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Explanations, Predictions, and Laws 

1. Preface 
There are two distinct kinds of problem encountered by the logician 

in studying the physical sciences. In certain areas of theoretical physics 
the current problems for the physicist are of an essentially logical kind, 
so that the logician's technical skills are immediately relevant. The con
tribution he makes, if successful, is to the solution of the exact difficulty 
the physicist faces. To do this he requires considerable ability in both 
fields· and when successful he earns a double accolade. There is another 
kind 'of problem, however, of a less spectacular but no less interesting 
kind. Rather than selecting the logical difficulties out of the physicist's 
collection, one may consider those difficulties in the logician's bundle of 
problems which have some relevance to physics. The discussion of these 
with detailed reference to physics is often viewed with suspicion by the 
physicist; but it may prove enlightening to the philosopher, and the path 
between fundamental physics and such logical problems has proved star-

tlingly short. . 
Examples of the first kind are the relativity of simultaneity, the idea of 

identity for fundamental particles, the existence of subquantum particles, 
the reversibility of temporal processes, the measurement of the dimen
sions of the universe, the existence of temperatures below absolute zero, 
the conventionality of the (one-way) velocity of light, etc. These are prob
lems concerned with the substance of physics, and I shall refer to them 
as problems of applied logic in the physical sciences or problems in the 
substantial logic of the physical sciences. If this has an honorific connota
tion, it is well deserved. It would require a form of theory-be-damned 

NOTE : The present paper has benefited greatly fro1:n helpful . criticis~s of my fellow 
t·o11 l 1 ilrnlors, and my students and colleagues at Indiaf!a, and 1s base~ m part o~ work 
don . wi l Ii support from the National Science Foundation and the Hill Foundation; to 
1111·111 I 11111 111ost gra teful. 
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bigotry virtually unknown among physicists today to deny the importance 
of these issues. A more common position is to deny that these are prob
lems of "an essentially logical kind." By this phrase I mean to exclude is
sues which are entirely "decided by the facts," or by calculation, or which 
could be so decided, and by "the facts" I mean undisputed (net indispu
table) observations. I believe these definitions make the issues mentioned 
unexceptionable examples of logical issues; put positively, they are issues 
where the very criteria for interpreting observational evidence and the 
very meaning of the fundamental concepts are in dispute. Such disputes 
cannot be settled entirely within the subject of physics as it is usually con
ceived; they are necessarily in the province of logic itself, where modes of 
reasoning and the presuppositions of concepts are themselves the object 
of study. And to the extent that a physicist is concerned with such issues, 
he is playing logician, just as in other cases he must perforce play mathe
matician or writer or recording instrument. He is no less a theoretical 
physicist for this; a theoretical physicist is one who combines these roles 
in treating a certain range of problem. Some of these problems are essen
tially logical, others essentially experimental or mathematical; and some 
are mixtures of all these. But as I have previously said, even the ones that 
are 'essentially' of one of these kinds usually require considerable knowl
edge of physics itself for their solution. A student of comparative linguis
tics may have an essentially logical problem on his hands but it does not 
follow that a logician can solve it without knowing the languages under 
consideration, for translating the problem into the appropriate logical 
terms is very often the really difficult step, and requires understanding 
both the terms of the original problem and those of logic. 

The second kind of problem is exemplified by discussions of the fre
quency (and other) analyses of probability, the testability of indetermin
ism, the role of simplicity in evaluating theories, the status of unobserv
able entities, the definitional element in fundamental laws, the notions of 
"significant results" and "crucial experiments," the relation between ex
planation and prediction, the connection between dispositional proper
ties, states, and laws, the utility of idealization, etc. These are problems 
about the structure of physical theories, language, and experiments, and 
I shall refer to them as those problems of pure logic with a bearing on 
the physical sciences, or as problems in the structural logic of the physical 
s icnces. This volume contains papers dealing with topics of both kinds, 
examples of the first and second kind respectively being those by Professor 
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Griinbaum on geometry and Professor Putnam on analyticity. This paper 
represents an attempt to handle some of the closely connected problems 
of the second kind. It is in no sense a comprehensive study, being chiefly 
concerned with explanations and predictions and to a lesser extent with 
causes, laws, determinism, and probability. The general approach can be 
very crudely indicated as claiming that problems of structural logic can 
only be solved by reference to concepts previously condemned by many 
logicians as "psychological, not logical," e.g., understanding, belief, and 

judgment. 
2. Outline 

I shall pay special attention to an account of scientific explanation and 
prediction given by Hempel and Braithwaite, and attempt to improve on 
it. In so doing I shall be led to comment on the notion of physical law 
(since this is said to be involved in all explanations), and this will intro
duce the problematic notion of universally law-governed behavior, i.e., de
terminism. Comments on reductionism and causation follow from these 
considerations. A second necessity in studying explanations is some refer
ence to the notion of probability (for, in the absence of general law, we 
may find that statistical laws provide a basis for a weaker notion of "prob
ability explanation"). As the discussion of law brings in determinism, so 
the discussion of probability will lead me to say something about the na
ture of physical knowledge and understanding. 

It is perhaps worth mentioning that this paper has a twin, devoted to 
the corresponding problems in the social sciences and, especially, history; 1 

and they both stand on the shoulders of the treatment of certain logical 
problems in "Definitions, Explanations, and Theories," in Volume II of 

this series. 
3. Preliminary Issues 

3.1. Explanations: Introduction. 
I am going to take a series of suggested analytical claims about the logic 

of explanation and gradually develop a general idea of what is lacking in 
them, or too restrictive about them. I shall at each stage try to formulate 
criteria which will survive the difficulties while retaining the virtues of the 
urrcnt candidate. Eventually I shall try to draw the surviving criteria to
, th •r in to an outline of a new account of both explanation and under-

' "'1'111 is111s ns the Grounds for Historical Explanations" in Theories of History, P. L. 
Cn1di11 ·r, ·d . ( I ncoc, Ill .: Free Press, 1959). 
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standing; but this will not be possible until I have encompassed the whole 
field of topics envisioned above. The questions with which I begin will 
seem quite unimportant; but they are in fact more significant than they 
appear because of the cumulative error in the standard answers to them. 

3.2. Explanations as Answers to "Why" Questions. 

"To explain the phenomena in the world of our experience, to answer 
the question 'Why?' rather than only the question 'What?' . . ." With 
these words, Hempel and Oppenheim begin their monograph on scien
tific explanation.2 Braithwaite says, "Any proper answer to a 'Why?' ques
tion may be said to be an explanation of a sort. So the different kinds of 
explanation can best be appreciated by considering the different sorts of 
answers that are appropriate to the same or to different 'Why?' ques
tions." 8 

This happens to be a non sequitur, but it is the conclusion that I par
ticularly wish to consider. The "answer-to-a-why-question" criterion could 
have been proposed in the absence of a serious attempt to think of coun
terexamples. "How can a neutrino be detected, when it has zero mass 
and zero charge?" is a perfectly good request for a perfectly standard scien
tific explanation. "What is it about cepheid variables that makes them so 
useful for the determination of interstellar distances?" Likewise, and the 
same can be said of suitable Which, Whither, and When questions. Not 
all, perhaps not even most, of the answers to such questions involve ex
planations, whereas it is perhaps true that most answers to Why questions 
are explanations. (But not all, as for example an answer that rebuts a pre
supposition of the question "Why do you persist in lying?" "I have never 
lied about this affair." ) But explanations are also given when no questions 
are asked at all, as in the course of a lecture, or in correcting or supporting 
an assertion. The identifying feature of an explanation cannot, therefore, 
be the grammatical form of the question which (sometimes) produces it. 
Indeed, it is fairly clear that one does not teach a foreigner or a child the 
word "explanation" simply by reference to Why questions; so the authors 
quoted presumably had some prior (or at least alternative) notion of 
explanation in mind which enabled them to identify answers to Why 

2 "The Logic of Explanation" in Readings in the Philosophy of Science, H. Feig! 
and M. Brodbeck, eds. (New York: Appleton-Century-Crofts, 1953), p. 319. This is 
an abridgment of "Studies in the Logic of Explanation," Philosophical of Science, 15 : 
13 5-175 ( 1948) . All page references hereafter are to the later version. 

•Scientific Explanation (Cambridge : Cambridge University Press, 1953 ), p. 319. 
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questions as explanations. Should we not look for the meaning of that 
notion? 

It is sometimes replied that our common notion of explanation is ex
cessively vague, and it is therefore quite unrewarding to seek its exact 
meaning; far better to concentrate on some substantial concept which 
clearly does occur. This is a very good reply and represents a sensible ap
proach, if only it can be shown to be true. This requires showing (a) that 
the ordinary notion is excessively vague, and (b) that the 'substantial' 
alternative occurs often enough to justify any general conclusions about 
explanations which are inferred from studying it. I shall be arguing that 
neither of these seemingly innocuous premises can be established, and in 
consequence the analysis suggested by the reconstructionist authors is 
fundamentally unsatisfactory. 

Explanation is undoubtedly a notion whose analysis must be sought in 
the practical foundation of language; but it is too much to hope one can 
identify explanations by such a simple linguistic device as the one sug
gested. Nor will it do to suppose that explanations are such that they are 
answers to potential Why questions; for then they are also potentially 
answers to What-about questions, How-possibly questions, etc. Thus, to 
take an example quoted by Hempel and Oppenheim, the question "Why 
does a stick half-immersed in water appear bent?" can readily be rephrased 
as "What makes a stick (in such circumstances) seem to be bent?" In
deed, such a question as "How can the sun possibly continue to produce 
so much energy with a negligible loss of mass?" is only with some difficulty 
rephrased as a Why question.4 In sum, the grammatical indicators of 
explanations are complicated and none of them are necessary; some more 
illuminating and reliable criteria must be sought. 

3.3. Explanations as "More Than" Descriptions. 

Another common remark in the literature is that explanations are more 
than descriptions. This is put by Hempel and Oppenheim in the fol
lowing words: ". . . especially, scientific research in its various branches 
strives to go beyond a mere description of its subject matter by providing 
an explanation of the phenomena it investigates." 5 But if one goes on 
to examine their own examples of explanations one finds what seem to 

•Th discussion of How-possibly questions has been initiated and sustained by Wil
linm r:iy. cc his Laws and Explanation in History (London : Oxford University Press, 
1957 , p inlly pp. 164ff. 

• p. cit., p. 19. 
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be simply complex descriptions.6 Thus they offer an explanation of the 
fact that when "a mercury thermometer is rapidly immersed in hot water, 
there occurs a temporary drop of the mercury column, which is then fol
lowed by a swift rise." And the explanation consists of the following ac
count: "The increase in temperature 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 con
duction the rise in temperature reaches the mercury, however, the latter 
expands, and as its coefficient of expansion is considerably larger than that 
of glass, a rise of the mercury level results." 7 

This is surely intended to be a narrative description of exactly what 
happens. The one feature which might suggest a difference from a 'mere 
description' is the occurrence of such words as "thus," "however," and 
"results." These are reminiscent of an argument or demonstration, and I 
think partially explain the analysis proposed by Hempel and Oppenheim, 
and others. But they are not part of an argument or demonstration here, 
simply of an explanation; and they or their equivalents occur in some of 
the simplest descriptions. "The curtains knocked over the vase" is a de
scription which includes a causal claim and it could equally well be put, 
style aside, as "The curtains brushed against the vase, thus knocking it 
over" (or ". . . resulting in it being knocked over"). The fact that it is 
an explanatory account is therefore not in any way a ground for saying it 
is not a descriptive account (cf. "historical narrative"). Indeed, if it was 
not descriptive of what happens, it could hardly be explanatory. The ques
tion we have to answer is how and when certain descriptions count as 
explanations. Explaining how fusion processes enable the sun to maintain 
its heat output consists exactly in describing these processes and their 
products. Explaining therefore sometimes consists simply in giving the 
rigllt description . What counts as the right description? Tentatively we 
can consider the vague hypothesis that the right description is the one 
which fills in a particular gap in the understanding of the person or people 
to whom the explanation is directed. That there is a gap in understand
ing, or a misunderstanding, seems plausible since whatever an explanation 
actually does, in order to be called an explanation at all it must be capable 
of making clear something not previously clear, i.e., of increasing or pro
ducing understanding of something. The difference between explaining 

• fo'or an alternative and acceptable interpretation of their remark, see 3.4 below. 
1 Op. cit ., p. 320. 
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and "merely" informing, like the difference between explaining and de
scribing, does not, I shall argue, consist in explaining being something 
"more than" or even something intrinsically different from informing or 
describing, but in its being the appropriate piece of informing or describ
ing, the appropriateness being a matter of its relation to a particular con
text. Thus, what would in one context be "a mere description" can in 
another be "a full explanation." The distinguishing features will be found, 
not in the verbal form of the question or answer, but in the known or in
ferred state of understanding and the proposed explanation's relation to 
it. To these, of course, the form of the question and answer are often im
portant clues, though not the only clues. But this is only a rough indica
tion of the direction of the solution to be proposed in this paper, and it 
may be that the notion of understanding will present us with substantial 
difficulties, quite apart from the problem of identifying the criteria for 
"closing the gap" in understanding (or rectifying the misunderstanding). 
However, let me remind the reader that understanding is not a subjec
tively appraised state any more than knowing is; both are objectively test
able and are, in fact, tested in examinations. We may first benefit from 
examining the relation between explanation and another important scien
tific activity. 

3.4. Explanations as "EssentiaIIy Similar" to Predictions. 

The next suggestion to be considered is a much more penetrating one, 
and although it cannot be regarded as satisfactory, the reasons for dis
satisfaction are more involved. Quoting from Hempel and Oppenheim 
once more: " ... the same formal analysis ... applies to scientific pre
diction as well as to explanation. The difference between the two is of a 
pragmatic character ... It may be said, therefore, that an explanation is 
not fully adequate unless . .. if taken account of in time, [it] could have 
served as a basis for predicting the phenomenon under consideration." 8 

( 3.41) The full treatment of this view will require some points that will 
only be made later in the paper; but we can begin with several rather 
weighty objections. First, there certainly seem to be occasions when we 
can predict some phenomenon with the greatest success, but cannot pro
vide any explanation of it. For example, we may discover that whenever 
cows lie down in the open fields by day, it always rains within a few hours. 
W arc in an excellent position for prediction, but we could scarcely offer 

' p. cit., pp . 322-323 . 
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the earlier event as an explanation of the latter. It appears that explana
tion requires something "more than" prediction; and my suggestion would 
be that, whereas an understanding of a phenomenon often enables us to 
forecast it, the ability to forecast it does not constitute an understanding 
of a phenomenon. 

(3.42) Indeed, the forecast is simply a description of an event (or con
dition, etc.) given prior to its occurrence and identified as referring to a 
future time; whereas an explanation will have to do more than merely de
scribe those features of the thing to be explained that identify it. (In this 
sense, it is more than a (particular) description.9 ) At the very least some 
other features of it must be mentioned, and often some reference is made 
to previous or (other) concurrent events and/or laws. Since none of this 
is required of a prediction, it seems rather extraordinary to suppose that 
the contents of a prediction are logically identical to those of an explana
tion. And our first point showed that the grounds for the two are often 
quite different, in that one can be inferred from a mere correlation and 
the other not. 

Such cases also demonstrate that explaining something is by no means 
the same as showing it was to be expected, since the latter task can be 
accomplished without any explanation being given.1° For our purpose, 
however, the crucial point is that, however achieved, a prediction is what 
it is, simply because it is produced in advance of the event it predicts; it is 
intrinsicaIIy nothing but a bare description of that event. Whereas an 
explanation of the event must be more than the identifying description 
of it, else to request an explanation of X (where "X" is a description, not 
a name) is to give an explanation of X. Of course, there is usually a differ
ence of tense, but we could agree to this as a pragmatic difference. How
ever, it is the least and not the only difference between explanations and 
predictions. 

( 3.4 3) There also seem to be cases where explanation is not in terms 
of temporally ordered and causally related events, and we are consequent
ly never able to make predictions. These cases are common enough out
side the physical sciences, e.g., in explaining the rules of succession in an 
Egyptian dynasty, or the symbolism of a tribal dance. Within science 

•And this salvages the theme which forms the title of 3.3-but at the expense of 
making that of 3.4 untenable. I am thus uncertain which interpretation to accept. 

'
0 See also "Explanation, Prediction, and Abstraction" by Israel Scheffier, British 

f ournal for the Pliilosophy of Science, 7: 293-309 ( 19 57) , where several of the points 
in this ction are discussed. 
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there are of course all the cases of explaining a theory or mechanism or 
proof; these are normally dismissed by supporters of the Hempel and 
Oppenheim position, on the grounds that they are clearly a different kind 
of explanation, the explanation of meaning, not at all related to scientific 
explanation. While there is no doubt about the difference in procedure 
between explaining a theory and explaining some phenomenon 'in te1ms 
of the theory, it is not enough to appeal to intuition for support of the 
claim that they are not 'fundamentally,' i.e., for all logical purposes, the 
same except for subject matter, much as definition in mathematics might 
be said to be fundamentally the same as definition in the empirical sci
ences except for subject matter. In fact, it seems clear enough that one 
important element is held in common between the two 'kinds' of ex
planation, viz., the provision of understanding. But is there not a great 
deal of difference between the kinds of understanding provided in the 
two cases? 

Now, not understanding a theory may be due to not understanding 
what its assumptions are, to not understanding the meaning of some of 
its terms, or to not understanding how the derivations said to be possible 
from it are to be made. One might suppose this to be quite unlike not 
understanding why a stick half-immersed in water appears bent. 

But instead of asking how we go about explaining a natural phenome
non, let us ask how we come to ask for an explanation, i.e., what it is that 
we think needs explanation. It may seem that science is committed to 
the view that everything needs to be explained. Now it is clear that every
thing cannot be explained every time we give an explanation of some par
ticular thing (or set of things) which is all we ever do in a given context. 
So we can rephrase our question as, What is it that needs explanation in 
a given context? It seems clear that it is those things which are not prop
erly understood (by whomever the explanation is addressed to). Now, 
lack of understanding of a natural phenomenon may be due to the ab
sence of certain information about the situation, to the presence of false 
beliefs about it, or to an inability to see the connections between what is 
understood and what is not understood. These are much the same kinds 
of difficulty as occur in not understanding a theory, although the informa
tion will be in one case about a verbal construction out of our knowledge 
and in the other about, for example, a mechanical construction out of our 
raw materials. However important the differences of subject may be, it is 
11ot bviou that the notion of understanding or explanation involved is 
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in any important way different; and it is quite obvious that no predictions 
are possible on the basis of an explanation of the meaning of a theory 
(except, irrelevantly, those which the theory makes possible, if any-and 
it may be a theory whose advantages lie solely in its unifying powers). 
Certainly one should ~el uneasy about any general claims of common 
logical structure for explanation and prediction which have to be defended 
by rejecting clear cases of explanation as "essentially different," without 
detailed examination. I shall argue that the differences are much less im
portant than the similarities: in effect we are in both cases providing a 
series of comprehensible statements that have some of a wide range of 
logical relations to other statements. Lest this seem to be a proof of simi
larity by simply weakening the definition of 'similar,' I also try to show 
that the narrower definition is independently unsatisfactory. 

( 3.44) Again, we often talk of explaining laws: indeed half of Hempel 
and Oppenheim's examples are of this kind. Now, when we offer an ex
planation of Newton's Law of Cooling (that a body cools at a rate pro
portional to the difference between its temperature and that of its sur
roundings), we do so-according to Hempel and Oppenheim-by deriv
ing this law from more general laws.11 What predictions could be made 
which would have "the same formal structure" as this kind of explana
tion? The 'pragmatic' difference between the two as they see it is essen
tially that explanation occurs after the phenomenon, and prediction be
fore. But in the case of laws, which are presumably believed to hold at all 
times, what does it mean to talk of predicting the phenomenon? It is 
surely the case that the truth of Newton's law is simultaneous with that 
of the more general laws from which it is derivable. We cannot speak of 
being able to predict the inclusion of the class of A's in the class of C's 
if we already know that A's are B's and B's are C's. 

It may seem that this argument can only be countered by saying that 
a law is a generalization about a number of events and that to 'predict a 
law' is to predict the outcome of experiments done to determine the pat
tern of these events. It is true that this is different from predicting an 

11 The reader may be worried by the fact that his law is known to be only an ap
proximation. This is true of almost all 'laws,' but we do give explanations of them, e.g., 
of Kepler's laws, Snell's law. Now, for any such law, deducing it from any premises 
would simply show the premises to be inaccurate. Hence, explanation cannot require 
d duction from true premises. We must substitute a weaker requirement; there are 
several possibili ties which appear to retain much of the Hempel analysis (but see 3.5, 
4.'S, nncl 6 below ) . 
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eclipse, where the actual event to which the prediction refers is in the 
future, not merely the discovery of its nature. However, ( i) it is certainly 
true that some-but not all-events governed by most laws lie entirely in 
the future, and its truth depends on these and these are predictable in the 
usual sense. (ii) Certainly, too, we want to say that inferences about the 
past, which generate predictions about what archaeologists or geologists 
will discover, have exactly the same logical structure as inferences about 
the future, a fact well brought out by the practice of calling them post
dictions or retrodictions. So, if explaining a law consists in explaining the 
over-all pattern of events, past, present, and future, predicting a law, as 
it seems we might interpret it, could be regarded as compounded out of 
such predictions and postdictions. This interpretation represents at the 
very least an extension of meaning since we cannot in the usual sense call 
inferences about the activities of the earth's crust in Jurassic times (which 
will be covered by geological laws) predictions. Although we could quite 
properly apply this term to inferences about what will be found by geolo
gists upon searching in certain areas, this is not what the law is about (for 
else we must say that the law asserts something different every time some
thing new is discovered by the geologists, there being that much less for 
them still to discover). Indeed, we land in a well-known swamp if we 
make this move; for the same argument makes all historical statements 
into statements about contemporary evidence and all statements about 
distant places into statements about local evidence, etc. It is the argument 
which confuses the reference of a statement with the evidence for a state
ment. So explanations of laws only have a correlate among predictions if 
we extend the meaning of the notion of prediction to include postdiction. 

Now this extension may not seem very significant until one reminds 
oneself that the whole significance of the term "prediction" resides in the 
temporal relation of its utterance to the event it mentions. "Prediction" 
is a term defining a category of sentences, in the same way as "command," 
"argument," "description," etc.; it defines descriptive sentences in the 
future tense made when the tense is appropriate. The sentence uttered or 
written in making any given prediction can be repeated after the event has 
occurred as a perfectly good historical description, provided only that the 
tense of the verbs (or the corresponding construction) is changed, i.e., 
apart from tense, predictions are not identifiable. So this extension of 
111 ::ming amounts to an elimination of the meaning with which one 
b 1an. W may agree that one procedure of inferring past events is es-
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sentially the same as one procedure of inferring future events, but we 
cannot possibly conclude that the results in the first case are essentially 
the same as predictions. This is like saying that analytic statements are 
essentially the same as synthetic statements since both can be inferred 
syllogistically. If the only way of inferring to such different kinds of state
ment was syllogistic, one might be more inclined to call them logically 
identical. One would still not be very impressed, since their logical char
acter is written on their face, and appealing to their common ancestry 
cannot prove that all siblings are twins; it cannot eliminate the obvious 
differences. But it is clear that there is nothing unique about the type of 
inference suggested here; predictions and postdictions can be obtained 
from arguments of virtually a logical form and also without any argu
ment at all, as in the case of the expert but inarticulate diagnostician or 
the precognitive. I conclude that the explanatiem of laws has no proper 
counterpart among predictions, since there is no general concept of pre
dicting laws; for ( i) if what can be predicted is said to be the discovery 
of a law, this fails because the counterpart to explaining an event is pre
dicting it, not its discovery (which would require laws about discovering 
laws); (ii) in the only other possible interpretation, a large number of the 
conclusions inferred are simply not predictions at all; (iii) even ignoring 
the first two points, nothing is more obvious than the difference in logical 
structure between the "prediction" "All A's are (or even, will be found 
to be) C's" and anything that might conceivably be said to be an ex
planation of it. 

( 3.45) I think little can be salvaged from the impact of this set of four 
points (3.41 through 3.44) against the 3.4 thesis, but I wish to indicate 
another series of difficulties which will help us to develop a constructive 
alternative position. The first involves a rather lengthy example, but the 
same example is of some assistance in dealing with the notion of cause as 
well as those of explanation and prediction. Suppose we are in a position 
to explain the collapse of a bridge as due to the fatigue of the metal in 
one of the thrust members. This is not an unusual kind of situation, and 
it is, of course, one where no prediction was in fact made. According to 
Hempel and Oppenheim, if this is a satisfactory explanation, then, if 
taken account of in time, it could have formed the basis for a prediction. 
(We can abandon the idea-presumably but incorrectly taken to be equiv
alent by Hempel and Oppenheim-that it would actually have the same 
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logical structure as the prediction.) Let us examine in a little detail how 
this could be so. 

We begin our search for the explanation with an eyewitness account 
that locates a particular girder as the first to go. We already know that 
there is a substantial deterioration in the elastic properties of carbon steel 
as it ages and is subjected to repeated compressions; we also know that 
the amount of this deterioration is not predictable with great reliability 
since it depends on the conditions in the original welding, casting, and 
annealing processes, the size and frequency of subsequent temperature 
changes to which the formed metal is subjected, the special stresses to 
which it may have been subjected, e.g., by lightning discharges which 
put heavy currents through it, and, of course, irregularities in and perhaps 
violations of the design load. The only way to deal with these sources of 
error is to 'over-design,' i.e., to make an allowance for the unpredictables 
and provide a safety factor on top of that. But the cost of materials and 
the pressure of competitive tenders puts limits on the size of such safety 
margins, and every now and then, as in the spectacular case of the Laun
ceston Bridge, where the wind set up resonant vibrations, a failure occurs. 
In the present case, where internal rather than external circumstances are 
the significant factor in the failure, we obtain samples of the metal from 
the girder in question and discover that its elastic properties have substan
tially deteriorated. But as we do not have any exact data about the load at 
the time of failure, we cannot immediately prove that such a load would 
definitely have produced failure. 

Now we go over the rest of the bridge carefully, searching for other 
possible causes of failure and find none. The bridge is of standard design, 
sited on good bedrock, and well built. We do have good reason to sup
pose that the load-causing failure was no greater than the bridge had with
stood on many previous occasions, though greater than the static load 
(assume standard traffic and moderate wind); so we are forced to look for 
the cause in the structural changes. In the light of all this information, 
we can have great confidence in our explanation of the failure as due to 
fatigue in the particular beam; but we simply do not have the data re
quired for a prediction that the failure would take place on a certain date. 

It is perfectly true that it we also had exact data about the load when the 
failure occurred, could obtain some exact and reliable elastic coefficients 
fr m f'h fatigued sample, were in no doubt about our theory, and found 

11 a I n la Ii n with the revised elastic coefficieots that the load exceeded 
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the residual strength, we could be even more confident of our explana
tion. But I have described a much more realistic situation in which we 
can still have a very high level of rational confidence in our explanation, 
a level which places it beyond reasonable doubt. 

Now, in both cases-with and without the exact details-we can make 
some kind of a conditional prediction-that the bridge will fail it the load 
goes over a certain point, for obviously we can give some load which ex
ceeds any known bridge's capacity. It must be noticed first that such a pre
diction has no practical interest at all except in so far as we can predict 
the occurrence of such loads. It is a conditional prediction not a categori
cal prediction, and if the only kind of prediction which is associated with 
explanations is conditional prediction, especially if they are of this "upper 
limit" kind, this is of very little interest indeed for scientists or engineers 
who cannot predict when the conditions are met, or who know they are 
very rarely met. 

These considerations make us realize that the crucial element in the 
'duality thesis' about explanations and predictions is the existence of a 
specific correlative prediction for each explanation. Naturally, we can 
make a number of conditional predictions as soon as, or indeed before, 
we have any data about the material and form of the bridge; but these 
are independent of the particular circumstances of the failure. The 'dual
ity' claim presumably implies that to every different good explanation 
there corresponds a different prediction relating to precisely those circum
stances to which the explanation applies. But it is easy enough to see that 
we can attain all reasonable certainty about an explanation with less evi
dence than is required to justify even a conditional prediction with the 
same specific reference. 

In the bridge example, we have so far been much too profligate of our 
investigator's time. In fact, he knows very well that the only causes of 
failure other than a load in excess of anything for which the structure was 
originally designed are metal fatigue or external damage by, for example, 
corrosion, abrasion, or explosion. It is easy to check for the symptoms 
of external damage, it is relatively easy to judge that the load was not be
yond the design limits. Consequently, he can almost certainly identify 
the cause of failure immediately as fatigue. In suitable circumstances, i.e., 
with suitable evidence for the above statements, it is only a formality to 
go through with testing samples of the structural steel. Suppose, however, 
n a final check, we do a rough computation of Young's modulus for ma-
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terial in the beam and find it has substantially decreased and by much 
more than for the other beams; but we take no exact measurements of it, 
and none at all of the other elastic coefficients (which normally vary in 
the same direction as Young's modulus). Our hypothesized explanation 
has been very strongly confirmed. It is now beyond reasonable doubt. Now 
what conditional prediction can we make? It seems there is only the ex
tremely weak one that if sufficient substantial fatiguing takes place, and 
a somewhat higher load than normal is imposed, failure will take place.12 

Not only does such a 'prediction' correspond to an indefinitely large num
ber of explanations and hence fail to meet the uniqueness condition pre
viously mentioned, but it is couched in such vague terms as to be almost 
wholly uninformative. Yet, I wish to maintain that such a prediction is 
all that can be said to be correlated with some very well-established ex
planations. 

Let us examine the most natural counterargument. This would consist 
in saying that no such explanation could ever be regarded as certain in 
view of its lack of precise support. Imagine an attorney for the steel com
pany attacking this explanation in court. "How can you be sure that the 
metal fatigue was enough to produce a failure? You made no calculation 
and no measurements from which you could in any way infer that a bridge 
built of that same steel, in the same condition you found it, would fail 
even under twice the load impressed on it that windy night. Hence, I sub
mit that no evidence for blaming the steel has been produced, and hence 
no evidence that the steel was at fault." 

The weakness of this argument as far as our considerations are con
cerned is twofold. First, there is not the least difference between direct 
and indirect evidence for establishing a conclusion beyond reasonable 
doubt; indirect evidence is often more reliable and the distinction between 
the two is largely arbitrary. If only A, B, or C can cause X, and A and B 
are ruled out, it is unnecessary to show C is present; in this case, however, 
it was also shown that C was present, and the only debate is over whether 
sufficient C was present. The reply to such doubts is simply "What else, 
then?" A redoubtable prima-facie case has been made, and if not rebutted, 
it must be accepted. 

Second, there are some grounds for doubting the significance of any 
'dir ct' test, which do not apply to the indirect evidence. Suppose we take 

" 11 mp I, replying to this point in the present volume, suggests another, more spe
c 1f1r rn 11d idat . I comment on this later. 
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all the exact measurements we can and make all the calculations we can, 
and they indicate that a bridge made of the metal tested would not col
lapse under any stress that seems likely to have occurred in the circum
stances at the time of failure. Here we have two conflicting indications. 
Far from it being the case that the 'direct' test affords the crucial test, we 
find it substantially less reliable than the other evidence. First the sample 
of metal tested is not known to be identical with that which failed: we 
take a sample adjacent to the fracture, but it is a very difficult matter to 
determine where the fracture begins, i.e., where the failure occurs. It is 
quite certain that different spots on the same girder-and along the same 
fracture-are under very different stresses and hence at very different 
stages of fatigue. Second, the steps involved in going from the data on 
materials to conclusions about bridge strength involve a vast number of 
assumptions of various kinds, few of them more than approximations 
whose errors may in sum be fatal to the argument. For example, it is pos
sible that exceptional conditions did prevail in local areas around the 
bridge structure, producing strains such as would not normally be asso
ciated with a moderate storm-a typical example is provided by the ran
dom development of wind resonance, which can build up a considerable, 
though not precisely known, extra force from a mild breeze that happens 
to be blowing in the right direction at the right velocity. Hence our 
'direct' calculations by no means settle the matter; and the recent exam
ples of wing failure in the Electra airliner show that fatigue can be identi
fied as the cause of failure even when exact theory is wholly inapplicable. 
The moral of this example is that explanations can be supported by asser
tions about qualitative necessary conditions whereas even a conditional 
prediction requires quantitative sufficient conditions. (This point would 
of course be completely lost if one proceeds on the common assumption 
that causes are simply sufficient conditions : see 4.9.) 

We have thus discovered that the 'direct test' of the indirectly sup
ported hypothesis is by no means immune to rejection. But the general 
issues about confirmation are not important here; it is the existence of 
some cases where we can have every confidence in an explanation and yet 
be in no position to make a prediction, even an applicable conditional 
prediction. This counterexample to the 'duality' view is the analogue of 
the counterexamples already mentioned where we are in an excellent posi
lion to make a prediction but cannot produce an explanation. A simple 
and mcwhat rough way of putting the point of the last example would 
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be to say that a prediction has to say when something will happen, or 
wl1at will (sometime) happen, a causal explanation only what made it 
happen. The first requires either attaching a time or range of times ( un
conditional prediction), or a value of some other variable (conditional 
prediction), to the description of an event, whereas the second often re
quires only giving a cause, i.e., picking out (not estimating the size of) a 
variable, or another event. 

Naturally there are some cases where more than these minimum re
quirements are available. Sometimes the nature of the problem is such 
that when the explanation is certain the prediction is possible: the Farn
borough research into the fuselage fatigue of the De Havilland Comet 
airliners is a case in point. This was possible only because they had excel
lent data on the circumstances of the failure (from service records plus re
covered instruments). The first type of case we have described is of cen
tral importance in the social sciences, because most of our knowledge of 
human behavior can be expressed only in necessary condition proposi
tions or judgment propositions. Hence it enables us to explain but not 
predict with equal accuracy. We can confidently explain the migration 
of the Okies to California in terms of the drought in Oklahoma, though 
we could not have predicted it with any reliability. For we know (i) that 
there must have been a reason for migrating and (ii) that drought pro
duces economic conditions which can provide such a reason, and (iii) that 
nothing else with such effects was present. But we do not know how much 
of a drought is required to produce a migration and hence could not have 
predicted this with any confidence. Hempel mistakenly regards this as 
grounds for doubting the explanation.13 We must insist on making a dis
tinction between a dubious explanation and one for which further con
firmation-in the technical sense-is still possible: every empirical claim 
has the latter property. 

( 3.46) To summarize, in part. The idea that a causal explanation can 
only be justified by direct test of the conditions from which a prediction 
could be made is a root notion in the Hempel and Oppenheim treatment 
of explanation, and they try to give it a precise formulation. It is said that 
an explanation must have the form of a deduction from (a) causal laws 
( 11) connecting certain antecedent conditions ( Cv) to certain conse
c1u nt onditions (Ev), plus (b) assertions that the conditions Cv ob-

•• "Th fo'nn tion of General Laws in History," Journal of Philosophy, 39: 35-48 
( l 112). 
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tained in the case under consideration, where we are trying to explain X, 
which is the sum of the conditions Ev. In the bridge example, we would 
have to show (by appeal to connections involving Lv) that material with 
the properties of the sample taken ( C1, C2, . . ., C0 _ 1 ) under the ambi
ent conditions of the failure ( C0 , C0 + 11 • • ., Cm _ 1 ) would lead to the 
behavior described, i.e., X, the collapse of the bridge (the bridge's design 
and state prior to failure being qescribed in terms of Cm, C

00 
+ 1, • .. , 

CP) . I have been arguing that an indirect approach may be just as effec
tive, i.e., one showing fatigue (C1 ) to be a necessary condition for X 
under the circumstances (C2, ... , CP) . This would involve appealing 
to a proposition of the form "If X occurs, then either Ai, Bi, or Ci caused 
it" and showing that C2, . . ., Cp rule out Ai and Bi. The main trouble 
with such laws for the thesis of Hempel and Oppenheim is that they do 
not permit any predictions of X, since the occurrence of Xis required for 
their application. Nor can such laws be reformulated for predictive use, 
for they are quite different from "If A1 or Bi or C1 occur, they will pro
duce X," not just because one states necessary and the other sufficient 
conditions, but because the first does not and the second does require 
quantitative formulation if it is to be true-for it is obviously false that 
any degree of fatigue produces failure. These laws incidentally demon
strate that the duality thesis about explanation and prediction was actually 
a separate, fifth condition and not a consequence of the four conditions 
Ri-R4. 

( 3.47) In concluding this discussion of the prediction criterion for 
explanations, I think it is worth mentioning some points which are neither 
wholly independent of those discussed above nor, it seems to me, quite so 
strong. First, it is a consequence of Hempel and Oppenheim's analysis 
that whatever we explain must be a true statement, since they explicitly 
require all statements in an explanation to be true. Now it is certainly not 
the case that all the predictions we make must be true: we often err in 
predicting the behavior of the stock market, the weather, and the ponies. 
This point is thought by Scheffier to show that explanations and predic
tions are different in this respect; but I take it to be mainly a difficulty 
with Hempel and Oppenheim's analysis of explanation. For one can talk 
of explaining things that do not happen, just as one can talk of the conse
quences of things that do not happen. "If you hadn't got here on time, I 
know who would have been responsible," the irate parent says to the 
almost-wayward daughter; "If the fourth stage had failed to (ever fails to) 

187 



Michael Scriven 

fire, you may be sure it would have been (will be) because of a valve fail
ure in the fuel-line," the missile technician may say. This use is derivative, 
i.e., it can be explained by reference to the commonest use; and in the 
commonest use I think we can agree that to say something is an explana
tion of Xis to presuppose (in Strawson's sense) that X occurred. But this 
is not to say that in all proper uses, this can be inferred. 

Apart from the case just cited, where it is known that X did not occur, 
known even by the giver of the explanation, and apart from explanations 
of events in fiction, there are other cases where this condition does not 
hold. In the modified phlogiston theory of about 1785, the explanation 
of the limited phlogistication of air when calcination occurs in a closed 
vessel was in terms of the finite capacity of a finite volume of air for ab
sorbing phlogiston. The very phenomenon here explained does not exist, 
although even Cavendish thought it did. The explanation given is within 
the theory, of something described in theoretical terms. This is not to be 
confused with the case where we quite commonly put single quotation 
marks around the term "explanation," meaning that the term is not prop
erly applicable, as when Conant says "an 'explanation' of metallurgy was 
at hand: Metallic ore (an oxide) + Phlogiston from charcoal ~ Metal." 14 

For here we are referring to an incorrect explanation of something we 
know does occur, viz., smelting, and we know this not to be the correct 
explanation: compare the previous cases discussed where we know the 
phenomenon does not occur. I am therefore unwilling to agree that all 
proper uses of the term "explanation" presuppose that the phenomenon 
explained occurs; though I would agree that in the primary use this is so.15 

I shall say something about the necessity for the truth of the body of the 
explanation itself in the next section. 

In the primary use of explanation, then, we know something when we 
are called on for an explanation that we do not know when called on for 
a prediction, viz., that the event referred to has occurred. This is some
times a priceless item of information since it may demonstrate the exist
ence or absence of a hitherto unknown strength of a certain power. Thus, 
to take a simpler example than the bridge case, a man in charge of an 

"Harvard Case Histories in Experimental Science, Vol. I (Cambridge, Mass. : Har· 
vard University Press, 1958) , pp. 70, llO. 

'" There are of course a number of terms besides "explanation" (e.g., description 
(s e 3.6), observation, insight ) that are used in such a way that the description "in· 
·0 1 re t (explanation )" can be synonymous with "not an (explanation) at all ." The 

poi11t just made do not, however, depend on this ambiguity. 
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open-hearth furnace may be suspiciously watching a roil on the surface of 
the liquid st~el, won.dering if it is a sign of a "boil" (an occasionally seri
ous destructive react10n) on the furnace lining down below or just due to 
some normal oxidizing of the additives in the mixture. Suddenly, a catas
trophe: the whole charge drops through the furnace lining into the base
ment. It is now absolutely clear that there was a boil which has eaten 
through the lining: apart from sabotage (easily disproved by examination) 
th~re's no other possibility. But no prediction is possible to the event, 
usmg the data then available. This renders almost empty Hempel and 
Oppenheim's (and even Scheffler's) conclusion that explanations provide 
a basis for predictions. For "Had we known what was going to happen, we 
could have predicted it" is a vacuous claim. One might mutter something 
~bout "If the furnace was in exactly the same state again we could predict 
rt would dump'." but I have already pointed out that this is a virtually 
e~pty remark smce we usually can't identify "exactly the same state"; it is 
s1~~ly a ~ubi~u~ deter~inist slogan, not even a genuine conditional pre
diction. Smee rt rs techmcally entirely impossible to rebuild the furnace to 
the point where it is identical down to the temperature distribution in the 
mixture (a crucial factor) and the shape of the irregularities in the floor 
(also crucial), even if we knew these specifications, it will be pure chance 
if the conditions ever recur and when they do they won't be identifiable. 
Thus our grounds for thinking the determinist's slogan to be true-if we 
do-are entirely indirect, and the explanation certainly does not rest on 
subsumption under the slogan since we cannot even tell when the latter 
applies, whereas we can be sure the explanation is correct. 

The problem of direct vs. indirect confirmation which arises here is of 
great importance throughout structural logic. To say that "same cause, 
same effect" is a determinist's slogan is not to say it has no empirical con
tent. It has, and it is actually false, as far as present evidence goes, though 
only to a small extent for macroscopic observations. (It is also not equiva
~ ent to t~e i~ea of determinism as universal law-governed behavior.) What 
rt lacks rs smgle-case applicability and hence direct confirmability when 
complex systems are involved-for it is often impossible to specify what 
counts as the 'same conditions.' It may still be felt on general grounds 
that unless we do know what counts as the 'same conditions' in a given 
a e, we cannot be sure of the proposed causal explanation in that case. 

The opposite t~esis will be defended in a later section of this paper, and 
l prepare for rt I shall need to make several further distinctions and 
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points. At this stage, however, let me summarize by saying that any pre
diction specifically associated with an explanation is ( i) often conditional, 
and (ii) either so general as to be almost empty or so specific as to refer 
to no other case, and (iii) often not assertible until it is known the event 
occurred, i.e., not a true prediction. 

3.5. Explanations as Sets of True Statements. 

It is not possible to claim that explanations can only be offered for 
events that actually occur or have occurred. They can be given for events 
in the future (Scheffier), for events in fiction, for events known not to 
occur, and for events wrongly believed to occur-and also for some laws, 
states, and relationships which are timeless (see above). Assuming Hem
pel and Oppenheim's analysis to be in other respects correct, it follows 
that in such cases some of the propositions comprising the explanation 
itself cannot be true, contrary to one of their explicit conditions.16 The 
reason they give for this condition is a very plausible one, however, and 
it is of interest to see if a more general account can be given which will 
contain allowance for their point. They say:" ... it might seem more ap
propriate to stipulate that the (explanation) has to be highly confirmed 
by all the relevant evidence rather than that it should be true. This stipu
lation, however, leads to awkward consequences. Suppose that a certain 
phenomenon was explained at an earlier stage of science by means of an 
(explanation) which was well supported by the evidence then at hand, 
but which had been highly disconfirmed by more recent empirical find
ings. 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 say that . . . the account in 
question was not-and had never been-a correct explanation." 17 

It is roughly on these grounds that Conant puts the term "explanation" 
in quotes when he is referring to the phlogiston theory's account of cal
cination. For much the same reason we refer to an astrologer's remarks as 
an 'explanation' of Henry Ford's successful business career. 

But notice we can talk perfectly well about "two competing explana
tions" of some phenomenon in contemporary physics without feeling it 
improper to refer to both as explanations although only one can be true. 

'" Op. cit. , pp. 321-322. 
" p. cit. , p. 322. 

190 

EXPLANATIONS, PREDICTIONS, AND LAWS 

And there certainly seem to be cases where we want to say, for example, 
that the Babylonian explanation of the origin of the universe was basically 
naturalistic, without using·inverted commas. The best treatment of these 
cases, it seems to me, is to regard them as secondary uses which have be
come fairly standard, the notion of a secondary use being defined in terms 
of the fact that understanding it depends logically on understanding the 
primary use. But these are definitely proper uses and the term "explana
tion" is hence perhaps less a 'success word' or 'achievement word' than, for 
example, "knowledge" and "perception." We cannot say of two contradic
tory claims that both are known since this implies both are true. And this 
suggests a solution to our present problem. 

The proper way of avoiding Hempel and Oppenheim's powerful argu
ment is, I think, very simple; the secondary uses of "explanation" are 
legitimate but there are no such secondary uses of "correct explanation," 
the term which they substitute halfway through the argument. Remove 
the qualifying adjective "correct" and you will see that the argument is no 
longer persuasive. For consistency, this term must be and can be added to 
the occurrences of "explanation" in the premises. Overwhelming counter
evidence does not necessarily lead us to abandon or even to put quotes 
around "explanation," but, as the argument rightly says, it does lead us 
to abandon the application of the term "correct explanation" (or "the 
explanation" which is often used equivalently). Hence we should regard 
I.:Iempel and Oppenheim's analysis as an analysis of "correct explanation" 
rather than of "explanation," or "an explanation," and this is surely what 
they were most interested in. "Explanations," or "an explanation," or "his 
explanation," or "a possible explanation," do not always have to be true 
(or of the appropriate type, or adequate); they only need high confirma
tion, at some stage. 

Doesn't the notion of confirmation come into the analysis of "correct 
explanation" at all? It is not part of the analysis, which only involves 
truth; but it is our only means of access to the truth. We have not got 
the correct explanation unless it contains only true assertions, but if we 
want to know which explanation is most likely to meet that condition, 
we must select the one with the highest degree of confirmation. Good 
evidence does not guarantee true conclusions but it is the best indicator, 
so we need no excuse for appealing to degree of confirmation. Moreover, 
we have no need to adopt the skeptic's position that all possibility of 
knowing when we have a correct explanation is by now beyond reason-
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able doubt, and to restrict "knowing" to cases of absolute logical neces
sity is to mistake the empty glitter of definitional truth for the fallible 
flame of knowledge. The notion of reasonable doubt is highly dependent 
on context, but highly unambiguous in a given context, and it sets the 
threshold level which distinguishes knowledge from likelihood. Anything 
that is to be called the "correct explanation" of something that is known 
to have happened must contain only statements from the domain of 
knowledge. 

Now among the things we know are some statements about the prob
ability of certain events under certain circumstances, e.g., about the prob
ability of throwing a six with a die that passes various specifiable tests. 
Could we not use such propositions as part of an explanation? Hempel 
and Oppenheim-in the papers cited-countenance the possibility that 
what they call statistical explanations may be of great importance but 
they neither undertake to discuss them nor, more significantly, restrict 
most of their conclusions about explanation in general in the way that 
would be appropriate if we do take seriously the claims of statistical ex
planations (which I include in the broader class of explanations based 
on probability statements) . In the present volume, Hempel sets out an 
ac-;;Qunt of statistical explanation on which I comment later. Such ex
planations cannot be subsumed under Hempel and Oppenheim's original 
analysis as it stands, because no deduction of a nonprobability statement 
from them is possible, and it is hence impossible for them to explain any 
actual occurrence, since actual occurrences have to be described by non
probability statements. In particular we could make a (probable) predic
tion from such 'laws,' but could not-using the same premises-be said to 
explain the event predicted, if it does come about. 

( 3.51) It is of some importance to notice that Hempel and Oppen
heim's analysis of explanation absolutely presupposes a descriptive lan
guage. For them there can be nothing to explain if there is no language, 
since the thing-to-be-explained is dealt with only via the 'explanandum' 
which is its description in the relevant language. One suspects such a re
striction immediately because there are clearly cases where we can explain 
without language, e.g., when we explain to the mechanic in a Yugoslav 
garage what has gone wrong with the car. Now this is hardly a scientific 
explanation, but it seems reasonable to suppose that the scientific explana
ti n represents a refinement on, rather than a totally different kind of 
nti.ty from, the ordinary explanation. In our terms, it is the understand-
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ing which is the essential part of an explanation and the language which 
is a useful accessory for the process of communicating the understanding. 
By completely eliminating consideration of the step from the phenome
non to the description of the phenomenon, Hempel and Oppenheim 
make it much easier to convince us that deducibility is a criterion of ex
planation. In fact, within the language there is only one other relation 
possible, viz., inducibility. We shall argue that good inductive inferribil
ity is the only required relation involved in explanations, deduction being 
a dispensable and overrestrictive requirement which may of course some
times be met. But a source of both error and understanding is left out of 
account in such a debate; for unexplained things are sometimes such that 
we do not describe them in asking for an explanation and such that they 
are explained merely by being described in the correct way regardless of 
deduction from laws.18 (And on the other hand, sometimes a true de
scription and deduction is not enough.) 

3 .6. Explanations as Involving Descriptions of What Is to Be Explained. 

Once we have realized the extraordinary difficulty there is in supposing 
that explanations and predictions have a common structure, it is natural 
to ask what the structure of an explanation really is. The 'structure' of a 
prediction, we noticed, is simply that of a declarative statement using an 
appropriate future tense and any kind of descriptive language. It may in
deed be of the form "C will bring about X" but is more usually of the 
form "X will occur" or "X, at time t." The structure of an argument, to 
take a further example, is such as to involve several statements which are 
put forward as bearing upon each other or upon some other statements 
in the relation of premises to conclusions. Now what is the structure of 
an explanation? A bridge's failure may have as its explanation the fatigue 
of the metal in a particular member or the overload due to a bomb blast. 
These appear to be a state and an event which could be held to be the 
cause of the event to be explained. A different account will have to be 

18 
A common case is that when someone, greatly puzzled, asks What on earth is this? 

or What's going on here? and is told, for example, that it is an initiation ceremonial 
on which he ~as stumbled: Analogous cases in particle physics, engineering, and astron
omy ar~ obvious. !he ~omt of these examples is that understanding is roughly the 
perception of relationships and hence may be conveyed by any process which locates 
the puzzling phenomenon in ~ srstem of relations. When we supply a law, we supply 
part of the system; but a descnpbon may enable us to supply a whole framework which 
we already understand, but of whose relevance we had been unaware. We deduce noth
ing; our understanding comes because we see the phenomenon for what it is and are 
in a position to make other inferences from this realiza tion . ' 
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given of the explanation of laws, but for the moment we can profitably 
concentrate on the explanation of events, to which Hempel and Oppen
heim devote a good deal of space, and which has some claim to be episte
mologically prior to the explanation of laws. 

Now there is a further apparent ambiguity about "explanation": it can 
either refer to the linguistic structure which describes certain states or 
events or to the states (or events) themselves. This kind of ambiguity 
even occurs in connection with such terms as "consequence," "concept," 
"cause," "inference," and "argument"; it is common throughout logic and 
best illustrated, perhaps, by the very term "fact." We shall usually be re
ferring to the linguistic entity when we use the term "explanation," but 
clearly neither this entity nor its referents include whatever it is that is 
to be explained. In the simple but standard examples just given, the ex
planation, in this sense, is an assertion about a state or event that is en
tirely different from (assertions about) the state or event to be explained. 
But Hempel and Oppenheim say, "We divide an explanation into two 
major constituents . . . the sentence describing the phenomenon to be 
explained ... [and] the class of those sentences which are adduced to 
account for the phenomenon." 19 The former is plainly not a constituent 
of the explanation at all (except where it is all of the explanation-see 
3.5). Only if we find its consequences very confusing or inconvenient 
should we abandon such a clear distinction as this . 

The first difficulty that strikes us about this version of the Hempel and 
Oppenheim account, then, is that it asserts all explanations of a phenome
non X consist in a deductive argumentlike structure, with a statement 
about X as the conclusion, whereas our simple examples above are merely 
statements about something or other that is held to be the cause of what
ever is to be explained. And are there not occasions, on which one is going 
over-demonstrating-an explanation, when one does finish off by giving 
as the last step the description of what is to be explained? It is certainly 
not a common practice, scientifically or ordinarily, and even when it oc
curs, it only shows that part of a proof that something is an explanation 
of X may involve a description of X. The explanation of the photoelectric 
effect does not involve the description of the effect-this is presupposed 
by the explanation. The point may be minor, but it puts us on our guard, 
f r we cannot be sure whether it may not have unfortunate consequences, 

•• p. cit., p. 321. 
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analogous to those involved in saying that predictions have the same logi
cal structure as explanations. In fact, we have already seen one error that 
results from this incautious amalgamation of ( i) phenomena, (ii) their 
description, and (iii) their explanation, in 3 .5. We could state part of it 
by saying that a sixth requirement is actually implicit in their account, 
viz., the requirement of accuracy and relevance of the description of X, 
which for them is part of the explanation of X. 

In fact, the most serious error of all those I believe to be involved in 
Hempel and Oppenheim's analysis also springs from the very same in
nocuous-seeming oversimplification: the requirement of deducibility it
self, plausible only if we forget that our concern is fundamentally with a 
phenomenon, not a statement. It may seem unjust to suggest that Hem
pel and Oppenheim amalgamate the phenomenon and its description 
(though certainly they do amalgamate the description and the explana
tion) when they make clear that the 'conclusion' of the explanation is "a 
sentence describing the phenomenon (not that phenomenon itself) ." 20 

The justice of my complaint rests, not on their failure ever to make this 
distinction, but on their failure to be consistent in dealing with its conse
quences. For it is a consequence of this distinction that a nondeductive 
step is involved between the statements in an explanation and the phe
nomenon explained. And we may then ask why they should suppose de
ducibility to be the only logical relation in a good explanation. They never 
address themselves to this question directly, chiefly, I think, because they 
do not realize the consequences of the distinction they do once make. 
Attention to it would surely have led them to notice ( i) cases of explana
tory description (see 3 .5), (ii) cases where the completeness or (iii) the 
uniqueness of the description are crucial in assessing the explanation (see 
6.2). Only if we assume that getting as far as the description is getting to 
the phenomenon, i.e., doing what an explanation is supposed to do, could 
we overlook such interesting cases. (I think the fact that "description" 
can be taken to mean "accurate description" also led them to overlook the 
independent importance of this requirement.) 

3.7. The Last Two Conditions and a Summary of Difficulties. 

It is stated that the explanation "must contain general laws, and these 
must actually be required for the derivation ... " And finally, it is said 
that the derivation must be deductive, " ... for otherwise the ( explana

.. Op. cit., p. 321. 
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tion) would not constitute adequate grounds for (the proposition describ
ing the phenomenon)." 21 We now have a general idea of Hempel and 
Oppenheim's model of explanation, which I have elsewhere christened, 
for obvious reasons, 'the deductive model.' 22 I wish to maintain against 
it the following criticisms in particular, and some others incidentally; 

1. It fails to make the crucial logical distinctions between ex
planations, grounds for explanations, predictions, things to be 
explained, and the description of these things. 

2. It is too restrictive in that it excludes their own examples and 
almost every ordinary scientific one. 

3. It is too inclusive and admits entirely nonexplanatory schema. 
4. It requires an account of cause, law, and probability which are 

basically unsound. 
5. It leaves out of account three notions that are in fact essential 

for an account of scientific explanation: context, judgment, 
and understanding. 

These objections are not wholly independent, and I have already dealt 
with some of them. 

4. Fundamental Issues 
4.1. The Distinction between Explanations and the Grounds for Ex
planations. 

It is certainly not the case that our grounds for thinking a plain descrip
tive statement to be true are part of the statement itself; no one thinks 
that a more complete analysis of "Gandhi died at an assassin's hand in 
1953" would include "I read about Gandhi's death in a somewhat un
reliable newspaper" or "I was there at the time and saw it happen, the 
only time I've been there, and it was my last sabbatical leave so I couldn't 
be mistaken about the date," etc. Why, then, should one suppose that 
our grounds for (believing ourselves justified in putting forward) 23 a par
ticular explanation of a bridge collapsing, e.g., the results of our tests on 
samples of the metal, our knowledge about the behavior of metals, eye
witness accounts, are part of the explanation? They might indeed be pro
duced as part of a justification of (the claim that what has been produced 
i ) the explanation. But surely an explanation does not have to contain 

"' Op. cit., p. 321. 
11 "Certain Weaknesses in the Deductive Model of Explanation," paper read at the 

Midw st m Division of the American Philosophical Association, May 1955. 
•• I shall abbreviate some more precise formulations by omitting the words in pa· 

r •11111 • wli re I think tl1ey are not essential. 
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its own justification any more than a statement about Gandhi's death has 
to contain the evidence on which it is based. Yet, the deductive model of 
explanation requires that an explanation include what are often nothing 
but the grounds for the explanation. 

Not only linguistic impropriety but absolute impossibility is involved 
in the attempt to market the joint package as the "whole explanation" or 
"complete explanation." The linguistic impropriety is twofold: first, per
fectly proper explanations would be rejected for the quite unjust reason 
that they did not contain the grounds on which they were asserted; sec
ond, the indefinite number of possible grounds for an explanation makes 
absurd the idea of a single correct explanation since there is, in terms of 
the model, nothing more or less correct about any one of the wide range 
of possible sets of deductively adequate true grounds. And clearly these 
are circumstances in which we do identify a particular account as "The 
correct explanation." The impossibility derives from the second impro
priety. There is no sense in which one could ever provide a complete 
justification of an explanation, out of context; for a justification is a de
fense against some specific doubt or complaint, and there is an indefinite 
number of possible doubts. 

The deductive model apparently provides an answer to the latter ob
jection in an interesting way. It prescribes that the only kind of justifica
tion required is deduction from general laws and specific antecedent con
ditions. Once this is given, a complete explanation has been given; until 
this has been done, only (at best) an 'explanation sketch' has been given. 

When we say that a perfectly good explanation of one event, e.g., a 
bridge collapsing, may be no more than an assertion about another event, 
e.g., a bomb exploding, might it not plausibly be said that this can only 
be an explanation if some laws are assumed to be true, which connect the 
two events? After all, the one is an explanation of the other, not because 
it came before it, but because it caused it. In which case, a full statement 
of the explanation would make explicit these essential, presupposed laws. 

The major weakness in this argument is the last sentence; we can put 
the difficulty again by saying that, if completeness requires not merely the 
existence but the quoting of all necessary grounds, there are no complete 
explanations at all. For just as the statement about the bomb couldn't be 
an explanation of the bridge collapsing unless there was some connection 
between the two events, it couldn't be an explanation unless it was true. 
So, if we must include a statement of the relevant laws to justify our be-
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lief in the connection, i.e., in the soundness of the explanation, then we 
must include a statement of the relevant data to justify our belief in the 
claim that a bomb burst, on which the soundness of the explanation also 
depends." 24 

Certainly in putting forward one event as an explanation of another in 
the usual cause-seeking contexts, we are committed to the view that the 
first event caused the second, and we are also committed to the view that 
the first took place. Of course, we may be wrong about either view and 
then we are wrong in thinking we have given the explanation. But it is a 
mistake to suppose this error can be eliminated by quoting further evi
dence (whether laws or data); it is merely that the error may be then lo
cated in a more precise way-as due to a mistaken belief in such and such 
a datum or law. The function of deduction is only to shift the grounds 
for doubt, though doubts sometimes get tired and give up after a certain 
amount of this treatment. 

Perhaps the most important reason that Hempel and Oppenheim have 
for insisting on the inclusion of laws in the explanation is what I take to 
be their belief (at the time of writing the paper in question) that only if 
one had such laws in mind could one have any rational grounds.for put
ting forward one's explanation. This is simply false as can be seen immedi
ately by considering an example of a simple physical explanation of which 
we can be quite certain. If you reach for a cigarette and in doing so knock 
over an ink bottle which then spills onto the floor, you are in an excellent 
position to explain to your wife how that stain appeared on the carpet, 
i.e., why the carpet is stained (if you cannot clean it off fast enough). You 
knocked the ink bottle over. This is the explanation of the state of affairs 
in question, and there is no nonsense about it being in doubt because you 
cannot quote the laws that are involved, Newton's and all the others; in 
fact, it appears one cannot here quote any unambiguous true general state
ments, such as would meet the requirements of the deductive model. 

The fact you cannot quote them does not show they are not somehow 
involved, but the catch lies in the term "involved." Some kind of connec
tion must hold, and if we say this means that laws are involved, then of 

"Their model requires the truth of the asserted explanation, but it doesn't require 
the inclusion of evidence for this. Instead of similarly requiring a causal connection, it 
actually requires the inclusion of one special kind of evidence for this. If it treated both 
requi rements equitably, the model would be either trivial (causal explanations must be 
tni and causally relevant) or deviously arbitrary ( . .. must include deductively ack 
qunl · grounds fo r the truth of any assertions and for the causal connection ) . 
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course the point is won. The suggestion is debatable, but even if true, it 
does not follow that we will be able to state a law that guarantees the con
nection. The explanation requires that there be a connection, but not any 
particular one-just one of a wide range of alternatives. Certainly it would 
not be the explanation if the world was governed by antigravity. But then 
it would not be the explanation if you had not knocked over the ink 
bottle-and you have just as good reasons for believing that you did knock 
it over as you have for believing that knocking it over led to (caused) the 
stain. Having reasons for causal claims thus does not always mean being 
able to quote laws. We shall return to this example later. For the mo
ment, it is useful mainly to indicate that ( i) there is a reply to the claim 
that one cannot have good reasons for a causal ascription unless one can 
quote intersubjectively verifiable general statements and (ii) there is an 
important similarity between the way in which the production of an ap
propriate law supports the claim that one event explains another, and the 
way in which the production of further data (plus laws) to confirm the 
claim that the prior event occurred supports the same claim. They are 
defenses against two entirely different kinds of error or doubt, indeed, but 
they are also both support for the same kind of claim, viz., the claim that 
one event (state, etc.) explains another. 

This is perhaps obscured by the fact that when we make an assertion 
our claim is in full view, so to speak, whereas when we put forward an 
assertion as an explanation, its further role is entirely derived from the 
context, e.g., that it is produced in answer to a request for an explanation, 
and so its further obligations seem to require explicit statement. This is 
a superficial view. All that we actually identify in the linguistic entity of 
a 'declarative statement' is the subject, predicate, tense, etc. We have no 
reason at all, apart from the context of its utterance, for supposing it to 
be asserted, rather than proposed for consideration, pronounced for a 
grammatical exercise, mouthed by an actor, produced as an absurdity, 
etc.25 That it is asserted to be true we infer from the context just as we 
infer that it is proffered as the explanation of something else; and for both 
these tasks it may need support. We may concede that assertion is the 
primary role of indicative sentences without weakening this point. 

It is in fact the case that considerations of context, seen to be necessary 
even at the level of identifying assertions and explanations themselves, 

"' See Max Black's "Definition, Presupposition, and Assertion," in his Problems of 
Analysis (London : Routledge and Kegan Paul, 1954) . 
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not only open up another dimension of error for an explanation, that of 
pragmatic inappropriateness, but simultaneously offer a possible way of 
identifying the explanation of something, where this notion is applicable. 

A particular context-such as a discussion between organic chemists 
working on the same problem-may make one of many deductively ac
ceptable explanations of a biochemical phenomenon entirely inappropri
ate, and make another of exactly the right type. (Of course, I also wish 
to reject the criteria of the deductive model; but even if one accepted it, 
the consideration of context turns out to be also necessary. So its impor
tance is not only apparent in dealing with alternative analyses.) 

We may generalize our observations in the following terms. An ex
planation is sometimes said to be incorrect or incomplete or improper. 
I suggest we pin down these somewhat general terms along with their 
slightly more specific siblings as follows. If an explanation explicitly con
tains false propositions, we can call it incorrect or inaccurate. If it fails to 
explain what it is supposed to explain because it cannot be 'brought to 
bear' on it, e.g., because no causal connection exists between the phe
nomenon as so far specified and its alleged effect, we can call it incomplete 
or inadequate. If it is satisfactory in the previous respects but is clearly 
not the explanation required in the given context, either because of its 
difficulty or its field of reference, we can call it irrelevant, improper, or 
inappropriate. 

Corresponding to these possible failings there are types of defense 
which may be relevant. Against the charge of inaccuracy, we produce 
what I shall call truth-;ustifying grounds. Against the charge of inade
quacy, we produce role-;ustifying grounds, and against the complaint of 
inappropriateness, we invoke type-;ustifying grounds. To put forward an 
explanation is to commit oneself on truth, role, and type, though it is 
certainly not to have explicitly considered grounds of these kinds in ad
vance, any more than to speak English in England implies language-type 
consideration for a life-long but polylingual resident Englishman. 

The mere production of, for example, truth-justifying grounds does not 
guarantee their acceptance, of course. They may be questioned, and they 
may be defended further by appeal to further evidence; we defend our 
claim that a bomb damaged a bridge by producing witnesses or even 
ph tographs taken at the time; and we may defend the accuracy of the 
l:il I ·r by producing the unretouched negatives and so on. The second line 
of I f •ns involve second-level grounds, and they may be of the same 
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three kinds. That they can be of these kinds is partly fortuitous (since 
they are not explanations of anything) and due to the fact that the rela
tion of being-evidence-for is in certain ways logically similar to being-an
explanation-of. In each case, truth, role, and type may be in doubt; in fact, 
this coincidence of logical character is extremely important. We notice, 
however, that there is no similarity of any importance between these two 
and being-a-prediction-of, where truth is not relevant in the same way, 
role is wholly determined by time of utterance and syntax, and only the 
type can be-in some sense-challenged. 

4.2. Completeness in Explanations. 

The possibility of indefinitely challenging the successive grounds of 
an explanation has suggested to some people-not Hempel and Oppen
heim-that a complete explanation cannot be given within science. Such 
people are adopting another use of "complete" -even less satisfactory 
than Hempel and Oppenheim's-according to which the idea of a com
plete explanation becomes not only foreign to science but in fact either 
wholly empty, essentially teleological, or capable of completion by appeal 
to a self-caused cause. Interesting though this move is in certain respects, 
it essentially requires saying that we can better understand something in 
the world by ultimately ascribing its existence and nature to the activities 
of a mysterious entity whose existence and nature cannot be explained in 
the same way, than by relating it to its proximate causes or arguing that 
the world has existed indefinitely. I shall only add that we are supposed 
to be studying scientific explanations, and if none of them are complete 
in this sense, we may as well drop this sense while making a note of the 
point-which is equivalent to the point that the causal relation is irreflex
ive and hence rather unexciting-for there is an important and standard 
use of "complete" which does apply to some suggested scientific explana
tion, and not to others, and is well worth analyzing. 

Now, if some scientific explanations are complete-and think how a 
question in a physics exam may ask for a complete explanation of, for 
example, the effects noticed by Hertz in his experiments to determine 
whether electromagnetic waves existed-it cannot be because there is a 
last step in the process of challenging grounds, for there is no stage at 
which a request for further proof could not make sense. But in any given 
context such requests eventually become absurd, because in any scientific 
context certain kinds of data are taken as beyond question, and there is 
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no meaning to the notions of explanation and justification which is not, 
directly or indirectly, dependent on a context. This situation is of a very 
familiar kind of logic. It makes perfectly good sense to ask for the spatial 
location of any physical object; and perfectly proper and complete an
swers will involve a reference to the location of some other physical ob
jects. Naturally we can, and often do, go on to ask the further question 
concerning where these other objects are ("Where's Carleton College?" 
"In Northfield." "But where's Northfield?"). And no question in a series 
of this kind is meaningless, unless one includes the question "Where 
is the universe, i.e., everything?" as of this kind. If one does include 
this question (which is the analogue of "Where did the universe come 
from?"), then the impossibility of answering it only shows something 
about the notion of position, and nothing about the incompleteness of 
our knowledge. If one excludes this question, the absence of a last stage 
in such a series does not show our inability to give anyone complete direc
tions to the public library but only that the notion of completeness of 
such descriptions involves context criteria. 

Any request for directions logically presupposes that some directions 
can be understood; if no directions can be understood, then the proper 
request is for an account of the notions of position and directions. A com
plete answer has been given when the particular object has been compre· 
hensibly related to the directions that are understood. Similarly, then, 
the request for an explanation presupposes that something is understood, 
and a complete answer is one that relates the object of inquiry to the 
realm of understanding in some comprehensible and appropriate way. 
What this way is varies from subject matter to subject matter just as what 
makes something better than something else varies from the field of auto
mobiles to solutions of chess problems; but the logical function of ex
planation, as of evaluation, is the same in each field. And what counts as 
complete will vary from context to context within a field; but the logical 
category of complete explanation can still be characterized in the per
fectly general way just given, i.e., the logical function of "complete," as 
applied to "explanations," can be described. Hence the notion of the 
proper context for giving or requesting an explanation, which presupposes 
the existence of a certain level of knowledge and understanding on the 
part of the audience or inquirer, automatically entails the possibility of a 

mpl t explanation being given. And it indicates exactly what can be 
rn ant 1 y th phrase "tl1e (complete) explanation." For levels of under-
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standing and interest define areas of lack of understanding and interest, 
and the required explanation is the one which relates to these areas and 
not to those other areas related to the subject of the explanation but per
fectly well understood or of no interest (these would be explanations 
which could be correct and adequate but inappropriate). It is worth men
tioning that the same analogy with spatial location (or evaluation) pro
vides a resolution of the 'problem of induction,' as a limit case of a request 
for a 'complete justification.' 

It is also clear that calling an explanation into question is not the same 
as-though it includes-rejecting it as not itself explained. Type justifying 
involves more than showing relevance of subject matter, i.e., topical and 
ontological relevance; it involves showing the appropriateness of the in
tellectual and logical level of the content; a proposed explanation may be 
inappropriate because it involves the wrong kind of true statements from 
the right field, e.g., trivial generalizations of the kind of event to be ex
plained, such that they fulfill the deductive model's requirements but 
succeed only in generalizing the puzzlement. One cannot explain why 
this bridge failed in this storm by appealing to a law that all bridges- of 
this design in such sites fail in storms of this strength (there having been 
only two such cases, but there being independent evidence for the law, 
not quoted). This might have the desirable effect of making the mainte
nance boss feel responsible, but it surely does not explain why this bridge 
(or any of the other bridges of the same design) fails in such storms. It 
may be because of excessive transverse wind pressure, because of the waves 
affecting the foundations or lower members, because of resonance, etc. 

So mere deduction from true general statements is again seen to be less 
than a sufficient condition for explanation; but what interests us here is 
that our grounds for rejecting such an explanation are not suspicions about 
its truth or its adequacy, which are the usual grounds for doubting an 
explanation, but only its failure to explain. Certainly it fails to explain if 
incorrect or inadequate, but then one feels it fails in a genuine attempt, 
that the slip is then between the cup and the lip; whereas irrelevance of 
type is a slip between the hand and the cup-the question of it being a 
sound explanation never even arises. One may react to this situation by 
declaring with Hempel and Oppenheim that the only logical criteria for 
an explanation are correctness and adequacy, the matter of type being 
psychological; or, as I think preferable, by saying that the concept of ex
planation is logically dependent on the concept of understanding, just 
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as the concept of discovery is logically dependent on the concept of 
knowledge-at-a-particular-time. One cannot discover what one already 
knows, nor what one never knows; nor can one explain what everyone 
or no one understands. These are tautologies of logical analysis (I hope) 
and hardly grounds for saying that we are confusing logic with psychology. 

Having distinguished the types of difficulty an explanation may en
counter, one can more easily see there is no reason for insisting that it is 
complete only if it is armed against them in advance, since ( i) to display 
in advance one's armor against all possible objections is impossible and 
(ii) the value of such a requirement is adequately retained by requiring 
that scientific explanations be such that scientifically sound defenses of 
the several kinds indicated be available for them though not necessarily 
embodied in them. Since there is no special reason for thinking that true 
first-level role-justifying assumptions are any more necessary for the ex
planation than any others, it seems quite arbitrary to require that they 
should be included in a complete explanation; and it is quite independ
ently an error to suppose they must take the form of laws. 

4.3. Tl1e Elements of an Alternative Analysis. 

Hempel and Oppenheim make clear on two occasions that they are 
genuinely concerned with an analysis of the concept scientists and rational 
men normally refer to as "explanation," not with the development of 
some vaguely related and prejudicially labeled 'explication' of it; for ex
ample, they say, in rejecting a possible condition, "This does not appear 
to accord with sound common usage . . ." 26 We are coming a little 
closer to seeing that their proposal for explanations of events represents 
an analysis of one kind of deduction of a singular proposition; it is neither 
explanation nor the only kind of justification of explanation that they are 
describing. Our alternative analysis of the particular kind of scientific ex
planation they discuss is also becoming clearer. A causal explanation of 
an event of state X, in circumstances C, is exemplified by a set of state
ments S, such that (a) S asserts, at least, the existence of the phenome
non Y; (b) the existence of Y is comprehensible; ( c) Y is the cause of X; 
( d) it is understood that Y's can cause X's in C; ( e) S is understandable; 
( f) Sis true; (g) Sis of the correct type for the context. Without getting 
arricd away and suggesting these are necessary or even independent con

di ti n (which they are not), there is perhaps some value in setting out 

p. it., p. 322. 
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one set of sufficient conditions, to demonstrate the importance of the 
crucial concept of understanding. 

4.4. The Bearing of Understanding and Context on Completeness. 

Who is to say whether S and Y are understood? The primary case of 
explanation is the case of explaining X to someone; if there were no cases 
of this kind, there could be no such thing as "an explanation of X" in the 
abstract, whereas the reverse is not true. For it makes no sense to talk of 
an explanation which nobody understands now, or has understood, or 
will, i.e., which is not an explanation for someone. In the primary case, 
the level of understanding is that of the person addressed. The notion of 
"an (or the) explanation of X" in the abstract makes sense just insofar as 
it makes sense to suppose a standardized context. When we talk of "the ex
planation of sunspots," we rely on the fact that to get to the point where 
one understands the term "sunspot," but does not understand what pro
duces them, is to acquire a fairly definite minimum body of knowledge. 
'The explanation' will be the one appropriate for a person with this knowl
edge, and this secondary sense of explanation is quite strong enough to 
survive certain types of failure of comprehension, i.e., a number of cases 
where 'the explanation of X' is produced without the least understand
ing by those who hear it. In particular, the failure of two-year-old children 
to understand the explanation of sunspots is no ground for supposing 
the explanation to be unsatisfactory; it is 'the explanation,' not because 
it is understandable to everyone, but because it is understandable to the 
group that meets the conditions (a) and (b) just mentioned. It is im
portant to remember how limited a use the notion of the explanation has; 
there is nothing that naturally comes to mind as the explanation of the 
nature of light (too general for any single account to be preferable at all 
points for any substantial body of people) or of enzyme activity (of inter
est to several fields, in each of which an explanation can be given). When 
more than one explanation is available, certain relations between them 
can be inferred which we shall discuss later; but that there is more than 
one is due to the fact that there is more than one way in which a phe
nomenon may be hard for someone to understand. 

The analysis of 4.3 does not exclude giving causal laws which connect 
X and Y, neither does it require it. There are other occasions, not covered 
by 4.3 , when the explanation of an event simply consists in giving some 
causal laws. Here the role-justifying grounds may be assertions about the 
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occurrence of events. And there are yet other occasions when an explana
tion is given in physics which does not consist in the production of causes 
or of causal laws. These include cases in which the explanation consists 
simply in demonstrating how the known laws lead to the unexplained 
effect; but there are other cases, including those in which the explanation 
consists simply in denying what was believed to be a law or fact, those 
in which the explanation consists in identification, and of course those 
already mentioned in which a theory is explained. 

Finally, it is perhaps clearer from the specimen conditions given in 4.3 
than in the deductive model's conditions that there may be a difference 
between doubting an explanation and not understanding the phenomena 
to which it refers (both being quite different from not understanding 
the statements in the explanation, or the derivations involved, etc.). The 
usual doubts of an explanation apply to ( c) and ( f) ; whereas, understand
ing is directly involved in (b) and indirectly in ( d) (in the sense men
tioned) . This clarifies the difference between the infinite regress of re
quests for further explanation (which is the one often said by theists to 
limit scientific explanations and comprehension of the world based on 
them) and the infinite regress of requests for further justification of this 
explanation, i.e., of the claims made in the explanation itself (the phe
nomenalists' path). The deductive model insists on the inclusion of some
thing that is simply one of the first steps in the justification regress. As 
far as I can see there is no good reason either for including it or, if it is 
included, for refusing to insist on others. What is supposed to be a reason 
for rejecting further steps is commonly produced, but would actually ap
ply only if this were the comprehension regress. It is this: once we have 
subsumed the event in question under a general law, we have explained 
it, and any request for an explanation of that law is a different question 
from the one with which we began. Indeed, it is said, we can go on and 
answer this further question, but we have no obligation to do so in order 
to be said to have explained the matter first raised. This move is quite 
similar to the correct defense against the comprehension regress, but it 
is not satisfactory as it stands, and anyway does not apply to the justifica
tion regress. It is the doubts which generate the latter which are respon
sible for the inclusion of a first-level role-justifying ground (assuming that 
we are dealing with the explanation of one event by reference to an-

th r-some reformulating is necessary for other cases). For it is the doubt 
"TT w nn you be sure that Y is connected with X (granted that it hap-
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pens)?" which is used to justify including the causal law, not the doubt 
"How does any of this explain X (granted that Y happens and Y's cause 
X's)?" Hence the usual deductivist answer to the theist's complaint that 
the deductive model provides incomplete explanations is not only too 
strong, because the objection is often valid, but also leaves them open to 
similar pressures to include justification of truth or type, or the vari
ous second-level grounds . Let us set out the proper answers with some 
care. 

The proper answer to the complaint of 'incompleteness' is twofold. 
With respect to complaints which are based on failure to understand 
part of what has been put forward, we reply in one way; with respect to 
complaints based on doubts about the contents of the explanation, we re
ply in another. In terms of the distinctions introduced earlier, the former 
involves type-justifying grounds, the latter truth- and particularly role
justifying grounds. The first complaint sometimes reflects a fault of the in
quirer but by no means always so: sometimes the "explanation" produced 
is based on a misapprehension of the type of difficulty involved and this 
may be the fault of the explainer. It then does not explain the matter to 
this person at this time; if it can nonetheless be called an explanation, 
this is because for someone else or for other circumstances (to which it 
would be related by contextual propriety), it would explain the matter. 
What cannot be dogmatically said is that we have explained the matter, 
on this occasion, merely because we have gone through the motions ap
propriate on some other occasion. The decision will depend on what 
legitimate inferences were possible from the context. For example, it 
requires the most profound searching of the imagination to discover 
any occasion on which the 'mere generalization' type of 'explanation' 
("Bridges always do that") could qualify. There are certainly occasions 
on which the error lies with the inquirer, because he has asked a question 
inappropriate to his actual problem, suggesting either too much, too little, 
or the wrong kind of knowledge or interest on his part. In such cases we 
can rightly claim to have produced the correct explanation or an adequate 
reply to his request for an explanation (though from charity we may 
undertake to go ahead and deal with his real worry). 

Hempel and Oppenheim's 27 first mistake, then, lies in the supposition 
that by subsumption under a generalization one has automatically ex-

"' I attribute this to the joint authors on the basis of exegetical discussion by Hempel 
alone; the point is not made in their article. 
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plained something, and that queries about this 'explanation' represent a 
request for further and different explanation. Sometimes these queries 
merely echo the original puzzlement, and it is wholly illicit to argue that 
the original matter has been explained. It is as if I asked the way to the 
town hall from the post office and you replied, "It's in the same relation to 
the post office as town halls always are"; and upon my indicating dissatis
faction you were to say, "Ah! What you really wanted to know (what you 
now want to know) is the geographic relation of all town halls to their 
post offices." This was not at all what I wanted to know, though in the 
light of the facts an answer to this will provide me with the answer I seek. 
You have produced an interesting regularity related to my question, but 
you have not, in this case, adequately done what I asked you to do. "Ex
plaining the way" is so called just because it is not successfully accom
plished until understanding is conveyed; and there are various ways to do 
this, none of them identifiable on purely syntactical grounds. It depends 
on what I know; and only when there are strong contextual reasons for 
supposing that I know the general relation of post offices to town halls 
could you continue to sustain any kind of claim to have explained the way 
to me "though it wasn't understood." 

In the second place, the above debate concerns the comprehension re
gress, not the justificatory regress; and hence Hempel and Oppenheim's 
defense in terms of the "That's a further question" routine, which re
quires modification before it can be accepted even in the former case, is 
not an answer to the series of doubts about justification. In connection 
with those doubts, we are accusing them of inconsistency. The inconsist
ency, once more, is between ( i) insisting that laws connecting X and Y 
be included in a complete explanation and (ii) denying the necessity of 
including evidence for the truth of these or other assertions in it, or the 
type of explanation given. Each of these is necessary to the same extent 
(i.e., for the explanation to be a good explanation), yet they legislate for 
the inclusion of only one of them in the explanation. 

4.5. The Relation between Deduction from True Premises and Sound 
Inference. 

By requiring deduction from true premises, Hempel and Oppenheim 
impose a pair of conditions which exclude their own examples and most 

icntific explanations of events. The reasons for this are, I think, clear and 
int r ting. Deduction looks as if it is the only watertight connection be-
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tween. the premises and the conclusion, and it appears obvious that a 
watertight connection must be insisted on. But the matter is much more 
complicated, and eventually we must abandon even the idea that they 
are proposing a useful ideal for explanation. 

I want to begin with the explanation of events and only then go on to 
the explanation of laws. Hempel and Oppenheim never deal with the ex
planation of a particular event instance, but only with events of a certain 
kind; naturally success in this task will enable one to explain particular 
events of this kind, but it is worth remembering that a degree of general
ity is already present which is absent in the case of many scientific ex
planations, e.g., of the formation of the earth, the emergence of Homo 
sapiens, and the extinction of the dinosaurs. This degree of generality in 
their examples is one of the factors which lends what I take to be spurious 
plausibility to their explanation-prediction correlation. For an explanation 
of events of kind X is necessarily couched timelessly and hence may more 
reasonably be thought applicable prospectively as well as retrospectively. 

Turning to the example with which they begin, and which they give 
in more detail than any other, we read, "A mercury thermometer is rapid
ly 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? The increase in temperature 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 con
duction the rise in temperature reaches the mercury, however, the latter 
expands, and as its coefficient of expansion is considerably larger than 
that of glass, a rise of the mercury level results ." 28 What can be said about 
this example in the terms of their analysis? 

In the first place, it undoubtedly does represent a certain kind of scien
tific explanation. Not only is what is given, to the best of my knowledge, 
an explanation of the phenomenon described, but it could often perfectly 
well be called the explanation of it, since the appropriate contextual con
ditio.ns for that description are usually met. Hence, an analysis of it will 
have some claim to be an analysis of scientific explanation. However, it 
is equally indubitable that it contains false statements, some of them be
ing the alleged laws, and that the statements given do not entail the de-
ired consequence. Their example therefore violates all three of their own 

.. p. cit., p. 320. 
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criteria (one trivially, since general statements are 'essentially' involved 
even if they are not true and hence not laws). This rather extraordinary 
situation was not altogether unnoticed by the authors. Referring to the 
deduction requirement, they say of the explanation as they give it that "if 
adequately and completely formulated," it would "entail the consequence 
that the mercury will first drop, then rise," which implies that the formu
lation given will not do this . 

I shall not elaborate in detail the various physical errors in this and 
their other examples.29 An example or two will suffice, since I do not take 
these errors to invalidate the explanation, only the deductivist analysis of 
it. There are two kinds of error in their explanation. First, they say: "The 
increase in temperature affects at first only the glass tube of the ther
mometer; it expands and thus . . ." No physicist would be willing to ac
cept this as literally true. Radiation effects reach the mercury at the speed 
of light and are causing it to expand while the slower conduction effects 
are expanding the glass; but even these reach the mercury long before the 
glass has expanded enough to produce a visible drop in the mercury col
umn. Second, they do not allow for the fact that glass itself is a physically 
unique substance, with highly anisotropic multiple coefficients of expan
sion, the relationship between them being dependent upon the minutiae 
of its chemical composition and details of the annealing process, which 
vary even from batch to batch of the closely controlled thermometer glass. 

Surely these complaints are not serious; a little research or rewording 
would take care of them, would it not? They are not serious for the ex
planation: it is correct. But they are serious for the analysis because it 
requires literal truth. The only way in which literal truth could be salvaged 
here would be by invoking an extremely complicated inequality, involv
ing all the coefficients mentioned, the specific heats, the radiation rates, 
energy distribution factors, upper limits obtained from the heat-transfer 
equations, and so on. And with every complication at the theoretical 
level-as we try to employ laws that are exactly correct-there is a corre
sponding complication at the experimental end, since new measurements 
are required in order to apply the more complex theory. 

The upshot of this is not merely that Hempel and Oppenheim's exam
ple is 'incomplete' according to their own criteria of completeness; it is 
that it is not an explanation at all, on their analysis. Now could the situa-

"" Sec pp . 255-350 of my "Explanations," D . Phil. thesis, Oxford, 19 56, micro· 
filmed by the University of Illinois library. 
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tion be redeemed by turning to some textbook and using the more com
plex relationships referred to above? A serious research effort would be 
required to obtain the material, and it has certainly never been done. That 
is, there is as yet no 'complete' explanation of this simple phenomenon, 
on their criterion of completeness. All we have are 'explanation sketches,' 
which they think are characteristic of the social sciences, by contrast with 
physics. But in physics, just as in economics, virtually all the explanations 
given are of this kind, and they are usually just as 'complete' as they 
should be, i.e., as complete as is necessary to attain the requisite degree of 
reliability. Hempel and Oppenheim have an oversimple logical model: 
an explanation that fails to measure up to its standards may be a great 
deal more complete than one that does, i.e., it may identify the relevant 
effective variables and ignore the ineffective ones, as does their example in 
this case. Other processes are going on here, but nobody asked for a com
plete description of the thermodynamic process; they asked for the ex
planation of a particular effect. Giving an explanation requires selecting 
from among the variables that are involved those whose activities are un
known to the inquirer and crucial for the phenomenon; it does not in
volve dragging in or constructing aII the relations of these variables to the 
others involved. The explanation won't be an explanation unless the vari
ables selected are crucial. To show they are would thus be appropriate 
only if the explanation were challenged in this respect. 

But what harm can it do to say that an explanation is complete only 
when its role-justifying grounds are included? Apart from the answers of 
the earlier sections, it must now be stressed that there are ways of support
ing an explanation that do not involve anything as simple as quoting 
physical laws of the kind Hempel and Oppenheim have in mind (i.e., 
justification is not the same as deduction from true premises). In the first 
place, when we do quote laws, they are usually not literally true. In the 
second place, we often support the explanation indirectly by what I shall 
call elimination analysis or-to use a shorter term-detection. The impor
tant difference between the social sciences and the physical sciences is not 
that one has and one does not have complete explanations, but that one 
has more quantitative laws than the other. Naturally, these will often be 
used in giving and defending explanations. But they confer no benefit on 
the explanations that cannot be obtained in other ways, and in particular 
they do not convey the blessing of deduced truth, since they are usually 
only approximations. 
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4.6. The Nature of Physical Laws. 

I have discussed this topic in greater detail elsewhere30 and wish to 
sfress here only the positive side of that treatment. The examples of physi
cal laws with which we are all familiar are distinguished by one feature of 
particular interest for the traditional analyses-they are virtually all known 
to be in error. Nor is the error trifling, nor is an amended law available 
which corrects for all the error. The important feature of laws cannot be 
their literal truth, since this rarely exists. It is not their closeness to the 
truth which replaces this, since far better approximations are readily con
structed. Their virtue lies in a compound out of the qualities of gener
ality, formal simplicity, approximation to the truth, and theoretical trac
tability.31 

These qualities, not truth unvarnished, are extremely important for the 
plausibility of the Hempel and Oppenheim model, which unfortunately 
excludes the laws which exemplify them, if carefully examined. Deduc
tion from a 'mere empirical generalization' is very rarely explanatory, and 
it is only because laws usually involve more than this (as well as less) that 
they carry explanatory force. (The fact that they commonly reflect some 
underlying processes, albeit imprecisely, accounts for much of the induc
tive reliability we ascribe to them, and hence for much of our willingness 
to allow contrary-to-fact inferences from them.) Were it not for this fact, 
that what we call laws are usually thought to reflect the "inner workings" 
of the world, the deductive model would be singularly implausible. This 
fact manifests itself in another equally helpful way. Laws provide a frame
work for events which we use as a convenient grid for plotting phenomena 
that may need explanation. When we are trying to locate events with re
spect to what we know and understand, we often look to see whether they 
represent departures from patterns we know and understand, and these 
patterns are the laws. Their importance lies not in the precision with 
which they trace the characteristics of events or substances but in the 
fact that they provide a readily identifiable pattern. The event in question 
either conforms to a known pattern or it does not. If it does not, it (prob
ably) needs explaining; if it does, then either it is not puzzling or the 

"°"The Key Property of Physical Laws-Inaccuracy," in Current Issues in the Phi
losophy of Science, H. Feig! and G. Maxwell, eds. (New York: Holt, Rinehart, and 
Win ton, 1961) . 

"' This docs not mean I require their actual incorporation into a theory, but only 
on ~ icl rnblc pro pcctive cases of incorporation, something which requires good meta· 

Iii 'tlf' lirn l jnclgmcnt for identification . 
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puzzle involves the origin or relation of the patterns. This visual meta
phor survives the discovery that descriptions of actual physical events and 
scientific laws are usually not related deductively, and it gives a different 
twist to the role of laws; they often serve as the starting point from which 
we survey the events, looking for the nonconformists, not only as the 
rules under which we try to bring them. Thus they often have a crucial 
double role in the process of explanation, but not an ultimate role; the 
only ultimate element in the logic of explanation is understanding itself, 
and that comes in many ways. Its exact relationship to the perception of 
regularities I shall briefly discuss later ( 5). 

When we turn to puzzles about the patterns themselves, i.e., to the ex
planation of laws, we find the irrelevance of inaccuracy further demon
strated. Can we explain why bodies near the earth's surface fall according 
to the law s = kt2? According to Hempel and Oppenheim, who use this 
example, this is done "by deducing it from a more comprehensive set of 
laws, namely Newton's laws of motion and his law of gravitation, together 
with some statements about particular facts namely the mass and radius 
of the earth." 32 There would be circumstances under which this would 
be a satisfactory .explanation, though there are others where it would be 
hopeless (e.g., where the explanation is "Atmospheric density varies less 
than 103 over the earth's surface, ands= 16t2 when measured from the 
top of the campanile at Pisa"). But the points to be made here are that 
(1) the Newtonian laws are known to be in error, and (2) even if true, 
they would not entails = kt2, since (a) the actual relationship varies from 
point to point and height to height, so no such formula is derivable, and 
(b) the premises quoted are inadequate for the proposed deduction any
way (the earth has no single radius, air resistance is not considered, 38 

etc.). 
I conclude that, where it is appropriate to invoke Newton's laws for 

this explanation, the point is not at all that deduction from these as true 
premises is possible, but that these relations are the crucial factors for this 
inquiry, in this context, i.e., the only important ones (with respect to the 
degree of accuracy judged appropriate from the context, and the level of 
knowledge of the inquirer ( s) ) . We know this to be true, and we could 

•• Op. cit., p. 321. 
.. Hempel and Oppenheim refer to "Galileo's Law for the free fall of bodies," not 

= kt'. In the Dialogue Concerning Two New Sciences (Third Day), it is made clear 
tliol = kt" is intended, and that it is held to apply to motion in air. (Details are in my 
"Explnnntions," p. 346.) 
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even go out and do the experiments to show it is true. It does not follow 
from the claim that we know it and that we have to be able:; to show it 
true by deduction from true premises now in our possession. 

4.7. Reduction. 

These comments have obvious consequences for the analysis of reduc
tion, coinciding to an interesting extent with those of Paul Feyerabend 34 

in his essay in this volume. We are in agreement against Nagel, Hempel, 
and Oppenheim about the errors of the 'principle of deducibility.' How
ever, on the principle of meaning invariance, his position seems to me 
overstated; I would certainly agree (and I think Nagel might also) that 
important changes in the meaning of certain words and sentences come 
about with the adoption of new scientific theories. It is equally important 
and this is what I think Nagel is stressing in the passage Feyerabend cites 
(see p. 3 3, this volume), that important elements in the meaning of 
terms, given by its primary 'unreduced' relationship to observation claims, 
remain unchanged. This is necessary for the claim of reduction to make 
sense.85 

Reduction is simply one kind of explanation, namely unilateral inter
field explanation, and hence not essentially or even usually deductive. It 
is a requirement of ·adequacy for a microtheory that it be capable of 
"reducing" (explaining) all macrophenomena. In no stronger sense is re
duction possible. 

4.8.IJeterminism. 

If we have discovered that the concept of the law has feet of clay, they 
are those on which the thesis of determinism stands. The best formula
tion of this seems to me to be that every physical event or state is entirely 
governed by categorical laws : predictability in principle is neither a neces
sary nor a sufficient condition. This is a difficult claim to refute, for well-

.. The interest lies not least in his belief that his thesis somehow controverts those 
of linguistic analysts. I am not sure exactly who is in this ignorant (p. 85, fn. 102), 
misguided (p. 60, fn . 70) group, but if it is indeed the unhappy disciples from Oxford 
(as fn . 102 suggests, but see p. 60, fn . 69), it is clear that we share with him almost 
everything except the recognition of our similarity. (Smart, Presley, Toulmin, and 
Waisman would be the obvious sources from which to support this claim, along with 
more study of Wittgenstein and Hanson, whom he does cite; but I certainly do not 
wish to deny the use of a straw man to a good friend!) 

"" This point is elaborated in my "Definitions, Explanations, and Theories," in Min
ucsot:i tndies in tl1e Pl1ilosophy of Science, Vol. II , H. Feig!, M . Scriven, G . Maxwell, 
·d . (Minncapoli : University of Minnesota Press, 1958) . 
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known reasons; but its refutability, in the eyes of most physicists, is dem
onstrated by the reasoned acceptance of quantum theory as a counter
example. However, the fact that almost all quotable laws in classical 
physics were known to be inaccurate for almost all values of their variables 
has long meant that the support for determinism lay not in the possibility 
of immediately showing its application in any given case by deductive 
subsumption under known laws, but in the possession of good reasons 
for thinking that laws could be given or uncovered which would account 
for any specified feature of any phenomenon to any relevant degree of 
precision. Notice the essentially promissory character of this claim, identi- • 
cal with the promissory character of explanations on my analysis . The term 
'promissory' as I use it here does not necessarily weaken the claim; a prom
issory note is not necessarily less valuable than cash-it is more valuable 
in some deflationary phases of the economy-but it is important to learn 
to distinguish them. One cannot support a precise determinism by pro
ducing inexact laws; the backing for it, though of good value, is usually 
not in the form of cash. And anything less than categorical determinism 
is a triviality since it is a fact of common experience that events exhibit 
a considerable degree of regularity, i.e., that "statistical determinism" is 
true.36 

4.9. Causes. 

An incidental consequence of these remarks is that genuine examples 
of physically sufficient conditions are almost unknown, a fact of some sig
nificance for many analyses of 'cause.' When we identify a cause, we are 
doing so on the basis of a contextual inference as to what type of cause is 
sought, with what degree of precision it must be described in order to be 
completely described, with what is already known about the surrounding 
circumstances (from which we infer what counts as an abnormal or nota
ble circumstance), etc. Speaking loosely, we could say that a cause is a 
nonredundant member of a set of conditions jointly sufficient for the ef
fect (i.e., the remaining set if not itself sufficient) , the choice between 
the several candidates that usually meet this requirement being based on 
considerations of context. However, many qualifications must be made 
to this analysis, partly in view of the comments in this paper, and in the 

"" What would show it to be false? Presumably total randomness in the order of na-
1 ur '. Note that if determinism is defined in terms of predictability, the thesis of (quali
lri liv ) tntistical determinism becomes a tautology (because distributions are predict
oh lc i11 rnndom cries) . 
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end probably the best view of a cause is that it is any physical explanation 
which involves reference to only one state or event (or a few) other than 
the effect, which is independently variable. 

4.10. The Creation and Application of Theories. 

As a final illustration of the present thesis, I turn to the problem of 
~n~er~reting_ theories. It is clear that one of the great virtues of. a theory 
is its msulahon from the effect of observations; but like an optimistic na
~ure, this virtue becomes a vice in excess. Popper is fond of stressing the 
importance of falsifiability, i.e., pointing out the evils of excessive insula
ti??· I am here stressing, for the moment, the importance of incor~igi
b1hty-though never complete incorrigibility, hosanna to the prophets. 

A theory is usually based on and supported by a very wide range of 
phenomena: it should therefore not be possible to reject it on the basis 
?f a single observation until the certainty of that observation, described 
m the usu~l theory-impregnated way,37 is higher than that of the theory. 
So much is clear and can be handled straightforwardly. But the impor
tance of salvaging the useful parts of a theory, when it suffers some dis
confirmation, by readjusting its existential and relational claims, demands 
another dimension of insulation. It is this which distinguishes the usual 
(perhaps not every) theory from a 'mere set of empirical laws': the use 
o_f a vocabulary and grammar different from that of the (local) observa
tion language. Of course, the primary reason for theoretical terms is the 
?ecessity for postulating the existence of the entities to which they refer 
if we are to explain what we see, discover what else is the case, etc.; when 
we say that a concern for insulation "requires" a special theoretical vo
cabulary, we are giving the perspective of the meta theoretician rather than 
the scientist. · 

Certainly there are no exact logical rules for inferring the right theo
retical axioms from observations, but it has been held that the converse 
is true. The relationship of the axioms to the observations has sometimes 
been thought to be deductive. But it is clear from any attempt to set out 
the deduction, using any theories more sophisticated than the gas laws, 
that this is not true. I wish to make a further point. The natural substi
tute for deduction is "probabilistic meaning rules (correspondence rules, 

•
1 T~e theories which affect the way we formulate observations, which in fact partly 

dct~rmmc what we_ observe'. are usually but not always different theories from those 
wl11 Ii th observations arc mtended to test. Observations arc typically dependent on 
lh Iii ri underlying instruments, meters, etc. 
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bridge laws, etc.)." This involves an equally serious error since it suggests 
these rules are simply laid down by the theoretical terms. On the contrary: 
to a large extent, though not wholly, they are empirical claims. I think 
the theoretical terms get their original meaning mainly from an anal
ogy which inspires the scientific theory and is usually incorporated in its 
phraseology; to this the theoretician adds precision and sometimes exten
sions and modifications by specifying some usually quantitative properties 
of a relationship between the concepts. There is no 'uninterpreted theory' 
in theory construction. The terms have enough meaning to suggest em
pirical consequences for the axioms, and it is rare to find any, let alone 
complete, specification of interpretation rules as such. The puzzle is to 
find confirmation of the presence of a neutrino, gene, field, etc., when we 
know roughly what would count as confirmation, e.g., tracks, bulges on 
the chromosomes, gradients of activity, but aren't sure when or where or 
how these should be detectable. One can't deduce observational conse
quences from theoretical claims, in general; one can only infer them as 
probable. (The situation is no different in the formal sciences: axioms 
for probability itself must, if adequate, involve terms such as "random" 
which can only be applied probabilistically. In this sense, probability is 
essentially unformalizable.) 

Is this kind of probable inference essentially different from the kind 
whereby we go from the observations to the first formulation of the the
ory? Remember that observations are not absolutely nontheoretical, but 
only nontheoretical with respect to the level or type of theory we are 
now considering, and remember that the inferences to new theories are 
not purely creative but essentially comparative. The question we ask our
selves is What is this phenomenon most like? Then it may seem more 
plausible to suppose that the inference to an explanatory theory from ob
servational statements 38 and the inference from theoretical statements to 
observational consequences are highly comparable. I find it unenlighten
ing to regard these inferences as dissimilar simply because of the different 
purposes they serve, and I cannot see any internal logical criteria for dis
tinguishing them. Both are examples of inductive inference, using proba
bilistic laws or inference licenses, and I do see an important difference 
between this kind of inference and pure cases of deduction. A thorough 

08 Logicians have objected to the use of the term "inference" in this case, but it will 
b s en that I have here given reasons for rejecting the logical analyses on which their 
r nson nrc bnscd. 
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analysis of the difficulties in identifying enthymemes and inferences from 
cluster concepts to the presence of their indicators 39 makes the supposed 
sharp borderline nebulous. 

Thus the insulation of theoretical claims from observations consists of 
(a) the probability barrier erected by the multiple confirmations of the 
theoretical claim and (b) the doubts whether a particular observational 
test is really crucial for the theoretical claim, due to both (i) the empiri
cal inferential difficulties ("Does this test really identify laevorotary mole
cules?") and (ii) the logical inferential difficulties due to the incomplete
ness ('open texture') of the theoretical claim ("Does a neutrino have to 
have spin energy?"). These doubts may be rephrased by saying that we 
can suspect an alleged observational disconfirmation in three ways: error 
in making the observations, error in interpreting them, and error in inter
preting the theory (either mechanical slips or misconstructions) . 

Again we see the reduced emphasis on deduction, which nevertheless 
retains an important place within the theory itself. Its place is taken by a 
kind of prima-facie inference, about which I shall say a little more shortly. 
It is not very illuminating to think of this as simple probability inference, 
since it is a kind of probability not previously analyzed in any detail. As 
far as the deductive model of explanation goes, we find in this subsection 
a further difficulty in the way of providing deductively adequate premises. 
It is quite uncommon for a physicist to be able to give explicitly the as
sumptions which connect his theories with observations. He proceeds 
on a less formal basis, not because he is careless, but because it is usually 
impossible to do otherwise and highly-though not wholly-reliable to 
do so. 

An analogy from mathematics may be useful. The definition of a limit 
L for a sequence may be construed as involving a dialectic. Let anyone 
choose a very small quantity, i, as small as he chooses. If a sequence has 
the limit L, and only if this is so, it will then be possible, and only then 
(after the choice of arms, so to speak), for one to calculate a value of n 
such that all terms of the sequence after the nth will be nearer than i to 
the fixed value L. It is not possible to give.11 value for n which will ensure 
that beyond the nth the terms will all be nearer to L than any small quan
tity i, subsequently chosen. Similarly, the physicist's procedures are en
tirely rigorous, not because he can guarantee his inferences as beyond all 

•• cc my paper, "The Logic of Criteria," Journal of Philosophy, 61: 857-868 
( 1959 ). 
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doubt (which deduction does), but because he can achieve any defensible 
level of reliability for them that is antecedently given. He can't meet all 
possible doubts in advance, but he undertakes to meet any specific one 
when advanced. In a particular context it is usually clear what kind of 
doubts must be met, and hence appropriate to give either the primitive 
form of, for example, the gas laws in one's explanations or a more refined 
form; not because either is true, but because the one or the other is en
tirely adequate with respect to doubts of a certain kind. The inescapable 
fact is that the physicist cannot, usually, avoid the exercise of informal 
judgment, about both the kind of doubts present and the extent of the 
inaccuracy, in the laws he quotes, judgment which he cannot justify by 
any deduction from a known law. 

4.11 . Certainty. 

It is very difficult to get rid of the feeling that giving up the deductive 
model involves giving up proper standards of rigor in favor of a kind of 
sloppy intuition. To counteract this it would be most effective if we could 
give a demonstration not only that the deductive model is not feasible, 
but that the alternatives are just as good. Of course, we would be better 
off if laws were simpler and more accurate, and no proof can destroy that 
fact. But, given the complexity of actual physical relationships, it is pos
sible to prove that explanations which do not require deduction from 
exact laws may be more certain than those which do require it. Suppose 
that we are trying to explain the observation and A has the property X, 
where A is an individual or kind of individual. Perhaps we notice that 
Jones is not feeling well, or that a blonde sunburns more easily than a bru
nette, and wish to explain it. Now we discover that certain other events 
or properties have happened to, or apply to, A, say that A was (or is) P, 
Q, R . . . Moreover, there is a well-understood connection between some 
of these and X; perhaps P sometimes-though by no means always
causes X. We have the rudiments of a possible explanation for the phe
nomenon A is X: 

A is P. 
P sometimes produces X. 

T fowever, we cannot perform the deduction required by the deductive 
model . We cannot even deduce the conclusion that P probably produced 
,, in A, since, for example, there may be a higher likelihood that Q did it. 

Suppose now that we look carefully for other connections with X and 
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find that Q, R . . . do not produce X, or very rarely produce X. A has, we 
are pretty certain, no history or constituent that could acco~nt f?r X ~e
sides P. In this case, we are normally entitled to conclude with high relia
bility that Pis the explanation of X in A (eating green apples made ~ones 
sick, a peculiarity of skin pigmentation accounts for blondes sunburmng_). 
We can infer this, by elimination, but (i) we usually cannot deduce it, 
and (ii) more to the point, we certainly cannot deduce that X has to occ~r 
to A. Here we find a divergence in the analysis, depending on whether X is 
an event or an atemporal property. If Xis an event, it may be that P pro
duces X only once in a hundred A's. Hence we shall never be able to pre
dict X; rather the contrary-we can infer that it will probably not occur to 
A. Once we know that it has (and we know that Q, R, etc., produce X in a 
far fewer number of A's), we are still entitled to complete confidence in 
our explanation, though antecedent deduction of the effect is impossible. 
So far, this is simply a stronger version of the bridge kind of example. 
Naturally we can deduce that X occurs from the premises we use to sup
port our explanation because these include the information th~t X has 
occurred. This is appropriate enough-one does not try to explam some
thing unless one thinks it has occurred (derivative cases apart). But it 
annihilates the possibility of prediction; in these situations it is logically 
impossible to predict X from what is known prior to X's occurrenc~, i.~., 
infer that it will occur (in fact, one is rationally compelled to predict its 
nonoccurrence), even though it is possible to explain it when it does oc
cur. (I have added this after reading Hempel's reply to my criticism earlier 
in this paper, which he made after he saw an early draft of the first part.) 

Now, I have granted that it is possible to deduce that X occurs from 
the whole set of statements from which we infer the explanation of X, 
since this set includes the statement A is X. However, this fact cannot be 
taken to confirm the applicability of the deductive model of explanation, 
not only because the deduction is from the grounds for an explanation, 
rather than the explanation, but because it is an essentially trivial one in 
another way. Hempel and Oppenheim face a similar problem in their 
paper for which they admit they can offer no solution, viz., that any law 
could be "explained" by deducing it for the conjunction of that same law 
and any other true proposition. They agree that such a deduction would 
not be explanatory and clearly the same conclusion applies to our present 
case. (It is really also applicable to subsumpticr.n under a simple generaliza
tion.) Hence the kind of deducibility that does obtain is no confirmation 

220 

EXPLANATIONS, PREDICTIONS, AND LAWS 

of the view that explanation consists of deduction from true, essentially 
general statements (their definition of "law"). Hence the certainty that 
deduction confers is not certainty that we have an explanation. 

Let us explore, for a moment, the question when deduction is part of 
an explanation, and why, in order to be more clear about the way in which 
it contributes to the reliability of an explanation. Hempel and Oppen
heim's own example, on which they base their analysis, is the explanation 
of the law of refraction of light. Classical physics, they say, "answers in 
terms of the undulatory theory of light, i.e., by stating that the propaga
tion of light is a wave phenomenon of a certain general type and that all 
wave phenomena of that type satisfy the law of refraction . . . Thus, the 
explanation of a general regularity consists in subsuming it under another, 
more comprehensive regularity ... " 40 This is a strikingly bad example. 
There may conceivably be circumstances in which their account is ex
planatory, but it is a real exercise to imagine them. I prefer to take this 
as an example which shows that in any sense in which explanations "go 
beyond" descriptions, as Hempel and Oppenheim affirm, they also "go 
beyond" derivations. 

It so happens that their example provided the goal of one of the most 
fascinating quests in the history of physics; and what was sought, namely 
"the explanation of refraction," as Edmund T. Whittaker calls it in his 
History of the Theories of Aether and Electricity,41 was wholly unlike 
Hempel and Oppenheim's empty derivation. It was a demonstration that 
Snell's law was a consequence of the elementary nature of light, as con
ceived in the wave or particle theory. The "nature of light," of course, 
did not include its conformity to Snell's law; and the great Hooke and 
Pardies were unable to discover the explanation, which was finally given 
by Huygens, and in an entirely different way by Maupertuis.42 What 
makes this derivation explanatory and denies that honor to Hempel and 
Oppenheim's candidate is roughly that it does not beg the question, that 
to understand its premises is by no means to understand that this conse
quence follows. One may understand what light is and not understand 
why it obeys Snell's law; the demonstration explains why it does (why, 
hcing what it is, it must). In this case we come very close to an example 
of explanation wherein deduction is the appropriate kind of inference; 

•
0 Op. cit., pp. 320-321. 
"Vol. 1 (London: T. Nelson, 1951 ), p. 24. 
" For clctoils. sec rnv "Explanations," p. 272. 
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but we see that, even when we have it, we are by no means guaranteed 
an explanation as certain. It is the derivation from an already accepted 
premise which does not obviously imply the result that is crucial-not 
deduction from exact laws. And, of course, very few explanations actually 
involve a derivation: this is one of them and it is an illuminating one just 
because here we see a case to contrast with the usual ones where the deri
vation is not the focus of interest, where in fact it is not part of the ex
planation at all, but part of one procedure for justifying the explanation, 
which may or may not be required, and if required is required in response 
to a request for a justification, not a request for an explanation. In such 
cases, the main role of deduction, when it does occur, is not to make a 
particular inference logically necessary but to show that an inference is 
possible. In such cases, it is therefore not important that deduction be 
the kind of inference that is involved. Are there other reasons for suppos
ing that deduction is crucial? 

When we turn to the explanation of particular events rather than laws, 
we again find clear cases where deduction from laws does not guarantee 
beyond doubt that we have an explanation, especially in the cases where 
the laws are mere generalizations of the particular event to some wider 
class. It is also possible to construct many formal examples which commit 
the Hempel and Oppenheim analysis to absurd consequences; Nicholas 
Rescher has invented a series of these.43 There is no escape, then, from 
the conclusion that the certainty obtainable via deduction is not explana
tory certainty; and I hope this will support the conclusion that the deduc
tive model is not an ideal, since ideals for explanations must at least have 
the property that if only they could be attained they would be explana
tions! 

Turning now to the question of alternative routes to reliability and 
certainty, I illustrated the logical pattern of elimination analysis earlier 
in this section. This provides us with examples of a particular kind of 
explanation which does not require deduction or general laws of the usual 
kind. Its special feature is the combination of potentiality claims (P can 
cause X) with exhaustiveness claims (no other possible causes of X ap
pear to be present). These are sometimes obtained from necessary-condi
tion causal claims (the only possible causes of X are P, Q, R) . Now, there 
are many circumstances under which these propositions can be estab-

'" In a letter to me, dated September 24, 1958. 
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lished very firmly (or where we can be confident that we would recognize 
potential causes if present, even though we cannot list them), when no 
propositions of the kind that Hempel and Oppenheim have in mind as 
laws are known. (The potentiality propositions are existential, not uni
versal, in logical form and hence excluded.) 

However, there is a more general way in which nondeductive explana
tions may attain higher certainty than deductive ones. Suppose that we 
concern ourselves with straightforward laws, i.e., laws not involving the 
term "cause," but include statistical as well as categorical ones. P may al
most always produce X, perhaps. But using this, along with the assertion 
that P occurs, as a premise, we cannot deduce the occurrence of X. (We 
cannot even deduce that X will probably occur, unless we add the premise 
that nothing else is known about the likelihood of X.) Now suppose X 
occurs. It is plausible to suppose that insofar as determinism is true there 
is some unrecognized set of conditions P', P", which were also present, 
whose presence actually fully guarantees X's occurrence, i.e., P plus P' 
plus P" is a sufficient condition for X. They may, for example, be heredi
tary predispositions toward a certain disease. But they may be highly in
accessible or unknown. We shall be able to identify the cause of the dis
ease beyond anything that would constitute a reasonable doubt in many 
contexts, using the statistical proposition alone, because only P and its 
alternate possible causes Q, R, etc., concern us at all. P might be a virus, 
and the discovery that a virus is (almost certainly) the cause, rather than 
a bacterial infection, or a higher type of parasite, is exactly what we need 
as an explanation. Natura~ly, there are other contexts in which our inter
est would require the identification of P', P", etc. But the plain fact re
mains: the statistical law may give us exactly what we need and it may be 
much more readily applicable. For what we lose in the difference between 
95 per cent and 100 per cent internally, we gain back because we can 
identify P with 98 per cent reliability, while the conjunction of P with P' 
and P" will often be identified with 80 per cent reliability, even assuming 
we have a law connecting them 100 per cent with X. 

An analogous point bears particularly on the rare cases where we do 
have true categorical laws in science (conservation of mass energy, Nernst 
Tl ca t 'Theorem, etc.). These typically involve highly abstract theoretical 
oncepts, and then what we gain on the swings of internal certainty we 

ofl'cn lose on the roundabouts of getting to the actual empirical conse
qu n s, because the instruments required are more complex and the 
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chain of inference less direct. I do not deny for a moment the existence 
df many important cases where the most exact experimental inferences 
can be made from these principles, e.g., in scattering theory. The term 
'mathematical physics,' with its implications of precision, is not a mis
nomer. I wish only to stress that only the over-aII probability of an ex
planation is the matter of ultimate concern to the physicist, and this is a 
(monotonic increasing) function not only of the probability of inferences 
internal to the theory (maximized by deduction) , and of the internal 
probability in the general statements (maximized if they are true uni
versal statements), but also of the probability with which the presence 
and magnitude of the theoretical properties can be inferred from the ob
servations. (This is the probability of the antecedent conditions in the 
deductive model.) And since exact laws involve more variables, or vari
ables that are more elusive, than statistical ones, the unreliability of our 
determinations of their value may cost us more than we gain. 

To summarize: if the world were much simpler, the deductive model 
would be in one respect more appropriate. If the world were still more 
complicated, for example, if the fundamental parameters of physics (such 
as c, G, e) were time and/ or space dependent, then determinism c~uld 
still be true,44 but the deductive model would be even less appropnate. 
The ideal for explanation is explanatory reliability, and for that end it is 
no good enshrining criteria that ( 1) guarantee neither the reliability nor 
the explanatory nature and (2) can hardly ever be utilized in t~is ':o~ld. 
The deductive model is an excellent description of one way of 1ustifymg 
an assertion, and that is all. It may occasionally happen that a deductive 
argument will be an explanation, but when this ~appe~s, it is usu~lly ?e
cause what we did not understand was the way m which the denvahon 
could be done and so the requirement for an explanation, even here, is 
not deducibility, but inferability. To require deduction in such cases will 
reduce one source of error, but typically at the cost of increasing another. 

5. The Alternative Analysis 
What is a scientific explanation? It is a topically unified communica

tion, the content of which imparts understanding of some scientific phe
nomenon. And the better it is, the more efficiently and reliably it does 
this, i.e., with less redundancy and a higher over-all probability. What 

"Contrary to the view that it means "If any configuration of the universe re urred, 
its ub qu nt history would repeat" (Frank, etc.). 
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is understanding? Understanding is, roughly, organized knowledge, i.e., 
knowledge of the relations between various facts and/or laws. These rela
tions are of many kinds-deductive, inductive, analogical, etc. (Under
standing is deeper, more thorough, the greater the span of this relational 
knowledge.) It is for the most part a perfectly objective matter to test 
understanding, just as it is to test knowledge,45 and it is absurd to identify 
it with a subjective feeling, as have some critics of this kind of view. So 
long as we give examinations to our students, we think we can test under
standing objectively. (On the other hand, it is to be hoped and expected 
that the subjective feeling of understanding is fairly well correlated with 
real understanding as a result of education.) 

Explanation is not "reduction to the familiar," partly because the fa
miliar is often not understood (rainbows, memory, the appeal of music) 
and partly because we may understand the unfamiliar perfectly well (pure 
elements, the ideal gas, absolute zero) . On the other hand, ( i) we do 
understand much of what is familiar and so much explanation is reduc
tion to the familiar. And (ii) "familiar" can be taken as synonymous with 
"explained," in which case this slogan comes nearer the truth, though by 
using the tautology route. Finally, (iii) there is the great truth implicit 
in this view that at a particular stage in explanations of a certain kind, 
there is very little more to understanding besides familiarity. We do come 
to accept facts and relations which we at first viewed as wholly incompre
hensible; we come to accept gravity and to reject Newton's vitupera
tive condemnation of the view that it is inherent in matter and can act 
through a vacuum without mediation. The stage at which we do this is 
the last stage in an explanation, and the explanations which lead us to 
this kind of last stage are those which take us back to the most funda
mental features of our knowledge. 

Although it is an illusion to suppose that scientific explanation is any
thing as simple as deductive subsumption under a true generalization, 
there sometimes comes a point in scientific explanation, especially in 
physics, cosmology, and psychophysiology, when assimilation into some 
kind of over-all regularity is about all we have to offer. The weakness of 
the deductivist's thesis, as a general account of scientific explanation, is 
well demonstrated by the profound unease which affects scientists when 

"' Knowledge stands in relation to understanding rather as explanations do to theo
ri . W know the date of our birthday, but we understand the calendrical system: we 
kn w th item and the relations which, combined, make up understanding. 
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they find themselves in this situation. Why does the distribution of mat
ter determine the curvature of space? Why is mass energy conserved? 
Why are protons or electrons continually appearing throughout the uni
verse (in the steady-state cosmologies)? Why does a particular electron 
impinge on the screen at this point? Why does this neural configuration 
correspond to pain? Et cetera. What can we do with these questions ex
cept answer by showing how these variables are related and distributed? 
We can do no more at the moment, but (i) we know very well what it 
would be like to have a more comprehensive theory within which these 
questions could be answered; hence there is always an incentive for and 
a possibility of going further, though there are no good reasons for sup
posing there must always be something further.46 (ii) That we finally 
reach this stage does not show that at earlier stages nothing more is re
quired than reiterating the puzzling regularities. Understanding requires 
knowing the relations that exist; it is not confined to cases where one of 
these relations is subsumption under a higher level generalization; it may 
only involve subsuming (i.e., colligation), not subsumption, but it will 
be the less for that. (iii) There is an alternative to vertical subsumption 
in these areas and that is 'horizontal' assimilation, by analogy or formal 
principle. (iv) Even this would leave at least one fundamental principle 
to be explained in something more than the colligation sense, and of this 
all that can be said is that if the world exist,s at all, it is logically necessary 
that it have some properties and we shall be very fortunate if we can re
duce them all to one. ( v) Why the physical world exists, or has this fun
damental property rather than some other, may have an answer in terms 
of some antecedent circumstances, but this only postpones the final ques
tion and that final question is probably illegitimate in just the way that 
the final question in the series, Where is Oxford? Where is England? 
is illegitimate, i.e., senseless; unaskable, not unanswerable. 

6. Comments on Hempel's Account of Statistical Explanation 
6.1. Ideological and Logical Differences. 

Hempel still stresses the syntactical criteria of explanations rather than 
the psychological and contextual criteria as I do. However, the relations 

'
0 TI1cre are always good reasons for trying to go further when first we come to a 

limiting principle of this kind . But in the end we may grant autonomy, and abandon 
th ntt mpt to reduce gravity to mechanics or magnetism, ESP to radio waves, etc., and 
ny I lint w uudcrstand the phenomena all the same. 
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which he discusses naturally include some that I take to be required for 
correct understanding: He here ( i) stresses the importance of inferences 
based on generalizations and (ii) is willing to allow the derivation of ap
proximations to the actual facts as explanatory (though he does not probe 
deeply into the extent of this concession). I stress the importance of sev
eral other kinds of connection, a diversifying feature of my account, but 
also the unifying feature of the universal dependence on understanding. 
Remembering that he was always clear about the possibility of statistical 
explanations, it is worth stressing that in the absence, even in this paper, 
of criteria for identifying an explanation as putatively deductive, rather 
than statistical, it is never possible for Hempel to reject it for not meeting 
the deductive model's standards . Hence, the deductive model is virtually 
useless in criticizing explanations (just as syllogism theory is virtually use
less in criticizing arguments unless one can identify enthymemes), and 
everything hinges on the statistical model, especially if I am right in argu
ing that there is no sense in which the deductive model offers us a better 
ideal, apart from its inapplicability. It should also be noted that allowing 
approximations to truth and approximations to deduction places a very 
heavy emphasis on the identification of an adequate degree of approxima
tion, which in my view automatically introduces contextual considera
tions and the need for unformalizable judgment. 

A great deal depends, then, on the "statistical model" and it seems to 
me to face a dilemma. Insofar as it amounts to the view that statistical 
inferences, when used to justify an explanation, should be valid, it is true 
but trivial, and hardly a model of explanation. Insofar as it involves the 
suggestion that explanations for which the grounds include statistical gen
eralizations, in Hempel's sense, should include these in the explanation 
it is unsound for the reasons given in 3.1 above. This is no mere termino
logical point about what collection of statements should be called an ex
planation. It is a crucial point about what explanatory claims meet scien
tific standards of objective reliability and utility: Hempel appears to iden
tify as a 'statistical generalization' virtually any qualified general claim 
with which we might back up an explanation. But these are often not 
usceptible to any statistical analysis. Their only role is entirely different, 

as I have suggested in "Truisms as the Grounds for Historical Explana
tions." Either Hempel treats their informality and hence their incapacity 
to fit a precise statistical model as a sign of imperfection and rejects them, 
r he d c not. If he does, he makes in my view a mistake closely analo~ 
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gous to the mistake he originally made in thinking that explanations 
which fit the deductive models are more scientific than statistical explana
tions. If he does not, then the "statistical model" becomes largely a matter 
of good, nonformalizable judgment about the "weight of the evidence." 
This is not a sign that it is unscientific, but it is a sign that much of scien
tific argument conforms more closely to legal and historical argument 
than it does to mathematical inference, whether statistical or not. Hem
pel's recognition of this is clear in part of his discussion of causation 
where he agrees with a view of mine, which he quotes, that one may be 
able to give good reasons for a particular causal claim other than laws. 
This appears to commit him to accepting nonformalizable "statistical" 
causal explanations, and I would take this to mark the end of any "model." 

It may be clarifying to indicate a number of Professor Hempel's as
sumptions or conclusions with which it appears to me I would disagree 
for reasons that are usually apparent or implicit in my paper: that half
life laws and probability statements are statistical in nature, that any 
counterfactual-supporting law is explanatory, that an axiomatization of 
"probability," using "random" as a primitive, is logically valuable, that 
the probability of a deductive model explanation is the same as the proba
bility of the conjunction of statements in it (even if we include grounds), 
that the degree to which a statistical explanation explains is the same as 
the inductive support given its explanandum by its explanans, that ex
planations in terms of purpose are equivalent to causal explanations, that 
causal explanations which do not give the relevant laws and all relevant 
conditions are programmatic. 

I shall take up in detail just one point which I think rather more novel 
than the above. It is connected with the stress on the nonformal elements 
in scientific inference discussed earlier in this section. 

6.2. The Requirement of Total Evidence. 

Hempel is led by examining a certain paradox of statistical explanation 
to propose a distinction between it and deductive model explanations, 
which he describes as "the ambiguity of statistical explanation." The para
dox it leads to is remedied by "the requirement of total evidence," ·and 
Hempel repeatedly stresses that such a precaution is not needed as a safe
guard for the deductive model. I believe I can show that it is, and should 
li::ivc been included in the criteria for the model. I also believe that an 

I 11sion of this point will undercut his other distinction, " the non-
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additivity of statistical explanations," but I shall not .be able to go into 
this here. 

Referring to "the ambiguity of statistical explanation," Hempel says, 
"This peculiarity has no counterpart in nomological explanation: If an 
object or set of objects has a character A which is invariably accompanied 
by C then it cannot have a character which is invariably (or even in some 
cases) accompanied by non-C." 47 

This looks plausible but it happens to be invalid. X may have A and 
hence C, and also B which is in some cases accompanied by non-C, 
though not in this case. This error is connected with the much more 
serious fact that this formalization does not adequately represent the 
point at issue. For X may have A, which is a universally sufficient condi
tion for C, hence giving us a "nomological" explanation for X having C, 
when in fact X has C for an entirely different reason, namely that X has 
the property B which is also a sufficient condition for C. The difference 
between A and B as candidates for mention in the explanation is simply 
that X happens to exhibit the property C1 as well as C, and whereas all 
B's have both C and C1, A's only rarely have C1 . 

It seems likely that Hempel was led to give the simpler formal analysis 
because the explanandum is, after all, that Xis C. But that we are trying 
to explain X being C does not of course allow us to accept an explanation 
which cannot account for X being C1. And there may well be ( determin
ists would say "must be") some other property of X, here B, which will 
account for both c and C1 . 

A simple example can be given. If we are trying to explain how a cer
tain bridge came to be destroyed in wartime, we could appeal to the law 
"whenever an atom bomb is released accurately above a bridge and ex
plodes with full force, the bridge is destroyed," plus the appropriate ante
cedent conditions. However, it may also be the case that whenever 1000 
kilograms of dynamite are detonated on the main span of such a bridge 
it will be destroyed, and that the underground movement has applied just 
this treatment to this bridge with the attendant destruction occurring be
tween the release and the arrival of the atomic bomb. This in no way in
validates the bomb law, but it does invalidate the bomb explanation which 
cannot account for other features of the event, in this case the time of 
the destruction. It will be noted that a prediction based on the bomb law 
would survive, which I take to be a further sign of asymmetry. 

"P. 133, this volume. 
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Hempel recommends that the "ambiguity of statistical generalization" 
be handled by requiring that "in the application of inductive logic to a 
given knowledge situation, the total evidence available must be taken as 
basis for determining the degree of confirmation" (Carnap's formulation 
of "the requirement of total evidence") . Of this requirement, Carnap 
says it has "no analogue in deductive logic," but Hempel comments, ". . . 
it seems more accurate to say that the requirement is automatically met 
here." 48 

In its application to explanations, it seems clear that this requirement 
is neither absent nor automatically present. We must in fact add it to the 
condition, and make it more specific by requiring that an explanation be 
acceptable for a phenomenon only so long as no facts are known about 
the circumstances surrounding the occurrence of the phenomenon which 
the explanation cannot accommodate. The explanandum is rarely a com
plete description of everything that is known to occur, and one could 
never support the claim that it should be since this would frequently be 
unfulfillable. But an explanation has to pass other tests besides (and some
times instead of) supporting an inference to the explanandum, and this 
is one of them. 

I conclude with a comment on the over-all argument in Hempel's dis
cussion of the differences between statistical and nomological explana
tion. The paradox of ambiguity has its roots in a misuse of statistical in
ference that is, as he points out, quite well known in the literature. Hence 
"the ambiguity of statistical explanations" is only apparent and not real, 
since one ought to have borne in mind the requirement of total evidence. 
Hence it cannot be an identifying property of such explanations. And, 
according to my arguments, prophylactic treatment is necessary in both 
of Hempel's realms of explanation. I think a combination of these two 
kinds of argument applies-though I have not shown this-to the "non
additivity of statistical explanations." And it seems quite clear that taking 
account of the probability of the categorical statements in nomological 
explanations will show that they share with statistical ones the property 
of being more or less likely. It seems to me that there remains only the 
definitional difference that the internal inference is in one case deductive 
and in the other inductive. 

.. Sc pp. 138, 139, this volume. 
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Explanation, Prediction, and 
"7mperfect" Knowledge 

The Attack on the Deductive Model 
Can we explain events after they happen which we could not have pre

dicted beforehand? Do history and the other studies of man differ from 
the physical sciences in this respect? Do a man's character and motives 
satisfactorily explain his actions or do these in turn need explaining? Ques
tions of this sort are raised, not for the first time, by certain recent criti
cisms of the so-called deductive model of explanation. This model holds, 
briefly, th~t to explain an individual fact we deduce it from one or more 
other such statements in conjunction with one or more generalizations or 
laws. A law, in turn, may be explained by deducing it from other laws. 
Prediction, upon the model, has the same logical form as explanation. In 
predicting something as yet unknown, one deductively infers it from par
ticular facts and laws already known. We infer from given premises stat
ing what is known, what so far has not been known, whether it be in the 
past, present, or future, or whether, as in the case of laws, time is irrele
vant. It follows that if anything can be explained deductively by a set of 
premises after it has occurred, it could in principle have been predicted 
from these premises before the event. Nor does it make any difference 
whether the premises are statistical or deterministic. If they are determin
istic, we may predict an individual event; if they are statistical, only state
ments about classes of events may be either explained or predicted. Vir
tually all those who accept the deductive model hold that it applies not 
only to physical but also to human phenomena, whether individual or 
social, whether in the past or in the present. Recently popularized among 
philosophers of history by a lucid exposition of Hempel's,1 the deductive 

NOTE : This paper was read, in part, at the 1960 International Congress for Logic, 
Methodology, and Philosophy of Science held at Stanford University. 

' C. G. Ilempel, "The Function of General Laws in Histoiy," Tournal of Philosophy, 
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