
HERBERT FEIGL and MAY BRODBECK

Editors
UNIVERSITY OF MINNESOTA

Readings Ln

THE,

PHILOSOPHY

OF

SCIE.NCE

New Tork

APPLETON- CENTURY- CROFTS. INC.



The Logic of Explanation.
CARL G. HEMPEL AND

PAUL OPPENHEIMl

S r. lntrodu.ction

To prprerN THE pHENorvrBNe in the world of our experience, to answer the
question "whyf" rather than only the question "what?", is one of the
foremost objectives of all rational inquily; and especially, scientific re-
search in its various branches strives to go beyond a mere description of
its subject matter by providing an explanation of the phenomena it inves-
tigates. While there is rather general agreement about this chief objective
of science, there exists considerable difference of opinion as to the function
and the essential characteristics of scientific explanation. In the present
essay, an attempt will be made to shed some light on these issues by means
of an elementary survey of the basic pattern of scientific explanation and a
subsequent more rigorous analysis of the concept of law and of the logical
srructure of explanatory arguments.

The elementary survey is presented in Part I of this article; Part II
contains an analysis of the concept of emergence; in Part III, an attempt
is made to exhibit and to clarify in a more rigorous manner some of the
peculiar and perplexing Iogical problems to which the familiar elementary

analysis of explanation gives rise.
* Reprinted by kind permission of the authors and the editor from Philosoplty of

Science, r5, 1948.
r This paper represents the outcome of a series of discussions among the authors;

rheir indiviilual contributions cannot be separated in detail. The technical developments
conrained in Part IV, however, are due to'the first author, who also put the aniile into
its final form. IPart IV omitted in this reprinting.l

Some of the ideas presented in Part I[ were suggested by our common friend, Kurt
Grelling, who, together with his wife, bccame a victim of Nazi terror during the rvar.
Those ideas were developed by Grelling in a discussion, by correspondence with the
present authors, of enrergence and related concepts. By including at least some of that
material, which is indicated in the text, in the present paper, we feel that we are realizing
the hope expresscd by Grelling that his contributions might not entirely fall into obliv-
lon,

trVe wish to express our thanks to Dr. Rudolf Carnap, Dr. Herbert Feigl, Dr. Nelson
Goodman, and Dr. W. V. Quine for stimulating discussions and constructive criticism.
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320 SCIENTIFIC EXPLANATION

Penr I. Er,rnanNtenv Sunvey or ScrnNrrrlc ExpreNerroN

Sz, Some lllustrations

A mercury thermometer is rapidly immersed in hot water; there occurs
a temporary drop of the mercury column, which is then followed by a
swift rise. How is this phenomenon to be explained? Tl-re increase in tem-
perature affects-at first only the glass tube of the thermometer; it expands
and thus provides a larger space for the mercury inside, whose surface
therefore drops. As soon as by heat conduction the rise in temperature
reaches the mercury, however, the latter expands, and as is coefficient of
expansion-is considerably larger than that of glass, a rise of the mercury
level results.-This account consists of statements of two kinds. Those
of the first kind indicate cerrain conditions which are realized prior to, or
at the same time as, the phenomenon ro be explained; we shall refer to them
briefly as antecedent conditions. In our illustration, the antecedent con-
ditions include, among orhers, the fact that the thermometer consists of a
glass tube which is partly filled with mercury, and that it is immersed

discussion is explained by subsuming it under general laws, i.e., by shorving
that it occurred in accordance with those laws, by virtue of the realization
of certain specified antecedent conditions.

phenomenon happen?" is construed as meaning "according to what gen-
eral laws, and by virtue of what antecedent conditions does the phenomc-
non occur?" .

So far, we have considered exclusively the explanation of particular
events occurring ar a cerrain time and place. But the question ',Why?"
may be raised also in regard to general laws. Thus, in our last illustration,
the question might be asked: Why does the propagation of light confor.ur
to the law of refractionl Classical physics answers in tcnns <lf thc urrclrr-
latory theory of l ight, i.e. by stating that the propngrrtion of l iglrt is a w;rvc
phenomenon of a certain general typc, ancl that all rvrrvc plrcrronrcrr:r of thrrr
type sat isfy thc law r l f  rcfrnct ion. ' l ' l r r rs,  r l rc cxl l l l r r r i r t iorr  of  : r  gcnrr l r r l  lcgrr-
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larity consists in subsuming it under another, more comPrehensive regular-
ity, under a more general law.-Similarly, the validity of Galileo's law
for the free fall of bodies near the earth's surface can be explained by
deducing it from a more comprehensive set of laws, namely Newton's
laws of motion and his law of gravitation, together with son-re statetnents
about particular facts, namely the mass and the radius of the earth'

5s. The Basic Pattern of Scientific Explanotion

From the preceding sample cases let us now abstract some general
characteristics of scientific explanation. We divide an erplanation into two
major constituents, the explanandum ancl the explanans.'9 By the explanarr-
dum, we understand the sentence describing the phenomenon to be ex-

plained (not that phenomenon itself ); by the explanans, the class of those
sentences which are adduced to account for the phenomenon. As was noted
llefore, the explanans falls into two subclasses; one of these contains certain

sentences C' C", . . , Cu which state specific antecedent conditions; the
<rther is a set of sentences L' Lr, . L, which represent general lau's.

If a proposed explanation is to be sound, its constituents have to satisfy
ce rtain conditions of adequacy, which may be divided into logical and etn-

pirical conditions. For the following discussion, it will be sufficient to for-

lrrulate these requirements in a slightly vague manner; in Part III, a more

rigorous analysis and a more precise restatement of these criteria will be

prcsented.

I. Logical conditions of adequacy
(Rr ) The explanandum must be a logical consequence of the explanans;

in other words, the explanandum must be logically deducible

from the information contained in the explanans, for otherwisc,

the explanans would not constitute adequate grounds for the ex-

planandum.
(Rz ) The explanans must contain general laws, and these must actually

be required for the derivation of the explanandum'-We slrall

not make it a necessary condition for a sound explanation, ltow-

ever, that the explanans must contain at least one statement wlriclr

is not a law; for, to mention just one reason, we would strlcly

want to consider as an explanation the derivation of thc gcrtcrll
regularities governing the motion of double stars from thc lnws

of celestial mechanics, even though all the statements in tlrc cx-

planans are general laws.
(lt3)'Ihe explanans must have empirical content; i.e., it rtrttst bc

capablc, at least in principle, of test by expcrinrcttt or t l l lscrvir-

2' l ' f rcsc two cxPrcssi<lrrs,  dcr ivcd fronr thc Lnt in explandrc, .wcrc: t t loPtot l  i t r  Jrr t : f t : r -
r .ncc to rhc pcrh:rpi  ntorc cusl()ul l t ry tcrnrs "cxpl icatrr l t r t t r "  arrc l  "cxpl ic l t r ts"  i l r  ot ' r lcr  t t r

rcst ' rvc t l rc l i r r t " r  i , , r  usc i r r  t l rc cor i tcxt  of  cxl l l ic : t t iorr  of  r r tc: t r t i r rg,-or. ' ; r r r r lys is.  ( ) r t  cx-

pl i r .ur iorr  i r r  rh is scrrsc,  < ' f .  O:urrrrp l ( i rnccptsl ,  p.5r l .  Alr l r rcvi : i tc t l  r i t lcs ' in l r r l t :kctu
rclcr  to t l rc l r i l r l iogluplry rr t  t l rc ct t r l  of  t l t is  r t r t i t ' lc '
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ti.r.-' l 'his c.^clitio' is irnplicit in (Rr); for since thc exprarran-
churr is assumed to describe some empirical phenomenon, it
follows from (Rr) that the explanans entails atleast one conse-
quenc: of empirical character, and this fact confers upon it
testability and empirical content. But the point deserves ipecial
mention because, as will be seen in $4, certain arguments which
have been offered as explanations in the narural and in the social
sciences violate this requirement.

ll. Empirical condition of adeEmcy
(Ra) The sentences constituting the explanans must be true.

That in a sound explanation, the statements constituting the ex-
planans have to satisfy some condition of factual correctness is
obvious. But it might seem more appropriate to stipulate that
the_explanans has to be highly confirmed by all tlie relevant
evidence available rarher than thar it should be tfue. This stipula-
tion however, leads to awkward consequences. Suppose that a
certain phenomenpn was explained at an earlier stagi-of science,
by means of an explanans which was well supported by the
evidence then ar hand, bur which had been highly disconfirmed
by more recent empirical findirrgs. In such a case, we would
have to say that originally the explanatory account was a correct
explanation, but that it ceased to be one later, when unfavorable
evidence was discovered. This does not appear to accord with
sound common usage, which directs us to iay that on the basis
of the limited initial evidence, rhe truth of the explanans, and
thus the soundness of the explanation, had been quite probable,
but that the ampler evidence now available made ii highly prob-
able that the explanans was not true, and hence that the account
in quesdon was not-and had never been-a correct explanation.
(A similar point will be made and illustrated, with respict to the

^ 
reqlirement of trurh for laws, in the beginning of $0.)

Some of the ch4racreristics of an explanation whicfi have been indi-
cated so far may be summarized in the following schema:

Statemenm of antecedent I
conditions

I Explanans
General Laws I

Description of the l
empiricalphenomenon fExplanandum
to be explained J

' t ' i l  1,1 l ,o( ; l ( ;  ( ) l f  I ix  l ' l .ANA l ' l ( )N 323

and a suitall lc set of statenrcnts C,, C., '  , C,, L' I 'r, . . . ,I ' , is prrl-
vided afterwards, we speak of an explanation of t lrc plrcnotrtcnotr irt r lrtcs-
tion. If the latter statements are given and E is dcrivcd Prior to thc
occurrence of the phenomenon it describes, we speak of a prcdictirlrr. It
mav be said, therefore, that an explanation is not fully adequate rtrrlcss its
explanans, if taken account of in time, could have served as a basis for prc-
dicting the phenomenon under eonsideration.2o-Consequently, wltntcvcr
v'ill be said in this article concerning the logical characteristics of explnnn-
tion or prediction will be applicable to either, even if only onc of tlteltt
should be mentioned.

It is this potential predictive force which gives scientific explnnatiort its
importance: only to the extent that we are able to explain empirical fnc'ts
can we attain the major obiective of scientific research, namely not ntcrcly
to record the phenomena of our experience, but to learn from drem, by
basing upon them theoretical generalizations which enable us to anticipnte
new occurrences and to control, at least to some extent, the chartgcs in
our environment.

Many explanations which are customarily offered, especially in llro-
scientific discourse, lack this predictive character, however. Thus, it rttny
be explained that a car turned over on the road "because" one of its tircr
blew but while the car was travelling at high speed. Clearly, on thc ltnsis
of just this information, the accident could not have been predicted, for tltc
explanans provides no explicit general laws by means of which the prctlic-
tion might be effected, nor does it state adequately the anteccderrt con'
ditions which would be needed for the prediction.-The same poirtt rney
be illustrated by reference to W. S. Jevons's view that every explnnation
consists in pointing out a resemblance between facts, and that in sottte
cases this process may,require no reference to laws at all and "may itrvtllvc
nothing more than a single identity, as when we explain the apPcnrnnce
of shooting stars by showing that they are identical with portions of n
comet".3 But clearly, this identity does not provide an explanation of tltc

phenomenon of shooting stars unless we PresuPpose the laws g<tvcrrtittg
,the development of heat and light as the effect of friction. The observntiott
of similarities has explanatory value only if it involves at least tacit rcfcrcttt'c
to general laws.

, In some cases, ineomplete explanatory arguments of thc kilrd herc
illustrated suppress parts of the explanans simply as "obvious"l in otltct

cases, they seem to'involve the assumption that while the missing l)ilt'ts ill'c
not obvious, the incomplete explanans could at least, with approprintc e lftrrt
be so supplemented as to make a strict derivation of the explan'.ln(lunl l)(ts.
sible. This assumption may be iustifiable in some cases, as whcn wc sny

2a The logical similarity of explanation and prediction, and the ftct tlrnt ottc it
directed to*tidr p"rt o""uir.n.es,'the other towards futurc orrcs, is wcll cxltt'csserl lt
the terms "posrdictabiliry" and "predictability" used by Reichcnbach in l()rrrrrrtrrrr
Mcchanicsl, p. r3.

3 [Pr inciplcsJ,  p.533.
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that.a lurnp of strgar tl isallpcarcd "bccause" it was put into hot tea, but it is
surely not satisficd in many other c
in the work of an artist are explainr
neurosis, this observation may cont
does not afford a sufficient basis for
Iiarities. In cases of this kind, an in
considered as indicating some positir
conditions adduced and the type of phenomenon to be explained, and as
pointing out a direction in which further research miqht bi carried on in
order to complete the explanatory account

The type of explanation which has been considered here so far is often
referred to as causal explanation. If E describes a particular event, then the
antecedent circumstances described in the sentenies C' Cr, . . . ; Crc may
be said jointly to "cause" that event, in the sense that there are certain
empirical regularities,.expressed gy r!: laws L' Lr, . . . , L,, which imply
that whenever conditions of the kind indicated by C' Cr, . . . , C, occui,
an event of the kind described in E will take place. Statements such as
L' L", . . . , L,, which assert general and unexteptional connections be_
tween specified characteristics of events, are custo-arily called causal. or
deterministic laws. They are to be distinguished from the so-called statistical
laws which asserr that in the long 

fun, an explicitly stared percentage of all
cases.satisfyilg a given set of conditions are accompanied by an ev-ent of a
certain specified kind. certain cases of scientific explanation involve ,,sub-
sumption" of the explanandum under a set of laws-of which at leasr some
are statistical in character. Analysis of the peculiar logical structure of that
ty.pe. of subsumption involves difficult spe-ial problems. The present essay
will be restricred to an examination of the causal rype of explanation, whicir
has retained its significance in large segmenrs of contempoiary science, and
even in some areas where a more adequate account calls for reference to
statistical laws.a

section r,) Similarly, Jevons, whose general
ly discussed above, stresses that ,,th-e most

ories, cf., for example, Hull's concise dis_
en)entary examination of certain aspects of
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54. Expla'nation in the Non-Physical Sciences. Motiaational mLl 'l'alt'o-

logical Approaches

Our characterization of scientific explanation is so far based on a study
of cases taken from the physical sciences. But the general principles thus
obtained apply also outside this area.5 Thus, various types of behavior in
laboratory animals and in human subjects are explained in psychology by
subsumption under laws or even general theories of learning or con-
ditioning; and while frequently, the regularities invoked cannot be stated
with the same generality and precision as in pliysics or chemistry, it is clear,
at least, that the general character of those explanations conforms to our
earlier characterization.

Let us now consider an illustration involving sociological and eco-
nomic factors. In the fall of r946, there occurred at the cotton exchanges
of the United States a price drop which was so severe that the exchanges
in New York, New Orleans, and Chicago had to suspend their activities
temporarily. In an attempt to explain this occurrence, newspapers traced
it back to a large-scale speculator in New Orleans who had feared his
holdings were too large and had therefore begun to liquidate his stocks;
smaller speculators had then followed his example in a panic and had thus
touched off the critical decline. Without attempting to assess the merits
of the argument, let us note that the explanation here suggested again in-
volves statements about antecedent conditions and the assumption of gen-
eral regularities. The former include the facts that the first speculator had
large stocks of cotton, that there were smaller speculators with consider-
able holdings, that there existed the institution of the cotton exchanges
with their specific mode of operation, etc. The general regularities referred
ro are-as often in semi-popular explanations-not explicitly mentioned;
buc there is obviously implied some form of the law of supply and demand
to account for the drop in cotton prices in terms of the greatly increased
supply under conditions of practically unchanged demand; besides' re-
liance is necessary on certain regularities in the behavior of individuals who
are trying to preserve or improve their economic position. Such laws

cannot be formulated at present with satisfactory precision and generality,
and therefore, the suggested explanation is surely incomplete, but its in-
tention is unmistakably to account for the phenomenon by integrating it

into a general pattern'of economic and socib-psychological regularities.
We turn to an explanato{y argument taken from the field of linguis-

tics.u In Northern France, there exist a large variety of words synonytnotls

explanation is given in Hospers lExplanation], and a concise survey of many of thc
esientials of scientific explanation which are considered in the firsr two parts of thc
present study m.ay be f-ound. in Feigl. Ient study may be found in Feigl IOperationjsm], pp. 284 ff .

6 On th6 subiect of explanatiori in tlie social scieni6s, cspecially in history, cf . 'rlso
fol lou' inp rtuLl icat ionsi rvhich mav serve to supplement'and ampli fy thc'bricf t l is-the follou'ing publications, rvhich may serve to supplement-an9 ryplLfy tlre_bricf tlis-

cussion to tre presented here: Hempel [Larvsl;  Popper [SocieryJ; Wlri tc [ l i .xplarr:r-
t i rrrr l :  and rfre'art icles Cause an<l [Jiderstandinp in' l ic:rrd antl  Floolt  I  l 'crrninologvl.ti<rrrl; and tfre articles Cause an<l IJitderstanding io ant l  Flool t  I  l 'crrninologyl .

s ' l ' [e i l lusrr : l r ioq is takcn fronr Bor1f ' lptc ISenranr icsl ,  scct ion 3.
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t ics,  but  n11t of  thci l  i r r t l iv ic lu i l l  inst i rnccs. ' l 'ht ts,  t l tc  r t rgt t t t tc: t t t  is  i t t t ' r l r r t ' l t r -

sive. It gives occasion, howcvcr, to crlphnsiz.c an itttpot'tant l loittr-cottcct'tr-
ing oui earlier analysis: When we spol<e of thc cxplarrarion of a singlc

ev-ent, the tefm "event" teferred tO the oqculrellcC Of sotttc ttt<lrc ot' lcss

complex characteristic in a specific spatio-temporal location or itt a ccrtrri l 'r

individual object, and not to att the characteristics of thflt objcct, or to all

established.

8Cf. ,  for  example,  F.  H. Knight 's presentat ion of  th is argunrcnt in l l , i r r r i t t t iorrs l ,

l ) l ) .25r-52.

I
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col l ( l i t io l ls  of  n l l rot i r ' ; r r iorr l l  c tp l : rnrr t iorr ,  : r r r t l  t l rc lc is no f1;r . r r rn l  l i l lc lcrrcc
on this accor.rnt l lct*'ccn l lr()t ivationar and causrl explarrnti 'r.

Neither does thc fact that tnotives are not acccsii lr le to clircct ollscrvn-
tion by an outside observer constitute an essential difference bctrvccn tlrc
two 

.kinds 
of explanation; for also the deternrining factors acrduccd in

physicalexplanations are very frequently inaccessiblJto direct observati.n.
This is the case, for instance, when opposite electric charges are adcl'cccl
in- explanation of the mutual attraction bf t*o metal spherJs. The prcsencc
of those charges, rvhile eluding all direct observatiori, can be ascertainecl
by various kinds of indirect tesi, and that is sufficient to guarantee the em_
pirical character of the explanatory staremenr. Similarlf, rhe presence of
certain motivations may be ascertainable only by indirett metliods, which
may includc referenc-e to linguistic urteranc;s or tn" subject in question,
slips of.the.pen or of.the tongue, etc.; but as long as th'ese methods are
"operationally-determined" wiih reasonable claritliand precision, there is
no essential difference in this respect between motivational explanation and
causal explanation in physics.

A potential danger of expranation by motives Iies in the fact that the
method lends itself to the facile constrlction of ex-post-facto accounts
rvithout predictive force. It is a widespread tendency to',,explain,, an acrior.t
by ascribing it to motives conjectuied onry after the aJtio' has tal<en
place. while.this procedure is not in itself objectionabre, its soundness re-
quires that ( r ) the motivational assumpdoni in question be capable of
tesr, and (z) that suitable. generar raws be availabie to,lend .*pirnr,o.y
power to the assumed motives. Disregard of these requirements fiequentry
deprives alleged motivationar expranations of their cognitive significance.

The explanation of an action in terms of the 
-ot]u., 

of tfie agent is
sometimes considered as a special kind of teleological explanation. As ,ras
pointed our above, motivational explanation, ii adequitely formulated,
conforms to the conditions for causai explanation, ,o thrt thl term ,,teleo-
Iogical" is a nrisnomer if it is meant to implv either a non-causal character
of the explanation or a peculiar determinaiion of the present by the future.
If this is borne in mind, however, the term "tereologicar" 

^ i be vierved,
in this conrexr, as referring to causal explanations In which'some of the
antecedent conditions are motives of thi agent whose actions are to be
explained.,
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cxaurirtcd lteforc, thc ends are not assumed here to be consciottsly <lr srtlr-

to l<ecping the organism alive or to preserving the.spccict.l" Att rlttcrl l l)t

,u.rrr" piecisely ivhat is meant ny this latter assertiorl-ot'by tlrc sirrri l :tt '

,rnc tl ' ,at without those characteristics, and other things bcirtg crlttrt l, t l tt '

r lrganism or the species would not survive-encollnters c<lnsitlcr:rlr lc t l i f-

f i . ir l t i"s. But these need not be discussed here. For even if rvc:tsstttttc t ltnt

r , , . , \n rut , r lvs is oI  rc lcoloqtcrr l  str l rcnrcnts i t r  l r io logr ' , t l , r t tg t l t t ' t r ' l i t lcs t t t ; t t ' l t t ' lot t l t r l

r r r  \ \ ' r r0t lqr . r .  l l r r . i r r , . i l t l t .s l .  e i l tcr i , r l l r ' .1) l t .41. :  l l . l  ( 's \ ( ' l l t i : l l lv  l l t t  r : l t t t t  i l l t ( l l ) l ( " r l l ' r r t r  l \

: r l ror ' : t t t , i  l ) \ ' l \ ; t r l l l l l ; l l l l l  i r l  | \ lc t l r " , lo l ' rgvl .  t l l r rpt t ' l ' i t '
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tcr l r r i r to logy. l tnt l  rv l t ic l t  inctcusc orrr  st ' ic l r t i f ic  l inou, lcr lgc <l f  t6c crrrrs:r l
conr'tcctions l lctr.vccn biol<lgictl phcnolncna.

. 
A'othcr aspccr.rrrat le'ds appcal t<l tereologicar consicrcrations is trrcir

arrrh*rprnrorphic character. A iireorogical exilanation t.na, to nral<c us
fccl that we really "understand" the ph-enomenon in question, becarrse it is

with which we are familiar from our

i r r < | ce d . m is r e ad i n g. Fo r whi I e,"-: ::'.'ffff ':#,:T,il"ft T'j'i n H:
Psychrlogical effecr, itis by- no means universal: Tie free fail of a physical
Irody nray. well be said to be a more familiar phenornenon than the raw
rf gravitation, by means of which it can be expl'airred; ,"d ,;;it the basic
itlcas of the theory of rerativity will appear tomany ro be far ress familiar
tttt l l  t l te phenomena for which the theory accounts.

; not only noc necessary for a sound
5[e1y-, but it is not sufficient either.
r which a proposed explicans sounds
ser inspection proves io be a mere
tability, or a set of statements which

rre lacks explanatory power. A case in
p.int is the neovitalistic artempt to explain bioiogical phino-.n, by ref-
crcncc ro an enrelechy or vital force. The crucial 

-point'here 
is not_as it is

s.rrretinres made out to be-that entelechies cannot be seen or otherwise
dircctly observed; for that is true arso.of gravitationar fietat, 

"nJyer, 
ref-

crcrce to such fields is essential in the 6xplanation of various physical
Phc'rourena. The decisive difierence befween the two cases is that the
phvsical explanation provides ( r ) methods of testing, albeit indirectry,
asserrio.'s about gravitational fields, and (z)-generar liws corrcerning t(e
strcngth of gravitational fierds, and the behivior of obiects moviig in
tlrc.r. Iixplanations.,by entelechies satisfy the analogue of 'neither 

of these
t'uvo conditions. Failure. to satisfv the fiist gonditioi represents a violation
rf (l l i); i t renders alr statements about entelechies inaccessible ro em-
pi.ical tcsr and thus devoid of empiricar meaning. Failure to comply wirh
the scc'nd condition involves a viblation of (Ri). It deprives th.'.u.,..p,

lrt; for explanatory power never re_
general laws in which it functions.
r of farniliarity of the metaphor it

I t lg ' tnotprovidet l reoret icalunderstand-

, 
t-1'." prcccding observations about fanril iarity and unclcrstancli l lg cn'

l rc r l t l l l ic t l ,  in n s i r r r i l : r r  l l tnnr lcr ,  to thc v icu,hclr l  l ly  sorrrc sclrol l r r .s thnt  r l rc
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cxpl:rnlt ion, or thc nrrtlcrstancling, of hurnan actions rcquircs rn empathic
rundcrstancling of thc pcrsonalities of the agents.lr This understanding of
:rrrother person in terms of one's own psychological functioning may prove
:r rrscful hcuristic device in the search for general psychological principles
rvhich might provide a theoretical explanation; but the existence of em-
pathy on rhe part of the scientist is neither a necessary nor a sufficient
condition for the explanation, or the scientific understanding, of any human
rrction. It is not necessary, for the behavior of psychotics or of people
Irclonging to a culture very different from that of the scientist may some-
tirnes be explainable and predictable in terms of general principles even
though the scientist who establishes or applies those principles may not be
rrble to understand his subiects empathically. And empathy is not sufficient
to guarantee a sound explanation, for a strong feeling of empathy may exist
cvcn in cases where we completelv misjudge a given personaliry. More-
over, as the late Dr. Zilsel has pointed out, empathy leads with ease to
incompatible results; thus, when the population of a rown has long been
subjected to heavy bombing attacks, we can understand, in the empathic
scnse, that its morale should have broken down completely, bur we can
trnderstand with the same ease also that ir should have developed a defiant
spirit of resistance. Arguments of this kind often appear quite convincing;
lrrrt they are of an elc post facto character and lack cognitive significance
tunless they are supplemented by testable explanatory principles in the form
<lf laws or theories.

Familiarity of the explanans, therefore, no matter whether it is
achieved through the use of teleological terminolog/, through neovitalistic
rnctaphors, or through other means, is no indicadon of the cognitive im-
port and the predictive force of a proposed explanation. Besides, the extent
to which an idea will be cdnsidered as familiar varies from person to per-
son and from time to time, and a psychological factor of this kind certainly
callnot serve as a standard in assessing the worth of a proposed explanation.
'l'he decisive requirement for every sound explanation remains that it
subsume the explanandum under general laws.

Penr II. ON rnr Iore or EuBncrrvcp

$5. Leaels of Explanation. Analysis of Emergence

As has been shown above, a phenomenon may often be explained by
scts of laws of different degrees of generality. The changing positions of a
planet, for example, may be explained by subsumption under Kepler's laws,
or by derivation from the far more comprehensive general law of gravita-
tion in combination with the laws of motion. or finallv by deduction from
rhc general theory of relativity, which explains-ana riigfttty modifies-
tlrc prccccling set of larvs. Sinrilarly, the expansion of a gas with rising

rr l ior 'r rrrorc dctailcd discussion of this vicw on thc b:rsis of the gcncral principlcs
ottr l i r rcr l  n l rovt : ,  cf .  Zi lscl  I l , ) rnPir ic isrnl ,  sccr iorrs 7 and 8,  : rnd I lcnrPcl  I l ,nvsl , 'sccr io i r  6.



,32 SCIENTIFIC EXPLANATION

constructs which function in the context of some comprehensive theory.
As the preceding illustrations show, the concepr of higher-level explana-
tion covers procedures of rather different character; oie of the most im-

ng the spatial parts or other constituents of the systems in which the phe-
lomena occur, and which in this context are oftLn referred to as whbles.

r i r  l i ( ) r  r l  l t r t ' i t l  l r r ic f  cxposi l iotr  of  t l r is . i t lur ,  scc Fc. ig l  lOlrcr .ur ionisrrr l ,  pp.  t l t4-r t i l l .t r r ( i r r t r 'cr t l i t tg t l tc  t ' r , t t i 'cpt  of  r r .vcl ty i r r  i rs krgicrr l  i i r r . l  p iyclr , l rg i .* l ' i , i . , | r , , , ,g*,  *""
ro Str t r ' t :  lNovclry l .
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( r ) First, the question whether a given characteristic of a "whole",'t!,

is emergent or llot cannot be significantly raised until it has been stated

what is-to be understood by the Par$ or constituents of ru. The volume of

a brick wall, for example, may be inferable by addition from the volumes

of its parts if the latter-are undersrood to be the component bricks, but it is

nur ro irrf.r"ble from the volumes of the molecular components of the wall.

Before we can significantly ask whether a characteristic W of an obiectTl
to state the intended meaning of the

y defining a specific relation Pr and

obiects which stand in Pt to tu count

ht be defined as meaning "cottstituent

, or "molecule contained in" (for any

phVsical obiect), or "chemical element contained in" (with resPect to

ihemi.al compourrds, or with respect to any material obf eg!), or "cell of"

(with respecf to organisms), etc., The term "whole" will be used here

without any of its various connotations, merely as referring to any object

zr.r to which others stand in the specified reladon Pr. In order to emphasize

the dependence of the concept of part uPon the definition of the relation

Pt in each case, we shall somitimes speak of Pt-parts, to refer to Parts as

determined by the Particular relation Pt under consideration'

(z) We turn io 
^ 

second point of crit icism. If a characteristic of a

whole is to be qualified as emergent

ferred from a knorvledge of all the pr

has pointed out' no whole can have a

illusirate bv reference to our earlier

include that of forming, if suitablv

which is liquid, transParent, etc. Hence the liquidity-, transParence' etc'

of water can be infeired from certain PfoPerties of its chemical con-

stituents. If the concept of emergence is not to be vacuous, therefore, it

will be necessary to specify in every case a class G of attributes and to

call a characteristic Ii/ of-^n object ttl emergent relatively to G and Pr

if the occurrence of w in u cannot be inferred from a complete charac-

terization of all the Pr-parts with respect to the atffibutes contained in G'

i.e. from a sratement which indicatei, for every attribute in G, to which

of the parts of ?, it applies.-Evidently, the occurrence of a characteristic

may be emergent wiih respect ro one class of attributes and not emergent

*iih r.rpect 
"to 

anorher. The classes of attributes which the emergentists

have in *ind, and which are usually not explicitly indicated, will have to be

consrrued as non-trivial, i.e. as not logically entailing the property of each

consrituenr of forming, together witli the other constituents, a whole with

the characteristics unier irivestigations.-Some fairly simple cases of emer-

gcncc in the sense so far tp".Ifi"d arise when the class G is restricted

i,, .".t.i', sir'plc propcrtics ,if th" portr, to the exclnsion of spatial or other

rclati<ltrs.,tt,,ng ti ' ,"rrr. ' l ' l ' , ' t , t lrc cltctrorrx)tivc forcc of a systenr of several

c lcctr . ic  I l : r t tcr . ics cunn() t  l rc i r r fcr lct l  f t 'or t t  r l rc c lcct t 'o l t tot ivc forccs of  i ts
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constituents alone without a description, in terms of relational concepts,
of the way in which the batteries are connected with each other.la

(3) Finally, the predictability of a given characterisric of an object
on the basis of specified information concerning its parts will obviously
rlcpcnd on what general laws or theories are available.'u Thus, the flow of
rrn electric current in a wire connecting a piece of copper and a piece of
zirrc which are partly immersed in sulfuric acid is unexplainable, on the
lxrsis of information concerning any nontrivial set of attributes of copper,
zinc and sulfuric acid, and the particular structure of the system under
c<lnsideration, unless the theory available contains certain general laws con-
ceming the functioning of batteries, or even more comprehensive prin-
ciples of physical chemistry. If the theory includes such laws, on the other
hand, then the occurrence of the current is predictable. Another illustra-
tion, which at the same time provides a good example for the point made
rrndcr (z) atrove, is afforded by the optical activity of certain subsrances.
'l'he optical activity of sarco-lactic acid, for example, i.e. the fact that in
solntion it rotates the plane of polarization of plane-polarized light, cannot
bc predicted on the basis of the chemical characteristics of its constituent
clculents; rather, certain facts about the relations of the atoms constituting
rr rnolccule of sarco-lactic acid have to be known. The essential point is that
thc rnolecule in question contains an asymmetric carbon atom, i.e. one that
holds four different atoms or groups, and if this piece of relational in-
frinrration is provided, the optical activity of the solution can be predicted
provided that furthermore the theory available for the purpose embodies
thc Inw that the presence of one asymmetric carbon atom in a molecule
irnplics optical activity of the solution; if the theory does not include this
nricr'o-nracro law, then the phenomenon is emergent with respect to that
tlrcory,

An argument is sometimes advanced to the effect that phenomena such

la J'his observation connects the present discussion with a basic issue in Gestalt
tlrcory,'I'hus, e.g, the insistence that "a whole is more than the sum of its parts" nray bc
corrstiucd as refirring to characteristics of r.r'holes whose prediction requirts knowlidgc
of ccltain structural relations among the parts. For alurther examination of this point,
scc ( i rc l l ing and Oppenheim IGestal tbegr i f f ]  and lFunct ional  Whole] .

ti l-ogicll analyscs of emergence which make reference to thc thcorics avtilablc
Ir:rvc lrcon propoundcd by Grelling and recently, in a very explicit fornt, by ]lcnlc in
ll')rrrclgcnccl. In cffcct, Henle's definition characterizes a phenomenon as ernergcrrt if
it citrrrtot trc preclicted, by nrcans of the theories accepted at tlre time, on thc basis of tltc
r l : r t i r : t r ' : r i la l l lc  bcforc i ts occurrence. In th is interpretat ion of  cmergencc, no rcfcrcncc is
nr;r( l ( '  t ( )  c l r r r r r rctc l is t ics of  perts or const i tuents.  Hcnle 's conccpt of  predictalr i l i ty  t l i f lcrs
l lonr (hc orrc inrpl ic i t  i r . r  our discussiorr  (and nrade expl ic i t  in Part  I I I  of  th is rrr t ic lc)  in
t l r : r t  i t  inrpl ics t lc i r ivrr l r i l i tv  f rorrr  thc "s i rnplest"  hypothcsis which can bc fornrcd orr  thc
lr : rs is of  t l rc <l t t r t  : t r t r l  t l tcor ics : rv:r i l : r l r lc  r r t  t l rc t i r rc.  A nunrbcr of  srrggcst ivc obscrr ' : r t iorrs
ort  t l rc i t lc : t  of  cr t tcrgcrtcc:rnd on Hcnlc 's analysis of  i t  arc cont- . . r l r rc. l  in l lcrgrrnrrrr 's
rul t ic lc I  l , ,nrr : rgcrrc:c l . - ' l  l rc i t lc : r  rh:r t  t l rc corrccirr  of  crncrgcncc, at  le:rst  i r r  sorr le of  i ts
: rppl i r ' : r t i r t t ts.  i i  t r tcr t r t t  l ( )  r 'c fct ' ro t r r t l l r t , t l ic t : r I r i l i ty  l ry ntc ' , i r rs.r f  "s i r r rp lc"  l r rws w:rs l r t l -
v lutct ' t l  u lsr ,  l ry ( i lc l l i l rg i t t  t l t t ' t 'ot ' tcspott t lc t t< ' r :  r t tcrr t iorrcr l  i l l  notc (r) .  l l t . l i r r r rcc orr  t l r t :
not ior t  of  s i r r r l t l ic i ry of  l r lpot l rcscs,  l rot t ' r 'v t ' r ,  i r tvolvcs corrs i r l t . r : r l r lc  t l i l l icul t ics;  i r r  fut . t ,
r to r ; r l i r l r r t  toty r l r . l i r r i t i , , l r  o l  t l r : r t  t 'o l r<cpt is nv:r i l r r l r lc  f l t  l ) l .cs( . l l t .
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as the flow of the current, or the optical activity, in our Iast examples, are
absolutely emergent at least in the sense that they could not possibly have
been predicted before they had been observed for the first time; in other
words, that the laws requisite for their prediction could not have been ar-
rived at on the basis of information available before their firsr observed
occurrence.lu This view is untenable, hou'ever. On the strength of data
available at a given time, science often establishes generalizations by means
of which it can forecast the occurrence of events the like of which have
never before been encountered. Thus, generalizations based upon perio-
dicities exhibited by the characteristics of chemical elements then known,
enabled Mendeleeff in r 87 r to predict the existence of a certain new element
and to state correctly various properties of that element as well as of several
of its compounds; the element in question, germanium, was not discovered
until 1886.-,4. more recent illustration of the same point is provided by
the develooment of the atomic bomb and the prediction, based on the-
oretical principles established prior to the event, of its explosion under
specified conditions, and of its devastating release of energy.

As Grelling has stressed, the observation that the predictability of the
occurrence of any characteristic depends upon the theoretical knowledge
available, applies even to those cases in which, in the language of some
emergentists, the characteristic of the whole is a mere resultant of the
corresponding characteristics of the parts and can be obtained from the
latter by addition. Thus, even the weight of a water molecule cannot be
derived from the weights of its atomic constituents without the aid of a
Iaw which expresses the former as some specific mathematical function of
the latter. That this function should be the sum is by no means self-evident;
it is an empirical generalization, and at that not a strictly correct one, as
relativistic physics has shown.

Failure to re lize that the question of the predictability of a phenome-
non cannot be significantly raised unless the theories available for the
prediction have been specified has encouraged the misconception that cer-
tain phenomena have a mysterious quality of absolute unexplainability, and
that their emergent status has to be accepted with "natural piety", as F. L.
Atlorgan put it. The observations presented in the preceding discussion
strip the idea of emergence of these unfounded connotations: emergence
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of a characteristic is not an ontological trait inherent in some phenomena;
fnther it is indicative of the scope of our knowledge at a given time; thus
it has no absolute, but a relative character; and what is emergent with re-
;pect to the theories available today may lose its emergent itrtu, tornor-
row.

The preceding considerations suggest the following redefinition of
cmergence: The occurrence of a characteristic W in an obiect o is emer-
gent relatively to a theory T, a part relation Pt, and a class G of attributes
if that occurrence cannot be deduced by means of T from a characteriza-
tion of the Pr-parts of tl with respect to all the attributes in G.

This formulation explicates the meaning of emergence with respecr to
eaents of a ceftain kind, namely the occurrence of some characteristic IZ
in an object tu. Frequently, emergence is attribute d to cbaracteristics rathet
than to events; this use of the concept of emergence may be interpreted as
follows: A characteristic W is emergent relatively to T,Pt, and G if its
occurrence in any object is emergent i-n the sense just indicated.

As far as its cognitive content is concerned, the emergentist assertion
that the phenomena of life are emergent may now be construed, roughly,
as an elliptic formulation of the following statement: Certain specifiable
biological phenomena cannot be explained, by means of contemporary
physico-chemical theories, on the basis of data concerning the physical
nnd chen.rical characteristics of the atomic and molecular constituents of
organisms. Similarly, the so-called emergent status of mind reduces to the
flssertion that present-day physical, chemical and biological theories do not
snfEce to explain all psychological phenomena on the basis of data con-
ccrning the physical, chemical, and biological characteristics of the cells
rrr of tl-re molecules or atoms constituting the organisms in question. But in
rhis interpretation, the emergent character of biological and psychological
phcnomena becomes trivial; for the description of various biological phe-
norrena requires terms which are not contained in the vocabulary of pres-
ent clay physics and chemistry; hence we cannot expect that all specifically
:riological phenomena are explainable, i.e. deductively inferable, by means
rf present day physico-chemical theories gn the basis of initial conditions

'vhich thernselves are described in exclusively physico-chemical terms. In
rrclcr to obtain a less trivial interpretation of the assertion that the phe-
lonlcnn of life are emergent, rve have therefore to include in the explanatory
.lrcory all those laws known at present which connect t l-re physico-chenrical
*,ith the biological "level", i.e., which contain, on the one hand, certain
rlrysical and chernical terms, including those required for the clcscriptir ln
rf lrr<llcctrlar structures, and on the other hand, ccrtain concepts of biology.
\n:rnalogous observation applies to the case of psychologV. If t lrc asscr-
ion t l rnt  l i fc  and rnind l ravc an clncrgcnt status is intcrprctcd in th is scnsc,
l rcn i ts i r r r l lo l t  cnn l rc surrrrrrr i l ' izct l  r r l lPr 'oxirrrr r tc l .v l ry t l rc st : r tcrrrcnr r l r : r t
ro cxPl l r r t t r l i0n,  i r r  tc lnrs r l f  i l r i r ' t 'o-st I r rctrrrc t l r ( ' ( ) r ' ics,  is : rv l r i l l r l r lc : l r  l ) r 'cs-
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ent for large classes of phenomena studied in biology and psychology.lT
Assertions of this type, then, appear to represent the rational core of

the doctrine of emergence. In its revised form, the idea of emergence no
longer carries with it the connotation of absolute unpredictability-a no-
tion which is objectionable not only because it involves and perpetuates
certain logical misunderstandings, but also because, not unlike the ideas of
neo-vitalism, it encourages an attitude of resignation which is stifling for
scientific research. No doubt it is this characteristic, together with its theo-
retical sterility, which accounts for the rejection, by the majority of con-
temporary scientists, of the classical absolutistic doctrine of emergence.ls

Penr III. Locrcnr ANervsts oF LAw eNo ExpteNettoN

56. Problems of the Concept of General Lau

From our general survey of the characteristics of scientific explana-
tion, we now turn to a closer examination of its logical structure. The ex-
planation of a phenomenon, we noted, consists in its subsumption under
laws or under a theorv. Bur what is a law. what is a theorvl While the
meaning of these .on.!pa, seems intuitively clear, ,.t ,,,..np, to construct
adequate explicit definitions for them encounte$ considerable difficulties.
In the present section, some basic problems of the concept of law will be
described and analyzed; in the next section, we intend to propose, on the
basis of the suggestions thus obtained, definitions of law and of explanation
for a formalized model language of a simple logical structure.

The concept of law will be construed here so as to apply to true state-
ments only. The apparently plausible alternative procedure of requiring
high confirmation rather than truth of a law seems to be inadequate: It
would lead to a relativized concept of law, which would be expressed by
the phrase "sentence S is a law relatively to the eviden ce E" . This does not
seenl to accord with the meaning customarily assigned to the concept of
law in science and in methodological inquiry. Thus, for example, we would
not say that Bode's general formula for the distance of the planets from the

sun was a law relatively to the astronomical evidence available in the r77os,
when Bode propounded it, and that it ceased to be a law after the discovery

|  \ / : r l ia l r les l ,  p.  :75.
r*  l  l r is  l i r i t t r t lc  of  t l rc scicrr t is t  is  voiccd, for  cx:urrPl t : ,  l r1,  I  l r r l l  i r r  l l ) r ' inciPlcsl ,  pP.

r i  rH.
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of Neptune and the determination of its distance from the sun; rather, we
would say that the limited original evidence had given a high probability to
the assumption that the formula was a law, whereas more recent additional
information reduced that probabiliqy so much as to make it practically cer-
tain that Bode's forrnula is not generally true, and hence not a law.l8n

characteristics of a general law, with the possible exception of truth. Hence,
every law is a lawlike sentence, but not conversely.

Our problem of analyzing the concept of law thus reduces to that of
explicating the meaning of "lawlike sentence". We shall construe the class
of lawlike sentences as including analytic general statements, such as "A
rose is a rose", as well as the lawlike sentences of empirical science. which
have empirical content.2' It will not be necessary to reqoire that each law-
Iil<e sentence permissible in explanatory contexts be of the second kind;
lather, our definition of explanation will be so constructed as to guarantee
the factual character of the totality of the laws-though not of every single
one of them-which function in an explanation of an empirical fact.

What are the characteristics of lawlike sentencesl First of all, lawlike
scntences are statements of universal form, such as "All robins' eggs are
grecnish-blue", "All metals are conductors of electricity", "At constant
pressure, any gas expands with increasing temperature". As these examples
illtrstrate, a lawlike sentence usually is not only of universal, but also of
conditional form; it makes an assertion to the effect that universally, if a
ccrtain set of conditions, C, is realized, then another specified set of con-
ditions, E, is realized as well. The standard form for the symbolic exprcssion
of a lawlike sentence is therefore the universal conditional. However, sincc
any conditional statement can be transformed into a non-conditional one,
conditional form will not be considered as essential for a lawlike sentcncc,
while universal character wil l be held indispensable.

Ilut the requirement of universal form is not sufficient to charactclizc
larvlike senten.Ls. Suppose, for example, that a certain basl<et, D, conrrrilrs

r r r  |  ( i l t r t tcr f  : rctur ls l .  r r .  r  z <,
: ' r ) ' l  h i \  l ) rocc( l t t rc u:rs strggcstcr l  l ry ( i rxr t l r r r l l r 's  : rp l l ro:rch in [ ( i r r r r r ter f : rct t r : r ls l .

I tc ic l rcr t lncl i ,  i r r  n <lctni lct l  cxni i r in,r t ior i  of  thc corrccgrt 'of  l : rw, s i r r r i l r r r ly  ( 'onstnrcs l r is
( ' t ) r r ( ' ( ' l ) t  of  t rot t ro logi t ' : t l  s t r r l ( 'n)cnt : rs i r rc l r r t l ing l rot l r  arr : r ly t ic : t r r r l  s1 'nt l r t . t i t ' \ ( . l lc l ( 'cs;  c{ .
I  l ,ogir '  l ,  t ' l r r rptc l  Vl l l .
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at a celtain time t a number of red apples and nothing else.21 Then the
statement

(S,) Every apple in basket b attime r is red

is both true and of universal form. Yet the sentence does not qualify as a
law; rve would refuse, for example, to explain by subsumption under it the
fact that a particular apple chosen at random from the basket is red. What
distinguishes S, from a lawlike sentence? Two points suggest themselves,
which will be considered in turn, namely, finite scope, and reference to a
specified object.

First, the sentence S, makes, in effect, an assertion about a finite num-
ber of objects only, and this seems irreconcilable with the claim to uni-
versality which is commonly associated with the notion of. law.z" But are
not Kepler's laws considered as lawlike although they refer to a finite set
of planets only? And might we not even be willing to consider as Iawlike
a sentence such as the following?

(Sr) All the sixteen ice cubes in the freezing tray of this refrigerator have
a temperature of less than ro degrees centigrade.

This point might well be granted; but there is an essential difference be-
tween S, on the one hand and Kepler's laws as well as S, on the other: The
latter, while finite in scope, are known to be consequences of more com-
prehensive laws whose scope is not limited, while for S, this is not the case.

Adopting a procedure recently suggested by Reichenbach,2s we will
therefore distinguish between fundamental and derivative laws. A state-
ment will be called a derivative law if: it is of universal character and fol-
lows from some fundamental laws. The concept of fundamental law re-
quires further clarification; so far, we may say that fundamental laws, and
similarly fundamental lawlike sentences, should satisfy a certain condition
of non-limitation of scope.

It would be excessive, however, to deny the status of fundamental
lawlil<e sentence to all statements which, in effect, make an assertion about
a finite class of objects only, for that would rule out also a sentence such
as "All robins' eggs are greenish-blue", since presumably the class of all

:r The difficulty illustrated by this example was stated concisely by Langford ( [Re-
vicrvl), who referred to it as the problem of distinguishing between universals of fact
:rrrtl clusal universals. For further discussion and illustration of this point, see also Chis-
l ro lnr  lCondi t ional l ,  especial ly pp.3orf . -A systemat ic analysis of  the problem was
givcn by Coodnran in ICounterfactuals] ,  especial ly part  I I I . -Whi le not concerned
u'irh tlrc spccific point under discussion, the detailed examination of counterfactual
corrrlitiorrals and their rclation to laws of nature, in Cllapter VIII of Lewis's work

ll,lll,{'s,r,,contrins 
inrportant observations on several of thb issues raised in the present

r3 l ' l rc v icrv t lnt  lurvs shorr l t l  bc construcd as not bcing l imi ted to a f in i te domain
hrr  l rccrr  t :xprcsscr l ,  r r r rorrg othcrs,  by l )oppcr (  [Forsclrung l , - -sect ion r  3)  and by Reichen-
l r lch ( l l ,ogic l ,  p.  q69).

rr t  l  l  ,ogir '  1.  p.  i6 r . - - (  ) r r r  t t : r ' t t t i r tokrgy : ts wcl l  : ts t l t t :  r lc l i t t i r ior ts to l lc  proposcd latcr
for  t l r r :  l rvo t1,Pt 's ol  lurv tkr  t to l  t 'o i r t t ' i r l t 'wi t l r  I tc ic l rcr i l l : t t ' l t 's ,  l t t twcvrrr .
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robins' eggs-past, present, and future-is finite. But again, there is an es-
sential difference between this sentence and, say, Sr. It requires empirical
knowledge to establish the finiteness of the class of robins' eggs, whereas,
when the sentence S. is construed in a manner which renders it intuitively
unlarvlike, the terms "basket b" and "apple" are understood so as to imply
finiteness of the class of apples in the basket at time t. Thus, so to speak,
the meaning of its constitutive terms alone-without additional factual
information-entails that S, has a finite scope.-Fundamental laws, then,
will have to be construed so as to satisfy what we have called a condition
of nonlimited scope; our formulation of that condition however, which
refers to what is entailed by "the meaning" of certain expressions, is too
vague and will have to be revised later. Let us note in passing that the
stipulation here envisaged would bar from the class of fundamental larv-
Iike sentences also such undesirable candidates as "All uranic objects are
spherical", where "uranic" means the properqF of being the planet Uranus;
indeed, while this sentence has universal form, it fails to satisfy the con-
dition of non-limited scope.

In our search for a general characterization of lawlike sentences, we
now turn to a second clue which is provided by the senrence Sr. In ad-
dition to violating the condition of non-limited scope, this sentence has the
peculiarity of making reference to a parricular object, the basket b; and
this, too, seems to violate the universal character of alaw.2a The restriction
which seems indicated here, should however again be applied to funda-
mental lawlike sentences only; for a true general statement about the free
fall of physical bodies on the moon, while referring to a particular object,
would still constitute a law, albeit a derivative one.

It seems reasonable to stipulate, therefore, that a fundamental lawlike
sentence must be of universal form and must contain no essential-i.e.,
uneliminable-occurrences of designations for particular objects. But this
is not sufficient; indeed, just at this point, a particularly serious difficulty
presents itself. Consider the sentence

(Sr) Everything that is either an apple in basket b attime f or a sample of
ferric oxide is red. r,

If we use a special expression, say "x is ferple", as synonymous with "r is
either an apple in b at t or a sample of ferric oxide", then the content of S,
can be expressed in the form

(S") Everything that is ferple is red.

The statement thus obtained is of universal form and contains no t'lesigrrn-
tions of particular objects, and it also satisfies the conditiorr of non-lirrritctl

2a Ir t  physics,  thc idea that a law should not rcfcr  to rrry pirr t icrr l i r l  o l r jc t ' t  l r rs forrrrr l
i ts  cxl t lcs i i , t i r  i l r  thc t t taxint  t lut  t l rc gcrrcr t l  l : rws of  l lhysic ishorr l . l  t ' , , r r t ' r i r r  n '  r ( ,1 ' r , r 'u l ( .c
to spct ' i l i t 'sp: t t '< ' - l i t t tc  poi t t rs,  tnt l  th: i t  sp:r t io- t t ' rn lxrr : r l  i 'ool t l i r r r r t t ,s s l roulr l  occul  i r r  t l rcrrr
ot t lv  i r r  t l t t '  l i r l r t r  o l ' t l i lk . r t ' r rccs or r l i l I i . r 'crrr i r r ls .
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scope; yet clearly, So can qualify as a fundamental lawlike sentence no nlolc
than can S".

As long as "ferple" is a defined term of our l4nguage, the difficulry
can readily be met by stipulating that after elimination of defined rernrs,
a fundamental lawlike sentence must not contain essential occurrenccs <lf
designations for particular obiects. But this way out is of no avail wl.rcrr
"ferple", or another term of the kind illustrated by it, is a primitive prccli-
cate of the language under consideration. This reflection indicates that
certain restrictions have to be imposed upon those predicates-i.e., tcnns
for properties or relations,-which may occur in fundamental lawlikc scn-
tences.25

More specifically, the idea suggests itself of permitting a predicatc irr r
fundamental lawlike sentence only if it is purely universal, or, as we shall
say, purely qualitative, in character; in other words, if a statement of its
meaning does not require reference to any one particular object or spatio-
temporal location. Thus, the terms "soft", "green", "warmer than", "as long
ast', "liquid", "electrically charged", "female", "father of" are prrrcly
qualitative predicates, while "taller than the Eiffel Tower", "mcdicvfll",
t'lunar", "arctic", "Mingt' are not.26

Exclusion from fundamental lawlike sentences of predicates which arc
not purely qualitative would at the same time ensure satisfaction of thc
condition of non-limited scope; for the meaning of a purely tlrralitnrivc
predicate does not require a finite extension; and indeed, all the scntcnc:cs
considered above which violate the condition of non-limited scopc nrakc
explicit or implicit reference to specific objects.

The stipulation just proposed suffers, however, from the vagucncss of

<;n Carnap's proposals.
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thc conccpt of purcly qualitative predicatc. The question whcdrcr indica-
tion of thc lleaning of a given predicate in English does or does not require
reference to some one specific object does not always permit an unequivo-
cal answer since English as a natural language does not provide explicit
definitions or other clear explications of meaning for its terms. It seems
therefore reasonable to attempt definition of the concept of law nor with
respect to English or any other natural language, but rather with respect
to a formalized language-let us call it a model language, L,-which is
governed by a well-determined sysrem of logical rules, and in which every
term either is characterized as primitive or is introduced by an explicit
definition in terms of the primitives.

This reference to a well-determined system is customary in logical re-
search and is indeed quite natural in the context of any attempt to develop
precise criteria for certain logical distinctions. But it does not by itself
suffice to overcome the specific difficulry under discussion. For while it is
now readily possible to characterize as nor purely qualitative all those
among the defined predicates in L whose definiens contains an essential
occurrence of some individual name, our problem remains open for the
primitives of the language, whose meanings are nor determined by defi-
nitions within the language, but rather by semantical rules of interpreta-
tion. For we want to permit the interpretation of the primitives of L
by nreans of such attributes as blue, hard, solid, warmer, but not by the
properties of being a descendant of Napoleon, or an arctic animal, or a
Greek statue; and the difficulty is precisely that of srating rigorous criteria
for the distinction between the permissible and the non-permissible inter-
pretations. Thus the problem of setting up an adequate definition for purely
qualitative attributes now arises again; namely for the conceprs of the
metalanguage in which the semantical interpretation of the primitives is
formulated. We may postpone an encounter with the difficulty by pre-
supposing fornralization of the semantical meta-language, the mera-mera-
Ianguage, and so forth; but somewhere, we will have to srop at a non-
formalized meta-language, and for it a chancterization of purely qualita-
tive predicates will be needed and will present much the same problems
as non-formalized English, with whigJr we began. The characterization
of a purely qualitative predicate as one whose meaning can be made ex-
plicit without reference to any one particular otrject points to the intended
meaning but does not explicate it precisely, and the problem of an adequate
definition of purely qualitative predicates remains open.

There can be Iittle doubt, however, that there exists a Iarge number
of property and relation terms which would be rather generally iecognizcd
rs purely qualitative in the sense here pointed out, and as permissible in
thc fornrr.rlation of fundamental lawlike sentences; some exanrples have becn
givcn ab<-rvc, and thc l ist could be lcadily enhrgcd. Whcd wc spcal< of
purcly tlrrnlit irt ive prcdicrtcs, wc shall hcnccforth have in urind prcdicatcs
of th is l< i r rd.

' l 'nlt Loclc otf t, lxt)LANA'r' loN t+ l
In the following scction, a nrodel languagc L of a r:athcr sirrrplc logicnl

structrlre wil l be described, whosc prinrit ives wil l be assunrcd t<l bc qualita-
tive in the sense just indicated. For this language, the concepts of law and
explanation will then be defined in a manner which takes into acconnt
the general observations set forth in the present section.

57. Definition of Law and Explanation for a fuIodel Languagc

. 
Concerning the syntax of our model language L, we make the follow-

lng assumPtrons:
L has the syntactical structure of the lower functional calculus withorrt

identity sign. In addition to the signs of alternation (disjunction), corr-
junction, and implication (conditional), and the symbols qf univcrsrrl
and existential quantification with respect to individual variablcs, drc
vocabulary of L contains individual constants ('d'r 'b'r. . . ), individu:rl
var iables ( ' * ' , 'y ' ,  ' . . ) ,  and predicates of  any desired f in i te dcgrcc;
the latter may include, in particular, predicates of degree r ( 'P', 'Q', . . . ),
which express properties of individuals, and predicates of degrcc z ('1t',
'S, - ), which express dyadic relations among individuals.

For sirnplicity, we assume that all predicates are primitivc, i.c., un-
defined in L, or else that before the criteria subsequently to bc dcvclopcd
are applied to a sentence, all defined predicates which it contains arc clirrri-
nated in favor of primitives.

The syntactical rules for the formation of sentences and for logicrl
inference in L are those of the lower functional calculus. No sentcncc
may contain free variables, so that generality is always expressed by uni-
versal quantification.

For later reference, we now define, in purely syntactical ternrs, il
numbet of auxiliary concepts. In the following definitions, S is alwnys
understood to be a sentence in L.

Q.ta) S is formally true (formally false) in L if S (the denial of S) can lrc
proved in L, i.e. by means of the formal rules of logical inferencc for [,. lf
two sentences are mutually derivable from each other in L, they will bc
called equivalent.

Q.tb) S is said to be a singular, or alternatively, a molecular scntcrrcc if
S contains no variables. A singular sentence which contains no statcnlcnt
connectives is also called atomic. Illustrations: Tl-re sentences 'R(a, h) I
(P (a) .  -  Q (a)) ' , ' -  Q (a) ' , '  (R(a,  b) ' , 'P (a) '  are al l  s ingular,  or  rnoleculn r ;
the last two are atomic.
(7.rc) S is said to be a generalized sentence if i t consists of onc or nrorc
quantif iers followed by an expression which contains no qurnrif icrs. S is
said to bc of universal form if it is a gencrnlized serltcnce ancl all thc qrrrrrt-
t if icrs occurring in it are univcrsal. S is callc<l purcly gcnclnliz.cd (prrrcly
rrnivcrsnl)  i f  S is a gcnclal izccl  scntcncc ( is of  t rn ivclsnl  forrrr)  i t r t r l  contr t i r ts
no int l iv ic l rn l  c, ,nsi ,ur ts.  S is saic l  t< l  l lc  csscrr f i r r l ly  r r r t ivct 'srr l  i f  i r  is  of  r r r t i -
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versal form and not equivalenr ro a singular senrence. s is cailed essentiaily
generalized if it is not equivalent to a iingular sentence.

concerninq the semanticar interpretation of L, we ray down the fol-lowing two stiiulations:

\Z.za.). !\e primitive predicares of L arc all purely qualitative.
(7.2b) The universe of discourse of L,i.e.,th^e do;ain;i; i ;;,, covered

lJ.j**:*.ifiers, 
consists of all physical obj.",r, or or n rfir-i*._porrt

,-. 
tn accordance with the considerations developed in section 6, we now

oenne:

rs a consequence.

3.:c) S is a Iaw in L if it is a fundamental or a derivative law in L.
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of being a father, and 'Q' that of bcing male.-' l 'hc tlcrivrrtivc lrrrvs, orr thc
other hand, include neither of these categories; indccd, no frrntlrrrrrcntnl Inr,v
is also a derivative one.

As the primitives of L are purely qualitative, all the statements of uni-
versal form in L also satisfy the requirement of non-limited scope, ancl
thus it is readily seen that the concept of law as defined above satisfies all
the conditions suggested in section 6.27

The explanation of a phenomenon may involve generalized sentences
which are not of universal form. We shall use the term "theory" to refer
to such sentences, and we define this term by the following chain of defi-
nitions:

Q.+a) S is a fundamental theory if S is purely generalized and true.

Q.+b) S is a derivative theory in L if ( r ) S is essentially, but not purely,
generalized and (z ) there exists a set of fundamental theories in L which has
S as a consequence.

Q.+c) S is a theory in L if it is a fundamental or a derivative theory in L.

By virtue of the above definitions, every law is also a theory, and every
theory is true.

With the help of the concepts thus defined, we will now reformulatc
more precisely our earlier characterization of scientific explanation witlr
specific reference to our model language L. It will be convenient to statc
our criteria for a sound explanation in the form of a definition for thc
expression "the ordered couple of sentences, (7, C), constitutes an ex-
planans for the sentence 8." Our analysis will be restricted to the explana-
tion of particular events, i.e., to the case where the explanandum, E, is a
singular sentence.28

In analogy to the concept of lawlike sentence, which need not satisfy
a requirement of truth, we will first introduce an auxiliary concept of po-
tential explanans, which is not subject to a requirement of truth; the notiorr

e? As defined above, fundamental laws include universal conditional statcments witlt
vacuous antecedents, such as "All mermaids are brunettes". This point does not apllcru'
ro lead to undesirable consequences in the definition of the explanation to be proposctl
later.-For an illuminating analysis of universal conditionals with vacuous antccc(lcnts,
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of explanans will then be defined with the help of this auxiliary concepr.-
Th..e considerations presented in part I suggesi the foilowing iiliti"t stipura_
trons:

(z'-i) An ordered couple of sentences, (7, c), consritures a pocential ex-
planans for a singular sentence E only if

(r) T is essentially generalized and C is sinsular
(z) E is derivable in L from ? and c jointl"y, but not from c alone.

rces, (7, C), constitutes an explanans
r i f
mans for E

^. _1I],]: l_l_i"pl]:i, 
definition of.explanation in terms of the concepr

ot potentlal expranation.le on the other hand, (z.s) is nor suggested as^a
definition, bur as a sraremenr of necessary conditions of pot.nft?l explana-
tion. These conditions wilr presently be shown nor ro'be sufficient, and
additional requirements will be discussed by- r.vhich (7.5) has to be sup_
plemented in order to provide a definition of potentii'e'xpr"nation.

Before we turn to this point, some ,.-".k, are calred for concerning
the formulation of (7.5). The analysis presented in part I suggests that
an explanans for a singular sentence coniirtr of a class of gener?ized sen-
tences and a class of singular ones. In (7.5), the elements 6f each of these
classes sep.arately-are assumed to te conloined to one sentence. This pro-
vision will simplify our formulations, and in the case of generarized sen-
tences' it serves an additional purpose: A crass of essentiilry generarized

:::r:1.._r,1ay be equivalenr to a singular sentence; ttus," the class
lP(a)v(x)Q(x) ' , 'P(a)v -  (x)e(x) ' )  Ts equivalent with the sentence
'P(a)'. since scientific explanation makes essential use of generalized sen_
tences' sets of laws of this kind have to be ruled out; this is'achieved above
by combining all the generalized sentences in the explanans into one con-
junction, ?, and stipulating that T has to be essentially generarized.-Again,
since scientific explanation makes essential use of gJnlrafized sentences, E

e: The law of gravitation, combined
rlonde and blue_eyed" does not con_
onde". The last stipulation in (Z.S)
and thus prohibits complete self_

:he derivation of E from some singu_

dispenses-with the need for a special fi:T.';;ri::ru:;:::m;{::to have factual contenr it e;c) is to be a potential expranans for an
2sl t isnecessarytost ipulate, in (2.6) (z) , that?_bearheoryratherthanmerelythat

T be true, for as was sho#n.in iection 6, it'" g"".r"rir"d:;;A;;d,;il;:" 
"" "*-planans.have to constitute a theory, and not 

"u8ry 
.rr.nti"try g"r"r"i;r.d ,.;tebnce wrrich

::_T:: 
b actualty a theory, i.e., a consequ.n.. 6r-"-i"ioi,pi;;j;;;;^ilr..i',.u" ,"n_tences.

THE LOGIC OF EXPLANATION 3+7
al, then, since E is a consequence of

T must be factual, too'

preclude, however, what might bc

:iplanandum. Consider the sentences

),- : 'R(a,  b)  'U(h) ' ,  Er: 'Q(a) '

R(a, b)'.They satisfy all the requirements laid down itt (Z'S)' but it seems

counter-intuiiive to say that (T';C') potentially explains E', because the oc-

currence of the compbnent 'R(4, b)' of C' in the sentence E. amounts to a

partial explanation of the explanandum by itself. Is it not Possible to rulc

ior, Uy al additional stipulaiion, all those cases in which E shares part. 
'f

it, .orit".rt with C, i.e. #here C and E have a common consequence w5ic6

i, .rot for*"lly true in Lt This stipulation would be tantamount to tltc

requirement that C and E have to be exhaustive alternatives in the sctlsc

thir their alternation is formally true, for the content which any two

sentences have in common is expressed by their alternation. The,proposcd

restriction, however, would be very sevefe. For if E does not sharc cvcn

oart of its content with c, then c is altogether unnecessary fof thc tlcrivt-

ii"" 
"f 

E from T and C,i.e., E can be inierred from T alone. Tltcrcf.t'c, itt

I the singular conlponcl.lt of thc cx-

randum is partly eiplnincd try irsclf '

rplanation of E,- 'Q(n)' bY ' l ' , . 
.

r ) ' ,  which sat isf ies (7.5),  r r r l t l  rv l r ich

Its three collrPonents tl lny l lc cr;trivit-

l tences: T, '  : '  (x)(-  I ' ( r )vQ(r)  ) ' ;
t ) ) ' iE, '  - ' (P(a)vQ(a))  '  ( -  l ' (a)v

It Part of the content of t lrc csplitrtrtrr-

: singular conPoncnt of thc cxplirlt i ttts

and is, in this sense, explained by itself'

Our analysis has ieached a point here where tlle cttst.ttlnfy l'ttlttlvc

idea of explalation becomes too vague to providc ftr ' t5cr gtrit lrrrtcc f.r

rational re.onstruction. Indeed, the last i l lusiratio' stx)l lgly strggcsts tlt:tt

; i .r; 
-"y 

be no sharp boundary l ine rvhich-scprr' irtcs thc i.tuit ivcly 

'cr'-rrrissible from the colnterintuii iu" typ.t of p'r 't ial sclf-cx'lrrrrirt i.tt; ft ' t '

"rr"., 
tn. potential explanation j 'st cbnsidcrcd, wlriclr is rrcccpt:rlr lc i. i ts

original f irnulation, 
^nright be.' iudged unacccptablc rtrl i ttttt i t ive: gt',t l ttr ls

l,uI.,"e., trrnrforrned into the equivalent vcrsitln qivctr llrrrvc.

The point i l l trstrated by tl 're last exarttplc is statctl rtrorc cxPlit ' ir ly irr

thc foll<lwing theorcnr, which we fornrulatc hct'c witltoilt l) l 'o()1.

Q.|Thcorcln.Lct(T,C)bcap<ltcrr t in lcxpl l r r lursfrrr t I l t .s i r t11rt I l t t .sct t .
rcrrcc l l ' .  - l 'hcn thcrc 

"* i r ,  
, t i ' ' . .  s inetr l , l r  . . , , t . , i . . . ,  l i , ,  l i . ' ,  r t t l r l  ( " ,  i r r  / '  s t r t ' l r

r l r r r r  I r ,  is  c<Ir ivnlcrrr  t< l  thc conj t r t tc l t i , l t t .  I i ,_ '  t i ; ,  ( , '  is  cr l r r iv ; r lc l l l  lo t l tc  ( ' ( ) t l -

i r t r tct i t t t  t : i  ' t ; , , ' . r . t l  l i r  cr t t t  l rc t lcr ivct l  i .  / '  f r . r r t  ' / '  : l l , l lc ' ""

so ln l l l ( .  f0t . r t r r t l i r t i0r t  0f  t l t t ' l t l rot t ' t l tcort ' t t t : l l l ( l  \ l l l )x ' ( l l l ( l l t l \ ' ,  \ l : l l ( ' l l l ( ' l l l  ( ' r ) l l t l ' ( ' (  l i \ ' ( '

,y , , ,1, , ,1.- , r , : . . r rst , t l  r rot  , , , r i t ,  " r  r ig, t*  i r ,  / , ,  l r t t t  r t lso: l l l t ( r t l \ ' l l lo l l \ ly  i r r  t l t t ' r l i t r rp l  t l t r t l l l  t ' r t t t t



3+8 SCIENTIFIC EXPLANATION

In more intuitive terms, this means that if we represent the deductive
structure of the given potential explanation by the'schema {7, C} -_> E,
then this schema can be restated in ihe form {i C, .Er} _, al . E, where
E, follows from T alone, so that C1 is entireiy unn.".rr"ry as a premire;
hence, the deductive schema under considJration ."r, 6"-r"auced to
{7, Er}+E,.. E, which can be decomposed into the t-o d.do.tiu.
schemata {T} * E" and {Er} --> Er.

fliT-T,1-i"t 
completely unnecessary involves a partial self_explanation of

the explanandum.sl

,. . 
Tg prohibit partial self-expranarion artogether would therefore mean

rlmrtatron of explanation to purely theoredcal explanation. This measure
seems too severely restrictive. on the other hand, 

"n 
rtt.-pt to delimit, by

some special rule, the permissible degree of self-explan"tion'does nor appear
to be warranted because, as we saw, customary usage provides no guidance
for such a delimitation, and because ,ro ,yrt..n"tiJ 

"iurnt"ge 
seems to be

gained by drawing some arbirrary dividing line. For th"!e ,e"ror,r, _.
retrarn from laying down stipulations prohibiting partiar self-explanation.

The conditions raid down in 1i.5y ral t lo'precrude y.t ,noth.,
rgumenr, which is closely related to
r will have to be ruled out by an ad_
efly, that if we were to acce t (7.5)
a statement of necessary conditions,

:onsequence of (7.6), any given par_
means of any true lawlike sentence
a true singular sentence_sa/, .,Mt.

law-say, "All metals are good con-

C 'T' are nanles or name variables for sen_
n will be designated by ,S.?l, and ,SvT', 

re_
tecedent and I as coniequent will be desie_
. (Incidentally, this convention has alreajy

rs parcial self_explanation has to be distin_
circularity of lcientific explanation. The

rely differenr ideas. (a) One of rhese is the

' i l i l |  L(x; lo () l r  l , lx l , l ,ANA' l ' l ( )N r+9
ductors of  l reat" , - then therc cxists alrvnvs a t r r rc s i r rqrr l : l l  s( ' r l r ( 'n( 'c ( . 's t r t ' l t

that E is derivable from T ancl C, bttt not frt lrrr (l rt lottc; itt otltcr r,t 'ot 't ls,
such that (Z.S) is sat isf ied.  Indeed, let  T* bc sornc' . t t ' l r i t t ' : r t ' i ly  c l rosct t  p: t r -
t icular instance of T, such as "If the Eiffel Tou'er is rrtctrl, i t is n gootl cort-
ductor of heat". Now since E is true, so is the conditional 7-* I F), nntl if
the latter is chosen as the sentence C, then T, C, E satisfy thc cotrtl i t i<lrts
la id down i r  (Z.S).

In order to isolate the distinctive characteristic of this specious tvpc

of explanation, Iet us examine an especially sintple case of the obiectiorlnlrlc

k ind. Let T,  - - ' ( r )P (r) '  and E, : 'R(a,  &) ' ;  then the sentence C, : '  I '  (n)

) R(a, &)' is formed in accordance with the preceding instrttctittns, attd
7,, C,, E, satisfy the conditions (Z.S). Yet, as the preceding examplc i l lrrs-

trates, we would not say that (T, C,) constitutes a potential explanerts for'

Er. The rationale for the verdict may be stated as follorvs: If thc tlrcorv
T, on which the explanation rests, is actually true, then the sentcttcc (,',,

which can also be put into the form'- P(a)vR(a, b)',can be verif iccl, or

shown to be true, only bv verifying 'R(a, b)', i .e., E,. In this broatler sctrsc,

E1 is here explained by itself. And indeed, the peculiarity iust pointcd orrt

clearly deprives the proposed potential cxplanation for E, of thc prctlictivc
import which, as was noted in Part I, is essential for scientific explanntion:

E. could not possibly be predicted on the basis of T, and C, sincc tlrc rrtrt l t

of C' cannot be ascertained in any manner which does not inclrrdc vcri '

f ication of E,. (7.) should therefore be supplemented by a stipttlrrt iort ttr

the effect that if (7, C) is to be a potential explanans for E, thcn th<: :rs-

sumption that T is true must not imply that verification of C ncccssitntcs

verification of 8.32
How can this idea be staqed more precisely? Study of an i l lnstration wil l

atomic sentence in L. Verif ication of a molecular sentencc S rlr:ty t ltctt l lc:

E as a consequence.
As brief reflection shows, this stipulation may lrc cx1'rrcsst:tl in tllc

following form, which avoids reference to truth: T nrust ltc cortl lxrti lr lc irt

s2 I t  is  i rnportant to dist inguish c lcar ly bctwccrr  thc_folkrwinl l  rwo ( ' : lscs:  ( : r )  l f  'J

is rrr rc t l rcrr  O'cerrnot bc tnrc i r i t l , , , , ' t  F)  l ic ing t r t tc;  l t r t l  ( t r )  I f  ? is t r r r t ' ,  ( , ' t ' r t t t t to l  l t t '

ycr i f ic<l  rv i r l tgur / i  [c : ing vcl i { ier l .  ( ]o l r r l i t iorr-( : r )  t t t t tsr  l tc  srr t is f ic t l  l . rv. : t t ty pot.et t t i r t l  cx '

1 l l ; r1:r t isrr ;  r l rc rrrr r r ' l1rr , i i "  r "str ict ivc ct tnr l i r iot t  ( l r )  r r r r rsr  t tot  I rc sr t t is l i t ' t l  i f  (  / ' , ( j )  is  to

bc l  l lorcr t t i : t l  cxplr t t t r tns for  / 'J .
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L with at least one class of basic sentences which has c but not E as a con-
sequence; or, equivalently: There must exist at least one class of basic
sentences which has C, but neither - T nor E as a conseouence in L.

^ - 
If this requirement is met, then surely E cannot be a consequence of

C, for otherwise there could be no class of basic sentences whiih has C
but not E as a consequence; hence, supplementation of (l.S) by the new
condition renders rhe second stipulation in (Z.S) (z) superfluous.-We
now define potential explanation as follows:

(7.8) An ordered couple of senrences (7, C), constitutes a potential ex-
planans for a singular sentence E if and only if the following conditions are
satisfied:

( r ) T is essentially generalized and C is singular
(z) E is derivable in L from T and C jointly

b) T is compatible with ar least one class of basic senrences which
has C but not E as a consequence.

The definition of the concepr of explanans by means of that of potential
explanans as formulated in (7.6) remains unchanged.

ln terms of our concept of explanans, we can give the following inter-
pretation to the frequently used phrase "this facr is explainable by means
of that theory":

Q.il L singular senrence E is explainable by a theory T if there exists a
singular sentence C such that (T, C) constitutes an explanans for E.

The concept of causal explanation, which has been examined here, is
capable of various 

-generalizations. 
one of these consists in permitting T

to include statistical laws. This re_quire1, however, a previous strengtheriing
of the means of expression available in L, or the use oi a complex th-eoreticJ
apparatus in the metalanguage.-on the other hand, and independently of the
admission of statistical laws among the explanatory principles, we may re-
place.the.strictly deductive requirement that E has to be a consequence of
? and c joindy by the more liberal inductive one that E has to haie a high
degree of confirmation relatively to the conjunction of r and c. Both-of
these extensions of the concept of e4planation open important prospec$
and raise__a variety of new problems. In the present .rr"y, ho-eu"t, ihrr"
issues will not be further pursued.
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