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The paper**discusses the problems raised by the inexactnessof experiential concepts 
for a deductivist account of theoretical explanation. The process of theoretical ex- 
planation is explicated in terms of the devising of exact forms of inexact concepts. 
Analysis of the adjustments of concepts and their exact forms to each other reveals an 
implicit criterion of adequacy for theories which is related to the principle of con- 
nectivity. 

1. Introduction. This paper aims to clarify the problems which the inexactness 
of concepts of experience raises for a deductivist account of theoretical explanation. 
The analysis suggests that the nature of these problems has been misunderstood and 
their magnitude overestimated. It is not that the deductivist account is incorrect 
as far as it goes, but rather that it needs supplementing by a regulative criterion of 
adequacy for scientific theories. 

Section 2 displays the problem by expounding briefly an anti-deductivist argument 
based on the notion of inexactness. Section 3 uses a simple example to illustrate the 
situation in which theoretical explanation is called for and expresses this in terms 
of a revised form of the analytic/synthetic distinction. In section 4, the process of 
theoretical explanation is explicated as that of devising exact forms of an inexact 
concept by selecting analytic statements in its law cluster and using them to define 
an exact form of it. Section 5 elaborates further on the relation between a concept 
and its exact forms, discusses the sources of analyticity in members of a law cluster 
and relates this to the problem of how much a theory can be modified before it is 
in effect rejected. Section 6 considers in more detail the processes of theoretical 
reconstruction considered as a matching of exact forms and inexact concepts, and 
extracts a regulative criterion of adequacy for scientific theories. This criterion is 
shown to be related to the principle of connectivity and is illustrated by a couple 
of examples. 

2. Inexactness and theoretical explanation. The following argument is advanced 
in slightly different terminology by K6rner ([5], chaps 2, 12), against a deductivist 
account of the theoretical explanation of experience. It is based on the notion that the 
concepts of deductive theories are necessarily exact, while the concepts of experience 
are necessarily inexact. 

The inexactness of a concept shows itself in an uncertainty as to what is to count 
as an instance of it. For example, some things are clearly chairs, and others are clearly 
not; these are called respectively positive and negative instances of the concept 'chair'. 
But of some things it may not be at all clear whether they are to count as chairs or not: 
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346 D. H. MELLOR 

for example, a short sofa, a stool, or a bench; these are neutral candidates to the concept. 
A concept is inexact if and only if neutral candidates to it may exist. A concept of 
experience is always inexact because there can always be items of experience which 
we cannot agree to classify either as positive or as negative instances of the concept. 
Such items are neutral candidates, and therefore the concept is inexact. 

On the other hand, the concepts in any deductive system must be exact. Classical 
two-valued logic requires everything to be either a positive or a negative instance of a 
concept. Consequently, in devising a deductive theory about a concept of experience, 
any neutral candidates to the concept must be assigned one way or the other in order 
to generate a suitably exact concept. This step, from an inexact to an exact concept, 
is evidently a matter of choice or of a more or less arbitrary rule: it is clearly not itself 
deductive. The same is true of the step from an exact to an inexact concept that must 
be made in applying a theoretically derived conclusion to experience. 

However few neutral candidates are, in fact, found to a concept, this logical gap 
persists between the deductive scientific theory and its experiential subject matter. 
Thus, it is argued, any theory is an idealisation, rather than a generalisation, of 
experience, and its application to experience inevitably requires a non-deductive 
inference. Consequently, the deductivist account of theoretical explanation is in- 
correct at least in empirical science. 

3. Theoretical Explanation- an example. In order to assess the above argument, 
we must consider more carefully just how the inexactness of a scientific concept 
poses a problem which is resolved by theoretical explanation. Consider by way of 
illustration the following instance of what Quine ([12] chapter 4) calls a 'vague' 
concept, namely that of the concept 'tributary' as applied to the branches of a river. 
Suppose that there are two firmly accepted general statements about tributaries: 
L1: ca tributary is the shorter of two river branches' 
L2: ca tributary has the smaller volume flow of two river branches' 
It will be seen that this is a situation, arising from inexactness, typical of those which 
demand theoretical explanation. But before investigating why this is so, it is necessary 
to elaborate on just what the situation is supposed to be. 

In what follows, repeated references will be made to statements being firmly 
accepted, terms being used, concepts being taken to have such characteristics as 
exactness or inexactness. Now these are always to be understood in the senses of being 
accepted, or used, or taken to have such characteristics, by some linguistic group, 
which may range from the English-speaking community at large to the set of practition- 
ers of a particular science who are versed in its peculiar terminology. 

It does not follow from this that members of such a group cannot be mistaken in 
their judgement that a certain statement is firmly accepted, that a term is used in a 
certain way, that a concept is exact or otherwise. Individual members are subject to 
correction, e.g. in the use of a term, by a general consensus. Any member (or non- 
member) of the group may become rightly convinced that the group has been mis- 
describing its own practice: that, for example, a concept which members of the group 
describe as exact is in fact treated by it as inexact. To say that it is the group's treatment 
of a concept as inexact that makes it so is not to confer upon any members of the group 
an exclusive and infallible insight into what that treatment is. 

In particular, to say that L1 and L2 are firmly accepted by a linguistic group is not 
to say that any or all members of the group could not be mistaken in supposing them 
to be firmly accepted. Still less is it to say that any or all members of the group could 
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not be mistaken in supposing a river branch, a, to be a tributary on the grounds 
that it is the shorter of two river branches and has the smaller volume flow. However 
firmly L1 and L2 are accepted as providing the sole criteria for applying the concept 
'tributary', the group may simply be wrong in supposing a to be the shorter or to 
have the smaller volume flow, and hence in supposing a to be a tributary. 

Now it will be shown in the next section that a neutral candidate to the concept 
'tributary' is just a river branch which is the shorter but does not have the smaller 
volume flow (or vice versa). It follows therefore that the group can be wrong in suppos- 
ing a to be a neutral candidate, just as they can be wrong in supposing it to be a 
positive instance. Whether or not a is a neutral candidate is a matter of fact, inde- 
pendent of the group's convictions on the subject. It is necessary to emphasise this 
to forestall the easy but fallacious inference from the previous section that something 
is a neutral candidate to a concept if and only if it is taken to be so by the linguistic 
group employing the concept. 

However, the possibility, as opposed to the particular existence, of neutral candidates 
is certainly guaranteed by the group's firm acceptance of the two apparently inde- 
pendent statements L1 and L2. It remains, in this section, to justify postulating this 
situation of concepts of experience, and then to show how it gives rise to a problem 
of theoretical explanation. Then the next section will show how the resolution of such 
a problem involves constructing exact forms of inexact concepts. 

I shall call a concept that provides material for theoretical explanation 'explainable'. 
An explainable concept of experience, in short, a scientific concept, must enter into 
a number of firmly accepted general statements connecting it with other such concepts. 
Thus the concept 'tributary' is connected by L1 and L2, with concepts of length and 
volume flow. As this and the following sections will show, it is these statements that 
a theory is primarily invoked to explain. 

Now while this condition characterises a scientific concept as explainable it does 
not characterise it as being experiential. It is not contended that all experiential 
concepts are explainable, still less that being experiential can be defined as being 
explainable. It may readily be shown that any such definition would be circular. 
Suppose, for example, the 'tributary' is agreed to be an experiential concept because 
L1 is firmly accepted. That is, 'tributary' can be applied to items of experience because 
of its connection with the concept C1, 'shorter than the other river branch', which, 
being itself experiential, can be so applied. Thus one of two river branches being 
shorter than the other is a criterion for its being a tributary. But then one may ask 
what the criterion is for applying C1 to river branches, i.e. how we can know that 
C1 is a concept of experience? And any answer invoking a further firmly accepted 
general statement about C1 connecting it with yet another experiential concept C2 
will simply beg the same question about the experiential character of C2 . And so on. 

It is clear that any such chain of criteria must terminate in a concept for whose 
application to experience there need be no general criterion, a concept which can be 
known to be experiential whether or not general statements about it are firmly accepted, 
i.e. whether or not it is explainable. It seems plausible, although it is not essential 
to the argument, to suggest that such 'primitive' experiential concepts are those most 
directly applied to human sense experience, e.g., as concepts of colour, pitch, warmth, 
taste. It is ultimately from their general connections with such concepts as these that 
scientific concepts derive their experiential character. The former concepts are, of 
course, inexact, in that neutral candidates to them always arise at the limits of sensory 
discrimination. This is indeed, in turn, the source of the inexactness of scientific 
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concepts, and of the resultant conflicts of criteria which are resolved by theoretical 
explanation. 

On the other hand, to say that some concepts of experience need not enter into 
general statements is not to say that any do not or cannot. To say, for example, that 
our experience of colours, the correct application of such a concept as 'blue', does 
not presuppose the firm acceptance of general statements containing the concept, 
is not to preclude such firm acceptance or to deny the possibility of theoretical ex- 
planation of the experience of colour vision. There may well be incurious language 
groups that, not desiring theoretical explanation of their experience, do not connect 
their concepts in general statements. To ignore as I shall the non-scientific linguistic 
behaviour of such groups is neither to deny them experiential concepts nor to admit 
that their, or any, experiential concepts are necessarily unexplainable. 

Taking, then, 'tributary' to be a typically explainable concept of experience, it 
remains to justify postulating that it enters into more than one firmly accepted general 
statement. The justification is that, ifL1 were the only firmly accepted general statement 
about tributaries, the term 'tributary' would be idle. The statement, 

S: 'a is a tributary' 
would entail neither more nor less than the statement 

SC: 'a is shorter than the other river branch'. 
The concepts 'tributary' and C1, 'shorter than the other river branch', would be 
identical. The existence of a distinct term 'tributary', whose correct use is felt to call 
for theoretical explanation not called for by that of 'C1', implies that the term is 
taken to denote a distinct concept. Hence it must in particular be legitimate to draw 
some inference from S that may not be drawn from SI . 

Now a term can clearly be introduced by an abbreviative definition to denote an 
explainable concept of experience, and if L1 were the only firmly accepted statement 
about tributaries, the term 'tributary' would be such a term. But then the impression 
that the concept denoted in this case enters into only one firmly accepted general 
statement, namely that giving the definition of the term, is illusory. For the concept 
denoted by the term 'tributary' in this case is C1, and for C1 to be a distinct concept 
it must itself enter into more than one other firmly accepted general statement, or 
that statement would in turn be merely definitional of the term 'C1'. Given that C1 
is a distinct concept (and if it is not, we proceed down the chain of definitions until 
we arrive at one that is, which both the terms 'tributary' and 'CC' denote), then by 
virtue of Ll the term 'C1' may be replaced by the term 'tributary' in the sentences 
making each of the firmly accepted general statements containing C1. Thus the 
concept 'tributary' does enter into more than one firmly accepted general statement, 
namely those containing the identical concept C1 . 

Thus if a term denotes an explainable concept of experience at all, that concept 
enters into more than one firmly accepted general statement. Suppose for simplicity 
that there are only two, and that these are L1 and L2 . In scientific practice, of course, 
any concept enters into not just two firmly accepted general statements but into a 
whole 'law cluster' of them (Putnam [9], p. 379). But the point essential to this argu- 
ment is that there must be at least two members of a law cluster. The tributary example 
will thus serve as a legitimate illustration of more complex and realistic cases. 

Then the inference that may legitimately be drawn from S, that may not be drawn 
from S1, clearly leads to the statement S2: 'a has a smaller volume flow than the 
other river branch'. This inference is validated by the firm acceptance of the statement 
L2. Now for S2 not to follow also from S , the firm acceptance of L1 must be taken 
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not to require the firm acceptance of L2 . In this sense, we may say that L1 is taken 
not to entail L2. By repeating the above argument with 'L1', 'S1,', and L2%, 'S2, 
interchanged, we may similarly conclude that L2 is taken not to entail L1 . 

Thus for a term such as 'tributary' to denote a scientific concept presupposes 
that at least two logically independent general statements about it are firmly accepted. 
The converse, of course, does not follow: for the concept to be scientific further 
obvious constraints must be placed on the statements. For example they must be 
publicly testable and in particular neither statement may serve merely to define, 
completely or partially, any of the other concepts in it. The problem of how these 
further requirements, implicit in the above discussion of such concepts, may be 
known to be satisfied in any particular case is not immediately relevant. I shall therefore 
assume that any illustrative statements, such as those cited about tributaries, in fact 
meet the requirements. If this is disputed, it suffices to suppose the illustration changed 
to one that is not in dispute. 

It remains to show how the problem of theoretical explanation is posed by the 
situation postulated in the tributary example. The first point to note is that L1 and L2 
are taken to be statements of equivalence, not just of implication, as is clear from the 
discussion of their providing criteria for applying the concept "tributary'. That is, 
the statement 

S: 'a is a tributary' 
is taken not only to entail, but to be entailed by, 

S1: 'a is shorter than the other river branch'. 
The second is that these statements of equivalence are not just statements of fact 
about independently defined tributaries. These are the only firmly accepted general 
statements about tributaries. The force of 'firmly accepted' is that the normal use 
of the term 'tributary' requires acceptance of (and for simplicity we have supposed 
only of) L1 and L2 (Quine [10], p. 270). In other words, the truth of L1 and L2 follows 
from the meaning of the term 'tributary'. We may put this by saying that L1 and L2 
state analytic, rather than synthetic, truths about tributaries. The sense of 'analytic' 
here is not that an analytic statement would never be rejected whatever the linguistic 
group's subsequent experience of river branches (Quine [11] chapter 2), but rather 
that such a rejection would be taken to entail abandonment of the concept 'tributary', 
and a sizeable reconstruction of the group's conceptual scheme (Grice and Strawson 
[3]). Neither L1 nor L2 would be rejected as being simply false of the same concept, 
as a synthetic statement could be. 

The terms 'analytic', 'synthetic', will hereafter be used in this sense, to mark the 
distinction between those statements which do, and those which do not, require a 
sizeable reconstruction of the conceptual scheme when they are rejected. While a 
judgement as to the size of a reconstruction must clearly be based on comparison 
of the group's usage before and after the rejection of the statement, it of course does 
not follow that a reconstruction is sizeable if and only if it is explicitly avowed to be 
so by the group. This is merely to develop the point made at the beginning of this 
section: if a group can misdescribe its own usage, it can misdescribe changes in its 
own usage. 

I assume, in drawing this distinction, that there is a general reluctance to make 
sizeable changes in a conceptual scheme, so that analytic statements will be less 
readily rejected in the fact of experience than synthetic statements. This is the point 
of saying that L1 and L2, being analytic, are firmly accepted. I do not assume that the 
size of a reconstruction, and hence the analyticity of a statement, will be agreed in all 

4 
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cases. Nor, obviously, do I assume that a statement, if analytic, can always, or ever, 
be known to be so before it is rejected and the conceptual consequences of its rejection 
become clear. It seems to me that, made with these qualifications, this modest applica- 
tion of the analytic/synthetic distinction is immune to the current controversy over 
its more detailed significance, given merely what is obviously true, that some statements 
are more firmly accepted than others, and more central to the group's conceptual 
scheme. 

The problem posed in the tributary example, which calls for theoretical explana- 
tion, may now be put very simply: 
Statements L1 and L2 are both taken to be analytic statements about tributaries, yet, 
as has been shown above, they are also taken to be logically independent. 
The statement 

S1: ea is shorter than the other river branch' 
is taken to entail the statement 

S: 'a is a tributary' 
and "S" is taken to entail the statement 

S2: 'a has a smaller volume flow than the other river branch', 
yet S1 is taken not to entail S2 . 

This lack of transitivity of entailment implicit in the group's usage will become 
unacceptable, through the precariousness of the inferences based on it, if there are 
in fact any substantial number of neutral candidates to the concept 'tributary'. Then 
the group's experience of river branches, if it is of any pragmatic importance to them, 
will need to be expressed in a more adequate linguistic structure. The problem is 
resolved by constructing a deductive theory of tributaries in which one of L1 and L2 is 
taken to define 'tributary' and the other is derivable from, and hence entailed by, it. This, 
I assume, is what comprises the process of theoretical explanation. Its connection 
with inexactness is the subject of the next section. 

4. Theoretical explanation and exactness. That the process of resolution and 
theoretical explanation referred to above is that of transforming 'tributary' from an 
inexact to an exact concept may be seen very readily. If we replace the sentences 
expressing S1 and S2 by their corresponding sentential functions, 

S1(x): 'x is shorter than the other river branch', 
S2(x): 'x has a smaller volume flow than the other river branch', 

then the inexactness of the concept 'tributary' may be clearly expressed. A positive 
instance of the concept is a river branch which satisfies both S1(x) and S2(x), i.e. 
of which the statements made by the sentences derived from S1(x), S2(x) by substitut- 
ing for 'x' the name of the tributary are both true. (Tarski, [21], p. 63). Similarly, a 
negative instance of the concept is a river branch which satisfies neither S1(x) nor 
S2(x). 

Now, given that the statements L1 and L2 are originally, i.e. pre-theoretically, taken 
to be logically independent, it is possible for a particular river branch to be correctly 
described as satisfying S1(x) but not S2(x), or vice versa. It is not, however, possible 
cogently to assert or to deny that such a river branch is a tributary, since drawing the 
inferences sanctioned by the analyticity of L1 and L2, would then lead to a contra- 
diction. Such a river branch is therefore a neutral candidate to the concept. The 
possibility of such neutral candidates, which is guaranteed by the independence of 
L1 and L2, is just what constitutes the inexactness of the concept. 

Then the process of constructing a deductive theory, in which one of L1 and L1 
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is taken as defining the concept, is just that of adopting a rule for assigning neutral 
candidates as positive or negative instances of an exact form of the concept. (It is 
convenient, to avoid ambiguity, to refer rather to exact forms of a concept, itself 
normally understood to be inexact, than to distinct, but corresponding, exact concepts.) 
The adoption of L1 as a definition produces an exact form of which all neutral candi- 
dates satisfying S1(x) are positive instances, and the other neutral candidates negative 
instances. Similarly, the adoption of L2 produces another exact form of which all and 
only neutral candidates satisfying S2(x) are positive instances. Thus the inexact 
concept 'tributary' has two exact forms. Scientific concepts in general, whose law 
clusters of independent analytic statements contain more than two members, have 
correspondingly more exact forms. An exact concept may, by contrast, be defined 
as a concept having only one exact form, of which it has been shown above that there 
are no scientific instances. 

It might now be objected that the description given, of the process of rendering 
a concept amenable to deductive logic by producing an exact form of it, has been 
grossly oversimplified, and that at best what emerges is a concept that is somewhat 
less inexact. Now the assumption, that the difference between an inexact concept 
and an exact form of it is one of kind and not one merely of degree, is made in taking 
L1 and L2 as single statements. This might well be questioned in turn, on the strength 
of the inexactness of the other concepts contained in these statements.' 

For example, in asserting L1, I tacitly assume that it makes no difference whether 
the length of a river branch is measured along one or other of its banks, or along the 
centre of the stream. Yet this is only contingently true. 
Consider the statements 
L 'A tributary is that one of two river branches which is the shorter measured 
along the bank', 
L1': 'A tributary is that one of two river branches which is the shorter measured 
along the centre of the stream'. 
Then it is entirely possible for a river branch to be the shorter measured along the 
bank, but not the shorter measured along the centre of the stream. Such a river branch 
is a neutral candidate to the concept 'shorter river branch'. This concept, accordingly, 
is inexact, and constructing a deductive theory would require the adoption of an 
exact form, not of a tributary as being the shorter river branch, but as being, say, 
the shorter along the bank. 

Now it should be clear that it is not just a defect in the particular example, that the 
statements L1 and L2 happen to presuppose contingent correlations. If that were all, 
then a false assumption that L1 and L2 are single statements could be justified as 
illustrating the general case, in which no such presupposition is made. But the ob- 
jection seems quite general. The concepts in any statement like L1 and L2 are inexact 
and to this extent its status as a single statement suitable for defining an exact form 
is questionable. In particular, the statement L1 itself presupposes that a river branch 
that is the shorter measured along one bank is also the shorter measured along the 
other bank, and this is only contingently true. Further, just how far up either bank 
the measuring device should be placed is not specified, and this in turn could make 
a difference. 

Consequently, however far the refinement of theoretical definitions is carried, 
it would seem that one never reaches an exact form. Any given contingent correlation 

1 I am indebted to Dr J. W. N. Watkins for raising this point. 

This content downloaded from 82.69.117.138 on Sat, 04 Apr 2015 13:11:01 UTC
All use subject to JSTOR Terms and Conditions



352 D. H. MELLOR 

whose assumption is a source of inexactness in the concept can be exposed, but 
others always remain. This, it could be argued, does not make the construction of 
deductive theories pointless, but it does show that the process is one merely of 
reducing the inexactness of a concept, never of eliminating it entirely. 

This objection has considerable force, and serves at least to show that no deductive 
systematisation of science can be known to be final. What is taken at one time to be 
an exact form of a concept may later, under the pressure of experience, come to be 
taken as itself an inexact concept in need of further analysis. But it does not follow 
from this that the difference between an exact form and an inexact concept is only 
one of degree. From the fact that any contingently true assumption embedded in the 
conventions of a language can be questioned, it does not follow, and is not true, that 
they can all be questioned at once. What is being studied is the process of resolving 
a particular question in a context in which other possible questions are not being 
asked. Now all this is clearly relative to the language group in question. Whether 
or not a concept is inexact or a form of it is exact is determined by the linguistic usage 
of the group. An analytic statement, in the sense of 'analytic' outlined above, can 
therefore convey a contingent truth. 

In particular, the statement L1 can properly be taken as a single statement, because 
the admittedly contingent truth which it presupposes is expressed in a statement 
which is taken to be analytic, namely: 

'One of two river branches is the shorter measured along the bank if and only if 
it is the shorter measured along the center of the stream.' 
In other words,L1' and L1' are not logically independent, because, unlike L1 and L2X 
they are not so treated. Consequently the corresponding entailment does not lack 
transitivity, and the simultaneous acceptance of L1' and L1' does not pose a problem 
of scientific explanation. That it might pose a problem of scientific explanation is 
true, but irrelevant. This is the justification for drawing a distinction of kind between 
exact forms and inexact concepts and for taking the tributary example as stated to 
illustrate the general problem of scientific explanation. 

5. Choosing exact forms of concepts. There are two exact forms of the concept 
'tributary', obtained by choosingL1 or as the theoretical definition by which neutral 
candidates are assigned as positive or negative instances. Any given neutral candidate 
will be assigned as a positive instance by one definition and as a negative instance 
by the other. Consequently, the extension of the exact form, the set of things to which 
it, and hence the theory containing it, applies, is determined by the choice of 
definition. 

The sense in which choosing a definition to get an exact form is arbitrary is that, 
clearly, nothing in the group's experience of branched rivers can make them choose 
one definition rather than the other. The choice is governed, if at all, not by the 
group's experience, but by the particular theory of tributaries in which the exact 
form occurs. One theory may prescribe one definition, one exact form; a new theory 
may prescribe the other. Then, on a change of theory, the extension of the accepted 
exact form of the concept, the correct use and hence the meaning of the term, 'tribu- 
tary', as it occurs in science, will be changed. 

But a definition must be chosen from among the analytic statements that are 
members of the concept's law cluster, and whether or not a statement is such a member 
is, in part at least, determined by the group's experience. As more is discovered about 
river branches, more statements about tributaries become firmly accepted which 
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theories of tributaries must explain, and the term 'tributary' denoting the inexact 
concept changes in use and hence in meaning. 

It remains therefore to investigate the relation between the exact form and inexact 
concept, and to determine the parts which theory and experience respectively play 
in the meaning of the term 'tributary'. In the previous section the term 'law cluster' 
was used to denote the set of firmly accepted independent statements which are 
analytic to a given concept. It will now be convenient, and more consonant with the 
original use of the term (Putnam, [9] p. 379), to extend it to include those statements 
about the concept which, while accepted, are not so firmly accepted as to be taken 
as analytic. (See also Bergmann, [1], p. 275). In these terms, the problem is to give 
an account of how a member of the law cluster becomes analytic, and hence a candidate 
for definitional status, and what the significance of this transition is. 

There is a great diversity of reasons for selecting some statements from the law 
cluster of a scientific concept to define an exact form of it. It is neither possible nor 
desirable here to attempt a full analysis, which would require the detailed citing of 
specific examples. But the general point may be made, that the sources of analyticity 
in a member of a law cluster are partly empirical, partly theoretical. 

On the one hand, a statement tends to be taken as analytic as it becomes highly 
confirmed by experience which the group finds it pragmatically important to account 
for. The explication of this process I take to be the task of confirmation theory. The 
problem of detachment in inductive logic, i.e. of the point at which a sufficient degree 
of probability or confirmation leads to unqualified acceptance of a statement, becomes 
in these terms the problem of the degree of confirmation required for a statement's 
being taken to be analytic. 

But then it becomes clear that the answer to this question cannot be given by 
confirmation theory alone, since instantial confirmation is evidently not the only 
source of analyticity in statements. A statement may be firmly accepted as a matter 
of decision, because it has been made central to a theory to which there is no obvious 
alternative. This is the legitimate point that has been overstressed by conventionalists. 
It is necessary to emphasise that centrality to an irreplaceable theory only contributes 
to the firm acceptance of a statement in so far as the theory is also indispensable. 
In other words, the experience for which the theory accounts must itself be taken 
to be of sufficient pragmatic importance to require theoretical explanation. Conse- 
quently a conventionalist account of scientific statements that attends exclusively 
to the theoretical sources of analyticity is as inadequate as an empiricist account that 
entirely ignores the element of convention. 

Now it is evident, as was suggested in the previous section, that the assignment 
of a particular member of a law cluster to either the analytic or synthetic category 
cannot always be made. It needs perhaps to be emphasised that in scientific practice 
there is often little point in making the assignment, and that the limited use of the 
analytic/synthetic distinction in science mitigates its difficulty of application (Putnam, 
[9], p. 364; Grice and Strawson, [3], p. 158). 

It is, for example, often not important to a group of scientists to decide whether a 
change in a theory generates a new conceptual scheme or not. As an elementary 
instance, consider the question of whether modifying a simple kinetic theory of gases 
by ascribing a finite diameter to the particles changes the conceptual scheme or not. 
Has the statement that the gas particles have zero extension been rejected as simply 
false? If so, it was a synthetic statement within one kinetic theory, of which there is 
now another variant. Or is the having, or not having, a finite extension so central 
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to the concept 'particle' that one must describe the modification as giving rise to a 
new theory, about a quite different kind of entity, which it is quite misleading to 
call a particle. In other words, in rejecting the statement, is one really rejecting a 
conceptual scheme to which the statement is analytic? 

This example seems to me to show that, while the analytic/synthetic distinction 
as it is here drawn may be of little importance within science, it has considerable 
importance for the philosopher trying to account for the scientist's description of his 
own activity. The scientist, working with the new kinetic theory, need not concern 
himself with whether it modifies or replaces the old theory, but this question neverthe- 
less raises fundamental issues in the philosophy of science. 

In particular, the question of the analyticity of statements in the law cluster of a 
concept, of which there is a theory, is intimately related to the question of the extent 
to which a theory can be saved by modifying it. How large, how important, does a 
modification have to be before it must be counted, not as saving the theory, but as 
tantamount to rejecting it and replacing it with another? Given that the thesis of 
extreme conventionalism is descriptively false, i.e. that there is a point beyond which 
modification of any theory is taken by a group of scientists as tantamount to its 
rejection, then it is clearly a legitimate question to ask where this point lies. The corre- 
sponding question in the terms of this paper is that of deciding when an exact form 
is of one concept rather than of another. The discussion and further illustration of this 
problem is the object of the next section, in which the relations between a concept 
and its admissible exact forms are further examined. 

6. Exact forms and adequate theories. The interaction between the two sources 
empirical and theoretical-of analyticity in a scientific statement may be brought 
out in the following way. As confirming and infirming experience is accumulated the 
membership of a law cluster, and of its sub-set of analytic statements, changes. We 
may describe this process as a change in the inexact concept, or in the empirical 
meaning of the term used to denote both it and its exact forms. Similarly, the develop- 
ment and modification of the theory of the concept, and the construction of possible 
alternative theories, makes, and makes available, new exact forms. This process may 
be described as one of changing the theoretical meaning of the term. 

Then the continuing process of theoretical explanation is one of mutual adjustment 
between a concept and the exact forms occurring in theories purporting to be about 
it, so that as far as possible, all and only members of the concept's law cluster are 
derivable in the theory. The adjustment takes place partly by the construction of new 
theories subject to the constraints of the law cluster, and partly by allowing the 
theory to reconstruct, e.g. by predicting new laws, the inexact concept, the pre- 
theoretical use, the empirical meaning of the term. 

One may rightly lay a conventionalist emphasis on the reconstruction of inexact 
concepts by theories, so that any statement, however analytic to start with, may 
eventually become synthetic and then be rejected altogether, without any sharp 
disruption of our conceptual scheme. But one must also remember that, at any one 
time, any group has a pre-theoretical usage limiting the variety of exact forms that can 
claim to be exact forms of that concept. Hence, at any one time, the possible alternative 
theories about a concept are limited by the term's empirical meaning, and so therefore 
are the possible modifications available to save a given theory. 

It is entirely consistent with this to admit that, over a period of time, the pre- 
theoretical usage may be so reconstructed that many new theoretical options will 

This content downloaded from 82.69.117.138 on Sat, 04 Apr 2015 13:11:01 UTC
All use subject to JSTOR Terms and Conditions



INEXACTNESS AND EXPLANATION 355 

become open (and many present options closed). The point is that such new options 
are not open now, if the term is to retain sufficient continuity of meaning to render 
discourse with it intelligible, and disputes between rival theories decidable. 

Having made this general point, we may now examine more closely the processes 
of adjustment and matching of exact forms to inexact concepts. From this point of 
view, it is as grave a defect in a theory to fail to explain experience as to be refuted 
by it. In the tributary example, suppose L1 to be taken as the definition and L2 to be 
a law derivable in the theory. Then there are two sorts of neutral candidate: 

1. River branches which satisfy Sl(x) but not S2(x). These are positive instances 
of the exact form, i.e. they are tributaries for the theory, since they satisfy the 
definition. But the law, L2, derived in the theory, is not true of them. Hence, they 
refute the theory. 

2. River branches which satisfy S2(x) but not S&(x). These are negative instances 
of the exact form, i.e. they are not tributaries for the theory, and hence they do not 
refute it. But equally, they are unexplained by it: the theory does not explain why 
it is that these river branches have the smaller volume flow, since it does not apply 
to them at all. 

Suppose now that there are only found to be neutral candidates of the first sort.2 
Then for a theory of tributaries to remain unrefuted, it must take L2 as defining the 
concept in order to exclude these neutral candidates as negative instances of the exact 
form of the concept. But if a sizeable proportion of river branches consists of these 
neutral candidates, which are thus left unexplained, the theory will be held to be 
inadequate. It would be objected that, in changing from the exact form defined by 
L1 to that defined by L2, the theory had been preserved from refutation at too great 
a cost in scope of application. The extension of the exact form of the concept 'tributary' 
would have been shrunk to the extent of making the theory seem trivially true. 

Now, what is clearly required to meet the criterion of adequacy which is here seen 
to be invoked, is the discovery of some feature which can, in a reconstructed theory, 
explain why it is that so many river branches, although the shorter in length, yet have 
the greater volume flow. This might be done in one of two ways. The first would 
be the discovery of some further property, Q1, possessed by all neutral candidates 
and by no negative instances of the inexact concept, for example, Q1 might be the 
property of having a peculiarly soft and erodable river bed. Then we may replace the 
unrefuted but inadequate assertion that having the smaller volume flow (property P2) 
implies being the shorter river branch (property P1), i.e. letting x range over river 
branches, 

(x)(P2x DPx), (1) 

by the unrefuted and adequate equivalence 
(X)(P2x - Plx. Q1x). (2) 

This involves replacing L1 in the law cluster by the stronger assertion L *: 'A tributary 
is that one of two river branches which is the shorter and has a bed of softness > s' 
(s is a specified mean value of softness on some agreed scale). 

Whether such a theoretical reconstruction of the law cluster is acceptable or not 
2 There is one defect in this example, which is not general; namely, that in this case the two 

sorts of neutral candidate go together. If the left hand branch of a river is a neutral candidate 
of the first sort, the right hand branch is a neutral candidate of the second sort, and vice versa. 
Since the example is merely illustrative, I shall ignore this feature: it can be eliminated, at some 
cost to plausibility, by supposing the theory to apply only to left hand river branches. 
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naturally depends on the relative strength of the theoretical and empirical sources 
of analyticity. (The example here is unconvincing just because there is in fact no in- 
dispensable theory of tributaries to force us to revise our pre-theoretical usage in this 
way. But this, of course, is not an objection to the illustrative use of the example.) 

The second way in which the criterion of adequacy might be met would be open 
if the number of neutral candidates were found to vary appropriately with the number 
of positive instances. It might then be acceptable to replace L2 in the law cluster with 
the weaker statistical statement 
L2*: 'A tributary has a chance > r of having the smaller volume flow of two river 
branches' (< r < 1) 
It is not appropriate to discuss here the general and controversial question of the 
testing of statistical hypotheses. I merely note that possession of a value of this chance 
> r is being treated here as a physical property, P2*, of a river branch (Hacking, [4], 
chapters 1, 2, Mellor, [8], section 2). The truth of the statement S2* ascribing P2* to a 
particular river branch a may be tested by sampling the flow in a at various times 
and under varying conditions. If river branches are independently classified, samples 
may also, or alternatively, be taken from suitably similar river branches. Then on the 
basis of the results of such tests, there are agreed criteria for accepting or rejecting 
statements like S2*. Assuming then that the firm acceptance of L* makes possible an 
adequate and unrefuted theory with the consequent equivalence 

(x) (P2*X P1X) (3) 

this provides in itself a strong incentive to carry out the corresponding reconstruction 
of the law cluster. Again, whether or not this weakening of the concept and its theory 
(L2 is no longer derivable) is acceptable depends on other than theoretical considera- 
tions. If this were not so, the construction of adequate theories would be trivially 
easy. (In this particular case, further reasons might be given against the reconstruc- 
tion. A determinist, for example, would not in general admit a statistical statement, 
such as L2*, as analytic to a law cluster, i.e. as a suitable candidate for a theoretical 
definition.) 

The next thing to note is that both ways of meeting the criterion of adequacy result 
in the assertion of equivalences. This is a consequence of two exact forms of the 
adequate and unrefuted theory having the same extension, i.e. the reconstructed 
inexact concept has in fact no neutral candidates. Thus an adequate and unrefuted 
theory solves the original problem of theoretical explanation. The solution, of course, 
is not necessarily permanent, since future experience may always disclose a sufficient 
number of neutral candidates to compel further theoretical reconstruction. But 
meanwhile the disappearance of the scientific problem will be marked by the group's 
turning the established correlation into a presupposition of its usage. Thus on the 
statistical theory, some statement to the effect that a tributary is the shorter and 
probably-the-smaller in volume flow of two river branches would become a single 
analytic statement, and it would be the correlation of this with some other such 
statement that would pose any new problem of theoretical explanation (cf. section 4, 
p. 352). 

The above discussion may now be related to the principle of connectivity 
(Schlesinger, [13] chapter 3; Mellor, [8] section 3). It is convenient to consider this 
in the version asserted by Campbell ([2], chapter 3.), to the effect that any law, when 
stated fully, must be expressible in symmetrical form, as an equivalence rather than 
an implication. This, of course, is quite compatible with recognising that what are 
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normally used and tested are derived statements of implication (for example, the 
incomplete asymmetrical law statement (1), above, which follows from the complete 
symmetrical law statement (2)). Hence laws are usually represented as being of this 
asymmetrical form. 

Now consider the application of Campbell's assertion to the properties of some 
physical system. It follows that the set of physical (i.e. scientifically explainable) 
properties of the system must be divisible into two sub-sets such that possession 
of all the members of either entails possession of all the members of the other. The 
necessary and sufficient condition for this is clearly that laid down by the principle 
of connectivity in Schlesinger's version, namely that two such systems never differ 
in just one property ([13], p. 73). 

It will readily be seen in the tributary example that the process of satisfying the 
principle of connectivity is just that of devising an unrefuted and adequate theory. 
For a system (i.e. river branch) may be characterised as a tributary, on the theory of 
which (2) is a consequence, either by possession of both members of the set of proper- 
ties {P1 , Q1} or by possession of the property P2. Possession of either is taken to entail 
and explain possession of the other. Which is used to define the exact form of 'tributary' 
depends on which is antecedently taken to be the more analytic, and this in turn 
determines which of the two derivable implications. 

(x)(P2x D * PIx * QIX), (2a) 
or 

(x)(PIx * QIx * D P2x), (2b) 

will normally be invoked as a law statement in tests of the theory. Similarly, on the 
weaker statistical theory of which (3) is a consequence, with the properties PI and P2*. 

It must be emphasised that the principle of connectivity cannot plausibly be taken 
to claim that all scientific laws and theories presently have a complete, symmetrical 
form, merely that an unrefuted scientific structure will be inadequate until they do. 
The progress of science in any field consists in devising theories of increasing adequacy, 
so that the scientific description of the systems to which they apply is more nearly 
complete. 

A further illustration of these points is provided by Lakatos' discussion of the 
history of Euler's theorem, [6]. In this example, the inexact concept is 'polyhedron', 
and the problem is to prove Euler's theorem, which asserts that 

V-E+F 2, 

where V is the number of vertices, E the number of edges, and F the number of faces, 
of the polyhedron. In the present terminology, the theorem, which Lakatos calls 
the main conjecture (so as not to beg the question of the validity of the proof), is taken 
to be an analytic statement about polyhedra. Then the problem is to find a defining 
set of other analytic statements about polyhedra such that Euler's theorem can be 
derived from them in the theory. These other analytic statements are the lemmas 
of suggested proofs. (For instance, one proof involves the lemma that, after having 
one face removed, any polyhedron can be stretched flat by a distortion that does not 
affect V, E or F.). Then the set of lemmas involved in any one proof define one exact 
form of the concept 'polyhedron'. 

It follows that a neutral candidate of the first sort, which refutes the theory (i.e. 
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the proposed proof of the main conjecture), is a figure of which all the lemmas are 
true but of which the main conjecture is false. This Lakatos calls a global (but not 
local) counter example. The second sort of neutral candidate, which does not refute 
the theory, but rather demonstrates its inadequacy, is a figure of which the main 
conjecture is true but one or more of the lemmas false. This is a local (but not global) 
counter example. The existence of such figures reflects inadequacy in the theory 
because they are figures of which the theorem is true but to which the proof does not 
apply, since they are negative instances of that particular exact form of 'polyhedron'. 
Thus their Eulerianness is left unexplained by the proof. 

Lakatos' historical discussion then illustrates admirably the way in which the 
exact form of the concept 'polyhedron' as embodied in the various proofs, is continually 
changed in the face of new counter-examples, to try and fit the inexact concept as 
closely as possible. Success in the enterprise would result, of course, in an unrefuted 
and adequate theory in which the proof applied to all and only Eulerian figures. 
This would yield in turn a statement of equivalence, in that satisfying the lemmas 
of the proof not merely guaranteed, but was guaranteed by, the Eulerianness of the 
figure. Consequently, any Eulerian figure would differ from any non-Eulerian figure 
in at least two properties (the latter would also fail to satisfy one of the lemmas), 
thus fulfilling the principle of connectivity. 

One of the major points brought out in this example is that deductivist accounts 
of theoretical explanation have laid too little stress on the criterion of adequacy. It 
has not been sufficiently realised that the discovery of inadequacy may lead as urgently 
to a theoretical reconstruction as would the occurrence of a direct refutation. No 
doubt, one puts up with an inadequate theory if nothing better is available, but 
equally one may have to put up with a refuted theory-and the one may be done with 
as much (or little) equanimity as the other. Furthermore, if it takes a certain number 
or proportion of unexplained neutral candidates to establish the inadequacy of a 
theory, it similarly takes a certain number or proportion of counter-examples to 
establish its refutation. In neither case will a scientist in fact allow a single instance 
or insignificant proportion of discrepant results to disturb a well founded theoretical 
structure. 

One final point of interest in the polyhedron example may be paralleled in the 
theory of tributaries. Lakatos admits not only the two sorts of neutral candidate so 
far invoked, but also counter examples that are both local and global. These are figures, 
pre-theoretically recognised to be polyhedra, but of which neither the lemma of the 
proof nor the main conjecture is true. This clearly illustrates the incompleteness 
of the formulation of possible definitions and corresponding exact forms. Further 
experience may compel the acceptance as analytic of statements not in the concept's 
present lawcluster at all, and not derivable from any present theory. 

This general point is readily illustrated in the case of the concept 'tributary' by the 
problems of applying the term to rivers where three or more branches meet at a 
point, or where one branch forks off into another river just above the point at which 
one fork joins the other branch. In these situations, to which one clearly wants to 
apply the term 'tributary', the correlations presupposed by the normally accepted 
single analytic statements about tributaries (see section 4, p. 12) do not hold. Con- 
sequently a reconstruction of the conceptual scheme is called for, breaking up these 
statements, and elaborating the definitions, lemmas and specifications of exact forms 
of the theory of tributaries in a way exactly analogous to that outlined by Lakatos 
for the theory of polyhedra. 
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7. Conclusion. The upshot of the above discussion seems to me to be that the 
deductivist account of scientific explanation is basically correct. To resolve a problem 
of explaining an inexact concept of experience is to provide a theoretical structure embodying 
an exact form of the concept, in which all and only accepted general statements about the 
concept are derivable. This is the main point, which it is important to reconcile with 
legitimate pragmatist and conventionalist emphases. It is compatible with admitting 
that experience must be of sufficient pragmatic importance to be worth explaining 
at all. It is compatible with admitting that a theory may strongly influence which 
statements are accepted and hence need explaining. It is compatible with recognising 
that statements at any level in science may come to need explaining, and that there 
may be no body of immutably and purely observational (or theoretical) statements. 
A deductivist account of successful explanation is compatible with recognising that 
the failure of a proposed explanation poses problems of choice and decision in con- 
structing a new theory. It seems to me that, in the face of current attacks, the de- 
ductivist must establish these compatibilities by supplementing his logic with some 
such account as is here attempted of how the endless process of devising deductive 
explanations of experience is carried on. 

In a sequel I propose to consider the special case of quantities, measurable concepts 
that are exact but imprecise, and to discuss more fully their role in deductive ex- 
planation, relating the conclusions of this paper to those of [7]. 
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