matter
of the observations, laws, and theories exhibited in textbooks

Consider scientific work to be parallel to work of
gathering textbook data
p2 Science ® a stockpile of successive increments and its
history adds thélist of obstacles to the aceumulation

More recent work in history of science finds concept
of development-~by-accurulation less and less satisfactory

Past observation and belief, commonly labeled "error®
and "superstition", found more and more difficult in its
genesis to distinguish from genesis of contemporary science
p3 Out-of-date theories are not in principle unscientific
because they have been discarded

Historiographic revmolution in the study of science

New types of questions asked

Course of development not conformming to dev by accretion

Scientific integrity of past work revealed by setting
it in the context of its own time: relation of Galilei's views,
not to those of today, but to those of his day

Show that old views in their context give maximum coherence
to their contextual opinions and closest fit to nature

Insufficiency of a methodology to account for sc views
P4 .. the early developmental stages of most sciences have
been characterized by continual competition hetween a number
of distinet views of nature.... Observation and experience...
cannot alone determine a particular body of scientific belief.
An apparetinly arbitrary element, compounded of personal and
historical accident, is always a formative ingredient of the
beliefs espoused by a given scientific community at a given time.
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This element of arbitrariness does not indicate that any
scientific group could practise its trade without some set of
received heliefs.

Pp5 "At least in the mat%b sciences, answers to (basic) questions
like these are firmly embedded in the educational institution that
prepares and licences the student for professional practicxe
Because that education is both iggorous and rigid, these answers
come to exert a deep hold on the scientific mind That they

can do 80 does much to account ® both for the peculiar efficiency
of the normal research activity and for the dQirection in which

it proceeds at any given time... (later) we shall want to describe
that research as a strenuous and devoted attempt to force nature
into the conceptual boxes supplied by professional education.
Simultaneously we shall wonder whether research could proceed
without such boxes, whatever the elementa of arqytrarineas in
their historic or%gns and, occasionally, in their subsequent
development ."

"Normal science, for example, often suppresses fundamental
novelties because they are necessarily subverai&ve of its basic
comnitments,”

"Normal science, the activity in which most scientists
inevitably spend most of their time, is predicated on the sassmumptic
that the scientific community knows what the world is like....

. .50 long as those commitments retain an element of the
arbitraﬁ;, the very nature of normal science ensures that novelsmty
shall not be suppressed for very long.

pb .. when the profession can no longer evade anomalies that
subvert the existing tradition of scientific practice, then
begin the extraordinary investigations that lead the profession
at liast to a new set of X commitments, a new basis for the
practice of science. The extraordinary episodes in which

the ghift of professional commitments occurs are the ones

known in this essay as scientific revolutions.
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p6 "... the major turning points in scientific development
associated with the names of Copernicus, Newton, Lavoisier, and
Einstein. More clearly than most o*ther episodes in the hist#ory
of at least the physical acienees,\fhese display what all ~
goientific revolutions are about. Each of them necessitated

the community's rejection of one time-honoured scientific theory
in favor of another incompatible with $%x it. Each prodagftd

a shift in th#problema available for scientific scrutiny and

in the standards by whih the profession determined what should
count as an ax admissibe problem or as a legitimate problem-solution.
And each transformed the scientific imagination in ways that

we shall ultimately need to describe as a transformation of the
world within whieh scientific work was done, Such changes,
together with %= the controversies that almost always accompany
them, are the defining characteristics of scientific revolutions.™

6-7 "For the far smaller/professional group affected by them,
maxwell's equations were as revolutionary as Einstein's, and
they were resisted accordingly. The inve#ntion of other n%Y
theories regularly, and appropriately, evoXkes the same resonse
from tkw some of the specialists on whose area of special é;p—
petence they impinge. For these men the new theory implies achange
in the prior practice of normal science. Inevitably, therefore,
it reflects mm upon much scientific work they have already
successfully eompleted.i That is why a new theory, however
gpecial its range of application, is seldom or never just an
increment to what already is known. Its ase@ilation requires
the reconst#ﬂsption of prior theory the re-evaluation of prior
fact, an intrinsically revolutionary process that is seldom
completed by a single man and never overnight. No wonder
historians have had diffieulty in dating prec*isely this
extended process that their vocabulary impels them to view as

as an isolated eﬂtent."

?7 ... a discovery like that of oxygen or X-rays does not simply
add one more item to the population of the scientist's w%fld.

Ultimately it does that, but not until the professional ?ommunity has -
re-evalukated traditional experimental procedures, altered its concep

-tion of entities which which it has long been familiar, and, in the
process, shifted the network of theixory through which it deals

with theJAEiyd. Scismentific fact and theory are not separable
categorically, except perhap#s within a single tradition of normal

gseientific practice. That is why unexpect#ed scientific discoveryk
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p7¢ 1is not simply factual in its import and why the scientists?
world is qualitatively transformed as wfll as quantitatively
enriched by fundamental novelties of either fact or theory.

p8 II - X: how the complementary notions of normal science and
scientifio revolutions are to be developed

XI: why scientifie revolutions have been so hard to see,
from examination of textbook tradition

XIXI; the revolutionary competition between the adherents
0of the o0ld normal-scientific tradition and the adherents of the
new one -- this (not verification) is t*he only historical source
of change of theory

XIII: reconciliation of development through revolution
with the apparently unique character of sciﬂstific progress

p9 context of discovery -~ context of justification

K brought up on this distinction but found it, even when
applied grosso modo to actual situations in whieh knowledge is
gained,acceptedfaasimilated, extraordinarily problematic

II. The Route to Ngrmal Science

p 10 Aristotle's physica, Ptolemy's Almagest, Newton's Principia
and Opticks, Franklin's Electricity, Lavoisier's Chemistry,
Lyell's Geology

served for a time to define implicitly the legitimate
problems and methods of sfesearch field for succeeding generations
ofpractitiioners.....

Their achievement was sufficiently unprecedented to attract
an enduring group of adherents away from competing modes of
scientific activity. Simultaneously, it was sufficiently
x open-ended to leave all sorts of problems for the redefined
group of practitiioners to resolve.

Achievements that share these two characteristics I shall
henceforth refer to as'paradigms,'a term that relates closely
to 'normal science.' By choosing it, I mean to suggest that
some accepted examples of scientific practice - examples which
include law, theory, application, and instrumentation together --
provide models from which spring particu#lar coherent tratgitions
of scientific research, These are the realities which the historian:
describes under such rubrics as 'Ptolemaic gmx astronomy' (or ‘

tCopernican'), Aristotelian dynamics' (or fNewtonian'),

coprpuscular optics' {or 'wave optics!'), and so on,
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p 11 The study of /1}/ paradigms, including many that are far
more specialized than those xiXx named illustratively above, is what
mainly prepares the student for memsbership in the particular
scientific community with which he will later practice. Because

he Xk there joins men who learned the bases of their field from
the same concrete models, his subsedznt practice will seldom evoke
overt disagreement over fundamentals. Men ;hose research is

based on Xkexxams shared paaradigms are committed to the same
rules and sgtandards for scientific practice.

Basic to the understanding both of normal science and of
the associated concept of paradigms are the reasons

why is the concrete aachievement, as a locus of professional
commitiment, prior to the various concepts, laws, theories,
points of viewm, what may be abstracted from it

in what sense is the shared paradigm a fundamental unit -
for the mimdy student of scientific development, a unit that canmnot I
be fully to logically atomic omponents that might funetion in
its stead.

In particular, both these related concepts (paradigns, normal
science [pp NS]) will be elarified by noting that there can be
a gsort of scientific research without paradigms, or at least without
any so bingding and unequivocal as the ones namexd above,

P 12 Scientific revolut9ons: from light as material corpuscles
to light as transverse waves to light as photons (ie qumantum-
mechanical entitikies some sharacteristics of waves and some of
particles).

P 13 Previously no common % body of belief that could be

taken for granted; each writer began from foundations; was

fairly free in his choice of supporting observation and experiment,
% for no standard set of methods or phenomena that everyone

felt forced to mm employ; hence dialogue addressed as much to
writersws in other schools as to nature; pattern not unfamiliar

in a number of fieslds todayx; and it is not incompatible with
significant discovery and invention

PP 13, 1l4: pre~Franklin electricity
p 15: K suggests thata similar situation characterized the

study of motion before Aristotle, of statics befxore Archimedes, of
heat bePore Black, of chemistry before Boyle andBoerhaave, of

historical geology before Hutton _
o B i
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p 15 History suggests that the road to a firm researoch consensus
is extraordinarily arduous.

History also suggests, however, some reasons for the difficulti
es encountered on that road. 1In the absence of a paradigm, all the
facts that could possaibly pertain to the development of a given
science are likely to seem equally relevant. As a result, early
fact~gathering is a far more nearly random activity than the one
that subsequent scientific development makes familiar. Furthermore,
in the absence of a reason for seeking some particular form of more !
recondite information, early fact-gathering is usually restricted
to the mx wealth of data that lie ready to hand. The resulting
pool of facts contains those accessible to casual cbservation
and experiment together with some of the more esoxteric data
retrievable fromestablished crafts like medicine, calendar making,
and metallurkgy (henceimportance of technological development},

p 18 When, in the development of a natural science, an individual or
group first produces a synthesis able to attract most of the hext
generation's practiiioners, the older schools gradually disappear.
P 19 Some may cling to old, but ignored by new workers, left
in isolation, do not belong to new science but to old often
rhilosophy

usually assoclat1ed with a group's first reception of a
paradigm are the?gggnéggxnn of specialists' societies, the
foundation of specialists! journals, the claim for a special
place in the curriculum -- aXxt up till the time when the
paraphernalia of specialization acquired a prestige of its own

Wehen paradigm established, no need for each writer to
build field anew by starting from first principles and Jjstifying
/20/ the use of each comcept introduced. That can be left to
the writer of textbooks. Given a texthook, however, the creative
scientist can begin his research where it (TB) leaves off and
thus concentrate on the subtlest and most esoteric EENEwpExx
aspects of the natural phenomena that concern his group.

XA SXNHE O XRIX XXX A BENKE X NN M X AN AX RN

No logger will his researches usually be embodied in

addres
books 11ke/Frank11n's Experiements,.on Electricity or Darwin's

Origin of Species, to anyone who might be interested in the

subject matter of the field. Instead they will usually appear
as brief articles addressed only to professional colleagues,
the men whose knowledge of a shared paradigm can be asmsumed

and who prove to be the m¥m only ones able to reaxd the paper

addressed to then. |
o T e
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p 20 £f. Transitions from prehistory to history of a science
illustrated.

ITI. The Nature of Normal Science

P 23 Paradigm

not a model for replication: amo amas amat

like an acecepted judicial decision in the common law, it is an
object for further articulation and specification

gains its position not from success in dealing with one problen
or with many

but from a promise ofmm success discoverable 1in selected and
still incomplete examples

P 2% Normal science consists in the actualization of that promise,
an articulation achieved by extending the knowledge of those factms
that tggtggradlgmhdisplays as particularly revealing, by

extending the?match between those facts and the paradigms predictions
, and by furktther articulations of the paradigm itself.

(Such) Moping-up operations are what engage most scientists
througheut their careers.

No part of the aim of normal scienkce is to call forth new
gorts of phenomena; indeed those that will not fit the box are
often not seen at all, Nor do scientists normally aim to invent
new theories, and they are often intolerant of those invented
by others. Instead, normal scientific research is directed to the
articulation of those phenomena and theories that the paradigm
already supplies,

p 25 There are, I think, only three normal foci for factual
scientific investigation, and they are neither always nor permanently
distinct. First is that class of facts that the paradigm has

shown to be particularly revealing of the nature of things. By
employing them in solving problems, the paradigm has made them

worth determining both with more precision and in a larger

variety of situations.... Again and again couplex special apparatuxs
has been designed for such purposes, and the invention, constructimon
and deployment of that apparatuxs have demanded first-rate talent,
much time, and considerable financial /26/ backing.

p 26 A secmond usual but smaller class of factual determinations
is directed to those facts that, though often without much
intrinsic interest, can be compared directly with predictions from

the paradigm theory. [More obviously than first, dependent on Paradgm

° ) L
LA
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p 27 A third class of experiemnts and observations.,.. congists
of empirical work undertaken to articulate the paradigm theory,
resolving some of its residual ambiguities and permitting the 1
solution of problems to which ithad previously only drawn attention. ff;

Three casest
P 27 The determifiation of physical constants. The universal /28/
gravitational constant, Avo§adro's number, Joule's coefficient,
the electronic charge. Conrinuing work on these topics
would not have been carried out without a paradigm theory
to define the problem and to guaranteee the existence of a xkgExx
stable solutio n,
P 28 The determination of quantitative laws. Boyle's law
relating gas presssukre to volume, Coulomb's law of electrical
attraction, Joule's formula relating heat generated to electical
current and resistance. Not simply a matter of measurement;
the measuring presupposes a paradigm; often qualXitative relation
guessed before quantitative relation measured. See note 7, p. 29
P 29 The articulation of paradigms.

A paradigm developed for one set of phenomena is ambiguous
in its application to other closely related ones. Series
of applications of caloric theory. See note 8 page 29.
p 30 The calaculaton of the thmxaxtwx theory's implications in
practical fields. Astronomical ephemedrides, the computation of
lens characteristics, theproduction of radio propagation curves.
Whence new applications of paradigm or increase of precision of
application.

Overcoming digﬁ;iculty of transition from theory to nature.
Newton's Principia had great generality but the descent to
the accurate calculation of particulars necessitated the
determination of further less general laws and brought about
the development of new theoretical techniques. pp 30-34.
? 33 Paradigm articulation involves simultaneously'gmpirical
and theoretical mx work., E.g., Coulomb needed electical
theory to determine how his measuring apparatus was to be
built, and the measurements he attained involved a refinement
of the theory.

p 34 Normal science is engaged in 2) matching facts with
theory, 1) determining significant facts, 3) articulating theory.
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1V, Nermal Science as Puzzle-solving

P 35 Even the project whose goal is paradigm articulatmion
does not aim at the unexpected novelty

Example from comparison of Coulomb's and earlier work:
earlier acquires significance from later theory; anticipation
0f later theory enabled C to design new apparatus that made
earlier anticipation more accurate; the x same anticipatmion
supplies the reason why no one was surprised by C's results.

P 36 Why do so many for so many years with such enthusiasm
work at normal science?

"Bringing a normal research problem to a conclusion is
achieving the anticipated in a new way, and it requires the 9
gsolution of all sorts of complex instrumental, conceptual, and mathe—?
matical mrski¥mwx puzzles. The man who succeeds proves himself '
an expert puzzle-solver, and the challenge of the puzzle is
an important part of ks what uswvally drives him on."s

Puzzles are.. that special category of problems that can
serve to test ingenuity or skill in their solution.

No criterion that puzzle be intrinsically interesting or
important; eg crossword jigsaw puzzles,

p 37 But existence of solution is a criterion: there is no solution
to problem set by selecting at random pieces from different
Jigsaw boxes

The significance of the paradigm is that it provides a
criterion for selecting problems that, as long as the paradigm
is held to be valid, ensures the existence of solutions,

Other problems are set aside, even those previously enter-
tained, on the ground that they are metaphysical, that they pertain
to a different science, that they are just too problematic.

"One of the reasons why normal science seems to progress
so rapidly is that its practitioners concentrate on problems
that only kK their own lack of ingenuity should keep themf from
solving.n
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p. 38 All sorts of reasons why people engage in science as pursuit
(see page 37).
"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
bhefore has solved or solved so well, Many of the greatest
gscientextific minds have devoted all of their professional
attention todemanding puzzles of this sort. On most occasions
any partiocular field of specialization offers nothing else to do,
a fact that makes it no less fascinating in the proper sort of
addict.¥"

Ag the notion of puzzle, so too the motion of paradigm
not only ensures the existence of a sclution but also sets the
rules governing achievement of a solution

[Rules in broad preconceﬂgual sense p 39]

P 39 "The man x® who builds an instruement to determine optical
wavelengths must ... show, by analyzing his apparatus in terms
¢f the established body of optical theory, that the numbers =
his instrument produces are the ones that enter theory as
wavelengths."

Further example from electron wavelength.

Throughout eighteenth ¢entury those that attempted to
derive the motions of the mm moon from Newton's theory
consistently failed. GEventually some suggested a small correction
of inverse square law at shorter distances, But to that would
be to set up a new paradigm and not to solve the old problem,
Eventually the o0ld problem was solved.x

P 40 VWhat are the main categories in which such rules fall?

1) Explicit statements of scientkific law and about
scientific concepts and theories.

2) Also, a multitude of commitments to preferred types of
instrumentation and to the ways in which accepted instruments
may be employed
p 41 3) Quasi-metaphysical commitments: the post-Cartesian
assumption asksumed the material universe to be a matter of
matter in motion (metaphysical) and consequently determined
the general character of all scientific laws and explanstions.
p 42 4) At a still higher level, the scientist must be concerned
to understand the world and to extend the precision and scope
with which scientists have ord#ered it This in turn must
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mast lead him to scrutinize, either for himself or through others,
some aspect of nature in great empirical detail. If that
sorutiny displays aspects of apparent disorder, these must
challenge him to a new refinement of his observational
techniques. or to a further articulaxtion of his theory.

p_ 42 "Normal science is a highly determined activity, but it
need not be entirely determined by rules. That is why, at the
beginning of this essay, 1 introduced shared paradigms rather
than xxx shared rules, assumptions, and points of view as the .
source of coherence for normal research x traditions. Rules, qun;gxﬁﬁ?_
suggest, derive from paradigms, but paradigms can guide research
even in the absence of rules.

V. The Priority of Paradigms

‘problems and techniques usually clear.

P _43 Community's paradigms: a) revealed in its textbooks,
lectures, and ® laboratory exercises b) penumbra occupied by
achievements whose status is still in doubt. Core of solved

Abstracted from more globakl paradigms are rules deployed
in research. Many are easily found, but this search more
difxficult and less satisfying than search for paradigms.

p_44 No matter how phrased, apt to be rejected by some members
of the group. Hence a source of continual and deep frustration,

Group can agree in their identification of a paradigm
without agreeing on or even attempting to produce a full inter-
pretation or rationalization ofit,

Indeed the existence of a paradigm need not even imply
that any full set of rules exist.

P_45 WittEgenstein on games (p 44)

Though a discussion of some of the attributes shared by
a number of games or chairs or leaves often helps to learn how
to employ the corresponding term, there is no set of characteristics
that is simultaneously applicable to all members of the class
and to them alone,

(They are).. natural families, each constituted by a
network of overlapping and crisscross resemblances. The existence
of such a network sufficiently accounts for our success in
identifying the corresponding object or activity. Oply if the
families we named overlapped or merged gradually into one another —-

0 ) -
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P 45 only, that is, if there were no natural families -- wpuld
our success in identifying and naming prove evidence for a set

of common characteristies corresponding to each of the class names
we employ.

Something of the same sort may very well hold for the various
research problems and techniques that arise within a single normal-
gcientific tradition. What these have in common is not that they
satisfy some explicit or even fully discoverable set of rules mx
and assumptions that gives the tradition its character and its hold
upon the scientific mind. Instead they may relate by resemblance
and by modeling to oneognother part of the scientixfic corpus
which the community in question /%ib/ already recognizes as among
its established achievements. Scientists work from models
acquired through education and through subsequent exposure to the
literature often without quite knowing or needing to know what
characteristics have given these models the status of community
paradigms .

gg "That sicientists do not usually ask or debate what makes
a particular problem or solution legitimate tempts us to suppose
that, at lexast intuitively, they know the answerf."

"Paradigms may be prior to, more bingding, and more complete
than any set of rules for research that could be unequivocally
abstiracted from them."

Reasons for transition from possibility to fact:

First: The severe difficulty in discovering the = ruies
that bave guided particularx normal-scientific traditions,
Quite paralle to determining characteristics of games, etce.
Second: the nature of scientific edué%ion. One learns
concepts laws theories not in absttraction and by themselves
but in conjunction with a historically and pedagogically prior unit
that displays them with and through their applications.
p47  Theoretically scientists could abstract rules, but there is
little reason to show that they do. That they have done so,
can be evidenced only by their ability to do research, and research
can be done on the basis of the paradigms without a full set of rules
Rules become important {thirdly) when paradigms themselves
are felt to be insecure, This is to be expected and it is what
happens.
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P 48 Such debates however tend more to define xk schools
thatn to produce agreement, Cf optics, electricity, 17th
century chemistry, 19th century geology. Many debates over
transition from B Newtonian ito Quantum mechanies, from earlier
xx electromagnetics to Maxwell's equations, from earlier to
statistical mechanics.

When scientidstss disagree about whether the fundamental
problems of their fiel d have been solved, the fmamiimmxuf
search for rules gains a function that it does not ordinarily
possess, While /49/ paraxdigms remain secure, however, they
can function without agreement over rationalization or without
any attemptei?ationalization at all.

p_ 49 TFourthly, besides large revol t9ons there are small ones.

Were the sciences cl9sely knit logical unities, the
existence of the xam small revolutions would be difficult
to understand. X When they are based on paradigms, Xkux
their interconnections are far less rigid; change in one part
need not have immediate repercussions on others.

p 50 Currently all physicists learn quantum mechanics, but
all do not learn the same applications of these laws, Changes
in basic law revolutionary for all physicists, but change in
this or that application revolutionary only for a few.

Is the atom of helium a molecuxle? A digtinguished
chemist said yes, because it behaved like one in the kinetic
theory of gases. A distinguished physicist said no, because
it displayed no molecular spectrum.

VI. Anomaly and the Emergence of Scientific Discoveries

p 52 '"Normal science does not aim at novelties of fact or
theory and when susccessful finds none. New and unsuspected
phenomena are, however, repeatedly uncovered by scientific
research, and radical new theories have again and again
been invented by scientists. History even suggests that the
scientific enterprise has develeoped a uniquely powerful technique
for producing surprises of this sort.n

"Discovery commences with the awareness of anomaly, i. e.,
with the recognition that nature has somehow violated the
paradign-induced /53/ expectatitons that govern normal sciences."
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P.53 "Assimilating a new sort of fact demans more than &n
additive adjustment of theory, and until that adjustment is

completed —- until the scientist has learned to see nature in a diff—:_é

erent way -- the new fact is not quite a scientific fact at all.,"

Pp 53-62: discovery of oxygen, X-rays, Leyden jar

Complexity of new phenomena not being capable of corres-
ponding conceptualization until a % new theory evolved.
P 63 Illustration from recognizing playing cards that include
red spades and black hearts.
p 64 "Initially, only the anxticipated and usual are experienced
even under circumstances where anomaly is later to be observed.®

64-65 Further development (of ga;:gadigm), therefore, ordinarily
ocaxlls for the construction of elaborate equipment, the develop-
ment of esoteric vocabulary and skills, and a reginement of
concepts that increasingly lessens their resemblnce to their
usual commonsense protomtypes. That profesisionalism leads, on
theone hand, to an immense restriction of the scientist's vision
and to a considerable resistance to paradigm change. The science
has becomeincerexasingly rigid. On the other hand, within those
areas to which the paradigm directs the attention of the /65/
group, normal science leads to a detail of information and to a
precision of the observation-theory match that could be achieved
in no other way. Furthermore, that prmeiximm detail and
recision-of-match have a value that transcends their not always
very high intrinsic interest. Without the special apparatus
that is constructed mainly for anticipated functions, the results
that lead ultimately tc novelty could not occur. And even when
the apparatus exists, novelty ordinarily emerges only for the
man who, knowing with precision what he should expect, is able to
recognize that something has gone wrong. Anomaly appears only
against the background provided by the paradigm. The more
precise and far-reaching the paradigm is, the X more sensitive
an indicator ixm it provides of anomaly and hence of an occasion
of paradigm change."

AL R AT T
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VII. Crisis and the Emergence of Scientific Theories

p_67 1If awareness of anomaly plays a role in the emergence of
new sorts of phenomena, it should surprise no one that a similar
but more profound awareness is prerequisite to all acceptable
changes in theory.

P _76 "Philosophers of science have repeatedly demonstrated that X
more thanone theoretical construction can always be placed upon a giv:%i
g}ven collection of data. History of science indicates, particularly 3
in the early developmental stages of a new paradigm, it is not

even very difficult to invent such alternates. But that invention
of alternates is just what scientists seldom undertake except during
the pre-paradigm stagex of their science's development and at very
special occasions during its subsequmt evolution. So long as

the tools a paradigm supplies continue to prove capable of

solving tEBSEroblems it defines, science moves fastest and
penetrates/maxe deeply through confident employment of those tools.
As in manufacture,so in science —-- retooling is an extravagance

to be reserved for the the occasion that demands it. The signifi-
cance of crises is the indiation they provide that an occasgion

for retooling has arrived."

VIII, The Response to Crisis

P77 #® ".. once it has achieved the status of paradigm, a acientific§;?
theory is declared invalid only if an alternate candidate is 2
available to take its place. No process yet disclosed by the
historical =study of scientific xam development at all resembles

the methodological stereotype of falsification by direct comparison
with nature. That remark does not mean that scientisgts do not
reject scientiric theories, or that experience and experiment are
not essential to the process in which they do so. But it does

mean -- what will ultiamtely be a central point -- that the act

of judgement that leads scientists to reject a previously

accepted theory is always based upon more than a comparison of

that theory with the world. The decision to reject one paradigm

is always simulataneously the descision to accept another, and

the judgement leading to that decision incolves the comparison of
both paradigms with nature and with each other."

- [ « %
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P77 As anomaly to discovery, so counterinstance to new theory.

P_79 "Copernicmus saw as comunterinstances what most of

Ptolemy's other successors had seen as puzzles in the match

between observation and theory. Lavoisier saw as a counterinstance

vhat Priestley had seen as a successfully solved puzzle in the

articulation of phlogiston theory. And Einstein saw as' counter-

instances what Lorentmz, fitzgerald, and others had seen as

puzzles in the articulatin of Newton's and Maxwell's theories.”

p 90 "What is the nature of that final stage... must here remain

inserutable and may be permanently so,Let us here note only one

thing about it. Almost always the men who achieve these

fundanmental inventions of a new paradigm have been either

very young or very new to the field wvhose paradigms they change.lB“
Note 15 adds qualifications to the preceding.

IX. The Nature and Necessity of Scientific Revolutions

p_92 "why shgpould a change of paradlgm be called a revolution?
In face of the vast and?xigxi%xxxnt differences between political
and sx scientific defvelopment, what parallelism can justify the
metaphor that finds revolutions in both?

"... Pplitical revolutions are inaugurated by a growing
sense, often estricted to a segment of the political community,
that existing institutions have ceased adequately to meet the
problems posed by an environment they have in part created,

In much the same way, scientific revolutions are inaugurated by a
growing sensem, again often restricted to a narrow subdivision

of the scientific community, that an existing paradigm has

ceased to function adgequately in the exploration of an aspect of
nature to which that paradigm itself had previously led the way.

In both political and scientixfic xmxmiwkimm development the

sense of malfunction that can lead to c¢risis is prerequisite.
Furthermore, though it admittedly strains the metaphor, that
parallelism holds not only for the major paradigm changes, like
those attributable to Copernicus and Lavoisier, but also for

the far smaller ones associated with the assimilation of new soxrts
of phenomena, like oXygen or X~rays. Scientific¢ revolutions, as

we noted at the end of S ction Vv, need seem revolutionary only

to those whose paradlgms are affected by them. To outsiders

they may, like the Balkan revolutions of the early twentieth century@
seem normal parts of the developmental process.”

- )
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P 93 Transition from genetic aspect of parallel to aspect of
contradictory opposition

"Political revelutions aim to change political institutions
in ways that those institut9ons themselves prohibit. Their success
therefore necessitates the partial relinquishmentof one set of
institutions in favor of another and, in the interim, society is
not fully governed institutions at all. Initially it is crisis
alonge that attentuates the role of political institutions as k
we have already seen it attenuate the roleof paradigms. In increaain@ff"

numbers individuals becomeincrexasingly estranged from political
1ife and behave more and more eccentrically within it. Then, as
the crisis deepens, many of these individuals commit themselves

to come concrete proposal for the reconstruction of society

in a new institutional framework. At that point society is divided
into competing camps or parties, one seeking to defend the old
institutional constellation, the others seeking to institute

some new one. And, once that polarization has occcurred, i
political recourse fails. Because they differ about the institution-fjﬁ-
al matrizx within which political change is to be achieved and 3
evaluated, because they acknowledge no supra-institituional

framework for the adjudication of revolutionary difference, the
parties to a revolutionary conflict must finally resort to the
techniques of mass persuasion, often including force. Though
revolutions have had a vital role 1in the evolution of political
institutions, that role depends upon /94/ their being partially
extrapolitical or extrainstitutional events.?

p %4 "Like the choice between competing political institutions,
the choice between competing paradigms proves to be acholice
between icnompatible modes of community life.... When paradigms
enter, as they must, into a debate about paradigm choice,
their role is necessarily circular."

"As in political revolutions, so in paradigm choice,--
there is no standard higher than the assent of the relevant
community."
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Conflict in fact g
p 96 "Normal research, which is cumulative, owes its success to the ;z
ab9lity of scientists regularly to select problems that can = be E
solved with conceptual and instrumental techniques close to
those already in existence.... Uranticipated novelty, the new
discovery, can emerge only to the extent that his anticipations
about nature and his instruments prove wrong. @am Often the
importance of the /97/ resulting discovery will itself be
proportional to the extent and the stubbornness of the anomaly
that foreshadowed it, Obviously, then, there must be aconfliect
between the paradigm that d&x discloses anomaly and the one that
later renders the anomaly lawlike."

Confliet in theory

p 97 "There are in principle only three types of phenomena
about which a mw new theory might be developed. The first consiats
of phenesomena already well explained by existing paradigms..,,.
[If they arose no crucial experiemnt possible to establish them ]
A second class of phenomena consists of those whose nature is
indicated by existing paradigms but whose details can be
understood only through further theory articulation. These E
are the phenomena to which scientists direct their research most of 1ff f&
the time, but that research aims at the articulaton of existing i
paradigms rather than at the invention of new ones. Only when
these attempts of articulation fail do scientists encounter the
third type of phenomena, the recognized anomalies whose
characteristic future is their stubborn refusal to be assimilated
to existing paradigms. This type alone gives rise to new
theories...,

... the successful new theory must permit predictions
that are fdifferent from those derived from its predecessor.
That difference coold not A occur if the two were logically
compatible. In = the process of being assimilated, the second
must displace the first."

D B
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PP 98-110 Argument against an "interpretation, closely associated
with logical positivism and not categorically rejected by its
successors, (that) would restrict the range and meaning of an
accepted theory so that it could not possibly conflici with any
later theory that made predictions about some of the same

natural phenomena,"

X. Revolutions as Changes of World View

p. 115 Let us then return to the data and ask what sorts of
transformations in the scientist's world the historian who believes
in such changes can discover. Sir William Herschel's discovery

of the planet Uranus provides a first example and one that closely
parallels the card experiemnt. ¥ On at least seventeen different
occasions between 1690 and 1781, a number of astronomers,
including several of ‘urope's most eminent observers, had seen

a star in positions that we now suppose must have been occupied

at the time by Uranos, One of the best observers in this group
had seen the star on four successive nights in 1769 without

noting the motion that could have suggested another identification,
Herschel kiwsrif®, when he first observed thegsame object twelve
years later, 4id so with a mach improved telescope of his own
manufacture. As a result, he was able to notice an apparent
disk-size that was at least unusual for stars. R Something was
awry, and he therefore postponed identification pending further
scrutiny. That scrutiny disclosed Uranus!'! motion among the

stars, and Herschel therefore announced that he had seen a new
comet! Only'several months later, after fruitless attempts to fit
the observed motion®x to a cometary orbit, did Lexell suggest that
the orbit was probably planetary. When that suggestion was
accepted, there were several fewer stars and one more planet in
the world of the professional astronomer."

p 118 ".,. the principle of economy will urge us to say that after
discovering ux oxygen Lavoisier worked in a different world."

p 121 ., though the world deoces not change with a change of
paradigm, the scientist afterward works in a different world...
.. I am convinced that we must learn to make sense of statements
that at least resemble these."

R
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p 122 "None of these remarks is intelnded to indicate that
gscientists do not charaecteristically interpret observations
andg data. On the contrary, ® Gnlixleo xmixwt interpreted
observations on the pendulum, Aristotle observations on falling
stones, Musschenbrock observations on a charge-filled bottle,
and Franklin ohservations on a condenser. But each of these
observations presupposed a paradigm,

o sty g e e § iy . TS 2 5 b e ks

"But that interpretative enterprise -- and this was the hurd&?;
n of the paragraphgbefore last -- can only articulate a paradigm, !
not correct it. Paradigms are not corrigible by normal science
at all. Instead, as we have already seen, normal science
ultimatelu leads only to anomalies&to crises. And these are
terminated, not by deliberation and interpretation, but a
relatively sudden and unstructured event Xxa& like the gestalt
switch, Scientists often speak of the "scales falling from
their eyes" or of the "lightning flash" that "inundates" a
previously obscure puzzle, enabling its components to be seen
in a new way that for the first time permits its solution, On
other ZIEEZ cccasions the relevant illumination comes in slejmep.,
No ordinary sense of the term 'interpretation' fits these flashes
of intuition through which a new paradigm is born. Thxough
such intuitions depend upon the experience, bhoth anomalous
and conguruent, gained with the old paradigm, they are not
logically or piecemeal linked to piecemeal items of that exper-
ience as an interpretation would be. 1Instead, they gather up
large portions of that experience and transform them to the
rather different of experiences that will thereafter be linked
piecemeal to the new paradigm but not to the old."

pp 124-135 deal ®m with counter hypotheses,

P 124 "But is sensory experience fixed and neutral? Are theories
just man-made interpretations of given data? The epistemological
viewpoint that has most often guided Western philosophy for
theree centuries ne dictates ang immediate and unequivocal, Yes,

In the avsence of a developed alternative, I find it impossible

to relinquish entirely that viewpoint. Yet it no longer functioxns
effectively, and the attemptions to make it do so through the
introduction of a neutral language of observations now seem to me
to be hopeless.®

RERD e




Ak bt e R AR R R T

Kuhn SSR (20 Vv '73) 21

P 126 "The operations and measurements that a scientist
undertakes in the laboratory are not "the given®" of experience
but rather the XBX "collected with difficulty."

"far more dlearly than the immediate experienc e from

which they derive, operations and measurements are paradigm-
determined."

P. 128 "The alternative is not some hypothetical fixed 'vision’,
but vision through another paradigm, one which makes the swinging
stone something else."

p 135 ".. his (Proust's) view of the relations between mistures
and conmpounds were very close to Daltonts, But it is hard to
make nature fit a paradigm. That is why the puzzles of normal
science are so challenging and also why measurements undertaken
without a paradigm so seldom lead f{o any conclusions at all.
Chemmists could not, therefore, accept Dulton's theory simply on
the evidence, for so much of that was still negative., Instead,
even after accepting the theory (compounds are composed of
integral numbers of dofferent kinds of atoms), they had still to
beat nature into line, a process which, in the event, took
almost another generation. When 9t was done, even the percentage
composition of well-known compounds was different. The data
themselves had changed. That is the last xmuxmx of the senses
in which we may m want to say that after a revolution scientists
X% work in different worlds.n

XI. The Invisibility of Revelutions

P 136 "I have so far tried to display revolutions by illustration,
and the examples could be munltiplied ad nauseam, But clearly,

most of them,... have customarily been viewed, not as revolutions,
but as additions to scientific knowledge."

"Both scientists and laymenk take much of their image of
creative scient9fic activity from an authoritative source that
systematically disguises -- partly for important functional
reaons -~ the existence and significance of scientifiec revolutions." 2%

.. the analysis now required will x begin to indicatenm
one of the aspects of scientific work that most clearly distin-
guishes it from every other creative #x pursuit except perhaps
theology."

ey m,{‘,
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p 136 "Textbooks themselves aim to communicate the voocabulary

~ -.:-x...._....;__‘,__m'_._. Lt "'“'__E_‘

any syntax of a contemporary scientific language. Popularizsxations .§
attempt to describe these same applications in a language zkmxe f137/ %
closer to that of everyday lixfe. And philosophy of science, '
particularly in the English-speaking world, analyzes the logical
structure of the same completed body of scientific knowledge....
All three record the stable moutcome of past revolutions and
thus display the bases o%?current normal-scientific tradition.XX
To fulfil their function they need not provide authentic /
information about the way in which these bases were first XEEENX

recognized and then embraced by the profession, 1In the case of
textbooks, at least, there are even good reasons why, in these
matters, they should be systematically misleading." .4

pl37 "Textbooks howXever being pedagogical vehicles for the
perpetuation of normal science have to be rewritten in whole or
part whenever the language, problem-structure, or standards

of normal science change. In short, they have to be rewritten
in the aftermath of eackh scientific revolution and, once
rewritten, they inevitably disguise the revolutions that produced
them. Unless he has personally experienced a revolution in his
own lifetime, the historical sense either of the working =miwk
scientist or of the lay reader of ftextbook literature extends
only to the outcome of the most recent revolutions in the field."

p 138 "Yet the textbook-derived tradition in which scientists
come to sense their participation is one that, in fact, never

existed. For rexasons that are hoth obvious and highly
functional, scienbce textbooks (and too many of the older
histories of science) refer only to that part of the work of

past scientists that can easily be viewed as contributions to
thestatement and solution of the texts!' paradigm problems. B’
Partly by selection and partly by x distortion, the scientists of Ex 3@
eadrlier ages are implicitly represented as having worked upon B
the same set of fixed problems and in accordance with the same
set set of fixed canons that the most recent revolution in

scientific theory and method has made seem scientific. No wonder
that textbooks and the historical tradition they imply have to be -
rewritten £ after each scientific revolution. And no wonder that, as?z-” 
they are rewritten, science once again comes to seem largely
cunulative."
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p 138 "The temptation to write history backwards is both omni-
present and perennial, But scientists are more d£fected by the
temptation to rewrite history, partly because the results of
scientific research show no obvious dependence on the historical
context of the inquiry and partly because, except during crisis 3
and revelution, the scientist's contemporary position seems g ]
so secure. More historicaldetail, whether of science's present S
or of its past, or more responsibility mXx to the historical i L
details that are presented, could only give artificial status 1__ -
to human im idiosyncracy, error, and confusion. Why dignixfy ??f: f
what science'!'s best and most persistent efforts have made it ;
possible to discard? The depreciation of historieal fact is
deeply, and perhaps functionally, ingrained in the ideology of the
scientific promtfession, the same profession that places the
highest of all values upon factuxal details of other somrts.
Whitehead caught the unhistorical spirit of the scientific
community when he wrote,'A science that hesitates to forgext its
founders is lost.' Yet he was not quite /139/ right, for the
sciences, like other professional enterprises, do need their
heroes and do preserve their names. Fortunately, instead of /
forgetting these heroes, scientists have heen able to forget or
revise their works."

P 139 "The result is a persistent tendency to make the history

of scienceX look linear or cumulative, a tendency that even =

Ry 2 b e L8 e o e

affects scientists looking back on their own work For example,
all three of Dalton's xExmamk incompatible accounts of of the
development of hig chemical atomism make it appear that he was
interested from an early date in just those chemical problems

of comgining proportions that he was later famous for having
solved. Actually those problems seem only to have occurred to
him with their solutions, and then not until his own creative
work was very nearly complete. What all of Dalton's accounts
omit are the revolutionary x effect ofax applying to chemistry

a set of questions and concepts previously restricted to physics
and meteorology. That is what Dalton did, and the result was

a reorientation % toward the field, a reorientation that taught
chemists to ask new guestions about and to draw new conclusions
from old data."
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p. 139 "Or again, Newton wrote that G:lileo had disecovered that the
constxant force of gravity propduces a motion proportional to the k.
sqguare of the time. In fact, & lileo's kinematic theoren gf; :
does take that form when embebbed in the matrix of m=mx ,Newton's -3
own dynamical concepts. But Galileo said nothing of thexm sort."
P 140 "Butg® it is just thism sort of change in the formulation
of questions and answers that accounts, fara more thag?gg%irical
discoveries, for the transition from Aristotelian to Gglilean and
from Galilean to Newmtonian dynamies. By disguishing such
changes, the textboek tendency to make the development of science
linear hides a process that lies at thek heart of the most
significant episodes of scientific development."

p 141 These questionsxx are here asked about what appear as the B
piecemeal discovered facts of a textbook presentation. But obviously?}
they have implications as well for what the text premsents as :
theories. Those theories of course do £x 'fit the facts,' but

only by transforming previously accessible information into

facts that, for the preceding paradigm, had not existed at all.

And this means that theories too do not evolve piecemeal to

fit facts that were there all the time. Rather they emerge
together with the facts they fit from a revolutionary reformulation
of the preceding scientific tradition, a tradition within which

the knowledge-mediated relatinship between the scientist and

nature was not quite the same,"

p 141 "Every elementary chemistry text must discugs the concept
of a chemical element. Almost always, when thaqpotion is intro-
duced, its origin is attributed to the seventeenth century
chemist, Robexrt Boyle, in whose Sceptical Chymist the attentive
reader w8 will find a definition of 'element' quite close to

that in /142/ use today."

p 142 “T"According to Boyle, m who was quite right, his 'definition!
of element was no more than a paraphrase of a traditional chemical
concept; Boyle offered it only to argue that no such thing as

a chemical element existws; as history, the textmbook version

of boylets contribution is quite mistaken, That mistake of course
ig trivial, kmx though no more so than any other misrepresentation

of data, Vhat is not trivial however is the impiression of science
fostered when this sort ® of mistake is first compounded and
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then g built into the technical structure of the text. Like
*time,' t'energy,' 'force,' or 'partiecle,! the concept of an
element is the sort of textbook ingredient that is often not
invented or discovered at all. Boyle's definition, in particular,
can be traced back at least to Aristotle and forward through
Lavoisier into modern texts. Yet that is not to say that science
has possessed modern concept of an element since antiquitmy.
Verbal definitions like Boyle'!s have little scientific content

by themselves. They are not full logical specifications of
meaning (if there are such), but more nearly pedagogic aids.

The scientific concepts to which they point gain full significance
only when related within a text or other systematic presentation
to other scientific concepts, to manipulative procedures, and

to paradigm applications, It follows that concepts like that of
an element can scarcely be invented independent context.
Furthermore, given the context, tkxk they rarely require to

be invented because they are already at hand. Both Boyle and
kY8 iitucnanged the chemical significandce of 'element'

in important ways. But they did not invent the motion /143/

or even change the verbal formulation that serves as its
definition. Nor, as we have seen, did Einstein have to invent or
even explicitly redefine 'space! and 'time! in order to give

them new meaning %Xk within the context of his work."

XII. The Resolutionof Revolutions

p. 144 Any new interpretation of nature, whether a discovery m2
or a thmeory, emerges first in the mind of one or of a few
individuals. 1t is they who first xmx learn to see science and
the world differently, and their ability to make the transition
is facilitated by two circumstances that are not common to most
pther members of their profession. Invariably their attention
has been concentrated on the crigsis-provoking problems; usually
K in addition they are men so young or H 80 new to the crisis-
ridden field that practice has committed them less deeply than
most of their contemporaries to the world view and rules
determined by the old paradigm....

To see the urgency of those questions (ie how do they
persuade others), & remember that they are the only reconstructions
the historian can supply for the philosopher's inquiry about the

o ) s
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testing, verification, or falsification of established scientific

theories (Research worker in normal science is not tesmter of theor-
ies wx but a puzzle-solver).

Plis Be "Few philosophers of science still seek absolute i
¢riteria for the verification of scientific theories. Noting
that no theory can ever be exposed to all possible relevant tests,
they ask not whether a theory has been verified but rather about
its probability in the light of the evidence that actually exists.
And to answer that question one important school is driven to
compare the ability of different theorzies to explain the evidence
inahand. That 9nsistence on comparing theories also characterizes
the historical situation in which a new theory is accepted., Very
probably it points one of the directions in which fuxture discussion
of verification should go. y
In their moxre usual forms however probabilistic verification _;
theories all have recourse to one or another of the pure or neutral i
observation languages discussed in Section X. (Compare with all
other theories that might be imagined to fit the same data, or with
all the tests that might be imagined, some such comparison Hu®
needed to give probability its mathematicatical meaning)
plac  "Verification is like natural selection: it picks out the
most viable among the actual alternatives in a particular historical
gituation."
pl46é  Popper sets aside verification and speaks of falsification,
BREXERNpI kX SE RS R XNIERXAYRX XX R AL XN X e anx kNEaX Y
REXXRLXARY
But either ne failures whatever (a test no theory Em can
® meet) or else relatively fewer failuksrmes (and then there is
| need for a criterion of improbability or degrees of falsification).
p 147 Both falsification of earlier and verification of later
"It makes a great deal of sense to ask which of two actual
and competing theories fits the facts better. Though neither
Priestley's nor Lavoisier's theory, for example, agreed precisely
with existing observations, few contemporaries kx hesitated more
54‘ than a decade in concluding that Lavoisier's theory provided the
better fit of the two."

T T
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plas "The proponents of competing kkmmxisx papadigms are always
at least slightly at cross-purposes. Neither side will grant

all the non-empirical assumptions that the other needs to mxawx
make its case.... Though each may hope to convert the other to
his way of seeing his science and its problems, neither may
hompe to prove his case. The competition between paradigms

is not the sort of battle that can be resolved by proofs.”

Incommengurabilit
inxnmggtgkgiiixlo¥ pre- and post-revolutionary paradigms

First, ".. the proponents of competing paradigms will
often disagree about the list of problems that any cnadidate for
paradigm must resolve, Their standards or their ®xf® definitions
of science are not the same., (Must science explain what causes
the attraction between bodies: Aristotelians and Cartesians, Yes,
Newtonians, No. Must chemical compounds have their qualities
accounted for, Lavoisier etc, No, Phlogiston theoriests, Yes,
Current theories, attempt to do so).
pl4o Secondly, though new paradigm takes over a great deal of
its predecessor, it also reinterprets what it takes over,
Anti-Einstein not mistaken in complaining that what E called
space was unheard of. For pre-Copernicans the earth was the
exemplaxr of what did not move.

7150 Thirdly, there may be involved transition to a new "world"

"One contains constrained bodies that fall slowly, the
other pendulums that repeat their motions again and again. 1In
one solutions are compounds, in theother mixtures. One is
embedded in flat, the other in a curved matrix of space.
Practicisng in different worlds, the two groups of scientists
see different things when they look from the same point and
in the same direction. Again, that is not to say they can see
anything they please, Both are looking at the world, and what
they see has not changed. But ® in some areas they see different
things, and they see them In different relations kaxsmsxamsxkzx
one to the other. That is why a law that cannot even be demonstrater
to one group of scientsts may occasionally seem intuitively obvious
to Xke another.x Equally it is why , before they can hope to
communicate fully, one group or the other must experience the
conversion that we have bheen calling the paradigm shift. Just

because it is a transition between incommensurables, the transition

between competing paradigms cannot be made a step at a time,
forced by logic and neutral experience, Like the gestalt BNIZX
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pl50 swritch, it must ocexur all at once (though not necessarily
in an instant) or ma not at all."

"How then are scientists brought to make this transposition?
Part of the answer is that they are verysm often not. Copernicanism
magse few converts for almest a century after Copernicus' death
Newtondj's work was not generally accepted, particularly on the
Continent, for more than x half a centxury after the Principia
appeared. Priestley never accepted the oxygen theory, nor Lord
Kelvin the lectronic theory, and so on. The difficulties of
conversion have often been noted by scientists themselves.,"
Quotexs from Darwin, Planchk,

pl5l "These facts and others like them are too commonly known
to need further emphasis. But they do need re-evalukation. 1In
the past they have most often been taken to indicate that scientists,
being only human, cannot always admit their errors, even when
confronted with striect proof. I would argue rather that in these
matters neither proof nor error is at issue.x The transfer of
allegiance from paradigm to paradigm is a conversion experience
that cansanot be forced. Lifelong resistance, particularly from
those whose productive careers have committed them to an older
tradition of normal science, is not a viclation of scientific
standards but an index to the nature of scientixfic research
itself, The source of khkm resistance is the assurance that the
older paradigm will ultimately solve all its problems, that nature
can be shoged 152/ into the box the paradigm provides."

P 152 »Still to say that resistance is inevitable and legitimate,
that paradigm change cannot be justified by proof, is not to say
that no arguments are relevant or that scientists cannot be per-
sauded tp change their minds. Though a generation is sometimes
required to effect the change, scientific communities have again
and again been converted to new paradigms. Furthermore, these
ERRXRX Y XS X RN XA XX kY KR X AR X A AR XA X AR R IR XX PR X RN XA X)X
XA AR R R X AR KRR XA Y XEXY X XXX XX IR LA NIk RI ¥ XX
conversions occur not despite the fact that scientists are human
but because they are. Though some scientists, particularly the
older and more experienced ones, may resist indefinitely, most of
them can be reached in one way or another. Conversions will occur
a few at a time until, after the last holdouts have died, the whole
profession will nEx again be practising under a single but now
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different paradigm We must therefore ask how conversion is induced ?i
and how xx resisted.”

pl52 "What sort of answer to that question may we expect? Just
because it is asked about techniques of persuasion, or about
argument and counterargument in a situation in which there can

be no proof, our question is a new one, demanding a sort of study
that has notm previously been undertaken. Weg shall have to settle
for a very partial and impressionistic survey "

P153 "Qur concern will not be then with the sort of arguments
that in fact convert one or another individual, but rather with
the sort of community that always socner or later re-forms as a
single group. That problem, however, I postpone to the final
section, examining meanwvhile some of the sorts of argument that
prove particularly effective in the battles over paradigm change."

"Probably the single most prevalent claim advanced by the
proponents of a new paradigm is that they can solve the problems
that have led the old one to a crisis. When it can be made
legitimately, this c¢laim is often the most effective one possible.”
Copernicus: problem of length of calendar year
Newton: reconciliation of terrestrial and celestial mechanices
Lavoigier: problems of gas-identity and weight relations
Einstein: electrodynamics compatible with revised science of motion

"Glaims of this sort are particularly likely to Eucceed
if the new paradigm displays a quantitative precision strikingly
better than/its older competitor." g
Kepler: quantitative superiority of his Rudolphine tables over Ptol.'*i'
Newton: prediction of quantitative astronomical observations :
Planck's radiation law and Bohr'*s atom

pl54 £ Claim of problem solving cannot always be made legitimately
but later and unanticipated successes extiremelym effective

pl55 Second, "., the new theory is said to he "neater," "more
suitable," or "simpler" than the old."

Though more effective in maths than in science, at times
this argument may bhe very important, It may attract a few
scientists and their influence can in time be decisive.

The reason for this is that initially the new paradigm solves
few problems ac