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intent of the given argument and of the background assumnptions that may
. be assumed to have been tacitly taken for granted, or at least to be avail-
able, in the given context. Unequivocal decision rules cannot bf; set down
for this purpose any more than for determining whether a given mf'ormally
stated inference which is not deductively valid by reasonably strict stan-
dards is to count nevertheless as valid but enthymematically fomulateﬁ;
or as fallacious, or as an instance of sound inductive reasoning, or perhaps,
for lack of clarity, as none of these. . . .

CAR.L G. HEMPEL
The Thesis of
Structural Identity

] | Notes

1. See Dewey, John. How We Think. Boston, New York, Chicago, 1910; Chap-
ter VL.

2. For a fuller presentation of the model and for fu.rther refe'fences, see, fo“r et
ample, Hempel, C. G. and P. Oppenheim, “Studies in thg Log}c of Ex.planahon.,
Philosophy of Science 15: 135-175 (1948). (Secs. 1-7 of -th1s a.rhcle, which contain
all the fundamentals of the presentation, are reprinted in Feigl, H. and M. Brod
" beck (eds.), Readings in the Philosophy of Science. N.e_w York, 1953.)—Tht.3 sug
gestive term “covering law model” is W. Dray's; cf. his L',aws and Explanat.zon in
History. Oxford, 1957; Chapter 1. Dray characterizes this type_of explanation 2
“subsuming what is to be explained under a gener'fll law” (lc:lc. cit., p- .1), and thep
rightly urges, in the name of methodological realism, that’ th.e requirement. of
single law be dropped” (loc. cit., p. 24; italics, the author’s): }t sl_lould be notgd.,
however, that, like the schema {D) above, several eariier pubhca_hons on the suf
ject (among them the article mentioned at the beginmn.g of this no.te) make ex
plicit provision for the inclusion of more laws than one in the explanans.

‘Since in a fully stated D-N explanation of a particular event the expla-
nans Jogically implies the explanandum, we may say that the explanatory

argument might have been used for a deductive prediction of the

explanandum-event if the laws and the particular facts adduced in its ex-

“planans had been known and taken into account at a suitable earlier time.

In this sense, a D-N éxplanation is a potential D-N prediction.

This point was made already in an earlier article by Oppenheim and
yself! where we added that scientific explanation {of the deductive-
Homological kind) differs from scientific prediction not in logical struc-
ture, but in certain pragmatic respects. In one case, the event described
m the conclusion is known to have occurred, and suitable statements of
neral law and particular fact are sought to account for it; in the other,
¢ latter statements are given and the statement about the event in ques-
tion is derived from them before the time of its presumptive occurrence.
This conception, which has sometimes been referred to as the thesis of
the structural identity (or of the symmetry) of explanation and prediction,
‘has recently been questioned by several writers. A consideration of some
of their arguments may help to shed further light on the issues involved.

~ To begin with, some writers* have noted that what is usually called a
prediction is not an argument but a sentence. More precisely, as Scheffler
has pointed out, it is a sentence-token, i.e., a concrete uterance or in-
scription of a sentence purporting to describe some event that is to oceur
er the production of the token.’ This is certainly so. But in empirical
cience predictive sentences are normally established on the basis of avail-
able information by means of arguments that may be deductive or induc-
e.in character; and the thesis under discussion should be understood,
of course, to refer to explanatory and predictive arguments.

- Thus construed, the thesis of structural identity amounts fo the con-

3. The relevance of the coveringlaw model to causal explana‘tion is exar{'li{i»:_:_
more fully in sec. 4 of Hempel, C. G., “Deductive—NOI.I'lol'c)gaca] vs. Stahstlc:
Explanation.” In Feigl, H., et al. (eds.), Minnesota Studies in the Philosophy:
Science, vol. III. Minneapolis, 1962, '

4. The concept of probabilistic explanation, and some of thg peculiar Io_gic.al an
methodological probiems engendered by it, are examined in some detail in Pa
I of the essay cited in note 3.

5. Freud, S. Psychopathology of Everyday Life. Translated by A. A. Brill. New Yor
{Mentor Books) 1951; p. 64. B

PrOM Aspects of Scientific Explanation (New York: Free Press, 1965), 366-76.
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- variations, without in the least explaining why. Similarly, a set of experi-
mental data may strongly support the assumption that the electric resis-
nce of metals increases with their temperature or that a certain chemical
“inhibits the growth of cancer cells, without providing any explanation for
these presumptive empirical regularities. The predictive inferences here
“involved are inductive rather than deductive; but what bars them from the
tus of potential explanations is not their inductive character . . . , but
the fact that they invoke no laws or theoretical principles, no explanatory
statements that make a general claim. Reliance on general principles,
while perhaps not indispensable for prediction, is required in any expla-
nation: such principles alone can give to whatever particular circum-
stances may be adduced the status of explanatory factors for the event to
beexplained.
~ Some of the objections recently raised against the thesis of the struc-
‘#iral identity of explanation and prediction concern in effect the first of .
its two sub-theses, which has now been presented in some detail: the claim
that any adequate explanatory argument is also potentially predictive. I
ill consider three objections to the effect that there are certain perfectly
satisfactory explanations that do not constitute potential predictions.

+ Scriven has argued that the occurrence of an event X is sormnetimes
quite adequately explained by means of a “proposition of the form ‘The
nly cause of X is A" . . . for example, “The only cause of paresis is syphi-
1is'y” this proposition enables us to explain why a certain patient has paresis
by pointing out that he previously suffered from syphilis. And this expla-
tion holds good, according to Scriven, even though only quite a small
pecentage of syphilitic patients develop paresis, so that “we must, on the
tvidence [that a given person has syphilis], still predict that [paresis] will
ot occur.” But if it does occur, then the principle that the only cause
paresis is syphilis can “provide and guarantee our explanation” in terms
of antecedent syphilitic infection.¢ Thus we have here a presumptive ex-
planation which indeed is not adequate as a potential prediction. But
precisely because paresis is such a rare sequel of syphilis,. prior syphilitic
infection surely cannot by itself provide an adequate explanation for it: A
tondition that is nomically necessary for the occurrence of an event does
not, in general, explain it; or else we would be able to explain a man’s
winning the first prize in the Irish sweepstakes by pointing out that he had
previously bought a ticket, and that only a person who owns a ticket can
win the first prize. ‘

" A second argument which, like Scriven’s, has considerable initial
plausibility has been advanced by Toulmin’ by reference to “Darwin’s
theory, explaining the origin of species by variation and natural selection.
No'scientist has ever used this theory to foretell the coming-into-existence
of creatures of a novel species, still less verified his-forecast. Yet many
competent scientists have accepted Darwin’s theory as having great ex-
planatory power.” In examining this argument, let me distinguish what

junction of two sub-theses, namely (i) that every adequate explanation i
potentially a prediction in the sense indicated above; (ii) that conversF:l} :
every adequate prediction is potentially an explanation. I will now examine :;
a number of objections that have been raised against the thesis, dealin
first with those which, in effect, concern the first sub-thesis, and then with
those concerning the second sub-thesis. I will argue that the first sub-thesi
is sound, whereas the second one is indeed open to question. Though th
following considerations are concerned principally with D-N explanation
some of them are applicable to other tvpes of explanation as well. . . .

The first sub-thesis, as has already been noted, is an almost trivial-
truth in the case of D-N explanation, since here the explanans logically-.
implies the explanandum. But it is supported also by a more genera}l prin
ciple, which applies to other types of explanation as well, and whl.ch ex
presses, ] would submit, a general condition of adequacy for any rationally .
acceptable explanation of a particular event. That condition is the follow
ing: Any rationally acceptable answer to the question ‘Why did event X
occur?’ must offer information which shows that X was to be expected—
if not definitely, as in the case of D-N explanation, then at least with
reasonable probability. Thus, the explanatory information must prpvid_
good grounds for believing that X did in fact occur; otherwise, that infor
mation would give us no adequate reason for saying: “That explains it—
that does show why X occurred.” And an explanatory account that satisfies
this condition constitutes, of course, a potential prediction in the sense
that it could have served to predict the occurrence of X (deductively o
with more or less high probability) if the information contained in th
explanans had been available at a suitable earlier time.

The condition of adequacy just stated can be extended, in an obviou
manner, to explanaiions concerned, not with individual events, but with
empirical uniformities expressed by putative laws. But such explanation
cannot well be spoken of as potential predictions since law-statements pur
port to express timeless uniformities and thus make no reference to an
particular time, whether past, present, or future.* :

It will hardly be necessary to emphasize that it is not, of course
the purpose of an .explanation to provide grounds in support of &
explanandum-statement; for . . . a request for an explanation normall
presupposes that the explanandum-statement is true. The point of the pre;
ceding remarks is rather that an adequate explanation cannot help provxfl
ing information which, if properly established, also provides grounds i
support of the explanandum-statemnent. . . . We may say that an adequaj’lc
answer to an explanation-seeking why-question is always also a potential
answer to the corresponding epistemic why-question. :

The converse, however, does not hold; the condition of adequacy i
necessary but not sufficient for an acceptable explanation. For example
certain empirical findings may give excellent grounds for the belief tha
the orientation of the ecarth’s magnetic field sliows diurnal and secula
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might be called the story of evolution from the theory of the underlyin g
mechanisms of mutation and natural selection. The story of evolution, as°
a hypothesis about the gradual development of various types of organism
and about the subsequent extinction of many of these, has the characte
of a hypothetical historical narrative describing the putative stages of th

evolutionary process; it is the associated theory which provides what. ox
 planatory insight we have into this process. The story of evolution migh
tell us, for example, that at a certain stage in the process dinosaurs ma.d
their appearance and that, so much later, they died out. Such a narrativ
account does not, of course, explain why the various kinds of dinosaur
with their distinctive characteristics came into existence, nor does it ex
plain why they became extinct. Indeed even the associated theory of mu
tation and natural selection does not answer the first of these questions;
though it might be held to shed some light on the latter. . Yet, even t
account for the extinction of the dinosaurs, we need a vast array of addi:
tional hypotheses about their physical and biological environment' and
about the species with which they had to compete for survival. B}1t if we’
have hypotheses of this kind that are specific enough 1o provide, in com
bination with the theory of natural selection, at least a probabilistic expl
nation for the extinction of the dinosaurs, then clearly the explanan
adduced is also qualified as a basis for a potential probabilistic prediction
The undeniably great persuasiveness of Toulmin’s argument would see
to derive from two sources, a widespread tendency to regaid the basicall
descriptive story of evolution as explaining the various states of the process
and a similarly widespread tendency to overestimate the extent to which .
even the theory of mutation and natural selection can account for th
details of the evolutionary sequence.

I now turn to a third objection to the claim that an adequate expla
nation is also a potential prediction. It is based on the observation that-
sometimes the only ground we have for asserting some essential statement:
in the explanans iies in the knowledge that the explanandum event di
in fact occur. In such cases, the explanatory argument clearly could no
have been used to predict that event. Consider one of Scriven’s exampies
Suppose that 2 man has killed his wife whom he knew to have bee
unfaithful to him, and that his action is explained as the result of intens :
jealousy. The fact that the man was jealous might well have been ascer-
tainable before the deed, but to explain the [atter, we need to know tha
his jealousy was intense enough to drive him to murder; and this we ca
know only after the deed has actually been committed. Here then, th
occurrence of the explanandum event provides the only grounds we have:
for asserting one important part of the explanans; the explanandum event;
could not therefore have been predicted by means of the explanatory ar
gument. In another example,® Scriven considers an explanation to th
effect that the collapse of a bridge was caused by metal fatigue. This ac
count, he argues, might be supported by pointing out that the failure coul

‘metal fatigue, and that the first two factors were not present in the case at
and, whereas there is evidence of metal fatigue. Given the information
at the bridge did in fact collapse, this would establish not only that metal
Aatigue was at fault but that it was strong enough to cause the failure.
While Scriven’s notion of “the only possible cause” of a given event surely
requires further elucidation, his example does afford another illustration
£an explanatory account one of whose constituent hypotheses is sup-
orted only by the occurrence of the event to be explained—so that the
latter could not have been predicted by means of the explanatory argu-
‘ment. :
. However, the point thus illustrated does not affect at all the condi-
nal thesis that an adequate explanatory argument must be such that it
could have served to predict the explanandum event if the information
included in the explanans had been known and taken into account before
the occurrence of that event. What Scriven’s cases show is that sometimes
e do not know independently of the occurrence of the explanandum
event that all the conditions listed in the explanans are realized. However,
this means only that in such cases our conditional thesis is counterfactual,
, that its if-clause is not satisfied, but not that the thesis itself is false.
Moreover, Scriven’s argument does not even show that in the kind of case
he: mentions it is logically or nomologically impossible (impossible by
teason of the laws of logic or the laws of nature) for us to know the critical
explanatory factor before, or independently of, the occurrence of the
explanandum-event; the impossibility appears to be rather a practical and
peshaps temporary one, reflecting present limitations of knowledge or

have been caused only by an excessive load, by external damage, or by

But while it thus leaves our thesis unaffected, Scriven’s observation is
of-methodological interest in its own right: it shows that sometimes an
event is explained by means of hypotheses for some of which the fact of
its occurrence affords the only available evidential support. This may hap-
pen, as we saw, when one of the explanatory hypotheses states that a
tertain relevant factor was strong enough to bring about the event in ques-
tion; but the observation applies also to other cases. Thus the explanation
- of the appearance and initial growth of the soap bubbles, includes in
its explanans the assumption that a soap film had formed between the
plate and the rims of the tumblers;* and practically the only evidence
vailable in support of this explanatory assumption is the fact that soap
ubbles did emerge from under the tumblers. Or consider the explanation
of the characteristic dark lines in the absorption spectrum of a particular
tar. The key assumption in the explanans is that the star’s atmosphere

' See the first section of Hempel’s “Two Basic Types of Scientific Explanation,”
the preceding reading in this chapter) for more about why bubbles appear when
tumbler is taken from warm soapy water and inverted on a plate.
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contains certain elements, such as hydrogen, helium, and calcium, whos_
atoms absorb radiation of the wave lengths corresponding to the dark lines
the explanation relies, of course, on many other assumptions, includin
the optical theory that forms the basis for spectroscopy, and the assumptio
that the apparatus used is a properly constructed spectroscope. But whil
these latter explanans statements are capable of independent test and cor
roboration, it may well be that the only evidence available in suppoit ¢
the key explanatory hypothesis is the occurrence of the very lines whos
appearance in the spectrum the argument serves to explain. Strictly speak
ing, the explanandum event here provides support for the key explanato
hypothesis only by virtue of the background theory, which connects th
presence of certain elements in the atmosphere of a star with the appear
ance of corresponding absorption lines in its spectrum. Thus, the infoy
mation that the explanandum event has oceurred does not by itself suppo
the explanatory hypothesis in question, but it constitutes, as we might say
an essential part of the only evidence available in support of that.hy
pothesis.

Explanations of the kind here considered may be schematically char
acterized as arguments of the form (D-N)} in which the inforrnat_ion 0
assumption that E is true provides an indispensable part of the only avail
able evidential support for one of the explanans statements, say, C,. Le
us call such explanations self-evidencing. It might be held that the act
occurrence of the explanandum event always provides some slight add
tional support even for an explanans whose constituent sentences hav
been accepted on the basis of independent evidence, and that in this sens
every D-N explanation with true explanandum is in some measure seif
evidencing; but we will apply this appellation to an explanatory accoun
only if, at the time of its presentation, the occurrence of the explanandum
event provides the only evidence, .or an indispensable part of the onk
evidence, available in support of some of the explanansstatements. -

An explanatory argument of the form (D-N) which is self-evidencin
is not for that reason circular or pointless. To be sure, if the same argumen
were adduced in support of the assertion that the explanandum-event di
occur (or, that E is true), thén it would be open to the charge of epistemi
circularity. If the argument is to achieve its objective then all the grounds
it adduces in suppott of E—ie, C,,C,...,C; L, L, . .., L,—woul_
have to be established independently of E; and this condition is violate
here since the only ground we have for believing or asserting C, includss
the assumption that E is true. But when the same argument is used fq
explanatory purposes it does not claim to establish that E is true; that i
presupposed by the question ‘Why did the event described by E ocowr?,
Nor need a self-evidencing explanation involve an explanatory circle. Tk
information that the explanandum event has occurred is not included i
the explanans {so that the occurrence of the event is not “explained b

self”); rather it serves, quite outside the explanatory context, as evidence
pporting ‘one of the explanans statements. Thus, an acceptable self-
evidencing explanation benefits, as it were, by the wisdom of hindsight
derived from the information that the explanandum event has occurred,
ut it does not misuse that information so as to produce a circular
lanation. '
- An explanation that is self-evidencing may for that reason rest on a
poorly supported explanans and may therefore have no strong claim to
pirical soundness. But even this is not inevitable. In the case of the
absorption spectrum of a star, for example, the previously accepted back-
ground information, including the relevant theories, may indicate that the
dark lines observed occur only if the specified elements are present in
¢:star’s atmosphere; and then the explanandum, in conjunction with the
background information, lends very strong support to the crucial explan- -
ory hypothesis. '
The notion of a self-evidencing explanation can, I think, shed some
further light on the puzzle illustrated by the explanation of paresis in terms
-antecedent syphilitic infection. Consider another illustration.” Some
tases of skin cancer are attributed to intensive ultraviolet irradiation. But
this factor very often does not lead to cancer, so that the information that
person has been exposed to such radiation does not permit the prediction
of cancer. Is that information alone nevertheless sufficient to explain the
development of skin cancer when it does follow intensive irradiation? No
doubt, an explanation will often be formulated so as to mention only the
antecedent irradiation; but the underlying rationale surely must be more
complex. Leaving aside the important quantitative aspects of the problem,
the crucial point in that rationale can, I suggest, be schematically stated
as follows: Some, though by no means all, individuals have the disposition
odevelop skin cancer upon exposure to strong ultraviolet irradiation; let
us.call these radiation-sensitive. Now, in the case of explanation, we know
that the given individual was exposed to strong radiation (C,} and did
develop cancer of the skin in the affected area (E). But jointly, these two
pieces of information lend support to the assumption that the individual
radiation-sensitive (C,)—an hypothesis that is not supported in the case
of prediction, where C, is available, but not E. And the two statements
and C, (in combination with the general statement that sensitive in-
dividuals will develop skin cancer when exposed o intensive radiation) do
vide an adequate explanans for E. If the explanation is thus construed
invoking C, in addition to C,, it is seen to be self-evidencing, but also
0:possess an explanans which would provide an adequate basis for pre-
diction if C, could be known in advance. That is impossible, of course,
$long as the only available test for radiation-sensitivity consists in check-
ing whether an individual does develop skin cancer upon intensive irra-
diation. But, clearly, it is conceivable that other, independent, tests of

——
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‘set of data obtained in an extensive test of the hypothesis that the electric
sistance of metals increases with their temperature may afford good sup-
ort for that hypothesis and may thus provide an acceptable basis for the
-prediction that in an as yet unexamined instance, a rise in temperature in
.a'metal conductor will be accompanied by an increase in resistance: But
- this event then actually occurs, the test data clearly do not provide an
“explanation for it. Similarly, a list of the results obtained in a long series
-of tossings of a given coin may provide a good basis for predicting the
percentage of Heads and Tails to be expected in the next 1000 tossings of
e same coin; but again, that list of data provides no explanation for the

bsequent results. Cases like these raise the question of whether there
‘are not sound modes of scientific prediction that proceed from particulars
-particulars without benefit of general laws such as seem to be required
for.any adequate explanation. Now, the predictive arguments just consid-
ered are not deductive but probabilistic in character. . . . In regard to the’
second sub-thesis of the structural identity claim, let us note this much
here: the predictions in our illustrations proceed from an observed sample
«of'a population to another, as yet unobserved one; and ot some current
theories of probabilistic inference such arguments do not depend upon
the assumption of general empirical laws. According to Carnap’s theory
obinductive logic,' for example, such inferences are possible on purely
Jogical grounds; the information about the given sample confers a definite

gical probability upon any proposed prediction concerning an as vet
inobserved sample. On the other hand, certain statistical theories of prob-.
abifistic inference eschew the notion of purely logical probabilities and
qualify predictions of the kind here considered as sound only on the fur-
ther assumption that the selection of individual cases from the total pop- -
lation has the character of a random experiment with certain general
statistical characteristics. But that assumption, when explicitly spelled out,
has the form of a general law of statistic-probabilistic form; hence; the -
predictions are effected by means of covering laws after all, And though
these laws do not have the strictly universal character of those invoked in
DN explanations and predictions, they can serve in an explanatory ca-
pacity as well, Thus construed, even the predictions here under discussion
tum out to be (incompletely formulated) potential explanations. . . .

radiation-sensitivity might be found and then C, might well be established
independently of, and even prior to, the occurrence of the event described
by E. ' ' o
In discussing the structural identity of explanation and Rre.dlctl_on,vl_
have so far considered only the first of the two sub-theses distingnished
earlier, namely, the claim that every adequate explanation is also a poten:
tial prediction. I have argued that the objections raised against thl&‘:. claim
fall short of their mark, and that the first sub-thesis is sound and can 1n§eeﬂj
serve as a necessary condition of adequacy for any explicitly stated, ratio
ally acceptable explanation. g
I turn now to the second sub-thesis, namely, that every adequ:_:tte pré:
dictive argument also affords a potential explanation. This claim is open
to question even in the case of certain predictive arguments that are qf
deductive-nomological character, as the following example 1Ilus1'frz-1te,s. Oné
of the early symptoms of measles is the appearance of small whitish spo ;
known as Koplik spots, on the mucous linings of the cheeks. The state:
ment, L, that the appearance of Koplik spots is always followed by the
later manifestations of the measles might therefore be taken to be a Igw,-
and it might then be used as a premise in D-N arguments Yvith 2 5eco d
premise of the form ‘Patient i has Koplik spots at time ¢, afad with.4
conclusion stating that 7 subsequently shows the later rr}ar?lfestatlons of ¢
measles. An argument of this type is adequate for predictive purposes, but
its explanatory adequacy might be questioned. We would not want to say,
for example, that i had developed high fever and other symptoms of the
measles because he had previously had Koplik spots. Yet this cas-e—~an_d
others similar to it—does not constitute a decisive objection against the
second sub-thesis. For the reluctance to regard the appearance of Kopl
spots as explanatory may well reflect doubts as to whether, as 2 matter o
universal law, those spots are always followed by the later manifestations
of measles. Perhaps a local inoculation with a small amount of measles
virus would produce the spots without leading to a full-blown case of the
measles. If this were so, the appearance of the spots would still afford 2
usually reliable basis for predicting the occurrence qf further symptoms
since exceptional conditions of the kind just mentioned would be ¢x
tremely rare; but the generalization that Koplik spots are always fol]owe.ﬁ
by later symptoms of the measles would not express a law and thus could
not properly support a corresponding D-N explanation. R
The objection just considered concerns the explanatory pot(?ntl.al"q
predictive arguments of the form (D-N). But the se_cond sub-thesis, in ifs
general form, which is not limited to D-N predictions, has further been
challenged, particularly by Scheffler and by Scriven,'® on the grourlld.tb:a
there are other kinds of predictive argument that are adequate for scxenﬁﬁ_‘
prediction, yet not for explanation. Specifically, as Schefﬂer notes, a sci
entific prediction may be based on a finite set of data which includes B
laws and which would have no explanatory force. For example, a fini

| Notes

.l.'-ﬂempel and Oppenheim {1948), section 3..

- See Scheffler (1957), section 1 and (1963), Past L, sections 3 and 4: Scriven
(1962}, p. 177. ' .

3. Cf Scheffler (1957), section 1. . . .
#.-This point is made, for example, by Scriven (1962), pp. 179
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