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The Structure of Scientific Revolutions

':ind by students of motion in the Middle Ages, of physical optics
in the late seventeenth century, and of historical gu?:]t‘ﬁg‘.r i.|i|]lhql:
early nineteenth, They had, that is, achieved a pamdi_;;m that
F_El;nw,:]:l able to gnide the whole group’s research. Execept w[;h
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that S;:{é::%; ;:;H:::;’Ei‘%;}ldl; Jslard to find another eriterion What then is the nature of the more prﬂ[nsximml and esoteric

' IS, research that a group’s reception of a single paradigm permits?
If the paradigm represenls work that has been done once and
for all, what further problems does it leave the united group to
resolve? Thase questions will seem even more urgent if we now
note one respect in which the terms used so far may be mislead-
ing. In its established usage, a paradigm is an accepted model
or pattern, and that aspect of its meaning has enabled me, lack-
ing a better word, to appropriate ‘paradigm’ here. But it will
shortly be clear that the sense of ‘model’ and ‘pattern’ that per-
mits the appropriation is not quite the one usual in defining
‘paradigm.’ In grammar, for example, ‘amo, amas, amat’ is 4
paradigm because it displays the pattern to be used in conjugat-
ing a large number of other Latin verbs, e, in producing
‘laudo, laudas, laudat.” Tn this standard application, the para-
digm functions by permitting the replication of examples any
ane of which could in principle serve to replace it. In a science,
on the other hand, a paradigm is rarcly an object for replication.
Instead, like an accepted judicial decision in the common law,
it is an object for further articulation and specification under
new or more stringent conditions,

To see how this can be so, we must recognize how very lim-
ited in both scope and precision a paradigm can be at the time
of its first appearance. Paradigms gain their status beeause they
are more successful than their competitors in solving a few
problems that the group of practitioners has come to recOgnize
as acute, To be more sepessful is not, however, to he either
completely successful with a single problem or notably success-
ful with any large number. The success of a paradigm—whether
Aristotle’s analysis of motion, Ptolemy’s computations of plane-
tary position, Lavoisier's application of the balance, or Max-
well’s mathematization of the electromagnetic field—is at the
start largely a promise of success discoverable in selected and
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still incomplete examples. Normal science eonsists in the actual-
fzation of that promise, an actualization achieved hy extending
the knowledge of those facts that the paradigm displavs as
particularly revealing, by increasing the extent of the mateh be-
tween those facts and the paradigm’s predictions, and by fur-
ther articulation of the paradigm itself.

Few people who are not actually practitioners of a mature
scienice realize how much mop-up work of this sort a paradigm
leaves to be done or quite how fascinating such work can prove
in the execution. And these points need to be understood. Map-
ping-up operations are what engage most scientists throughout
their careers. They constitute what I am here ealling normal
seience. Closely examined, whether historieally or in the con-
temporary laboratory, that enterprise seems an attempt to force
nature into the preformed and relatively inflexible box that the
paradigm supplies. No part of the aim of normal science is to
call forth new sorts of phenomena; indeed those that will not fit
the hox are often not seen at all, Nor do scientists normally aim
to invent new theories, and they are often intolerant of those in-
vented by others.! Instead, normal-scientific research is directed
to the articulation of those 1)]143\‘]0:11{‘.!!& and theories that the
paradigm already supplies.

Perhaps these are defects, The areas investigated by normal
science are, of course, minuscule; the enterprise now under dis-
cussion has drastically restricted vision, But those restrictions,
born [rom confidence in a paradigm, turn out to be essential to
the development of science, By focusing attention upon a small
range of relatively esoteric problems, the paradipm forces scien-
tists to investigate some part of nature in a detail and depth that
would otherwise be unimaginable. And normal science pos-
sesses @ buill-in mechanism that ensures the relaxation of the
restrictions that bound research whenever the paradigm from
which they derive ceases to function effectively. At that point
scientists begin to behave differently, and the nature of their
research problems changes. In the interim, however, during the

1 Bernurd Barbier, "Resistance by Seientists to Setentifle Discovery,” Science,
CXXXIV (1661 ), 598-602,
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eriod when the paradigm is successful, the profession _will 1I1:wu
solved problems that its members could scarcely hiwn imagined
and would never have undertaken without commitment to the
paradigm. And at least part of that achievement always proves
to be permanent. . |
To display more clearly what is meant by nm-{nal or pﬁnn
digm-hased research, let me now z:ttclmpt tia u:I:\asF:F}r and i..l.].\.-
trate the problems of which normal science plrmclpally c:_jnslaits.
For convenience 1 postpone theoretical activity and begin xznth
fact-gathering, that is, with the experiments alnd nb_scrwl'z?tl.ﬂ?x1s
described in the technical journals through which .k:r:ilcntmt.‘.l in-
form their professional colleagues of the rcsults_; of Fhf.‘ﬂ' L'D::I'It]nil-
ing research, On what aspeets of nature do scientists Drdn?a.n ¥
report? What determines their choiee? 'bm.d’ since most m:mn.-
tific observation consumes much time, uqmpmc_ut, and money,
what motivates the scientist to pursue that choice to a conclu-
ﬁm’;.}iere are, I think, only three normal foci for factual snien:ﬁc
investigation, and they are neither always nurlpermanuntly is-
tinct. First is that elass of facts that the pura‘dlgm has shnlwri tc:
be particularly revealing of the nature of things. By employ n:ij
them in solving problems, the paradigm 1];?5 made them 1\:0: ;
determining hoth with more precision and ina larger vuru,l}rdc:
¢ituations. At one time or another, these significant fn!:’Eam LL{
terminations have included: in astmnumyﬁ—stellar position an
magnitude, the periods of eclipsing hinane_s and fjffplalne:tst; 111.1
physics—the specifie gravities and Ct]mpl‘ﬂﬁx]])lﬂltlt’s 0 I‘na:m: ‘;‘
wave lengths and spectral intensities, electrical Ic1_:m: ue dm |n_
and contact potentials; and in :'.ht-mistr;:f—r{:nml.gmsatlm.n ﬂII] &:‘11: -1
hining weights, hoiling points and acidity of so uT.:I{‘mh. 5 N
tural formulas and optical activities. :‘m:—::mpts to 1ncrcsfﬂ ‘::
accuracy and scope with which fawlts like these fir&_ t:zc::ltl
oceupy signiﬁcant fruction of the 11terat1{1'e of IE:.‘LPE-E’!I}'I :]
and observational science. Again and again mmp!ch a_pﬁcm
apparatus has been designed for such purposes, and tbie T:zr;:
tion, construction, and deployment of that aptparat11s ;a  d :
manded first-rate talent, much time, and considerable financia
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backing. S}'n{‘hmlmns and radintultssmpirs are m]]].' the most
recent examples of the lengths to which research workers will
go if a paradigm assures them that the facts they seck are
important. From Tycho Brahe to E. O. Lawrence, some scien-
tists have acquired great reputations, not from any novelty of
their discoveries, but from the precision, r:afiahi]il‘}; and sCope
of the methods they developed for the redetermination of a
previously known sort of fact.

A second usual but smaller elass of factual determinations is
directed to those facts that, though often without mueh intrinsic
interest, can be compared directly with predictions from the
paradigm theory. As we shall see shortly, when I tum from the
experimental to the theoretical problems of normal science,
there are seldom many areas in which a scientific theory, par-
ticularly if it is cast in a predominantly mathematical form, cun
be directly compared with nature. No more than three such
dreas are even vet accessible to Einstein’s general theory of relu-
’ti‘-’i’r:_--'.E Furthermore, even in those areas where -.1pplicat[on 18
possible, it often demands theoretical and instrumental approxi-
mations that severely limit the agreement to be expeeted, Im-
proving that agrecment or ﬁuding new areas in which agreec-
ment can be demonstrated at all presents a constant challenge
to the skill and imagination of the experimentalist and ohserver.
Special telescopes to demonstrate the Copernican prediction of
annual pi]l"ﬂ"ax; Atwood’s machine, first invented almost a cen-
tury after the Principia, to give the first unequivocal demonstra-
tion of Newton's second law; Foucault's apparatus to show that
the speed of light is greater in air than in water; or the gigantic
scintillation counter designed to demonstrate the existence of

* The only long-standing check paint still genemlly recogrized &8 the pre-
cession of Mercury's peribelion. The red shifl in the spectrum of Bight fram
distant stars cin be derived From considerations more vllime-ut:u v than erneral
relativity, and the same may be pogsible for the bending of light around the s,
a point now in some dispute, In any case, measatements of the latter phenpmi
non remain equivoeal, One wdditional cheek point may bave been established
very recently: the gravitational shift of Mosshaner radiation. Perhaps there will
snon hie athers in this now active but long dormant Beld, Fer an up-to-date cap-
sule account of Lhe problem, see I, 1, Schiff, “A Report an the NASA Conlerence

on Ekpl!ri.ml"nhﬂ Tests of Theorics of Belativity,” P.l:ysfc_'.' Tadﬂy, XIV (18615,
4248 ’
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the nentrino—these pieces of special apparatus :mcl.m.-,n;}lr ft}.‘?ir:
like them illustrate the immense cifart nnc% trlg_';t'{illlt.f:_‘:- .1 u; .}‘;5,;.1.-
been rcqm’mﬂ to bring nature and theary into © L’J:a.L: -It[f“;mud
agreement.® T hat attempt to demonst m_h_-_:{grﬂr_-nw_n . ta (] :,;nuqh.
type af normal uxpca,rimnnt;ﬂ wiirk, l'il1t11il' is r:-!:'lr:n I.nill:::u:;. U{ {],'{.3
dependent than the first upon a paradigm. 1{!131 f.x:i_le }u.mdimn
aradigm sets the problem to he sulvuled; U;t,l-“ | hEE ,;},-,._.'m
theory is {mplicu'cnd directly in th; dle:.-lys:n_ a .1.]5_'!]_'}&[';&. m;“"n:_
solve the prohlem. Without the Pr:u{:fpnl:.[, for -:*hlllf?l'a‘- o ;;ert
ments made with the Atwood machine would have ;
thing at all. . o
nﬂ.-‘t thgird class of experiments aned n’hsm'vutllnnsi :Eﬂtil::;sti
think, the fact-gathering aclivitics n_E 1071 nnil Scm“.ui-; et
of empiri{-ul work undertaken to lli'{l}":!!l]':'ll’_l:'l |‘.n 1.7{9.5’4.{_ gimn H_“:
resolving some of its rcmd;.m!}-.u.r;'h}:gt;t;;su:li::;w{?L ::ﬂ}, djiuwn
ion_ of problems to which it had previGust
fﬂlt:i:tiun. Tllfis class proves to '|}nl the- most important uialli: rz::ﬂ
its desoription demands its subdivision. IIr1 the more lr;..ltlnn -
ical seiences, some of the ux]nm'iu[mms rfmmd ui_. r!.r'tsc.u I\ ;wtml_s
directed to the dulemﬁ:mt]L;ﬂ {:i F1| Ilysuf[:n.l Lu;:zt::tt:” b
sork, for example, indicated that the lorce belwee s
E;;Eﬂs at unit d?sLnum.‘ waould be the 5;I1me forall tg{'zms. uinaa]lt;
at all positions in the universe. B!]!l. 111.5 D'.-‘.;I[I E::r:i:;l:;“::lk e
wolved withont even cstimating the sizet attra u
::}::;::11 gruvitatien:ﬂ constant; and no ane (']S{_’ d!{;ni::l ﬁn_:x—
ratus able to determine it for a century atter t ie rlx ;;-u 1 E;:
pared. Nor was Cavendisl's fﬂmuns_ ‘}Em-rm]m",t?-a,"l el
1790°s the last, Beeanse of ils central position in physical th h,
: alues of the gr;witntiun:ﬂ ponstant have heen the

improved v cen t
j ated elforts ever singe by a number of putstanding

object of repe

8 Far two ol the parsilax tolescopes, see Abrnham Wilf, A History ;rf "5.:l||£3‘5né?.
Te"rflﬂﬁrulfrr, |.J1'|-:l Philisaphy o the }'ff;:.h!r-c-p.::.h rr:l:.'.-rl::url;;: m:”;ﬁsrrl:::-”::fagkcmsenj
AP v Abwood machine, see MR, Hansow, £a: 2 r

1S lm'li;1 l I:rtj‘ljl:- i “.'I(]I;lfl 109, 207—5, Foar the lest bwo pieces af S]_Jz.chﬂ I‘dIIPT
“.ﬂ““h':::- B:Li “II i"ILi-EEilII!-t Ot ithode endrale pour mesUeer L x{ttu:._s:«.c Ennl:
;:T:i—:r:ﬂﬁm Il'ail.r ot Tes milivi transparants, Vilesses relativis de Ja lurnidrs ;

1 - 7 S RLEE] [F4 1 HE B Mg T X
ai duns T e i Ty ] i'-“l. I &

l: re |.:I 1] L{I! Pk \.IP: 5 T 1 ) :r'!lr"? [,Euj‘ i "'ﬂl
1RG0, & 164 HECHELE 2. L. Gowan Il i B Theleetinm o the Froo MNe Lrimi:

A Confrmation,” Scdencd CXXIY (1956, 103-4.
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frxp:?ri:nf-nt-.a]isls.' Other examples of the same sort of continu-
mpt' work would include determinations of the ii.‘sL]'t’JT.ID]:IIiL"t]
unit, Avopadros number, Joule's coectlicient, the rlcctmru;c
charge, and so on. Few of these elaborate efforts "-'.'{Z;Llld have
Leen coneeived and none would have been carvied out with:}ut
] Pal'ad igim thi:ur:.' tor define the pmiulu:m and to paarantee the
existence of a stable solution. i ’
Efforts to articulate a paradigm are not, however, restricted
to the determination of universal constants, 'l‘]am: mlw for
example, also aim at quantitative laws: Boyle's Law ;E'léit‘il-i ; r::.'
prcs:i:lru to volume, Coulomb’s Law of electrical uttnu:'tir_‘:n!j-f'luli
Joule's formula relating heat generated to electrical L'eqi-:t";nce
and current are all in this category. Perhaps it is not :ii.T.'}H:l'F‘nt.
that a paradigm is prevequisite to the discovery of ]-u&*s like
these. We often hear that they are found by examining e
ments undertaken for their own sake and without I-[-‘]]C\l'_'l;r_.'tf{_“ti
cummi_tmem. But history offers no support for so fewcqqiwi-
Hnmrl}nu a method. Boyle's experiments were not c'o-IJ;_'e‘i.vql;]";
{and if conceived wonld have received another inlrr:rctahiio
or none at all} until air was recognized as an e.]ust.:it! Huiel l::'l
wl_ﬁc!h_ all the elaborate concepts of hvdrostatics mn];.'l bie J
pllmd." Coulomb's suceess depended npon his c-mmt.rnc'tin 1 ::J}]u:*:
mrn! apparatus to measure the force hetween pnint.ciﬁr }r-q
(I'I‘Lusn who had previously measured electrical forers u.:ntf
ordinary pan balances, ete;, had found no consistent ”r~5im ﬂ:
mgul.:n'itjr' at all.) But that design, in turn, depended upon IEhr.u.
previous recognition that every particle of electric ﬂfid id.f_'lh.'
upon every other at o distance. It was for the foree ]]{‘tw‘i?{“
such particles—the only force which m ight safely ll'h:." :1S;llTnE‘;

1T L Ploynting ] reviews somi ty

. yting] revie wormir two doren measurements o s Erancitations
g - o L Hi Y ¥ i 5 5 g 1. s ! o I::L L= I
o o ! VEneyelapaedic Britannica (110 od,; Cambridge, 1910-11), :(][}.

& For the Tall tansplantation of hvileiuti
wor the tull 1 ol hviterdtidic coneepts Dnte poe fess s Thy
:’:{ga'r]r:m' Treatises of Pascal, troms. L 1L B .‘i|1-||-:‘:.-r-l.|]1:J :LI.“L':]”;I{”;[I:-'Irl::f.;: "-:-'1t]-|-Irj1||
11 rdnc m_\lum _i||11'l notes h‘}r F. Burry | New York, 1937). T..;.ri{;cllr"; g_.r:i b 1 o
rudnction of the parallelisin ("We live sthmerged at the battom of ugnm;win-
1 i 1]

of the element air’ | oecinrs o T PP .
Loty T e sa s ot 164 T rapicd L[L'I'J:lupmn.l s displayed by the
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a simple function of distance—that Coulomb was looking”
Joule's experiments conld also be used to fllustrate how quanti-
tative laws emerge through paradigm articulation, In fact, so
general and clase is the relation between gualitative paradigm
and quantitative law that, since Galileo, such laws have often
been correctly guessed with the aid of a paradigm vears be-
fore apparatus could be designed for their experimental
determination.”

Finally, there is a third sort of experiment which aims to
articulate a paradigm. More than the others this ome can re-
semble exploration, and it is particularly prevalent in thiose
periods and seiences that deal more with the qualitative than
with the guantitative aspects of nature’s regularity. Often a
paradigm develaped for one set of phenomena is ambignous in
its application to other closely related ones. Then experiments
are neeessary to choose wmong the alternative ways of applving
the paradigm to the new area of interest. For example. the
paradigm applications of the caloric theory were to heating and
cooling by mixtures and by change of state, But heat could be
reloased or absarhed in many other ways—c.g, by chemical
combination, by friction, and by compression or ahsorption of
u gas—and Lo each of these other phenomena the theory could
be applied in several ways. If the vaeuum had a heat capacity,
for example, heating by compression could he expluined as the
result of mixing gas with veid. Or it might be due to 2 change
in the specific heat of gases with changing pressure. And there
were several other explanations besides. Many exprriments
were undertaken to elaborate these varous possibilities and to
distinguish between them; all these experiments arose from the
caloric theory as pm'.-nligm, and all Lﬂxpl.uitt:ci it in the design of
experiments and in the interpretation of results.” Onee the phe-

for and Dnane 1, 0, Haller, The Development of the Coacept of

& Dme. Bad .
Electric Charse: Electsicity from the Grecks to Gotlonh ("Horvaed Case His
Lesties 1n 1".1p|-rs:|'.-.-r'.t.|l Solepoe, ! Cise 5; Coambiried e, Moss, 124 . ffi R,

T For cramplos, see T 5 fuha, “The Functam ef Measyrement m Sestlern
Physial Segenee | ey TAD (18461 2, 1HRL-43,
w5 Kk, "The Caletic Theory ol Addihitio Comprossion,” Tsis, XLIN

{1558 ), 13240
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nomenon of heating by compression had been established, all

further experiments in the area were paradigm-dependent in

this way. Given the phenomenon, how else conld an experiment
to elucidate it have been chosen?

Turn now to the theoretical problems of normal science,
which fall into very nearly the same classes as the experimental
and observational. A part of normal theoretical work, though
only & small part, consists simply in the use of cxisting theory
to predict factual information of intrinsie value, The manufae-
ture of astronomical eplicmerides, the computation of lens
characteristics, and the production of radio propagation curves
are examples of problems of this sort, Scientists, however, gen-
erally regard them as hack work to be relegated to engineers
or technicians, At no time do very many of them appear in sig-
nificant scientific journals. But these journals do contain a great
many theoretical discussions of problems that, lo the non-
scientist, must seem almost identical. These are the manipula-
tions of theory undertaken, not hecanse the predictions in
which they result are intrinsicall v viluable, but because they
van be confronted directly with experiment, Their purpose is
to display a new application of the paradigm or to inerease the
precision of an application that has already been made,

The need for work of this sort arises from the immense diffi-
culties often encountered in developing points of contact be-
tween a theory and nature, These difficultics can he briefly
illustrated by an examination of the history of dynamies after
Newton. By the early cighteenth century those scientists who
found a paradigm in the Principia took the generality of its
conelusions for granted, and they had every reason to do so.
No other work known to the history of science has simultane-
ously permitted so large an increase in both the scope and preci-
sion of research, For the heavens Newton had derived Kepler's
Laws of planetary motion and also explained certain of the
observed respects in which the moon failed to obey them, For
the earth he had derived the results of same scittercd ohserva-
tions an pendulums and the tides, With the aid of additional but
ad hoe assumptions, he had also heen able to derive Boyle's Law
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; in air, Given
and an important formula for the speed of sound in d.'lI't F:ti.,:,m
the state ol science at the time, the success of the c_ttl-mmm r;r 31“;

I i ene

i ssive. Yet given the presumptive g 3
was extremely impressiv z LS ke
; 5 ber of these applications we
Newton's Laws, the num ¢
of ‘lal and Newton developed almost no others. |.‘1]I't'1|'|f'!1‘1.1‘.|{r'lrE:
gr;?:ired with what any graduate student of ph}.sy;a can
) 3 ] - » i
ihi%ﬂ‘ﬁ” with those same laws today, Newton s]jemt ]a:pp;u?ahlr;;;
- , ; i i z Prinei
: & th precision. Finally, the
were not even developed wi | Tk
i lication chiefly to problem :
ad been designed for app : i ; iosles
t‘ml mechanics. How to adapt it for If-rrustrmllapplm;t;ur:;;
: 5% o i ; i as b
i ¢ of motinn under constraint, was b
articularly for those o eshrtinty | 9
Emems clear, Terrestrial problems were, in Ilnlxj, ;.as::_.t a:r:::Cii,
being attacked with great success by a quite a:h{-termltt se {_: ]ﬁ. b
niques developed originally by Galileo and Huyghens L il
. ) . e I i g e r y .
1‘.4.‘]'|Ildl’_‘d on the Continent during the eighteenth r.{ ]]I‘.II.LI{} e
H§ernqullis d’Alembert, and many others. Fresumably tt 1eir o
3 1111 - i ha & 3
niques and those of the Principia comld hf_z shown to be SE:I‘ o
; . weneral formulation, but tor some fime n :
cases of a more gene

1 i

saw quite how. . .
l-tzslrir:l attention for the moment to thie th}: 12 of Parle;:l e
' s llustrated its empirical aspect. apect
We have already illustrate h' >
’ 2 od machine,

i avendish's apparatus, the Atwo !
ment—like Cuavendish's af us, 4] il
improved telescopes—wis required in Iﬂrder ftr;s,r 113:0n'q g
special data that the concrete up[}lmrwunls]tu_ . g 1gm.¢mcnn_
adi imilar difficulties in obtaining i
adirm demanded. Simik . : b
exiE‘tcd on the side of theory. In applying his lgwumlzf;)bpas N
for example, Newton was forced to ug-.u[: %t_e S

int i : ide a unique delinition ¢ :
soint in order to provic fan of gancu e
}ength. Most of his theorems, the few cxchtlm;.u PL::EH-L-;IE '
thetical and preliminary, also ign{:md‘ thut _effec‘t ;;E::“H;.;;._;s -
These were sical approximations. 54,
These were sound physic ‘ el
approximations thev restricted the agreement to be ex]
| ‘ { iomial Mechanies of the
8 0= Truesdell, A Progerar toward Rediscovering the R;.-t-lm;-g EEETEE{E the
e Archice for History of the Exqet Sciences, 88 el Byt
ﬁnge u[_He?asaE:}:Ilt.‘: Barodue Mechanics to Suteess, Dln]cc&sjr&i 3 e T
'Ht:gr:::q;ﬁ’;‘Prrlnn'piu " Faxas Quarterly, X (1967), 281-497. 1.
i Mew : ;

P ‘Flll.llJ] o L5 1 Soc o I:iE Botion 0 LI Lk Elghtu ith ' G iy
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between Newton's predictions and actual experiments. The
same difficulties appear even more clearly in the application of
Newton’s theory to the heavens. Simple quantitative telescopic
observations indicate that the planets do not quite obey Kep-
ler’s Laws, and Newton's theary indicates that they should not.
To derive those laws, Newton had been foreed to neglect all
gravitational attraction except that between individual planets
and the sun, Since the planets also attract each other, only
approximate agreement between the applied theory and tele-
scopic observation could be expected."

The agreement obtained was, of course, more than satisfactory
ta those who obtained it. Excepting for some terrestrial prob-
lems, no other theory could do nearly so well. None of those who
questioned the validity of Newton's work did so because of its
limited agreement with experiment and observation. Neverthe-
less, these limitations of agreement left many fascinating theo-
retical problems for Newton's successors. Theoretical techniques
were, for example, required for treating the motions of more
than two simubtaneously attracting hodies and for investigating
the stability of perturbed orbits. Problems like these occupied
many of FEurope’s best mathematicians during the eighteenth
and early nineteenth century. Euler, Lagrange, Laplace, and
Gauss all did some of their most brilliant work on problems
aimed to improve the match between Newton's paradigm and
observation of the heavens. Many of these figures worked simul-
taneously to develop the mathematies required for applications
that neither Newton nor the contemporary Continental school of
mechanies had even attempted. Thev produced, for example, an
immense literature and some very powerful mathematical tech-
niques for hydrodynamics and for the problem of vibrating
strings. These problems of application account for what is prob-

ably the most brilliant and consuming scientific work of the
eighteenth century, Other examples could be discovered by an
examination of the post-paradigm period in the development of
thermodynamics, the wave theory of light, electromagnetic the-

B Wl o ot pps Ta 81 96-101; and Willsam Whewel], .l'h,g.-frlri,' af the
Iifuctive Scivnees (rov ed,y London, 18471, 11, 21371,
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ory, or any other branch of seience whose ﬂmdxmmlnltls;l l:r.'l'-'.'s ;r:
[uil}r quantitative. At least in the more mathematical sciences,
mast theoretical work is of this sort. | .

Put it is not all of this sort. Even in the marh%*nmtn:a% smen_ccsr
there are also thearetical Prn‘h]up?s of paradigm ;Ertlcuigtmn_:
and during periods when scientific dt?velupment 1;]E R:e {::1;
nantly qualitative, these pmbi{:msrdumumte. Some n] if t? P =
lems, in both the more quantitative and maore qua lEi"lhwePSf:l_
ences, aim simply at clarification by reforrnu!atmn.lk : cﬂ :r|:11"
cipia, for example, did not alwnys prove an easy .wr.:-: ,{: h}_']:p :U
partly because it retained some of the clu:nsn_u_!.\.s mﬁwla r B "
q first venture and pmti}- bhecause so much of its m.f.timn_g ]_1“ 5
only implicit in its applications. For many terrestrial app cta-l
tiuﬂs, in any case, an appurenﬂy unrelated set of Ciunhnénla
techniques seemed vastly more pirwnrful. Theﬁfnrr_:],t FoTT BUL; ]j:ir
and Lagrange in the eighteenth century to anmi n?,b] bl
and Hertz in the nineteenth, many of Europes mns[ Ti e
mathematical physicists repeatedly endaawred tor r:‘:i orn:; at_
mechanical theory in an equivalent but luglcﬂ!ly an fuebb ‘.H::hl-
cally more satisfving form. They wished, that is, to ex it the

CJ‘.!]‘!IL]II iﬂ][] ]Hli]lll_]t lE‘b ] th. ] Ik :Pm 4 I!'IE[lt"d]
b SONS le e [ H.T]El c]f [ ”ut
f".rslﬂ“, e ﬂl&t ﬁﬂﬂul&

anics in a logically more coherent v at v
:i.ei}: :;;::; ;Tl:nre- ugn{fan}u ml1d ]essfequiv}:)cra.l in! Iit:: application to
the newly elaborated problems of mechamcs.

Similar reformulations of a puradigm have uccune:ll rf:%eateﬂxrll;
v in all of the sciences, but most of them have pro u?et‘ ml e
substantial changes in the paradigm than the rcfnfrmu i@ ﬂ:un;m-
the Principia cited above. Such ulmngc:s result rFT' emtic-
pirical work previously described as aimed at para {gfnal b
ulation. Indeed, to classify that sort of wark as nmpmch o
arhitrary. More than any other sort nEL normal re::{.-a:ln'«;i il e
pruhleﬁs of paradigm articulation are sxmultm?eouls v -Eue::;p;c
ical and expcrimenml; the examples given pr{:'ffuus Y 'me S
equally well here. Before he could construct his :1qu1Lrnnl teans
make measurements with it, Coulomb had to employ ele

theory to determine how his equipment should be built. The

=V
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E;rifsequgme of his measurements was a refinement in that
g :;;G d:;:_:ﬁql;ls Iih{;- 1;3911'1 who dcsj.gned the experiments that
i e Bl 8 e e b
Topaeie , rally z same men who had mad uy
i e bl g, Ty v kg i
information but a mn)r:e. preciq::r Q'T L Sl i
infor tam se paradigm, obtained by the elim-
ination of ambiguities that the original fr hi —
had retained. In many sciences lIlil:f'Ht‘ s
st - o g . most normal work is of this sort,
o b Tt e e s afgficent
! : v, and articulation of th -
jﬂl{tﬁféall;f:;:if Tﬂ;e f.ltlemtm'e of normal seience, both em;?rrizal
S Wi;n ‘I_F}T| o not, of course, guite exhaust the entire
it may well i,_w m':;_;. I.-:‘-‘;{: a,m also extraordinary prohlems, and
WiFird Woips s rmﬁ u’;um that makes the scientific enter-
B nm.r lemr m.u arly worthwhile. But extraordinary
e m;ﬂ‘;jmm 0 : e had for the :1:sk|'ng. Thﬂ}' emerge only on
oy therefg;t.p.:]red by the {ld‘:-'i{I]L'E of normal research.
s u“d}:;h&m 4 rc, : i L.:w*.nv]mhnmg majority of the prob-
g 1. ::x-r:n T]:Ic very 1_'w.n:t scientists usually fall in-
paradigm can be ;};:ﬁ‘fﬂi‘;ﬂiﬁ:ﬁ::m:;‘-d e Wim-k et e
acadi : . other way, an sert the
5‘11;::}1511; is to cease practicing the science it r]r;:tﬂ |'J|Ln[:s.{!:::z.~1 :.]::1[1
3 t}: ];mcuvcr_ that such desertions do oecur, They are the
Einc: st E?e. G.ut :;rlmrh scientific rewtcnlutiuns turn. But before lu.: vinvl
u study of such revolutions, we require a more piﬁnu—

FAIMIC VIew U'E tl“. i1 L [
O E[l-:.] S":lf_ﬂ.tlji ] repare (5]
- s ljl. T3 LlI.TS 1.]'11 l I .
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IV. Normal Science as Puzzle-solving

Perhaps the most striking frature of the mormal research
problems we have just encountered is how little they aim to
produce major novelties, conceptual or phenomenal. Sometimes,
a5 in a wave-length measurement, evervthing bt the most es0-
teric detail of the result is known in advance, and the typical
latitude of expectation is only somewhat wider, Coulomb's
measurements need not, perhaps, have fitted an inverse square
law; the men who worked on heating by compression were
often pr::pnrcd for any one of several results. Yet even in cases
like these the range of anticipated, and thus of assimilable, re-
sults isalways smnll f:mnpm'u{l with the range that imagination
an coneeive, And the project whose outcome does not fall in
that narrower range is usually just a rescarch failure, one which
reflects not on nature bul on the scientist,

In the uightuenlh century, for example, little attention was
paid to the experiments that measured electrical attraction with
devices like the pan balance. Because they yielded neither cor-
sistent nor simple results, they could not be used to articulate
the paradigm from which they derived. Therefore, they re-
mained mere Faets, nnrelated and unrelatable to the continuing
progress of electrical research. Only in retrospect, possessed of
a subsequent paradigm, can we sec what characteristics of elec-
trical phenomena they display. Coulomb and his contempo-
raries, of course, also po:-:scsse:l this later pamﬂigm or one that,
when applied to the prablem of attraction, yielded the same
expectations. That is why Coulomb was able to design appa-
ratus that gave 2 result assimilable by paradigm articulation.
But it is also why that result th'pj'ist_-d no one and why several
of Coulomb's contemporarics had bLeen able to predict it in
advance. Even the project whose goal is paradigm articulation
does not aim at the unexpected novelly.

But if the aim of normal seience is not major substantive nov-
clties—if failure to come near the anticipated result is usually
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