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RECENT WORK on the role of models and analogies in science has claimed 
descent from the conflicting views of N. R. Campbell' and Pierre Duhem.2 

In fact, their views on this topic conflict hardly at all. My object here is to set the 
record straight and to indicate its continuing relevance. 

It is well known that Duhem depreciates the role of models in theoretical expla- 
nation; it seems less well known that he contrasts this role sharply with that of 
analogy: "It is well also, if we wish to appreciate with accuracy the fruitfulness 
that the use of models may have, not to confuse this use with the use of analogy."3 
The confusion of which Duhem complains has been widespread in subsequent liter- 
ature, with the result both that Duhem's views have been misrepresented and, more 
seriously, that much controversy on these topics has been misdirected. In the 
attempt to remedy this confusion and its unfortunate consequences, it is convenient 
to compare Duhem's views in some detail with those of Campbell, who has fre- 
quently been contrasted with Duhem as the great advocate of the use of models in 
scientific theories. I shall argue that Campbell's views have also been misrepre- 
sented, that they are in fact very similar to those of Duhem, and that such differ- 
ence as remains is largely terminological. 

Duhem is quite clear about what he means by a "model." He means, as the title of 
the chapter shows,4 a mechanical model, of the sort seized upon by the broad, weak, 
"visualizing minds"5 characteristic (for Duhem) of the English. To take his justly 
famous example: 

Here is a book6 intended to expound the modern theories of electricity and to ex- 
pound a new theory. In it there are nothing but strings which move round pulleys, 
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which roll around drums, which go through pearl beads, which carry weights; and 
tubes which pump water while others swell and contract; toothed wheels which are 
geared to one another and engage hooks. We thought we were entering the tranquil 
and neatly ordered abode of reason, but we find ourselves in a factory.7 

This was an exaggeration then; it will generally be admitted to be a caricature of 
English physics now; as L. de Broglie observes in his foreword to the English 
edition, "nobody, I think, would have any notion of saying that Mr. Dirac is pre- 
occupied merely with concrete representations !"8 But it is still pertinent to recall 
this passage. Much hostility to the use of the concepts of model and analogy in 
explicating theoretical explanation stems from the belief that such use requires 
scientists to express their theories in these crudely picturesque ways. And in react- 
ing against this narrow concept of a visualizable model (roughly, discrete physical 
things in definite spatial relations, interacting only on contact), advocates of models 
have so emasculated the notion as to render it trivial. 

I shall argue that the basic concept is that of analogy of a specified kind, from 
which that of model is derivative but distinct, with mechanical models merely a 
special case. Now on the concept and importance of analogy, Duhem is again per- 
fectly clear, so that his having taken too narrow a sense of "model" is really of little 
consequence. He talks of "appealing to the analogy between two groups of physical 
laws or between two theories" and then characterizes analogy thus: 

Analogies consist in bringing together two abstract systems; either one of them al- 
ready known serves to help us guess the form of the other not yet known, or both 
being formulated, they clarify the other. There is nothing here that can astonish the 
most rigorous logician, but there is nothing either that recalls the procedures dear 
to ample but shallow minds.9 

Note here that by "analogy" Duhem understands a relation between a theory and 
some other set of statements (e.g., those of another theory). The term is also used, 
sometimes by Campbell,'0 to refer to the analogous set. This ambiguity is worth 
avoiding by reserving "analogy" for the relation and calling the set of statements 
to which a theory has this relation the "analogue" of the theory. In later literature 
there is a related ambiguity in the use of the term "model" as applied indifferently 
to what I call the analogue and to a set of entities of which the analogue is true. 
The confusion of model with analogy to which I referred may be expressed in the 
view that this ambiguity is harmless. In fact it is not harmless, and I shall therefore 
reserve the term "model" strictly for the intended set of entities of which an ana- 
logue is true. 

Now while Duhem has a higher opinion of analogues than he has of mechanical 
models, he certainly does not regard them as essential to scientific theories: 

The history of physics shows us that the search for analogies between two distinct 
categories of phenomena has perhaps been the surest and most fruitful method of 
all the procedures put in play in the construction of physical theories.11 

Their importance, then, is that analogues have been, as a matter of fact, heuristically 
valuable; not that, as a matter of logic, they are a necessary adjunct to the theories 

7 Duhem, op. cit., p. 70. found that the analogy was false . .."-a rela- 
8 Ibid., p. xi. tion cannot be found to be false. 
9 Ibid., p. 97. 
10 Campbell, op. cit., p. 130: "If it were 11 Duhem, op. cit., p. 95. 
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discovered by means of them. For Duhem, a physical theory is characterized as 
follows: 

. . the mind contemplates a whole group of laws; for this group it substitutes a 
very small number of extremely general judgments, referring to some very abstract 
ideas; it chooses these primary properties and formulates these fundamental hypoth- 
eses in such a way that all the laws belonging to the group studied can be derived 
by deduction that is very lengthy perhaps, but very sure. This system of hypotheses 
and deducible consequences, a work of abstraction, generalization and deduction, 
constitutes a physical theory in our definition.12 

Thus, in terms of the hypothetico-deductive account of theoretical explanation, a 
theory for Duhem is both characterized and justified completely by its calculus and 
set of correspondence rules,13 that is, by its logical structure and subject matter. 
However useful an analogue may be in devising such a theory, it forms no part 
either of the theory or of any adjunct to it by which its value is assessed. 

In prima facie contrast to this view we may set that of Campbell, who uses the 
term "analogy" much as Duhem does, and the term "model" not at all. He insists 
that "in order that a theory may be valuable . . . it must display an analogy. The 
propositions of the hypothesis14 must be analogous to some known laws."15 The 
only difference in the use of "analogy" here is that Duhem also allows analogy to 
be with another theory. This difference is related to their differing views of the 
observable/theoretical distinction, to which I shall return; it is not immediately 
relevant. So Campbell sees analogues as being other than useful heuristic devices, 
but this is not because he has a broad, weak English mind that confuses their role 
with that of visualizable mechanical models. Although he does not use the term 
"model," he has this to say of those who are overly attached to "mechanical the- 
ories" : 

It is implied that theories are completely satisfactory only if the analogy on which 
they are based is mechanical, that is to say, if the analogy is with the laws of some 
system16 obeying the laws of mechanics . . .17 

This opinion . . . rests directly on a fundamental judgement of intellectual value. 
But ... we may ask then whether any reason can be given why theories based on 
an analogy with mechanical systems appear more satisfactory than those based on 
an analogy (say) with electrical systems . . . obeying the fundamental laws of the 
electromagnetic field.18 

Campbell is thus more tolerant than Duhem of what he calls "the craving for 
mechanical theories,"'9 but it forms no part of his account of theoretical explanation 
that such a craving must be satisfied. 

Given this sharp distinction between analogues and models drawn by both 
Campbell and Duhem, it is remarkable that later commentators should have so 
confused the two. Thus Mary B. Hesse reports a dialogue between a "Campbellian" 

12 Ibid., p. 55. My italics. 15 Campbell, op. cit., p. 129. 
13 Campbell uses "hypothesis" and "dic- 16 Such a system is, of course, a mechanical 

tionary" where later writers use "calculus" model; hence a mechanical theory is one that 
and "set of correspondence rules"; I follow has a mechanical model. 
current usage. Duhem's "fundamental hy- 17 Campbell, op. cit., p. 154. 
potheses" include both. 18 Ibid., p. 155. 

14 I.e., calculus; see n. 13. 19 Ibid., p. 156. 
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and a "Duhemist."20 The former's opening speech contains the remark, "you would 
wish to say that the use of models or analogues is not essential to scientific theoriz- 
ing and that . . . the theory as a whole does not require to be interpreted by means 
of any model." And the Duhemist is made to reply, "I do not deny of course that 
models may be useful guides in suggesting theories, but I do not think they are 
essential,"21 following this with a reference to Kekule's celebrated snake dream.22 
Now Kekule's snake dream might illustrate the use of a visualizable model, but it 
certainly does not illustrate the use of an analogy, in Duhem and Campbell's sense. 
And since it is only over the use of analogy that there is even a prima facie dispute 
between Duhem and Campbell, this is a particularly inapt illustration. 

Ernest Nagel similarly passes from talking about "the heuristic value of models 
in the construction and use of theories" to "analogy between an old and a new 
theory" to "analogies between the theory and some familiar model," as if the terms 
were more or less synonymous.23 R. B. Braithwaite first uses the term "model" 
in the Campbell-Duhem sense of "analogue": "The first danger is that the theory 
will be identified with a model for it, so that the objects with which the model 
is concerned . . . will be supposed actually to be the same as the theoretical con- 
cepts."24 Then he goes on to observe that "models for chemical theories with mole- 
cules as linked systems of atoms . . . have in the past led many people to suppose 
that atoms . . . shared characteristics of the model other than those which made 
the model an appropriate one," and here the term is clearly used of physical entities; 
atoms could hardly be supposed to share many characteristics with sets of state- 
ments. 

In general, writers today use "model" where Campbell and Duhem use "ana- 
logue," under the impression that once the picturesque connotations of "mechanical 
model" are stripped away in the rigorous usage of model theory, there is nothing 
to be said about models that cannot be said in terms of analogues and vice versa, 
so that the one term "model" can safely be used for both. This mistaken impression 
has had unfortunate consequences in the philosophy of science. On the one hand, as 
philosophers impressed by Campbell's insistence on analogy have expressed them- 
selves in terms of models, those impressed by Duhem's strictures on models have 
been led to reject the requirements of analogy on grounds that are simply irrelevant. 

To resolve the confusion, we must return to the distinction as drawn by both 
Campbell and Duhem and compare more closely their views on the role of analogy. 
Both agree on the logical dispensability of mechanical models; the requisite broader 
sense of "model" will emerge from the discussion of analogy. 

For Duhem, an analogue is chiefly an heuristic device, an aid to the discovery of 
theories. For Campbell an analogue is essential to a theory, but not because it is for 
him more than an heuristic device. On the contrary, for Campbell an analogy is 
not an heuristic device at all: 

Analogy, so far from being a help to the establishment of theories, is the greatest 
hindrance. It is never difficult to find a theory which will explain the laws logically; 
what is difficult is to find one which will . . . at the same time display the requisite 

20 M. B. Hesse, Models and Analogies in ing of a snake with its tail in its mouth." 
Science (Notre Dame: Notre Dame Univ. 23 E. Nagel, The Structure of Science (New 
Press, 1966), "The Function of Models: A York: Harcourt, Brace & World, 1961), p. 114. 
Dialogue." 24 R. B. Braithwaite, Scientific Explana- 

21Ibid., p. 7. tion (Cambridge: Cambridge Univ. Press, 22 Ibid.: "Kekule is said to have arrived at 1953), Ch. 3, "Models for Scientific Theories: 
the structure of the benzene ring after dream- Their Use and Misuse," p. 93. 
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analogy .... To regard analogy as an aid to the invention of theories is as absurd 
as to regard melody as an aid to the composition of sonatas.25 

So the two views seem even more firmly opposed. For Duhem an analogue is an 
aid to discovery that forms no part of the discovered theory; for Campbell, it is 
a hindrance to discovery because it is "an utterly essential part"26 of the discovered 
theory, and hence one extra item to discover. 

This suggests that Duhem and Campbell have different things in mind when they 
talk of theories. For Duhem, a theory is a formalized, finished product, character- 
ized solely by its logical structure (its calculus) and its subject matter (the group 
of laws derivable by the correspondence rules from the calculus). Consequently, 
any change in either of these components, either in the calculus, or by addition to 
the correspondence rules to extend the group of derived laws, generates a new 
theory. Now Campbell explicitly admits that on such a view of theories the analogy 
might be dispensable: 

If physical science were a purely logical science, if its object were to establish a 
set of propositions all true and all logically connected but characterised by no other 
feature, then possibly this view [that the analogy "may be removed and forgotten"] 
might be correct. Once the theory was established and shown to lead by purely 
logical deduction to the laws to be explained, then certainly the analogy might be 
abandoned as having no further significance.27 

But Campbell regards this as a "false opinion of the nature of theories,"28 since 
"a theory always asserts, as well as means, something which cannot be interpreted 
in terms of experiment."29 In current terms, Campbell takes a realist view of 
theories. "A theory always asserts something"-pace the instrumentalists-"which 
cannot be interpreted in terms of experiment"-pace the positivists. But also pace 
Duhem, a theory does not replace the group of laws it explains, but is rather a true 
or false addition to it.30 

But while Campbell requires theories to assert more than current limits of experi- 
ment and observation allow to be tested, he does not take these limits to be im- 
mutable. If he did, his "realism" would be vacuous: there is no point in ascribing 
truth values to permanently untestable statements. On the contrary, for Campbell, 

. . a theory is the more satisfactory the more completely the hypothetical ideas in 
it can be experimentally determined . . . accordingly when a theory containing such 
undetermined ideas is presented and appears to be true, efforts are always directed 
to determine as many as possible of the undetermined ideas still remaining in it.31 

This may be done by adding new correspondence rules, which for Campbell consti- 
tutes "no alteration of the essence of the theory whatever."32 The prediction of a 
new law in this way, and its consequent addition to the group of laws explained by 
the theory, "is thus a very powerful and convincing confirmation of the theory."33 

Now for Duhem, on the other hand, this could not be a confirmation of the same 

25 Campbell, op. cit., p. 130. plained, the mind] substitutes a very small 
26 Ibid., p. 129. number of extremely general judgements . . . 
27 Ibid. a physical theory" (my italics). (Op. cit., 
28 Ibid., p. 130. p. 55.) 
29Ibid., p. 132. 31 Campbell, op. cit., p. 132. 
30 See Duhem's quotation cited earlier 32 Ibid., p. 133. 
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25 Campbell, op. cit., p. 130. plained, the mind] substitutes a very small 
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27 Ibid. a physical theory" (my italics). (Op. cit., 
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theory, but rather the construction of a new theory: a better theory, no doubt, since 
the group of derivable laws is larger, but still-indeed ipso facto-a distinct theory. 
Thus Duhem's concept of a theory differs from Campbell's in that Duhem has more 
stringent standards of self-identity for theories, so that he must talk of replacement 
by a new theory where Campbell talks of extending the self-same theory to predict 
new laws and thereby become more highly confirmed. 

Campbell, in short, takes a realist view of theories partly in order to justify their 
instrumental role as predictive devices; one of his reasons for insisting on analogy 
is that without it this role could not be fulfilled. He permits changes not merely in 
the correspondence rules, but even in the calculus, of a theory. Provided the change 
"arises directly and immediately out of the analogy on which the hypothesis34 is 
based, it scarcely is an alteration."35 Campbell takes as an instance the elaboration 
of a simple kinetic theory (by ascribing a finite size to the particles) in order to 
preserve it in the face of the observed non-ideal behavior of gases: 

The theory is once more satisfactory; and though in its earlier form the theory must 
be rejected, we do not regard the whole theory as false, because the new ideas 
introduced into the hypothesis are such an extremely natural extension of the old. 
If the analogy is based on the behaviour of elastic bodies, it is extremely natural to 
attribute to them finite dimensions.36 

This passage brings out the difference with Duhem very clearly. Of such a develop- 
ment, Duhem would have to say that it was of a new theory rather than of a new 
"form" of the same theory, although he would readily admit that the analogy with 
the laws of elastic bodies might be "the surest and most fruitful method" of devising 
the new theory. In short, the prominent role which he would also be prepared to 
assign to analogy only excludes it from being part of the theory because the term 
"theory" is reserved for its logical structure and subject matter at any time. What 
Campbell describes as the confirmation and modification of one theory, Duhem 
describes as the succession of a number of related yet distinct theories. Campbell's 
theories require analogues necessarily, since without the possibility of confirmation 
and modification which the analogue provides, there is for him no theory. Each 
member of Duhem's corresponding succession of theories requires an analogue as 
a matter of fact, because scientists need such guidelines to direct their research. But 
Campbell's "necessity" only arises from a usage of the term "theory" made reason- 
able by the same contingent practice of scientists. The difference, then, between 
Duhem and Campbell is almost entirely terminological; and on this relatively 
trivial point Duhem is wrong. Theories are changed and extended in their corre- 
spondence rules, modified and improved in their calculi, while still being regarded 
as the same theory. 

But the analysis may be pushed a little further. Campbell's insistence on analogy 
is not merely instrumental. A theory should indeed provide for its own development, 
but that is a corollary of a stronger condition. Any particular form of a theory must 
not be exhausted by its currently observable consequences: "A theory always as- 
serts . . . something which cannot be interpreted in terms of experiment."37 "But 
a theory is not a law; it cannot be proved,38 as a law can, by direct experiment."39 
The existence of an analogue not only provides for further structural development 

34 I.e., calculus; see n. 13. 37 Ibid., p. 132. 
35 Campbell, op. cit., p. 133. 38 I.e., tested. 
36 Ibid., p. 135. 39 Campbell, op. cit., 130. 
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within the theory, but thereby also ensures that this anti-positivist condition is 
met. Duhem, who does not draw Campbell's sharp observable/theoretical distinc- 
tion,40 does not need this argument. He has independent grounds for not regarding 
a theory as a purely structural excrescence on an independent observation language. 
But within the hypothetico-deductive account of theoretical explanation, Camp- 
bell's insistence on the role of analogy serves to make the same point that Duhem 
makes by denying the observable/theoretical distinction which is a presupposition 
of that account. In fact, a very modest distinction, immune to current controversy, 
is sufficient to support Campbell's discussion of the role of analogy and to reconcile 
his views with those of Duhem. 

The distinction of observable from theoretical terms need be neither absolute nor 
universal. In discussing the logic of theory construction, one is apt to overlook the 
plain fact that theories are not constructed for the whole, but only for some part, 
of science. There are many sciences, and the observable/theoretical distinction can 
be drawn anew within each science as each new theory of it comes to be considered. 
To be an observable in a science is to be referred to by a term so enmeshed in that 
science's law network that its correct application to relevant experience (controlled 
observation) is taken to be unproblematic, direct, not involving interpretation by 
assuming any particular structure of relations between it and other such terms. 
(This sense of "observable" is of course quite distinct from that of "visualizable"; 
magnetic fields may be observable in this sense and sundry fundamental particles 
not.) 

Now when a new theory is self-consciously introduced to add a set of interdefined 
terms and relations to such a contemporary observation language, the application 
of the new terms to experience in that science does presuppose the theory, and so 
seems less direct, more interpretative of the experience. This need not continue to 
be so; terms introduced by a successful theory become part of that science's obser- 
vation language. When they do, it becomes of merely historical interest to go on 
calling them "theoretical." To refer to Newtonian "mass" as a theoretical term is 
to refer to the organized way it entered the language of physics, not to suggest that 
its application now is problematically indirect. And finally, of course, terms which 
are part of the observation language of one science need not be part of the observa- 
tion language of another science. "Atom," for example, may be observable in 
physics without being observable in chemistry. 

With this preamble, we may reconcile Campbell's restriction of analogues to 
sets of laws with Duhem's more liberal admission also of theories of other sci- 
ences.41 For Campbell's distinction of kind between laws, relating only observables, 
and theories may now be taken as relative to a particular stage of a particular 
science. The problems of independent application that keep certain terms theoretical 
within a science A need not deter practitioners of a science B from invoking such 
terms now in an analogue. To do so is merely to gamble on the theory of A 
being successful enough to be absorbed in due course into the law network of the 
science A-but this is no more than to gamble on its truth. And such a gamble 
is clearly sanctioned by both Campbell and Duhem. Thus Campbell: ". . . if it were 
found that the analogy42 was false it would at once lose its value,"43 and Duhem: 
"The physicist . . . lets himself be guided often by the analogy that he sees between 
these phenomena and those of another category. If the latter are already ordered 
and organized in a satisfactory theory the physicist will try to group the former in 

40 Duhem, op. cit., Pt. 2, Ch. 6. 42 I.e., analogue. 
41 Ibid., p. 97. 43 Campbell, op. cit., p. 130. 
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a system of the same type and form."44 Bearing in mind, moreover, that Duhem 
softens Campbell's sharp observable/theoretical distinction, I think that we may 
assimilate their concepts of analogy to each other. I will take the analogue then to 
comprise a set of laws, either of another science, as in Duhem's example of 
Huygens' theory of light based on analogy with sound waves,45 or of the same 
science, as in Campbell's example of Fourier's theory of heat.46 

Then since a theory's analogue is a set of laws, it has a model consisting of 
observable entities, namely those referred to by individual terms in the laws. Since 
these terms are observable in the sense just outlined, the existence of the entities 
and the correct application to them of the predicates in the laws can be established 
independently of the truth of the laws. This can be done because laws other than 
those comprising the analogue hold of the entities, and predicates other than those 
used in the analogue are applicable to them. Thus, in the special case in which the 
laws of the analogue are mechanical, say of rigid solid bodies, these bodies will 
also have chemical properties, and color predicates, for example, not entering into 
their mechanical laws, will also apply to them. 

This point, of course, is not at all original. These other features of the model 
constitute what Hesse, adapting Keynes,47 calls the negative and neutral analogy.4 
The analogue, in contrast, expresses the positive analogy between the entities of 
the model and those of the theory. The important point is that because the model 
is observable (which does not mean visualizable), there is always a neutral and a 
negative analogy. In other words, the model has a more elaborate or "deeper" 
structure than is displayed in the analogue. 

The same is not true, on the other hand, of the theoretical entities postulated, and 
referred to, by the calculus of the theory, to which the laws are analogous. They and 
their properties are specified only by the postulates of the calculus and by the corre- 
spondence rules: being ex hypothesi not observable, there are no theory-indepen- 
dent criteria for applying the theoretical predicates to them. They have no more 
elaborate or deeper structure than the theory provides, and they can properly be 
characterized simply as those entities of which for a given set of correspondence 
rules the statements of the calculus are true. 

This asymmetry, in the possession of a deeper structure, between the entities of 
the model and those of the theory is very obvious. It needs remarking, however, 
because most discussion subsequent to Duhem and Campbell has neglected it, with 
the result that the role of models and analogies has been trivialized. This has 
recently been noted by Peter Achinstein, who refers to "by far the largest number 
of cases in which an object described in a particular theory is compared with 
another object only in certain respects," giving the example of a planetary system 
as a model for the Bohr atom.49 The general point has been made explicitly by J. 
W. Swanson that "the notion of a model is non-trivial only if we impute deeper 
structure to the model than to its interpretation."50 But neither Achinstein nor 
Swanson states clearly what it is that provides, and fixes the limits of, the asym- 
metry-that is, what distinguishes the positive, neutral, and negative analogies of 
the model. 

44 Duhem, op. cit., p. 95. My italics. 49 P. Achinstein, "Models, Analogies, and 
45 Ibid., p. 96. Theories," Philosophy of Science, 1964, 31:336. 
46Campbell, op. cit. . 140-144. A50 J. W. Swanson, "On Models," British 
46 Campbell, op. cit., pr. 140-144. Journal for the Philosophy of Science, 1967, 47 J. M. Keynes, A Treatise on Probability 17:303. The word "interpretation" in this 

(London: MacMillan, 1921), Chs. 18, 19. quotation means "theory"-i.e., the theory of 
48 Hesse, op. cit., p. 8. which the model referred to is a model. 
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It is not appropriate here to embark on an account of how and why the role of 
models and analogies in science becomes trivialized if the deeper structure of the 
model is neglected. But granted that it is so, the required asymmetry is provided 
implicitly in Duhem's and Campbell's discussions of analogy. Campbell's restriction 
of the analogue to a set of laws guarantees the existence of an observable model 
which has, because observable, a deeper structure. Duhem's emphasis on the 
analogue rather than the model brings out that it is the former that determines 
which features of the model are relevant to the theory. If we attend merely to the 
model, the selection of some features to provide the positive, others the neutral, 
others the negative, analogy is bound to appear arbitrary. Thus, in answer to her 
Duhemist's query as to why a feature of the model which fails in some instance 
cannot be conveniently removed at will to the negative analogy, Hesse's Campbel- 
lian is made to reply: 

To answer this would certainly require further analysis. Roughly, it would turn on 
the fact that some properties of models are more "essential" than others, that is to 
say are causally more closely connected or tend to co-occur more frequently. For 
example, colour is not an essential property of a billiard ball from the point of view 
of mechanics, but momentum is.51 

Quite so, but why, given merely that the model is something like a billiard ball, 
should it be looked at from the "point of view of mechanics"? To pursue the exam- 
ple, why should the color and temperature of such a model be in the negative 
analogy, its size and shape in the neutral analogy,52 and its mass and momentum 
in the positive analogy? 

Now if we attend first to the analogue, as being the mechanical laws of such 
elastic rigid bodies, this threefold division of features of the model ceases to appear 
arbitrary. Mass and momentum are in the positive analogy because they are re- 
ferred to in the mechanical laws of all such bodies; size and shape are in the neutral 
analogy because, under the restrictions of the simple theory, with particles so 
small they never collide, it makes no difference what values these have; color and 
temperature are in the negative analogy simply because they are not referred to 
in mechanical laws at all. Thus, that color and temperature are in the negative 
analogy is not a matter of arbitrary selection, nor is it because these properties 
are less "essential" to a billiard ball than is momentum.53 It is a matter of fact, not 
convention, that specifying the mechanical state of a system does not involve speci- 
fying its color or temperature.54 

Thus, we have seen that when Duhem's restrictive use of "model" and "theory" 
is allowed for, his views on the role of analogy in science are perfectly consistent 
with Campbell's more detailed analysis. Moreover, their common views, rightly 
understood, afford material for the solution of problems still current in the philos- 
ophy of science; wrongly understood, their supposed conflict has impeded the solu- 
tion of these problems. 

51 Hesse, op. cit., p. 34. plausible criterion for re-identifying a billiard 
52 Of the simplest form of kinetic theory, ball than is constancy of momentum. 

with point masses. 54 Which is not to say, of course, that 
53 It is not clear what "essential" means in changes in color or temperature may not affect 
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fying its color or temperature.54 

Thus, we have seen that when Duhem's restrictive use of "model" and "theory" 
is allowed for, his views on the role of analogy in science are perfectly consistent 
with Campbell's more detailed analysis. Moreover, their common views, rightly 
understood, afford material for the solution of problems still current in the philos- 
ophy of science; wrongly understood, their supposed conflict has impeded the solu- 
tion of these problems. 

51 Hesse, op. cit., p. 34. plausible criterion for re-identifying a billiard 
52 Of the simplest form of kinetic theory, ball than is constancy of momentum. 

with point masses. 54 Which is not to say, of course, that 
53 It is not clear what "essential" means in changes in color or temperature may not affect 

the quotation from Hesse above; but, for in- the mechanical state, via changes in, say, 
stance, constancy of color is a much more momentum. 
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