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would be to go against a great deal of scientific experience about what 
kinds of hypotheses work well scientifically. Similarly, when Watson and 
Crick were enraptured with the beauty of the double helix hypothesis for 
the structure of the DNA molecule, I believe their reaction was more than 
purely esthetic.26 Experience indicated that hypotheses of that degree of 
simplicity tend to be successful, and they were inferring that it had not 
only beauty, but a good chance of being correct. Additional examples 
could easily be exhibited. 

If I am right in claiming not only that prior probabilities constitute an 
indispensable ingredient in the confirmation of hypotheses and the con
text of justification, but also that our estimates of them are based upon 
empirical experience with scientific hypothesizing, then it is evident that 
the history of science plays a crucial, but largely unheralded, role in the 
current scientific enterprise. The history of science is, after all, a chronicle 
of our past experience with scientific hypothesizing and theorizing-with 
learning what sorts of hypotheses work and what sorts do not. Without 
the Bayesian analysis, one could say that the study of the history of science 
might have some (at least marginal) heuristic value for the scientist and 
philosopher of science, but on the Bayesian analysis, the data provided by 
the history of science constitute, in addition, an essential segment of the 
evidence relevant to the confirmation or disconfirmation of hypotheses. 
Philosophers of science and creative scientists ignore this fact at their peril. 

2
• James D. Watson, The Double Helix (New York: New American Library, 1969) . 

This book provides a fascinating account of the discovery of an important scientific hy
pothesis, and it illustrates many of the points I have been making. Perhaps if literary re
viewers had had a clearer grasp of the distinction between the context of discovery and 
the context of justification they would have been less shocked at the emotions reported 
in the narrative. 
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Inference to Scientific Laws 

The topic of inference to scientific laws is one to which, I believe, both 
philosophers of science and historians of science can contribute to their 
mutual benefit. This is by no means self-evident, and indeed has been 
denied by philosophers as well as historians. There is even a view that there 
is no such topic at all to discuss. The view, held by proponents of the hypo
thetico-deductive (H-D) picture of science, is that there are no inferences 
to laws, only from them. The scientist does not infer a law from the data. 
He invents it, guesses it, imagines it, and then derives consequences from 
it which he tests. For example, Popper, one of the foremost proponents of 
this view, speaks of theories, including laws, as "free creations of our own 
minds, the result of an almost poetic intuition," and he rejects the idea 
that they are inferred in any way from observations.1 Again, in a recent 
work, Hempel writes: "The transition from data to theory requires crea
tive imagination. Scientific hypotheses are not derived from observed facts, 
hut invented in order to account for them. They constitute guesses at the 
connections that might obtain between the phenomena under study. 
. •• " 2 The physicist Feynman agrees. He writes : "In general we look for a 
new law by the following process. First we guess it. Then we compute the 
consequences of the guess to see what would be implied if this law that we 
g11cssed is right. Then we compare the result of the computation to nature 
. .. to see if it works. If it disagrees with experiment it is wrong. In that 
simple statement is the key to science." 3 

According to the H-D view scientists do not make inferences to laws, 

'11T1101t's NOTE: This paper contains in abbreviated form some material from chapters 6 
11 11d 7 of my Law and Explanation in Science, to be published. 

' Karl Popper, Conjectures and Refutations (London: Routledge and Kegan Paul, 
1%S) , p. 192. 

"Carl C . Hempel, PJ1ilosophy of Natural Science (Englewood Cliffs, N.J.: Prentice-
11 11 11, 1966) , p. 15. 

" llichard Feynman, Tl1c Clwractcr of Pl1ysical Law (Cambridge, Mass.: MIT Press, 
1%7 ) , p. 1 )6. 
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only from them. How should this claim be construed? One way would be 
to say that the term "inference" is being used in a restricted sense to cover 
only deductive inferences from statements describing particular observa
tions. On this construal the H-D theorist would be saying simply that sci
entists do not make deductive inferences to laws from nongeneral observa
tion statements. The problem with this construal is that it does not do full 
justice to the claims of the H-D theorist. First, proponents of this view also 
deny that scientists arrive at hypotheses by way of inductive inferences. 
Popper, for example, writes that "induction, i.e. inference based on many 
observations, is a myth. It is neither a psychological fact, nor a fact of ordi
nary life, nor one of scientific procedure." 4 He holds that scientists and 
others do not in fact employ inductive inferences and that in principle 
they could not justifiably do so, since inductive reasoning is fallacious. 
While other H-D theorists do not accept Popper's view about the fallacy 
of inductive reasoning, they do share his view that as a matter of fact scien
tists do not arrive at hypotheses by inductive reasoning. Second, by saying 
that scientific hypotheses are invented, guessed, free creations of our own 
minds, H-D theorists appear to be contrasting these cases with those in
volving inferences. The claim seems to be that the scientist arrives at a law 
not by making an inference, not by engaging in a process of reasoning in 
which something is concluded on the basis of something else, but by mak
ing a conjecture. This conjecture may be a causal consequence of observa
tions (among other things) but it is not inferred from them. Only after 
the conjecture is made do inferences occur. 

What do we mean when we speak of a person as having inferred some
thing? There are, I believe, two slightly different uses of "infer." In one 
use, when we say that A inferred that a proposition p is true or probable 
from the fact, or alleged fact, that q is true, we imply that A came to be
lieve that pis true or probable. In another use, we imply simply that A be
lieved that pis true or probable. In both uses we also imply that A's reason 
for believing that pis true or probable is the fact, or alleged fact, that q is 
true.5 (If we know q to be false, we will say that A's reason for believing 
that pis true or probable is his belief that q is true.) But more must be in
volved in his reason than this. Suppose A comes to believe that God exists, 
and his reason for believing this is the alleged fact q, that if God does exist 

•Popper, C on;ectures and Refutations, p . 53. 
• For a theory of inference according to which the second se11se of "infer" above is 

basic and the first is derivative. sec D. G. Brown, "The N:1t11rc of !11ferencc ," l'l1i/o
sophical ll l'v icw, 64 ( 19 55) , 35 1- 369. 
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and he does not believe it then God will punish him. Although A has come 
lo believe that God exists and A's reason for believing this is the alleged 
f:1ct that q is true, A has not inferred that God exists from this alleged fact. 
I le has not done so because the alleged fact which constitutes A's reason 
for believing that God exists is not a fact which A believes makes it likely 
I hat God exists. It is, as we might say, a pragmatic or utilitarian reason 
r:1 ther than an "evidential" one, and it is only reasons of the latter sort that 
:1 re involved in inferences. Accordingly, in what follows when I speak of 
A's reason for a certain belief I shall mean his "evidential" reason. How
ever, if we want to spell out the conditions under which it is appropriate 
In say that A inferred that p is true or probable from the fact, or alleged 
f:i ct, that q is true they are these: ( 1) A came to believe (or believed) that 
pis true or probable. (2) A's reason for believing this is the fact, or alleged 
f:ict, that q is true and the fact, or alleged fact, that q's being true makes it 
likely that pis true. 

Reasoning is a broader concept. It includes, among other things, think
ing about something and drawing certain conclusions, which means think
ing leading to an inference (in either sense); it also includes examining a 
reason to see if it does support a belief. H-D theorists do not deny that 
I here is reasoning in the case of laws. They simply assert that it is all of the 
second type: It involves only the examination of reasons to see if they do 
support a law, and so it takes place after the law is formulated. Their claim 
is that there is no reasoning which leads to laws in the first place; scientists 
do not infer laws, in the coming-to-believe sense of "infer" (which is the 
1111c that will be used in what follows 6 ). It is this view that I want to reject. 

In the early years of the nineteenth century Gay-Lussac performed nu-
111crous experiments in which gases were combined to form new com-
11011nds. In his experiments he noted, for example, that 100 parts (by vol-
11111c) of oxygen combine with 200 parts of hydrogen to form water and 
1 li:it 100 parts of muriatic gas combine with 100 parts of ammonia gas to 
Imm ammonium chloride. After considering several other cases he wrote: 
"Thus it appears evident to me that gases always combine in the simplest 
proportions when they act on one another." (This is essentially Gay-Lus
~ : 1 c\ law.) Gay-Lnssac came to believe that gases combine in simple ratios 
1111cl his reason for believing this was the fact that various gases he observed 
1·01nhine in simple ratios. From his experiments he inferred that gases be-

" Those who, following Ilrown, believe that the second sense of "infer" is basic can 
11111lnsl·:1111l Ilic I hcsis nnclcr cxarninntion ns saying that scientists do not come to infer 
l11ws fro111 d:1l :1. Sec ihirl ., p . 355. 
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have in this way. It may be objected that Gay-Lussac in writing the words 
he did was not describing how he really came to believe the law. Quite pos
sibly the law occurred to him after considering a single experiment with 
oxygen and hydrogen. It might also be objected that the law did not occur 
to Gay-Lussac simply on the basis of experimentation; a background in 
atomic theory was relevant as well. Let us grant that theoretical ideas 
played a part in the origin of Gay-Lussac's law. (I will go into this later.) 
Still there is an inference involved. It may be an inference from the result 
of one experiment together with theoretical assumptions. And the con
clusion might not be the strong one that the law is definitely true, but a 
weaker one to the effect that the law may be true. Nevertheless, on the 
basis of at least certain experiments and theoretical assumptions, Gay-Lus
sac came to believe that (there is some likelihood that) gases combine in 
simple ratios by volume. 

Why do proponents of the H-D account deny the existence of inferenc
es to laws? There seem to be several strands in their thinking. First, they 
hold that there is no mechanical way to infer laws from data. As Hempel 
puts it, "There are . . . no generally applicable 'rules of induction' by 
which hypotheses can be mechanically derived or inferred from empirical 
data." 7 Second, they hold that laws and hypotheses generally are arrived at 
by an act of imagination. Third, they hold that the formulation of a hy
pothesis on the part of the scientist is a causal process in which many 
things are involved in addition to the observations he has made and the 
theories he holds, e.g., his personality, his training, and even his dreams. 

We can grant these facts, but none of them establishes the nonexistence 
of inferences to laws. First, from the fact that laws cannot be inferred by 
mechanical reasoning from data it does not follow that they cannot be in
ferred . We might speak of someone as having engaged in mechanical rea
soning leading to an inference from q to p if there are rules that permit p 
to be correctly inferred from q (rules that indicate that coming to believe 
p for the reason q is legitimate), if there are rules prescribing how the rea
soning shall proceed (through what steps, or, if there are several possible 
ways, through what alternations of steps), and if the person actually came 
to believe p for the reason q solely by a conscious application of these rules. 
Given this characterization, it should be obvious that scientists do not en
gage in mechanical reasoning to laws. They do not infer laws from data 
solely by a conscious application of rules of the sort referred to :ihove. But 

1 I lcmpcl, J>/1ilosop/1y of N;itmal Scic11cc, p . J 5. 
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it does not follow from this that they make no inferences to laws. A scien
tist may make an inference from data to law without engaging in reasoning 
that consists simply in a conscious application of rules that indicate what 
follows from what and what steps to take. Second, from the fact that to 
arrive at a law requires "creative imagination" or "poetic intuition" it does 
not follow that laws cannot be inferred. We might say that someone's in
ference involved imagination if the reasoning that led to it was not me
chanical in the sense noted above. Many inferences that are made involve 
imagination; they are not mechanical but they are inferences nonetheless. 
Third, a scientist might not have made an inference from data to hypothe
sis if he had not had the personality, training, and dreams that he did have. 
He made the inference nonetheless, and the fact that he did make this 
particular inference instead of some other or none at all might be causally 
explained, in part at least, by reference to his personality, training, and 
llreams. The fact that there is a causal explanation of how a scientist came 
to believe a certain law for a certain reason does not preclude his having 
come to believe that law for that reason. It does not preclude his having 
made an inference to the law from observation and theory. Finally, there 
is no necessary incompatibility between conjecture and inference. A scien
tist may have made an inference to a hypothesis on the basis of certain data 
:ind the hypothesis may still be a conjecture, depending upon how strongly 
I he data support the hypothesis. 

What must now be determined is what sort of inferences are involved 
in the case of laws. This means characterizing the various types of reasons 
I hat scientists have for laws when they come to believe them and express
i11g these as "modes of inference." The latter will also indicate the kinds 
of reasons which scientists can offer in support of a law which they already 
I >clieve and hence are not inferring. (Accordingly, when I speak of "modes 
llf inference" I do not thereby imply that one who has or gives reasons 
I I 1:1 t are in conformity with these modes is necessarily making an inference. 
I le may be; but he may also be in the position of having or giving reasons 
r( >r something that he or someone else has already inferred.) 

' l'lie late Norwood Russell Hanson had some interesting views about the 
kin el s of reasons scientists have for hypotheses as well as about why this 
lopic should be of concern to both philosophers and historians of science. 
I le l1clc1 that one of the most important jobs of the historically minded 
pl 1 i losophcr of science or the philosophically minded historian is to pro
vide a crif'ical appraisal of the rc:isoning scientists actually employ. More-
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over, he insisted, contrary to the H-D view, that scientists do make infer
ences to laws, and that these are neither deductive nor inductive but what, 
borrowing a term from Peirce, he called retroductive. The scientist begins 
by considering puzzling phenomena that have been observed. He makes 
an inference to a hypothesis which, if true, would explain the phenomena 
by organizing them into an "intelligible, systematic, conceptual pattern." 
The retroductive mode of inference Hanson characterizes as follows : 

Some surprising phenomenon Pis observed. 
P would be explicable as a matter of course if [hypothesis] H were true. 
Hence there is reason to think that His true.8 

Now I believe that Hanson and Peirce (who expressed very similar views) 
are taking us in the right direction. But there are several problems with the 
retroductive account, as they express it. To begin with, the claim that the 
scientist always starts by considering simply observed phenomena is un
acceptable. Maxwell developed his distribution law for molecular veloc
ities by considering not observed phenomena but the unobserved molec
ular nature of a gas postulated by kinetic theory. Furthermore, even when 
the scientist develops a law by considering observed phenomena this, in 
the typical case, is not all he considers. Usually a theoretical background 
is also relevant. Gay-Lussac did not infer his law simply from his experi
ments with various gases. He inferred it from this together with, or in the 
light of, a theory he held about the molecular structure of gases. The retro
ductive inference, as characterized by Hanson and Peirce, neglects the 
background of theory which the scientist often has to begin with, and 
which may provide at least part of and in some cases the entire basis for an 
inference to a law. 

The main problem, however, is that the Hanson-Peirce retroductive 
mode of inference is fallacious. From the fact that a hypothesis H, if true, 
would explain the data it does not in general follow that there is reason to 
think that H is true. To take a simple example, the hypothesis that I will 
be paid one million dollars when this paper is published would, if true, ex
plain why I am writing the paper. But this provides no reason for thinking 
that I am about to become a millionaire. There are many "wild" hypothe
ses which if true would explain the data, but unless there is some other 
evidence in their favor this fact by itself lends no plausibility to them. This 
does not mean that there is nothing like retroductive reasoning in science 

• N . R. Hanson, Patterns of Discovery (Cambridge : Cambridge University Press, 
19 58 ), p . 86. 
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(I mean valid reasoning). There is, ,but the Hanson-Peirce description of 
it is not adequate. 

Finally, both Hanson and Peirce give the impression that there is only 
one mode of inference to laws-retroduction. Inductive and deductive 
reasoning exist, but they are employed only after retroduction to the law 
has occurred. This thesis I would also reject. There are several modes of 
inference to laws, including something akin to retroductive, but in addi
tion, inductive, analogical, deductive, and possibly others. In what follows 
I want to try to formulate the retroductive or explanatory mode of infer
ence in a more suitable way, and also say something about the (or one) 
inductive pattern of inference. 

To get at the explanatory mode of inference we must keep in mind two 
things the Hanson-Peirce account neglects to mention. First, typically an 
inference to a hypothesis if made from observational data is made in the 
light of everything else we know, the background information, which in
cludes accepted theories, principles, laws, etc. Second, when an inference 
is made to a hypothesis H on the grounds that it explains certain facts it is 
assumed that H offers a better explanation of these facts than other hy
potheses with which His incompatible. Frequently competing hypotheses 
:ire explicitly considered. One reason you reject the hypothesis that I am 
writing this paper because I will be paid a million dollars to do so, even 
I hough that hypothesis if true would explain why I am writing it, is that 
you can readily think of competing hypotheses which offer better explana-
1 ions. In an explanatory inference one infers H from evidence E in the 
light of background information Bon the grounds that H provides a good 
explanation of certain facts, an explanation that, given E and B, is better 
1 ltan that provided by competing hypotheses. We might put this mode of 
i 11 Ference in the form of an argument, as follows, in which the premises 
i11dicate reasons for believing Conclusion 1 which, in turn, indicates a 
1 l'ason for believing Conclusion 2: 

1 ' rcmise 1: Evidence Eis obtained in the light of background information 
IL 

l'1 c111ise 2: Hypothesis Hi is capable of providing a set of answers S1 to 
ques tions concerning facts F which may be part of E or B. Incompati
ble competing hypotheses H2, . .. , H 0 that it is reasonable to consider 
given E and B provide sets of answers S2, ... , S0 to the same ques-
1 io11s concerning F. 

l :om:l11 sion J: H 1 offers a good explanation of F. (This conclusion is war-
1:111l·ccl provided that the answers supplied by I-11 reasonably satisfy cri-
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teria for good explanations, and do so on the whole better than compet
ing hypotheses H2, ... , Hn.9 ) 

Conclusion 2: H1 (or H1 is a plausible hypothesis). 

Alternative hypotheses mentioned in Premise 2 might be explicitly consid
ered by someone employing this mode of inference or they might not. In 
the former case we can say that the reasoner infers the explanatory power 
of H from the evidence and the fact that H offers such and such answers 
to questions while competing hypotheses offer such and such different 
ones. In the latter case he infers the explanatory power of H from the evi
dence and the fact that H offers such and such answers to questions, where 
he assumes that whatever competing hypotheses there are that are reason
able to consider, given E and B, do not supply answers that are more 
plausible. 

There are various additional qualifications and embellishments on this, 
but I can' t go into them here.10 Let me turn to a different pattern of in
ference, which I will call inductive. One may legitimately infer that all F's 
are G's on the ground that all observed F's have been G's-provided that 
two crucial assumptions are made, which are similar to those in the ex
planatory case, and which are often omitted by champions of induction. 
One is that the background information is taken into account. The other 
concerns hypotheses that conflict with "All F's are G's" that might be 
deemed reasonable to consider as possible alternatives. The inference from 
"All observed F's are G's" to "All F's are G's" is warranted to the extent 
that such hypotheses are not plausible, given the inductive evidence and 
the background information. (The plausibility of a competing hypothesis 
would itself be inferred and the inference could be an explanatory one, an 
inductive one, or one of several other types I have not here discussed.) In 
an inductive inference one infers that aU F's are G's from the inductive evi
dence, in the light of the background information and alternative incom
patible hypotheses. Let me express this in the form of an argument, as 
follows: 

Premise 1: Inductive evidence E is obtained in the light of background in
formation B. The evidence is that F's have been examined and all those 
examined have been G . 

Premise 2: H2, . . . , Hn are hypotheses conflicting with "All F's are G's" 
that, given E and B, it is reasonable to consider as possible alternatives 
to "All F's are G 's." 

° For an account of these criteria , as well as an analysis of cxplan:il"ion , sec my "l;:x. 
planation," American Pl1ilosophical Qnarf'crly, Mo11ngr:1\il1 Series No. 3 ( 196<)) . 
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Conclusion: All F's are G's, or it is plaus.ible to assume that all F's are G's. 
(This conclusion is warranted to the extent that hypotheses in the set 
H2, . . . , Hn are not plausible given E and B, i.e., to the extent that no 
inference is warranted from E and B to the conclusion that such a hy
pothesis is plausible.) 

One who uses this mode of inference may explicitly consider alternative 
hypotheses or he may just assume that whatever competing hypotheses 
that might be deemed reasonable to consider as alternatives are not in fact 
plausible, given E and B. 

No separate account of variety of instances is needed. We vary instances 
to rule out competing hypotheses. In determining whether all F's are G's, 
if we vary the F's with respect to some property H-if we observe both F's 
that are Hand those that are not-we do so in order to rule out the com
peting hypothesis that it is only those F's that are also H's which are G's, 
and therefore that some F 's are not G's. If no conflicting hypothesis 
known to those familiar with E and B is plausible, then the factor of va
ri ety has been taken into account. This is the best way to do so, since 
variety is always relativized to competing hypotheses . Otherwise the ques-
1 ion of what sort of variety is relevant cannot be answered. 

Here, then, are two of several possible modes of inference, rather simply 
expressed, and we shall want to ask whether and to what extent they are 
:1ctually exemplified in scientific reasoning to laws. Before turning to this 
question, there are two issues that need brief mention. The first is whether, 
indeed, we have here two distinct modes of inference, whether, for ex
:1111ple, inductive inference is really a special case of explanatory inference. 
·I 'his thesis has recently been propounded by Gilbert Harman who gives 
several arguments in favor of it which are somewhat involved and which I 
do not have time to discuss here.11 Suffice it to say that I do not find the 
:1rg11ments convincing, but they are worthy of consideration, and I simply 
w:111t to call attention to an interesting philosophical issue. The second is
s11 c concerns a distinction, somewhat notorious in the philosophy of sci
<·11 cc, between the context of discovery and the context of justification. 

Those who embrace the H-D view described earlier hold that questions 
1d10111· the discovery of a hypothesis are empirical questions best left to the 
l1 islorian of science and to the psychologist. The philosopher of science, 

. "C ilhc1t ll . ll:mnan . "The Inference to the Best Explanation," Philosophical Re-
1·11w, 61 (196 5), 88- 95; also "Ennmerative Induction as Inference to the Best Ex-

\
il111111I ion," fonmal of Philosopl1y, 65 ( 1968), 529-533. I discuss Harman's claim in 
.111111111C / Exp/:111:1lio11, cli :1pt<-r 6. 
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on this view, is and should be concerned only with the justification of hy
potheses. It is only in this context that the scientist reasons and that his 
reasoning can be appraised. There is no logic of discovery, only a logic of 
justification. This claim has been denied in recent years, most strongly by 
Hanson. There is, he insisted, a logic of discovery, which is different from 
the logic of justification and which should be of interest to the philosopher 
of science. The logic of discovery is concerned with reasons for suggesting 
a hypothesis in the first place, the logic of justification with reasons for 
accepting a hypothesis once it has already been suggested.12 Hanson does 
not claim that these two "logics" are mutually exclusive. Some reasons for 
suggesting H are, he admits, also reasons for accepting H, but many are 
not. What are reasons for accepting H? Repeated observations supporting 
H, new predictions from H which are confirmed by observations, deriv
ability of H from established theories. What are reasons for suggesting H 
in the first place? The most important, according to Hanson, are explana
tory ones : "Does this hypothesis look as if it might explain these facts?" 13 

The retroductive inference pattern is meant to set out this particular mode 
of reasoning explicitly. 

Now I cannot accept the idea that there are two "logics," that there are 
reasons for suggesting hypotheses in the first place and reasons for accept
ing them which on the whole are different. Take Hanson's retroductive or 
explanatory reasoning, which he contends falls under the logic of discov
ery. That a hypothesis offers a plausible explanation of certain facts can be 
a reason for suggesting it, but it can also be a reason for accepting it once 
it has been suggested. Or take deductive reasoning from an established 
theory, which, according to Hanson, falls under the logic of justification. 
The fact that a hypothesis follows deductively from an established theory 
may be a reason for accepting it, but it may also be a reason for suggesting 
it as plausible in the first place. Indeed, any reason for suggesting a hy
pothesis can also be a reason for accepting it, and conversely. There is no 
special logic of discovery as opposed to a logic of justification. 

There is, however, a distinction worth making. If a scientist first came 
to be acquainted with a hypothesis in the course of reasoning to its truth 
or plausibility we might say that his reasoning occurred in a context of 
discovery. If the scientist had been acquainted with the hypothesis before 
his reasoning occurred and had engaged in the reasoning in the course of 

12 N. R. Hanson, "111e Logic of Discovery," in Bornch Brody and Nicholas C ap:1ldi , 
eds., Science: Men, Mctliods, G oals (New York: Benjamin , 1968), pp . l 'i0- 162. 

'" /hid ., p. l )1 . 

INFERENCE TO SCIENTIFIC LAWS 

attempting to defend the hypothesis we might say that his reasoning took 
place in a context of justification. In the former case there is an inference 
since the scientist came to believe a hypothesis, and so we can also say that 
the scientist's inference occurred in a context of discovery. In the latter 
case there need not be an inference, since the scientist may already believe 
the hypothesis . However, in both cases we can speak of reasoning, and in 
both cases the type of reason the scientist has for his hypothesis can be the 
same. The present distinction is by no means exhaustive. A scientist might 
have known about hypothesis H before reasoning on the basis of the data 
that H is true or plausible, and he might not have reasoned that H is true 
or plausible in the course of attempting to defend H. He might simply 
have considered the data and reasoned that H is true. If so his reasoning 
would not fall into a context of discovery or a context of justification. 

Can reasoning involving either of the modes of inference I have dis
cussed occur in any of these contexts? The following argument might be 
given in favor of a negative answer: "Look at the modes of inference de
scribed earlier. Each contains in a premise a reference to the hypothesis 
whose plausibility is being asserted in the conclusion. Thus, the second 
premise of the explanatory mode of inference contains the statement that 
hypothesis H1 is capable of providing a set of answers S1 to questions con
cerning facts F. This means that someone who is reasoning to the plausi
bility of H1 must already have known about H1 before he reasoned that 
IT 1 is plausible. So his reasoning cannot have taken place in a context of 
di scovery, but only in a context of justification or perhaps in neither con
t ext. A similar point can be made about inductive reasoning, as formulated 
above." 

My reply to this argument is to reject the assumption that these modes 
of inference require one to have known about H1 before reasoning that H1 
is plausible. Suppose that while I ponder the evidence and background in
formation the following thought occurs to me: a certain hypothesis H1 is 
pl:111sible because the evidence and background information are what they 
:m . .: and because that hypothesis provides such and such answers to ques
t ions concerning F while competitors offer such and such different an
\Wcrs. If this thought does occur to me, and if before this I had not had the 
lic:licf that H 1 is plausible, then I have made an inference from the evi
dc11 cc and background information, and from the fact that H1 and its com
pel ii-ors offer such and such explanations, to the fact that H1 is plausible. 
I li:1vc come to believe that Tl1 is plansihlc and my reason for this belief 
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has to do with the nature of the evidence and the nature of the explana
tions provided by H 1 and its competitors. It is quite possible for me to have 
had the thought described above without being acquainted with the hy
pothesis H 1 at some time prior to that thought. But this means that it is 
possible for my reasoning to Hi's plausibility to take place in a context of 
discovery. That is, it is possible for me to first come to be acquainted with 
Hi in the course of making an inference to Hi's plausibility. On the other 
hand, of course, Hi might have been known to me before the thought de
scribed above occurred to me, and I might have expressed this thought in 
the course of attempting to defend Hi. If so, my reasoning took place in a 
context of justification. It should be evident that what I have said here 
about explanatory reasoning can be extended to inductive reasoning as I 
have formulated it. Reasoning of either of these types can occur in a con
text of discovery, in a context of justification, or in neither of these con
texts. 

Now to the main question. Why should all this be of concern to philos
ophers and historians alike? I take it that one interest of at least some his
torians of science as well as of at least some philosophers is to understand 
the reasoning scientists have actually employed in the case of laws. The 
historian may be interested in this for its own sake, the philosopher also, 
or possibly as a means of generalizing to some broader truth about scien
tific method, or as in the case of Hanson, in order to provide a critical ap
praisal of the reasoning. Suppose we want to consider what reasoning Gay
Lussac employed in connection with his law of combining volumes. The 
historian of science M. P. Crosland in his generally informative paper en
titled "The Origins of Gay-Lussac's Law of Combining Volumes of 
Gases" considers, as he puts it, "factors guiding Gay-Lussac to his law."i4 

He mentions experiments that had been performed relating to the com
position of the atmosphere, a theoretical interest on Gay-Lussac's part in 
questions of chemical affinity, certain experiments with boron trifluoride, 
and so on. But in this discussion there is perhaps a little too much general 
talk of ideas in the air, or, to use Crosland's terms, of ideas that "con
verged" in Gay-Lussac's work.15 Did Gay-Lussac actually reason from these 
ideas? If so, what form or forms did his reasoning take? Did it proceed in a 
context of discovery, justification, or neither? By appeal to the modes of 
inference I described earlier, as well as others I did not, and also by appeal 

" Annals of Science, 17 ( 1961), 1-26. 
'"Ibid., p. 8. 
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to the distinction between reasoning occurring in a context of discovery 
and that occurring in a context of justification, I think that certain impor
tant questions can be raised that might otherwise be overlooked. With 
these categories and this distinction the historian and the philosopher can 
both contribute to the study of the origin of a law. 

Gay-Lussac's "Memoir on the Combination of Gaseous Substances 
with Each Other" was published in 1809. Near the beginning of this paper 
he reports that from the fact, determined by himself and Humboldt, that 
water is composed of 100 parts by volume of oxygen and 200 of hydrogen 
he inferred that other gases might also combine in simple ratios. What he 
says seems to indicate that this inference was made in a context of discov
ery; prior to this the hypothesis had not been known by Gay-Lussac. 
The inference was not made solely from the observed fact about the com
position of water, but from this in the light of theoretical and observa
tional background information. 

The theoretical aspect is indicated in the first two paragraphs of the 
paper. Gay-Lussac points out that in gases, by contrast to solids and li
quids, the force of cohesion between molecules is slight, thus allowing 
regularities in expansion and contraction to exist in the case of gases by 
contrast to liquids and solids. Because of this theoretical assumption re
garding the uniformity of gases the number of instances of gases combin
ing in simple ratios by volume that Gay-Lussac needs in order to make a 
reasonable inference about all gases is considerably reduced. A number of 
other facts formed part of the background information and several of these 
are noted by Crosland in his article on Gay-Lussac's law. For example, the 
idea that combination by volume should be more regular than combina
tion by weight was something Gay-Lussac inherited from Berthollet, 
whose assistant he was. Again, before the discovery of his law Gay-Lussac 
had been interested in the problem of the amount of acids and alkalis nec
essary to neutralize each other. Indeed, according to Crosland, among the 
most important experiments leading to the law were Gay-Lussac's experi
ments with fluoboric acid gas (boron trifluoride) and ammonia gas. If this 
is right then Gay-Lussac's reasoning, in the context of discovery, might 
better be described as involving an inference from simple combining ratios 
of hydrogen and oxygen and of fluoboric acid gas and ammonia gas to 
simple combining ratios of all gases, in the light of background informa
tion. 

'l'ltcrc arc ot·l1cr facts G;iy-Lussac cited in his paper that provided 
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grounds for the law, but they did so more clearly in a context of justifica
tion; they are facts Gay-Lussac invoked after the law had occurred to him, 
which he appealed to in its support. For example, he writes: "We might 
even now conclude that gases combine with each other in very simple 
ratios; but I shall give some fresh proofs. According to the experiments of 
M. Berthollet, ammonia is composed of 100 of nitrogen, 300 of hydrogen, 
by volume. I have found that sulfuric acid is composed of 100 of sulphu
rous gas, 50 of oxygen gas." Gay-Lussac goes on to cite many other cases 
and concludes by saying: "Thus it appears evident to me that gases always 
combine in the simplest proportions when they act on one another; and 
we have seen in reality in all the preceding examples that the ratio of com
bination is 1 to 1, 1 to 2, or 1 to 3." Here, clearly, is reasoning based on the 
data Gay-Lussac had compiled, together with background information . 
When he was writing his paper it was evidently reasoning that occurred in 
a context of justification. 

The question now is which modes of inference best describe Gay-Lus
sac's reasoning in the context of discovery and in the context of justifica
tion. What comes closest in both cases, I would claim, is the inductive 
mode. From the fact that hydrogen and oxygen combine in a simple ratio 
and that various acid gases do so as well when combined with ammonia, 
Gay-Lussac inferred, in the light of the background information, that it is 
plausible to think that all gases combine in simple ratios. The background 
information included the idea that gases, because of their molecular struc
ture, should obey simple laws, and the idea, proposed by Berthollet, that 
combination by volume should be more regular than combination by 
weight. The first premise in an inductive argument would include the in
ductive evidence regarding the combination of various gases and back
ground information of the sort just mentioned. The second premise would 
note any hypotheses that conflict with Gay-Lussac's law that he actually 
considered. Were there such hypotheses? 

At the beginning of his paper Gay-Lussac cites Berthollet's hypothesis 
that compounds are formed in variable proportions. At the end of his 
paper Gay-Lussac agrees with Berthollet that in general this is so, but gases 
form a special case, and indeed there is reason to think that Berthollet was 
willing to treat gases as special. Accordingly, Gay-Lussac does consider a 
leading hypothesis of the day which might seem incompatible with his law 
but, he claims, is really not so. He does not, however, explicitly consider 
hypotheses that he recognizes to be inconsistent with his law. As Crosland 
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emphasizes, one of Gay-Lussac's prime passions in life was to discover a 
law and he was very prone to generalize without careful consideration of 
alternatives. We can say that he inferred the plausibility of his law from 
the inductive evidence E and background information B, where he as
sumed that whatever competing hypotheses might be deemed reasonable 
to consider as alternatives are not in fact plausible, given E and B. 

To really nail down the claim that Gay-Lussac was reasoning inductively 
-especially against the attacks of those who see all scientific reasoning as 
explanatory-I would have to consider the counterclaim that his reasoning 
better fits the explanatory or some other mode. I don't have time here to 
try to persuade you of this. Suffice it to say that I find no evidence that 
Gay-Lussac reasoned to his law on the ground that it provides explanations 
of why particular gases combine in simple ratios or in the particular ratios 
he cites. No doubt he believed that his law could be used in certain situa
tions to provide such explanations, but there is no evidence that he rea
soned to its plausibility on such grounds. 

To classify Gay-Lussac's reasoning as inductive is in no way to minimize 
his achievement. Note that this is not what some philosophers call induc
tion by simple enumeration. Gay-Lussac reasoned not simply from in
stances but from these in the light of a good deal of theoretical and experi
mental background information. Moreover, obtaining the experimental 
data in the first place and then detecting a regularity in his own experi
mental results as well as in those of others required considerable ability 
and imagination. Some people belittle inductive reasoning as trivial and 
uncharacteristic of sophisticated science, unlike explanatory reasoning. 
Coming to believe that all F's are G's may require thinking that is quite 
sophisticated, whether this involves considering the sorts of explanations 
a hypothesis and its competitors offer, or considering whether all observed 
F's are G's and the plausibility of competing hypotheses. Of course, once 
it has been established that all the F's observed have been G's and once it 
has been assumed that hypotheses incompatible with "All F's are G's" 
that are worthy of consideration are implausible, it does not require much 
in tellectual effort to decide whether "All F 's are G's" is a plausible hy
pothesis. But the analogous point holds true for explanatory reasoning. 
Once it has been established that H provides such and such an explanation 
of the facts, and once it has been assumed that competitors worthy of 
l>ci11 g comidcred arc not as successful, it does not require much intellec
l 11 :il effor t· t·o decide whether lI is plausible. 
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Si11cc .I have 111cntioncd cxpla11atory reasoning, Id mc hricny cite on • 
example, Avogadro 's reasoning l:o his law that equal volumes of gases con· 
tain the same number of molecules. This is particularly int-cresting because 
Avogadro reasoned that his law is plausible on the ground that it affords a 
plausible explanation of why gases combine in simple ratios by volume, 
i.e., it affords a plausible explanation of Gay-Lussac's law. In his 1811 paper 
Avogadro begins with some simple assumptions of atomic theory. The fact 
that substances which combine to form compounds do so in fixed propor
tions by weight is explained by assuming that it is the molecules within 
the substances which combine and that the relative weights of the sub
stances in the compound depend on the relative numbers of the molecules 
which combine to form that compound. In view of this fact, one reason
able explanation of why gases combine by volume in simple ratios is that 
equal volumes of gases contain equal numbers of molecules-the latter 
statement being Avogadro's law. We might begin to formulate Avogadro's 
reasoning, in conformity with the explanatory mode, as follows: 

Premise 1: Gay-Lussac's law is accepted, as is much of atomic theory de
veloped by Dalton. 

Premise 2: Avogadro's law, when taken together with certain other as
sumptions from atomic theory, is capable of providing an answer to the 
question "Why does Gay-Lussac's law hold?" (The answer is given 
above.) 

An explanatory inference will also include within the second premise men
tion of any alternative incompatible hypotheses that are being considered. 
Avogadro does consider a hypothesis that is the contradictory of his and 
would have to be implied by any competitor, viz. that the number of mole
cules contained in a given volume is different for different gases. He sug
gests that if this were so and we want to account for Gay-Lussac's law then 
we would need to invoke laws governing distances between molecules, 
something we are not required to do under the supposition of his law; 
moreover, these laws would be more complex than his law. So we can con
tinue to formulate his reasoning as follows: 

Premise 2 (cont.) : Furthermore, if it is assumed that the number of mole
cules contained in a given volume is different for different gases then 
any answer to the question of why Gay-Lussac's law holds would need 
to invoke molecular laws governing distances between molecules, which 
we are not required to do if we assume Avogadro's law; these laws would 
be more complex than the latter. 

Conclusion 1: It is plausible to suppose that Avogadro's law, when con-
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joi11cd with certain assumptions from atomic theory, provides a good 
explanation of why Gay-Lussac's law holds. (Avogadro believed that 
this conclusion is warranted because he believed that his law supplies an 
answer that is good and indeed better than any that would be offered 
by competitors.) 

Conclusion 2: Avogadro's law is plausible. 

In what context did this explanatory reasoning take place? When Avo
gadro wrote his paper it occurred in a context of justification, since one of 
liis aims in this paper was to defend his law. Avogadro's reasoning did not, 
however, occur originally in a context of discovery. The proposition that 
equal volumes of gases contain equal numbers of molecules had been con
sidered earlier by Bernoulli and Dalton, and Avogadro was aware that Dal
ton, at least, had rejected the idea. Avogadro was aware of the proposition 
before he inferred that it is plausible. 

So much by way of examples. Let me now try to bring together some of 
the main strands of this paper. My thesis is that the topic of inference to 
scientific laws is one to which both philosophers and historians can con
tribute to their mutual benefit. I considered and rejected the view, held by 
H-D theorists, that there is no such topic since there are no inferences to 
laws, only from them. I then examined the Hanson-Peirce view which 
champions the idea of inference to laws but which, I contend, oversimpli
fies its nature by suggesting that it is of one type, retroductive or explana
tory, and also, I believe, oversimplifies the description of this type. I have 
been defending the idea that there are several modes of inference to laws 
that scientists actually employ; that these represent reasons scientists have 
for laws when they come to believe them as well as reasons scientists may 
offer for laws already inferred; that in explanatory reasoning one reasons 
not simply from observational data but from a theoretical background in 
addition, and sometimes from this alone; and that one considers as well 
alternative competing hypotheses, or at least assumes that these do not 
provide plausible explanations. I reject the idea that there is a logic of dis
covery as opposed to a logic of justification, and propose instead that we 
consider whether the reasoning of a scientist took place in a context of 
discovery, in a context of justification, or in neither context. The type of 
reasons the scientist has can be the same in all cases. If we can formulate 
various modes of inference-and I suggested how to begin at least to 
formulate two-we can ask whether, or to what extent, reasoning em
ployed in particular instances by scientists conforms to these modes. And 
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we can consider the context in which it took place. Doing these things 
should provide a better understanding of the origin of the law. 

But who is to do what? How is the task to be divided? Those who don't 
want to draw a very sharp distinction between the historian and the philos
opher of science may say that it doesn't matter. Others who see a sharper 
separation would urge the philosopher to formulate various patterns of 
inference, the historian to employ these in raising questions about particu
lar cases, and the philosopher to utilize the results of the historian's ex
ploration to modify and refine his formulations. At any rate, as I see it, 
there is need for contributions by both which are influenced by contribu
tions by both. 

COMMENT BY ARNOLD KOSLOW 

Professor Achinstein, in his fine paper, tries to expand the horizons of 
much of current philosophy of science and to focus attention on certain 
new ways of understanding scientific behavior. His initial remarks indicate 
that the hypothetico-deductive account of science, as defended by Hem
pel for example, does not recognize that there are inferences to laws, only 
inferences from laws. However, when Hempel asserted that scientific hy
potheses are not derived from observed facts, I think that what he in
tended was the rather simple, true statement that there is no deductive 
inference from singular statements to essentially general ones (modulo the 
general difficulty of distinguishing sharply between singular and general 
statements). The emphasis is upon "singular," since no one would deny 
that there could be inference to laws from other laws or from general theo
retical statements. Although this observation is a relatively low-level logi
cal one, it does have a point if we want to show what is wrong with the 
view that all laws are merely reports which summarize the results of ex
periments or observed facts. This simple logical point has not been chal
lenged by any of Professor Achinstein's examples. The examples which are 
supposed to illustrate the inferences from singular statements Stoa law L 
use statements such as "100 parts (by volume) of oxygen combine with 
200 parts of hydrogen to form water," "100 parts of nitrogen combine with 
300 parts of hydrogen to form ammonia," and these are not singular, but 
general statements. 

Professor Achinstein claims that H-D accounts have failed to notice that 
there are many modes of inference to laws other than inductive and dc
dnctive ones. Before we consider one such candidate, the explanatory or 
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retroductive mode of inference, it is perhaps worth asking whether Profes
sor Achinstein has been fair to the literature. After all, in his sense of "in
ference" (making an inference seems to involve a process of reasoning in 
which something is concluded on the basis of something else), Carnap's 
principle of total evidence might qualify as a mode of inference which is 
neither inductive nor deductive. 

Achinstein'.s explanatory mode of inference seems to be a two-stage 
affair. From evidence E ("obtained in the light of background information 
B"), together with the fact that of the class C of mutually incompatible 
hypotheses which are reasonable to consider, given E and B, hypothesis 
H1 explains certain facts F better than any other hypothesis of that class, 
one concludes (according to this mode of inference) first that "H1 offers 
a good explanation of F." A second conclusion is Hi (or "H1 is a plausible, 
reasonable hypothesis"). I have several questions about this schema. 

I do not understand how this schema contributes to a solution of one of 
Hanson's problems. Hanson was concerned with explicating the predicate 
"H is reasonable to consider" or "R is a reason for considering, suggesting, 
or entertaining hypothesis H." But Professor Achinstein uses the expand
ed predicate "H is reasonable to consider, given evidence E and back" 
ground information B," to determine the membership of the class C men
tioned in our description of the schema of explanatory inference. Clearly 
then, the schema cannot yield an explication of the expanded Hanson 
predicate. Also, the second conclusion, that Hi is reasonable, raises some 
minor problems. In the statement of his second premise, Achinstein 
grants that H1 is a hypothesis which is reasonable to consider (given E and 
B); that is, Hi belongs to the class C. If the second conclusion is that Hi 
is reasonable to consider, then it is a correct but straightforward and un
exciting conclusion from the second premise alone. If the conclusion is 
that H 1 is reasonable to believe, then the rule is an interesting rule for the 
acceptance of hypotheses and deserves closer examination. 

The explanatory mode seems to depend upon the cogency of two con
ditions whose satisfaction is not at all obvious . The first (A) is that there 
is some way of ranking explanations of the same facts so that, given any 
lwo explanations, it is assumed that one of the two is the better explana
hon . In this way, saying H1 provides an explanation of certain facts, which, 
given E and B, is better than that provided by competing hypotheses, 
111:ikcs scnsc. l11e second condition (B) which Achinstein's schema seems 
Io appca l to is the possibility of competing explanations (of the same 
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facts), where competition requires that the explanatory premises of the 
two competing explanations are incompatible. 

It is certainly not obvious that any two explanations (of the same facts) 
can be ranked, and some of the difficulties connected with specific meth
ods of ranking are by now notorious. For example, if particular explana
tions are ranked by the explanatory power of their premises, and this ex
planatory power in tum is ranked by comparing their associated sets of 
explanatory consequences (a method first suggested, I think, by Popper), 
it follows that not all explanations are comparable. The associated sets of 
explanatory consequences may only partially overlap, neither being in
cluded totally within the other. 

The second point (B) is more serious. It is not obvious that there can be 
competing explanations based upon incompatible explanatory premises. 
On some accounts of scientific explanation, it is impossible to have such 
competition. If explanatory premises must be true, this point is obvious. If 
the premises must be well confirmed (by some agreed-upon body of evi
dence), there cannot be competing explanations. Further, if an explana
tion for (or by) a person 0 requires that 0 believe the premises, then here 
too, there cannot be competing explanations without requiring that peo
ple believe contradictory statements. It is therefore necessary either to give 
some analysis of explanation which allows for competing scientific ex
planations or to alter the schema of explanatory inference so that it refers 
to potential explanations rather than explanation simpliciter. The first 
limb of this disjunction is a task which confronts both philosophers and 
historians of science.1 Historians of science quite often speak of competing 

1 The notion of competing explanations also raises problems for certain P'.oposed 
theories of confirmation. B. Brody for example has recently argued {"Confirmation and 
Explanation," Journal of Philosophy, 65 ( 1968), 282-299) that certain adequaC}'. co~
ditions such as ( 1) if B is a logical consequence of A, then every statement which 1s 
evidence for B is evidence for A and ( 2) if B is a logical consequence of A, then every 
statement which is evidence for A is evidence for B, be replaced by ( 1') if A explains D, 
then every statement which is evidence for B is evidence for A, and ( 2') if A explains 
B, then every statement which is evidence for A is evidence for B. Conditions (l') and 
( 2') have objectionable consequences: the explanans and explanan_dum must have ex· 
actly the same evidence. Further, if B and B* are any two explanations of, say, S, then 
B and B* must have exactly the same evidence. A third difficulty involves explanation~ 
which compete in that the explanans are incompatible. If H and H* are cornpctmg 
explanations of S, then every statement which is _evidence for S is evidence both for I~ 
and H*. This is a consequence of ( l') alone. If 1t 1s granted that any statement· 1s cv 1· 
dence for itself, then the incompatible I-I and H* are evidence for each ot"l1cr. Finally , 
( l' ) and (2') together imply that there cannot he cv iclcnce "'.hicl_1 disf"i11 g11ishcs b · 
tween TI and the incompatible ll *-that 1s, cv1clcncc for 11 winch 1s not evidence for 
II * or conversely. A host of 1111pal:1tahlc conscq11c11ccs scc111 gc 11crahlc in all t"l1 ci r in · 
li11itc.: varidy. 
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explanations without revealing what concept of explanation underlies 
their description. As I have indicated above, some very standard accounts 
of explanation render the historian's description incoherent. 

However, if the rule of explanatory inference refers to a class of relevant 
competing potential explanations, then it is unsatisfactory. For Achin
stein's rule, so understood, states that if H 1 is the best of a class of relevant 
potential explanations of F (given evidence E and background informa
tion B), and evidence E is "obtained in the light of B," then H1 offers a 
good explanation of F. But why should this be true? If we rank a number 
of relevant acts which are poor options, and A is the best of these, should 
we conclude that A is a good option? Should we conclude that H1 offers a 
good explanation (or even a good potential explanation) of F, if it is only 
the best of a poor lot? 

Professor Achinstein maintains, contrary to Hanson, that there is no 
separate logic of discovery as opposed to a logic of justification. There is ~o 
special Hanson predicate "R is a reason for considering, suggesting, or en
J·ertaining hypothesis H" which requires explication. Indeed, Professor 
Achinstein seems to identify that predicate with the more familiar one, 
''R is a reason for believing hypothesis H," when he states that ". . . any 
reason for suggesting a hypothesis can also be a reason for accepting it, and 
('Onversely." Let me suggest two counterexamples to the proposed iden-
1 ity. First, Einstein's special theory of relativity requires that all lawlike 
statements be Lorentz-invariant. That a statement is Lorentz-invariant is 
:1 reason for considering, suggesting, or entertaining it, but it is not a reason 
for believing it. Second, when Pauli delivered an advance report at Colum
bia University on, I believe, Heisenberg's axiomatic field theory, it was 
Bohr, so the story goes, who told Pauli that what everyone was looking for 
was a crazy theory, but the trouble was that Heisenberg's theory was not 
n:izy enough. One might reconstruct this anecdote more academically by 
say ing that "is sufficiently crazy" is a piquant way of referring to a speci
fiable feature which is a reason for considering, suggesting, or entertaining 
:1 I hcory, but not for believing it. 

COMMENT BY PETER A. BOWMAN 

Professor Achinstcin claims that Hanson in his Patterns of Discovery 
docs 1101· clo justice to the role of theory in retrocluctive inference, and 
I l:1nso11wonld1111clo11bt·cclly agree wif"11 him. For in :1 btcr treatment of the 
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question "Is there a logic of scientific discovery?" 1 Hanson proposes the 
following revised characterization of such an inference: 

( 1) Some surprising, astonishing phenomena p1, pz, ps . .. are encoun
tered. 

( 2) But p1, p21 p8 • • • would not be surprising were a hypothesis of H's 
type to obtain. They would follow as a matter of course from some
thing like Hand would be explained by it. 

( 3) Therefore there is good reason for elaborating a hypothesis of the type 
of H; for proposing it as a possible hypothesis from whose assumption 
p1, pz, ps ... might be explained.2 

In a footnote to step ( l), Hanson writes: "The astonishment may consist 
in the fact that p is at variance with accepted theories-for example, the 
discovery of discontinuous emission of radiation by hot black bodies, or 
the photoelectric effect, the Compton effect, and the continuous ~-ray 
spectrum, or the orbital aberrations of Mercury, the refrangibility of white 
light, and the high velocities of Mars at 90 degrees. What is important 
here is that the phenomena are encountered as anomalous, not why they 
are so regarded." 3 Thus, it is not true for Hanson's later characterization 
that, as Professor Achinstein puts it, he "neglects the background of theory 
which the scientist often has to begin with . . ." 

Moreover, in emending steps ( 2) and ( 3) to read "hypothesis of the 
type H'' (rather than simply "hypothesis H''), Hanson is attending to the 
other aspect of theory which Professor Achinstein says he neglects; name
ly, "the background of theory . . . which may provide at least part of, and 
in some cases, the entire, basis for an inference to a law." But in the final 
analysis he leaves the crucial role of theory unexplicated, as I will now 
show. Hanson's historical example given along with the later characteriza
tion seems to suggest at least part of the "condition" (or "methodological 
rule" or "methodological demand") which the commentator on his paper, 
Paul Feyerabend, attributes to him and then shows to be problematic: 
" the explanans . . . must not be inconsistent with certain . . . theories 
. . . which are held either by the inventor, or by the (scientific) commu
nity in which he lives." 4 However, in his rejoinder Hanson denies "the 
very possibility of such a 'rule,' " saying, "at most, an argument making it 
plausible to explore one kind of hypothesis, rather than others, can he 

1 H. Feig] and G . Maxwell, eds., Current Issues in the Pl1ilosophy of Science (New 
York: Holt, Rinehart and Winston, 1961), pp. 20-35. 

• Ibid. , p. 33. 
" Ibid. 
• /bicl ., p. 36. 
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entertained before experiment." 5 What role theory plays in this argument 
Hanson does not say. 

Nonetheless, I can find no reason to suggest, as Professor Achinstein 
does on page 91, that Hanson would restrict this argument to what is char
acterized by the former as "the explanatory mode of inference." Admit
tedly, Hanson makes no general remarks to this point, but at one place in 
the paper under discussion6 he shows that he wants to admit at least "ana
logical arguments, and those based on the recognition of formal sym
metries." 

REPLY BY PETER ACHINSTEIN 

1. Koslow claims that when Hempel says (1) that scientists do not de
rive laws from observed facts, he means simply (2) that they do not (and 
cannot) make deductive inferences to laws, which are general statements, 
from singular observation statements. I agree that Hempel would certainly 
support claim ( 2), but it is by no means clear to me, as it seems to Koslow, 
that he equates (I) with ( 2). The fact that Hempel speaks of hypotheses 
as being freely invented, the fact that he rejects the idea of inductive rules 
of inference which can be used to get from data to a hypothesis, the fact 
that he conceives of the role of observation solely as one of testing hy
potheses already invented, and the fact that he approvingly quotes Pop
per, who explicitly denies that scientists make inductive or deductive in
ferences to laws, suggest that for him the meaning of ( l) is not exhausted 
by (2). 

2. The second conclusion of my explanatory mode of inference is H 1 or 
I-hat Hi is a plausible hypothesis. Koslow suggests that this conclusion may 
be part of the second premise of this inference, which if so would trivialize 
the inference. Fortunately for me, premise 2 does not assert H 1 or that H 1 

is a plausible hypothesis. 
3. Koslow says that it is not obvious that any two explanations of the 

same facts can be ranked, and he indicates that if we compare explanations 
by comparing the "explanatory consequences" of hypotheses, then, since 
1 licse may only partially overlap, the explanations will not be comparable. 
But why assume that this is the only or even the right way to compare ex
pl:mations? Koslow seems to have in the back of his mind the deductive 
111oclcl of explanation and some formal or semiformal criteria for compar-

" Thiel., pp. 40- 41. 
" fhid .. pp . 26- 27 . 
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ing explanations. I have no such model in the back of my mind, though in 
the paper itself I do not discuss the nature of explanation or the manner 
of comparing hypotheses.1 

4. Koslow contrasts explanations with potential explanations, where the 
former but not the latter are assumed to be either true or well confirmed. 
The hypotheses with which H1 is compared would be offering potential 
explanations, to use Koslow's term. But, he objects, if H1 is the best of the 
lot of potential explanations being considered it does not follow that H1 
offers a good explanation, since the best of a bad lot may not be good. I 
agree. However, this is not damaging to the explanatory mode of inference, 
since if we are to conclude that H1 offers a good explanation it is required 
by this mode that " the answers supplied by H1 reasonably satisfy criteria 
for good explanations," as well as that the answers supplied by H1 satisfy 
these criteria on the whole better than competing hypotheses. The ex
planatory mode of inference does not allow us to infer that H 1 is a good 
explanation solely on the ground that it is better than the competitors 
under examination. 

5. Koslow suggests two counterexamples to my anti-Hansonian thesis 
that any reason for suggesting a hypothesis can also be a reason for accept
ing it, and conversely: the fact that a statement is Lorentz-invariant can be 
a reason for suggesting it, but not for accepting it; the fact that a theory is 
"sufficiently crazy" can be a reason for suggesting it, but not for accepting 
it. I think my thesis does need some reworking. There are two senses of 
"can be reason": (a) can be a good reason that someone might have, (b) 
can be a reason, good or bad, that someone might have. In sense (b) my 
thesis seems true enough, though perhaps trivial. Any reason that someone 
might have for suggesting a hypothesis is a reason someone might have for 
accepting it . What about sense (a)? The valid point suggested by Kos
low' s examples seems to me to be that a reason for suggesting a hypothesis 
as plausible in the first place need not be as strong as one for accepting the 

hypothesis. R might be a good (enough) reason for suggesting H but not: 

a good enough reason for accepting it. Accordingly, my general thesis 

might be expressed as follows: Any type of reason that can be a good rca · 

son for suggesting H in the first place can provide at least some reason , 

though not necessarily a conclusive one or one as good, in favor of accept·

ing it. Now with reference to the types of reasons I discuss in the paper 1 
1 But see my "Explanation," American Pliilosopltic:1I Q11arfcrly, Mo11ograph ScricH 

No. 3 (1969) . 
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believe that a stronger thesis holds. Inductive and explanatory reasons can 
be good reasons for suggesting a hypothesis in the first place and equally 
good reasons for accepting a hypothesis already suggested. However, the 
stronger version does not hold generally. Koslow's second example does 
not satisfy the stronger version of my thesis though it does, I believe, satis
fy the weaker one: If the fact that a statement is Lorentz-invariant is a 
good reason for suggesting it in the first place, then this fact provides at 
least some reason, though by no means a conclusive one, in favor of accept
ing it once it has been suggested. Koslow's second example, on the other 
hand, must be construed as hyperbole. If a theory really is crazy then the 
fact that it is provides no reason for suggesting it in the first place. 

6. I have just one comment to make on Bowman's remarks. Bowman 
agrees with me that in Patterns of Discovery Hanson does not take ade
quate account of the role of theories in retroductive inferences. But, he 
claims, in a later paper Hanson rectifies this to some extent when, in con
nection with retroductive reasoning, he talks about (a) the observed phe
nomena as being at variance with accepted theories, and (b) a hypothesis 
of the type H rather than simply hypothesis H. I do not see how (b) 
brings in the notion of a theoretical background. Certainly (a) does, but it 
is only a theoretical background that is at variance with the phenomena 
observed, whereas in many cases the theoretical background, or at least a 
large part of it, that forms a basis for a retroductive inference is not at vari
:mce with the observed phenomena. 
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