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We’re all naturalists now, aren’t we? Well, not quite. It may be said, 

moreover, that the term ‘naturalism’ means so many different things to 

different philosophers that calling someone a naturalist has very little 

substantive content; but this would also be an exaggeration. In what 

follows I will not spend too much time on terminological matters; in my 

view, the phrase has a fairly definite content, in the context of discussions 

in the philosophy of mathematics and science such as this one, and picks 

out a programme which attracts a great deal of support. 

I will, though, make one terminological distinction: between 

methodological naturalism and ontological naturalism. The 

methodological naturalist assumes there is a fairly definite set of rules, 

maxims or prescriptions at work in the ‘natural’ sciences, such as physics, 

chemistry, molecular biology, this constituting “Scientific Method”. There 

is no algorithm which tells one in all cases how to apply this method; 

nonetheless there is a body of workers– the scientific community– who 

generally agree on whether the method is applied correctly or not. 

Whatever exactly the method is– such virtues as simplicity, elegance, 

familiarity, scope and fecundity appear in many accounts– it involves 

centrally an appeal to observation and experiment. Correct applications of 
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the method, the methodological naturalist goes on, have enormously 

increased our knowledge, understanding and control of the world around 

us to an extent which would be scarcely imaginable to generations living 

prior to the age of modern science. The methodological naturalist therefore 

prescribes that one ought to follow scientific method, at a level of 

sophistication appropriate to the problem at hand, whenever attempting 

to find out the truth about anything and whenever attempting to 

understand any phenomenon. 

The ontological naturalist holds first of all that the ontology of the 

natural sciences consists of physical objects and perhaps also physical 

properties and relations. Explaining just exactly what these are is a 

somewhat delicate matter, even in the case  of physical objects. The most 

obvious account in the latter case is a Cartesian one: physical objects are 

extended in space and time; they occupy a region of space and an interval 

in time, or in post-Einsteinian terms, occupy a region of spacetime. Even 

that is not entirely unproblematic given interpretations of quantum 

mechanics in which, it is claimed, fundamental particles lack definite 

position. Explicating what it is for a property to be physical is more tricky 

still.1 At any rate, let us concede to the ontological naturalist that we have 

a rough idea what is meant by a physical ontology. The ontological 

naturalist’s position is then straightforward: everything which exists is 

1 Cf. Weir (2003) for some suggestions.
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physical, either a physical object or, if such entities are countenanced, a 

physical property or relation. 

Further light on the nature of naturalism can be shed by 

contrasting it with paradigmatically anti-naturalist positions, in 

methodology or in ontology. In the former case, the paradigm of an anti-

naturalist is someone who holds a view on the basis an appeal to an 

authority whose credentials are not in turn based on experiment or 

observation: the authority of religious leaders and sacred texts being the 

standard example, as this does not typically seem to rest on observation or 

experiment in the usual sense. A related anti-naturalist method is appeal 

to internal ‘intuition’ or some mystical form of revelation or apprehension, 

distinct from ordinary sense perception, in order to justify a belief or 

attitude whose object is supposed to be an external entity or phenomenon. 

A classic anti-naturalist ontological position is that of Cartesian dualism, 

with its commitment to disembodied souls existing in time but not 

extended in space, though mysteriously interacting with physical bodies 

and in particular human brains.

As noted at the outset, not all contemporary philosophers are 

naturalists in one or other of these senses; but it would be fair, I think, to 

say that a naturalistic attitude predominates among “analytic” 

philosophers. This is why philosophy of mathematics, quite apart from its 

intrinsic interest, is of such importance in contemporary philosophy. For, 

on the face of it, mathematics is an enormous Trojan Horse sitting firmly 

in the centre of the citadel of naturalism. Modern natural science is 
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mathematical through and  through: it is impossible to do physics, 

chemistry, molecular biology and so forth without a very thorough and 

quite extensive knowledge of modern mathematics (indeed this is true to 

an increasing extent of social sciences such as psychology and economics). 

Yet, prima facie, mathematics provides a counter-example both to 

methodological and to ontological naturalism. The central mathematical 

method of proof from axioms shares one feature with empirical science, 

namely the key role of deduction of conclusions from premisses; indeed 

this role is far more central to mathematics than science. But there is a 

crucial difference: where the ultimate premisses in science are hypotheses 

and conjectures up for testing against experiment, in mathematics they 

are ‘axioms’, traditionally held to be known a priori, in some accounts by 

virtue of a form of intuitive awareness. The epistemic role of the axioms in 

mathematics, then, seems uncomfortably close to that played by the 

insights of a mystic. 

When we turn to ontology, matters are, if anything, worse: 

mathematical entities, as traditionally construed, do not even exist in 

time, never mind space. Difficult though it may be to see how Cartesian 

souls can interact with physical bodies, since they persist and change 

through time such interaction does at least make some sort of sense, 

certainly on broadly Humean notions of causality. If, by contrast, 

mathematical entities are abstract and causally inert, how on earth do we 
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have any knowledge of them?2 This classic epistemological problem 

provides both a ground for ontological naturalism, for denying the 

existence of abstract entities, and a severe internal problem since 

naturalism seems to presuppose mathematics which seems in turn to 

presuppose abstract objects. 

In this paper I intend to look critically at some responses which 

naturalists have made to these difficulties. I will not examine each with 

the same detail, of course. Since many of the positions which are discussed 

elsewhere in this volume are motivated, in part, by a desire to deal with 

the questions raised above, this would be superfluous, not to mention 

impossible. Rather I will attempt to give some sort of overview or map of 

the strategies of response, looking in more detail only at a select few. 

II

First, then, I will look at three responses the methodological 

naturalist might make. I start with logicism. It is undeniable that logical 

inference is part of scientific method, whatever else is. But mathematics 

raises the additional problem of our knowledge of the axioms: the 

naturalist does not want to base this on some mysterious intuition or 

direct apprehension that the axioms characterise the appropriate 

mathematical domain. If, however, logicism is right and mathematics just 

2 A highly influential exposition of this problem is found in Benaceraff (1973). 
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is a branch of logic (plus definitions), then will these problems not simply 

disappear?

This might seem a very unpromising route for the naturalist. Was 

not logicism conclusively refuted both by the paradoxes flowing from 

Frege’s Axiom V and by Gödel’s incompleteness results? Moreover there 

are clear differences between logic and mathematics; the most a sensible 

logicist could maintain is that mathematics has the same status as logic, 

as a priori, or analytic or some such. But then the naturalistic logicist 

faces criticism from ‘Quineans’, supporters, in these matters, of the  views 

of  W.V. Quine, for they contend that such notions have been discredited. 

The first two problems are not insuperable, according to the ‘neo-

logicists’ or ‘neo-Fregeans’ such as Crispin Wright and Bob Hale who seek 

to found mathematics not on the inconsistent Axiom V but on formally 

similar but consistent abstraction principles such as ‘Hume’s principle’, for 

arithmetic, and, for set theory, weakened forms of Axiom V such as George 

Boolos’s ‘New V’. The recent trend among neo-logicists has been to treat 

such abstraction principles as implicit definitions of the relevant concepts– 

‘number’, ‘set’ and so forth. Even if not all mathematical truths are 

derivable (given an effectively decidable notion of theoremhood), the 

logicists’ goals will be achieved if the main branches of contemporary 

mathematics, certainly of those areas utilised in modern science, can be 
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founded on abstraction principles, i.e. if axiomatizations of each branch 

can be derived.3

As to the Quinean problem, it is worth remarking that the later 

Quine seems to step back somewhat from the very extreme empiricism on 

logic which appears to be entertained in Quine, 1951– ‘Two Dogmas of 

Empiricism’. Examples of his retreat start with §13 of Word and Object

(Quine, 1960) on translating the connectives. This retreat, in my view, is 

essential for the coherence of the Quinean position. The famous quotation: 

Any statement can be held true come what may, if we make drastic 

enough adjustments elsewhere in the system … Conversely, by the 

same token, no statement is immune to revision.  (Quine (1951), p. 

43)

is either trivially true or incoherent, at least if we extend the position from 

one concerning the holding of statements to one concerning the adoption of 

inference rules.4 Certainly anyone who believes in determinacy of meaning 

3 The launch pad for contemporary neo-logicism is Wright (1983). See also Hale (1987). 

The most important articles on neo-logicism by Wright and Hale, jointly and severally, 

are to be found in Hale and Wright (2001). For a different, constructivistic, strand of neo-

logicism see Tennant(1987) and (1997). Much work in neo-logicism is in response to the 

detailed criticisms of (and technical elucidations of) the position to be found in the work 

of George Boolos, most of it collected in his (1998) §II. 

4 Puzzlingly, for one well-acquainted with natural deduction systems, Quine seems

wedded to the misconception of logic as a body of theorems, rather than as the study of 

inference and the relation of consequence. Even by the stage of The Roots of Reference, his 
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for logical particles will find it trivial: any rule we accept could be 

abandoned if the particles involved in it take new meanings (whether of 

old particles or not), likewise, mutatis mutandis, for rules we reject. The 

non-trivial version of revisability says that any rule is revisable in a way 

which does not require us to impute meaning change (of course someone 

who rejects determinacy of meaning for logical particles will be committed 

to the non-trivial version since we will never be required to impute 

meaning change, there being no meanings to change).

But now the proponent of the non-trivial thesis faces a dilemma. 

What are the (syntactic) consequences of theory T? Any sentence A 

derivable from T using some system of rules we could come to accept 

without changing the meaning of terms in T and A? But any sentence A is 

a consequence in this sense, according to the non-trivial revisability thesis, 

so every theory ends up having the same useless content, namely the set 

of all sentences of the language. Yet theories are individuated by their 

consequences– according to Quine by their observational or empirical 

consequences– so if logical consequence is wholly indiscriminate in this 

way, the notion of a theory is too. Thus critics of the radical Quinean 

qualification of radical empiricism in logic focuses on laws such  P  (P  Q) rather than 

inference rules such as I (Quine, 1974, p. 78). The abstraction principles of the neo-

logicist can also been seen as principles of inference, rather than as axioms, if we treat 

them as pairs of schematic inference rules in which, in the one case, all instances of the 

left side of the embedded bi-conditional are derivable from the other side, vice versa for

the other form of the rule.
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position maintain that if there are no a priori principles, consequence is 

trivially undiscerning: everything entails anything.5 If logic is non-

trivially and unrestrictedly revisable, the connections which determine the 

web of belief dissolve.6

If not every sentence which could be derived by some rule or other is 

a consequence of T, what does determine T’s consequences, for the radical 

Quinean? The most obvious response would be to say that T’s 

consequences (or its consequences relativised to today) are all those 

sentences derivable by rules we accept, or are disposed to apply today (or 

perhaps some canonical subset of them). However those inferential 

dispositions and practices could change; we might even be disposed to 

change them in systematic ways. Quine’s theory of language, for instance, 

has a prominent place for higher-order dispositions to change lower-order 

ones, e.g. in the account of observation categoricals. On this horn of the 

dilemma we debar sentences derivable by means of the changed rules from 

counting as consequences of the theory, from determining the identity of 

the theory. But this position is just a traditional ‘logical connections are 

analytic’ one. Change today’s rules and you are no longer working with 

today’s theory. It would be merely an uninteresting terminological 

5 See, for example, Dummett (1981) pp. 596ff and, for a somewhat different argument 

along these lines, Crispin Wright (1986). 

6 Cf. Maddy’s ‘one common objection to the original Quinean web has been that some

laws of logic are needed for the simple manipulations of web maintenance’ (Maddy,

Chapter 13, §I). 
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manoeuvre to deny that the rules in question are ‘meaning-constitutive’; 

they are not revisable except trivially, and thus are presumably a priori.

The only other option available to a Quinean is a type of ultra-

holism. We take the networks which face the tribunal of ‘experience’ to be 

pairs comprising a logic L and theory T. The right (or a right) notion of 

logical consequence is any such L which in combination with some T or 

other yields all true (pegged) observational sentences (or observation 

categoricals) and in that sense faces the tribunal of experience 

successfully. But this ultra-holist view makes logical consequence 

unknowable, since we have no idea what the set of all true observation 

categoricals is; hence logical consequence becomes potentially divorced 

from even best inferential practice.

So Quine was wise to move on this issue of the analyticity of logic. 

Even so, this restriction of empiricism on logic does not necessitate a 

blanket welcome to all of logic in Quine’s sense– namely, first-order 

classical predicate calculus with identity– back into the analytic fold. For 

the failure of a radical revisability of logic thesis does not entail that all 

the logic we uphold must be validated by rules which are meaning-

constitutive or in some sense analytic (forced on us by the verdict 

matrices, say). A ‘moderate’ Quinean might argue this is true only of some 

very basic ones, such as &E, and I; other rules or principles, excluded 

middle, distributivity principles, various of the structural rules needed to 

generate a suitable proof-architecture and so forth, may be non-trivially 

revisable in the light of empirical experience, it might be urged. Logic, as 
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usually construed, divides up into ‘analytic’ and a ‘synthetic’ parts, on this 

view. And similarly even if the considerations advanced above against 

total revisability are accepted, the Quinean might still claim that 

mathematics, as well as substantial portions of logic, is empirical,  and not 

a priori. 

This point illustrates a serious problem for the neo-logicist. In order 

to generate standard mathematics from their favoured abstraction 

principles– the Peano-Dedekind axioms from Hume’s principle, for 

example– the neo-logicist needs a powerful background logic: second-order 

logic with the full axiom scheme of comprehension and untrammelled by 

the restrictions on first-order and second-order E and I found in free 

logic systems. The anti-naturalist might well argue that these components 

of the powerful logic wielded by the neo-logicist pose the same 

epistemological problems as the axiom systems of standard mathematics 

which the neo-logicist is hoping to put on a sound footing by deriving 

them, in this potent logic,  from abstraction principles.

Moreover, even if it is legitimate for the neo-logicist to exclude 

classically inconsistent abstraction principles such as Axiom V from 

functioning as analytic or as implicit definitions, this still leaves too many 

abstraction principles in play, as there are indefinitely many consistent 

but pairwise inconsistent abstraction principles. Setting out a non-ad-hoc 

criterion for winnowing out kosher from non-kosher principles is no easy 
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task. Whether, then, the neo-logicist route is a promising one for the 

naturalist cannot be decided without further, more detailed debate.7

III

A diametrically opposed strategy for naturalising mathematics is to 

be found in Quine. The anti-naturalist argues that the methodology of 

mathematics goes beyond scientific methodology by laying down axioms as 

a priori starting points, in contrast with the provisional and contingent 

hypotheses of empirical science. But where the naturalistic neo-logicist 

attempts to show that it is naturalistically acceptable to take the axioms 

as a priori starting points, Quine adopts a radical empiricism. The axioms 

of mathematical systems are hypotheses just like the hypotheses of 

physics or chemistry, each confirmed or disconfirmed not directly, but 

indirectly by dint of contributing to a total theory of the world which 

directly confronts experimental and observational data. The difference 

between empirical science, on the one hand, and mathematics (and the 

synthetic parts of logic, if the considerations of the last section are 

accepted), on the other, is not a qualitative one. Mathematics and 

(synthetic) logic, pervade all areas of science with the result that 

alterations to the mathematics or logic have very far-reaching and 

disruptive effects; consequently we are more loath to make changes there 

than in a more localised discipline. But the difference is purely one of 

7 For more see the contributions on logicism in this volume and  Shapiro and Weir (1999), 

Shapiro and Weir (2000), Weir (forthcoming). 
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degree. Though we are more likely to revise an inflationary hypothesis in 

cosmology than the distributive laws of logic, in principle we may do the 

latter too (as quantum logicians, in fact, have done); neither the 

cosmological nor the mathematical hypothesis is directly confirmed or 

disconfirmed by experiment, both can be confirmed or disconfirmed 

indirectly.

Though the Quinean position falls foul of pretty strong intuitions 

that some, at least, mathematical truths– Kant’s 7+5 = 12 and so forth– 

are necessary and a priori certain, this is a brilliantly bold naturalist 

response to the problem posed by mathematics. The  main problem I will 

raise for it comes under the heading of ‘ontological naturalism’. But a 

methodological worry can be raised by considering that old favourite in 

discussions of positivism, ‘The Absolute is Lazy’. Suppose T is a 

wonderfully successful total theory of the world. Add to T,  ‘The absolute is 

lazy’ (abbreviate it by ‘A’) and we still get, at least as far as empirical 

adequacy is concerned, a successful total theory. Does this mean that ‘The 

Absolute is Lazy’ is confirmed just as much as the fundamental theorem of 

calculus (cf. Bergstrom,  1993, p. 333)? 

The obvious response is to say that T,A contains some unnecessary 

fat. Economy being a scientific virtue, we should hone it down to T. The

problem is: where does this honing stop? If E is the set of T’s empirical 

consequences, why not treat everything in T minus E as blubber and slim 

our total theory down to the lean, mean E, excising theoretical ‘fat’, all of 

mathematics along with theoretical science?  If our accepted theory T is 
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recursively enumerable, our language countable, and there is an effective 

way of deciding whether a sentence is observational or theoretical, then 

the set of observational consequences E of T is recursively enumerable too. 

Indeed, Craig’s method shows how we can construct a decidable set ‘visibly 

equivalent’, as Quine says, with it. Why not work simply with the program 

for enumerating E? To be sure, this will involve some mathematics, but 

only a weak amount, sufficient arithmetic for proof theory. 

Quine’s answer is that we have no realistic chance of getting at E 

except via deduction from T or rather a formulation of T:

The theory formulation is a device for remote control and mass 

coverage (1975, p. 324)

mass coverage of observation sentences, that is. Furthermore if E turns 

out to contain falsehoods, revision to a more acceptable E´ will only be 

practically possible by looking at ways of amending formulations of T. 

Quine’s empiricism counsels, then, adopting the leanest, meanest theory 

which we can grasp and which is empirically adequate. True Quine also 

admits scientific virtues other than empirical adequacy, scope and 

coverage; he admits, for instance simplicity and conservatism (Quine 

(1955), p. 247, (1990) p. 95, see Maddy, Chapter 13 §I).8 But his empiricist 

8 These additional  methodological desiderata and others often adduced– elegance,

explanatory power and so on– pose problems for naturalism independently of any raised 

by mathematics. Prima facie, they pick out human-relative virtues of an ‘aesthetic’ 

nature; naturalists thus have a job explaining why any such species-relative virtue yields 
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emphasis on economy and empirical adequacy leads him to jettison parts 

of mathematics which seem to play no role in scientific applications, for 

example the higher flights of transfinite set theory. This rejection takes a 

number of forms. Penelope Maddy charts the different nuances (Chapter 

13 §I). Sometimes he is tempted to write off the investigation of large 

cardinal axioms as a purely logical enterprise– the investigation of logical 

connections among essentially meaningless sentences (1984 p. 788). At 

other times (1990 p. 94) he advocates the adoption of the axiom of 

constructibility, V = L; this ‘thins’ out the bloated hierarchy V of sets and 

commits him to the non-existence of a vast range of sets which he views as 

empirically redundant. 

However this vast range of non-constructible sets form the main 

topic of research for contemporary set theorists. They may be reluctant to 

accept that they are engaged merely in logic chopping with empty 

formulae. Are they to be accused of delusions of transfinite grandeur 

which have led them to expend their energies arguing about non-entities? 

Must we urge them to get a life and join their colleagues across the 

corridor working in analysis or group theory and dealing with respectable 

denizens of reality? Quine’s naturalism has led him into a radical 

revisionism with respect to pure mathematics which might seem at odds 

with his insistence that there is no first philosophy and  with his 

a reliable guide to objective reality.  Steiner makes similar points with respect not to

science in general, but mathematics in particular: Steiner (1998). 
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reluctance to let philosophy decide matters of objective existence and non-

existence.

IV

Maddy, therefore, proposes a variant on Quinean naturalism which 

recognises the autonomy of mathematics. She joins (Chapter 13, §I) Quine 

in that 

large minority or small majority who repudiate the Cartesian 

dream of a foundation for scientific certainty firmer than scientific 

method itself.  (Quine (1990), p. 19)9

adding:

The simple idea is that no extra-scientific method of justification 

could be more convincing than the methods of science, the best 

means we have. (ibid.) 

9 Note that one can reject the Cartesian dream without following Quine any further in 

rejecting any firm, relatively determinate, and principled distinction between (legitimate)

philosophy and natural science. One could adhere to a traditional view of philosophy as a 

priori conceptual analysis, for example, whilst still being a fallibilist about the results of

that analysis (a priori  certain), a fallibilist in science and an anti-foundationalist in 

epistemology. More plausibly, one could accept some looser version of the view of

philosophy as discontinuous from science and as non-empirical, one which does not place 

much store on finding tight necessary and sufficient conceptual connections, whilst still 

being a fallibilist. Quineans sometimes move too quickly from rejection of Cartesian 

foundationalist epistemology to acceptance of a full Quinean package.
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However she then goes on to urge that no extra-mathematical method of 

justification (including naturalistic philosophising) could be more 

convincing than the methods of mathematics, which lead most set-

theorists, for instance, to affirm V  L. Philosophers should eschew any 

imperialistic ambitions to interfere in the internal affairs of the 

mathematical community.

To judge mathematical methods from any vantage-point 

outside mathematics, say from the vantage-point of physics, 

seems to me to run counter to the fundamental spirit that 

underlies all naturalism: the conviction that a successful 

enterprise, be it science or mathematics, should be 

understood and evaluated on its own terms, that such an 

enterprise should not be subject to criticism from, and does 

not stand in need of support from some external, supposedly 

higher point of view. (Maddy, 1997 p. 184) 

Note that whereas Quine seemed to be congenitally hostile to boundaries 

(leaving aside those on maps at any rate), seeking to replace them with 

differences of degree across spectra, Maddy’s naturalism, taken neat, 

presupposes fairly determinate boundaries between philosophy, science 

and mathematics. They need not be totally precise, nor need there be non-

trivial necessary and sufficient conditions which characterise the 

distinctions but if there is not even a vague boundary between philosophy 

and science or philosophy and mathematics  then it does not make sense 

to say that
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if our philosophical account of mathematics comes into 

conflict with successful mathematical practice, it is the 

philosophy that must give. (1997, p. 161) 

A treaty of non-interference across boundaries only makes sense where 

the boundaries exist. How can a Quinean class something as respectable 

philosophy and simultaneously deny it the right, so to speak, to criticise 

science? Maddy seems to accept this: 

I do not assert that philosophy is irrelevant to the assessment 

of mathematical methodology; I could hardly do so without a 

principled distinction between philosophy and mathematics. 

(op. cit. p. 200) 

denying (pp. 197-8) that there is such a principled distinction. The upshot 

seems to be a less absolutist, more fallibilistic, prescription on 

interference:

What I do assert, on the basis of the historical analysis, is 

that certain types of typically philosophical considerations 

have turned out to be irrelevant in the past. (ibid.) 

At any rate, if naturalistic philosophers should only describe, not 

prescribe, where the methods and results of mathematics are concerned, 

why does this not apply also to astrology or theology or “creation science” 

(cf. Dieterlie 1999)? Consider, for example,  cosmologists who believe in a 

plurality of causally isolated mini-universes, as a response to the “fine-

tuning” problem; in this multi-verse plurality all parametric values which 
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have to be put in “by hand” in current physics are randomly distributed. 

Imagine in addition there is sub-group who have specific views about what 

types of mini-universe there are. In particular, one cosmological sect say 

there are exactly 42 sub-universes in which there are Twin Earths where 

there has developed a parallel human or human-like form of  life, in 

exactly one of which John F. Kennedy (i.e. his parallel clone) is not 

assassinated, exactly one in which Scotland, not England, win the 

(Association) Football World Cup in its equivalent of 1966 CE (our 

cosmologists call this mini-universe ‘Paradise’) and so on. Perhaps these 

twists on (a sub-strain of) modern cosmology are based on scriptures they 

hold sacred or on interpretations of revelations of the sect leaders, grounds 

about which they debate apparently quite fruitfully and  using methods 

they mostly seem to agree on.  Since their position does not disagree at all 

with what standard science says about the universe we are all causally 

connected to, why is this not a successful enterprise with an extra flourish, 

a flourish comparable to the higher flights of transfinite set theory or some 

other branch of pure mathematics remote from any obvious possibility of 

empirical application? 

Maddy answers that she is not advocating a quietist tolerance of all 

systems of thought and belief. She is a scientistic naturalist like Quine but 

one who disagrees with Quine, on scientific grounds, (for the Quinean 

considers epistemology and methodological prescriptions a sub-discipline 

of natural science) about scientific methodology. Science is less of a 

seamless whole than Quine suggests, even when he allows that science is 
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‘neither discontinuous nor monolithic. It is variously jointed, and loose in 

the joints in varying degrees’ (Quine, 1975. p. 314). Possession of the 

theoretical virtues adumbrated by Quine is insufficient to generate belief 

in a theory, in all circumstances and departments of science. Using a 

detailed investigation of the fate of the atomic theory in the nineteenth 

and early twentieth century up to its general adoption after the 

experimental work of Perrin, she concludes 

the theory enjoyed the Quinean virtues in abundance by 

1860, when its successes in chemistry were crowned by the 

computation of stable atomic numbers, and even more so by 

1900, after the rise of kinetic theory in physics.  But 

scientists were not satisfied until the direct detection of 

atoms by Perrin, verifying the crucial predictions of 

Einstein’s 1905 calculations.  This, I claim, means that the 

theoretic virtues are not enough, that enjoyment thereof is 

not what evidence is, that our best scientific theory is not 

confirmed as a whole, that some of its posits are properly 

regarded as fictional until further, more specific testing is 

possible.  (Maddy, Chapter 13, §II.3) 

Her conclusion seems to be that science as a whole is rather more 

heterogeneous than Quine thinks, that some parts of our overall system 

we may not believe in but nonetheless accept, ‘as fictional’. She even moots 

the possibility that the existential deliverances of mathematics may come 

under that score: 
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My guess is that, in the end, the explanations and accounts of 

naturalized philosophy of mathematics will not involve a literal 

appeal to the objects of pure mathematics. (op. cit. §II.5) 

with one way to cash that out being: 

mathematical claims aren’t true and mathematical things don’t 

exist, though it’s rational and proper to assert that they are and do 

in the course of doing mathematics. (ibid.)

Moreover, given the tight inter-connections inside mathematics, pure and 

applied, the same ontological reading should apply to all such 

deliverances, from the existence of infinitely many primes to the existence 

of inaccessible cardinals. 

To distinguish different types of ontological commitment in 

different types of existential assertions, to discern fundamental 

ambiguities in ‘exist’ in this way, is to proceed on very unQuinean lines 

(see Quine, 1960, pp. 131, 241-2) which certainly need substantive 

justification. If, on the other hand, the claim is that mathematicians and 

non-atomistic chemists hold that atoms and prime numbers do not exist, 

in the only sense of ‘exist’ which exists (!) but nonetheless find it a useful 

fiction to pretend that they do, then there certainly needs to be some work 

doing making that claim good, at least for the mathematical community. 

Moreover, one does not need to be a Quinean to ask what makes the 

atomic hypothesis part of the overall theory ‘held’ by chemists such as 

Ostwald who treated (pre-Perrin) the hypothesis as a useful instrument. 
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How is atomism part of their theory if they did not actually believe in 

atoms?10 At any rate even the second-class, non-literal existence according 

by some to atoms in the 19th century and which might perhaps be accorded 

to prime numbers in the 21st, Maddy certainly does not want to allow to 

the cosmological sect’s 42 Twin Earths.

Speaking as a scientific naturalist from within the perspective of 

current science, for she knows of no higher or better perspective, she 

would reject the weird cosmology because there are no scientific reasons to 

believe in the 42 Twin Earths. But there are overwhelming scientific 

reasons (the indispensability argument) for believing in, or at least 

‘accepting’, contemporary mathematics. Moreover detailed investigation of 

current mathematics, Maddy conjectures, will show that, unlike science in 

general,  it is, if not a seamless whole, at least highly interconnected. It 

may well prove very difficult to separate out those parts which are clearly 

‘pure’ mathematics, with no possible practical applications, from those 

which are applied or liable to be applicable, especially when one considers 

the highly esoteric branches of mathematics– non-Euclidean geometry, 

infinite dimensional Hilbert vector spaces– which have turned out later to 

be highly useful. 

10 Furthermore, Maddy’s argument requires ruling out the possibility that the refusal of

Ostwald and company to accept the existence of atoms was based on empiricist

metaphysics, proto-verificationism perhaps, rather than on scientific reasons alone. Cf.

Mark Colyvan (2001) Chapter Five.
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For Maddy, the direct reasons for believing that V  L are 

mathematical reasons, not scientific ones but still worthy of respect 

because of the indispensability of mathematics as a whole in science; so in 

that sense, indirectly scientific. The Twin Earth cosmologist might claim 

that her scriptural, or whatever, reasons for believing in the 42 Twin 

Earths have a similarly indirect scientific justification. The idiosyncratic 

parts of her  cosmology cohere very well, she may claim, with the more 

standard parts of her cosmological and scientific views in such a way that 

it would spoil the overall elegance of the theory to rip the idiosyncratic, 

scriptural parts, out and leave the rest. Insofar as the rest is indispensable 

in accounting for the phenomena, so are the details of the 42 Twin Earths. 

Such a cosmologist might claim this, but without any plausibility. 

True much will depend on providing a philosophical justification for the 

claim that ‘scientific methodology’, whatever exactly it is, is more rational 

that the methods used by creationists etc. to arrive at results contrary to 

science. But it would be obtuse to deny that the methods of set theory, 

“higher” and “lower” are much closer in nature to the mathematical 

methods utilised in, for example, quantum physics than the imagined 

disputations and dogmas of the 42 Twin Earth sect. However Quine 

himself allowed into his total theory some currently unapplied parts of 

pure mathematics for ‘simplificatory rounding out’ (1984 p. 788) and to 

spare oneself ‘unnatural gerrymandering of grammar’ (1990, p. 94). So 

maybe the difference here between Maddy and Quine is largely one of 

judgement as to how far one should go in ‘rounding out’.
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Furthermore,  Maddy may still be vulnerable to less extreme 

theistic views than those considered or imagined above. After all, there 

have been and continue to be eminent scientists who have been or are 

theists, often theists of a rationalistic, non-fidiestic stamp. Many of them 

do not see their religious beliefs as sharply discontinuous in content or in 

their underlying justification from their scientific ones, but rather as 

complementing or even enhancing the coherence of their scientific world 

view. Only a belief in a beneficent God, they might argue, renders reliance 

on inductive extrapolation reasonable, or explains adequately the ‘fine-

tuning’ of natural constants to values which permit stable complex 

molecules to exist or explains the ‘unreasonable effectiveness’ of 

mathematics, some of it highly esoteric and without obvious physical 

application when introduced, in generating deep and plausible scientific 

theories which staggeringly good records of predictive accuracy.11

The Quinean may say that in order to make a sharp break with 

theistic scientists of this type, one should adhere only to total theories 

which meet Quine’s empiricist theoretical virtues, and that will 

necessitate excluding not only theism, but also much of transfinite set 

theory. Maddy could retort that the examples of esoteric pure 

11 Mark Steiner (Steiner, 1998) has provided some thought-provoking examples of 

generalisations or extensions of physical theories on the basis of what seem to be purely

mathematical, often even notational, similarities which have been highly successful

empirically; he argues that this is hard to explain naturalistically (cf. the more general 

comment– footnote 8–on aesthetic considerations in scientific methodology).
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mathematics turning out to have unexpected empirical applications 

provides a purely empiricist reason for accepting the methods and results 

of mathematicians as a whole, pure and applied. Alternatively, an 

atheistic naturalist could nonetheless allow that some theists provide 

naturalistic reasons, albeit ones the atheist does not accept, for their 

theism, in much the same way as some methodological naturalists are led 

to the prima facie anti-naturalist doctrine of platonism in mathematics, 

that is belief in  abstract, eternal, mind-independent, numbers, functions 

sets et. al.

V

I turn finally, then, to ontological naturalism. The ontological 

naturalist holds that we have a reasonably determinate conception of 

what it is to be physical and avers that everything is physical, in 

particular all objects are physical as are all properties and relations 

(trivially, for a nominalist, in the medieval sense, who believes there are 

no properties or relations). Providing a characterisation of physicality is 

not an entirely straightforward matter (cf. Burgess and Rosen, 1991 

§1.A.1) but I will assume for present purposes it is not impossible. 

Certainly we seem to have a clear idea in particular cases: the Sun is a 

physical object (albeit its boundaries are vague), the mass of the Sun a 

physical property whilst Cartesian souls, if they exist, are non-physical. 

We can then divide naturalists in general into two camps with 

respect to ontological naturalism: the ontological naturalists and the 
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revolutionary defeatists. The second group reject ontological naturalism 

but argue that this rejection is compatible with, perhaps even implied by, 

their methodological naturalism, the strand of naturalism which is 

important to them. Logicists and Quineans typically belong to this 

grouping, taking mathematics pretty much at face value and arguing, if in 

Quine’s case somewhat reluctantly, that this commits us to the existence 

of an infinite mathematical ontology of objects and (for the logicists) 

properties which are clearly non-physical. 

The ontological naturalist camp divides further into fictionalists 

such as Field, who deny the existence of mathematical entities but seek to 

account for the importance of mathematics via its instrumentalist utility 

and less radical philosophers who seek to construe or reinterpret 

mathematics so that its theorems come out as true but with no 

commitment to abstract, non-physical objects and properties. One strategy 

here is to take modality as primitive and read mathematics as dealing not 

with an actual infinity of abstract objects but with possibilities that 

infinite structures could exist or with endless possibilities for constructing 

concrete but nonetheless mathematical objects, tokens of mathematical 

formulae for example.12 Examples include the modal structuralism of 

12 Intuitionism can also be seen as a ‘modalise mathematics’ strategy for rejecting 

platonism. But intuitionism, even if shorn of the highly Kantian elements in Brouwer’s

original formulation, is perhaps not very promising for naturalists, given its radically

revisionary nature and the question mark, to say the least, as to whether it allows for 

sufficient mathematics to meet the needs of the sciences, today and tomorrow.
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Geoffrey Hellman (1989), the modalized type theory of Charles Chihara 

(1990), and perhaps Kitcher’s empiricist constructionalism (1983). The 

main difficulties here, from a naturalistic perspective, are the legitimacy 

of taking modality as primitive, or more radically, the respectability of 

modality from a naturalistic perspective. Quine, of course, took a very dim 

view on this score.

A rather different strategy builds on the idea that the finite 

cardinals are properties of properties, two is a property shared by all 

doubly instantiated properties and so on (Bigelow’s work– Bigelow 1988– 

is an example of this strategy). This is quite an attractive strategy for 

anyone who believes  in the objective existence not only of first-order 

physical properties but also of higher-order ones, arguably a reasonable 

position for a physicalist to take. If position properties exist, should we not 

see velocity as dependent on higher-order properties of position properties, 

acceleration as dependent on third-order properties of velocity properties 

and so on? The classic difficulty with this position is that if there are in 

actual fact only finitely many first-order properties then arithmetic, never 

mind analysis and so forth, will not get off the ground. There certainly 

seems to be no a priori reason for supposing there are infinitely many 

physical objects or properties. Logicism runs into similar difficulties, at 

least if the argument of Shapiro and Weir (2000)  is right.13

13 Which it is– (ed.). 
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Since these problems are treated more fully elsewhere, I want to 

focus finally on a problem which afflicts, I will urge, both Quine’s account 

of mathematics and also Field’s, despite their opposing stances on 

indispensability. We might call it the problem of the conceptual

indispensability of mathematics for theoretical science as opposed to any 

deductive or methodological reliance on mathematics for churning out 

predictions from theories, or ontological dependence of science on 

mathematical objects as playing a role in causal explanation– Field’s 

‘heavy-duty platonism’ (Field, 1980).

According to scientific realists, many, at least, of our theoretical 

terms refer to objects way too small or large for us to come into contact 

with through normal perceptual means. How do we manage to do this 

referring? Naturalists, who generally adopt a realist position14, ought to 

want to explain this. True, the enormous problems which have beset all 

attempts at giving a naturalistic explanation of language understanding, 

at accounting for the normativity of language and so on, are very daunting 

and it is not surprising that many philosophers have thrown in the towel 

and adopted a sort of Wittgensteinian quietism. Even so non-

Wittgensteinian a philosopher as Tim Williamson writes: 

14 Perhaps some anti-realist philosophers would want to adopt the ‘naturalist’ label. At 

least if one restricts to ‘methodological’ as opposed to ontological naturalism, this does not

seem incoherent. To such philosophers I would say that the following criticisms apply 

only to ‘realist naturalists’ but that for convenience (and because I think this represents 

the usual naturalist position) I will restrict the term ‘naturalist’ to apply only to realists. 
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The epistemic theory of vagueness makes the connection 

between meaning and use no harder to understand than it 

already is. At worst, there may be no account to be had, 

beyond a few vague salutary remarks. Meaning may 

supervene on use in an unsurveyably chaotic way. 

(Williamson 1994 p. 209) 

But it would unnaturally defeatist for a naturalist to adopt this stance.15

Now what account does Quine have of the mechanism by which 

theoretical words link to theoretical objects? It is largely a negative 

account: operationalist, verificationist and other ‘reductionist’ 

explanations of this link are hopelessly inadequate: the holistic points of 

‘Two Dogmas’ alone show this. On the positive side, Quine develops an 

account of empirical meaning for observation sentences– the stimulus 

15 Perhaps there really is a plurality of mini-universes with Twin Earths. Perhaps on 

some of them sophisticated culture and philosophy flourish but only a stunted science 

and technology exists because anti-naturalism has gained an unshakeable hold on the 

intellectuals. On one Twin Earth, Wittgenstein’s twin,  Ludwig Twittgenstein, say, 

declared that the wandering stars roam round the night skies in an unsurveyably chaotic 

way and not even Babylonian astronomy emerged. On another, L. Twittgenstein II

persuaded everyone that  the basic elements combine to form the vast array of substances 

around them in a similarly chaotic way and non-systematisable way and chemistry did 

not emerge, elsewhere (metaphorically speaking) Twittgenstein III pointed persuasively 

to the incredibly chaotic nature of the brain and physiology was killed at birth. It is the

mark of the naturalist, it seems to me, to soldier on regardless, looking for system amid

the chaos. 
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theory (albeit one which he held with less and less assurance and more 

and more qualification in his later work– see George, 1997)– and argues 

that we grasp theoretical terms solely by grasping the interconnections 

among theoretical sentences and the empirical meaning of their empirical 

consequences. As we saw in §II, the latter can mean little more, for Quine, 

than the basic analytic logical connections. Constraints imposed by 

‘synthetic logic’, mathematics and non-deductive methodology are simply 

further nodes in the overall theory. 

Suppose an interpreter selects a set of operators O of our language 

as subject to meaning-constitutive constraints.16 Call a sentence non-

logical if no member of O is its dominant connective; and consider pairs of 

functions f, g  where f maps the non-logical sentences (including open 

sentences) onto sentences (logical or non-logical) and g is a permutation of 

the members of O. Let an interpretation function I be a permutation of the 

language such that i), if S is non-logical I(S) = f(S); ii) where C  O, I[C(S1,

…Sn)] = g[C](I(S1), …I(Sn)), where the Si  are the immediate constituents of 

the sentence [C(S1, …Sn)] (in which C is dominant). Finally declare an 

interpretation to be Quinean if f preserves empirical content, and g maps 

connectives onto connectives with the same meaning, according to our 

meaning-theory (e.g. the verdict matrix theory) for logical connectives. 

If all Quinean interpretations are correct, if they all preserve 

objective meaning then will there not be a plurality of widely diverging, 

16 The following proposal generalises easily to interpretation of other languages. 
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indeed incompatible, interpretations? For the only constraints on 

interpretation are to preserve empirical meaning and the meaning of the 

logical connectives, as given by the verdict matrices, or something similar. 

Quine, of course, agrees. This is indeterminacy ‘from above’ (Quine, 1970) 

and the argument need not rely on any demand for behaviouristic 

reduction of meaning: the main premisses are that the above two 

constraints are the only ones, plus a modest Quine/Duhem holist denial 

that the typical theoretical sentence has any empirical meaning. What 

conclusions should then be drawn, with respect to realism? Compare 

Quine’s indeterminacy from below, his argument for ontological relativity. 

I am not concerned here with the plausibility of the argument, merely 

with the conclusions he draws. 

Quine claims that for some singular terms, ‘Bugs Gavagai’ and 

‘Bugs Gavagai’s left ear’, say, we can have

The objective meaning of ‘Bugs Gavagai’ = the objective 

meaning of ‘Bugs Gavagai’s left ear.’ 

But surely we also have the following principle concerning the dependence 

of reference on meaning (omitting, for simplicity, a uniform relativisation 

to context). 

If the objective meaning of singular term t = the objective 

meaning of singular term u then the referent of t = the 

referent of u.
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Putting the above two together we infer that the referent of ‘Bugs Gavagai’ 

= the referent of ‘Bugs Gavagai’s left ear’ and then, disquoting with 

respect to reference, that Bugs Gavagai = Bugs Gavagai’s left ear, which is 

absurd. But Quine does not conclude from all this that his thesis of 

indeterminacy from below is absurd. Rather,

reference is nonsense, except relative to a coordinate system. 

... What makes sense is to say not what the objects of theories 

are, absolutely speaking, but how one theory of objects is 

interpretable or reinterpretable in another. (Quine, 1969, 

pp. 48, 50) 

Now, however, consider the ‘argument from above’, that is the 

interpretation of (late) Quinean holistic empiricism as saying that the only 

constraints on interpretation are preservation of empirical content and of 

the meaning (as given by the verdict matrices, say) of the logical 

connectives. Take as example Newton’s inverse square law x yN where 

N is 

Fxy = g mx my

r2

stating that the gravitational force exerting on the line between massive 

objects x and y is proportional to the product of their masses and inversely 

proportional to the square of the distance r between them. The law has no 

empirical content on its own, independent of auxiliary hypotheses 

concerning the other forces in play and boundary conditions telling us 
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what other objects there are in their world. Neither has the negation of 

Newton’s law, ~ x yN, any empirical content and the same is true of 

each instance of N and each of its negations ~N. If O contains just the 

usual sentential logical operators the function f which is trivial except it 

maps Newton’s law to its negation preserves empirical content. Thus by a 

blunt application of the Quinean ‘argument from above’, Newton’s law and 

its negation have the same objective meaning.17 Add the corresponding 

principle of dependency of truth on meaning: 

If the objective meaning of sentence p = the objective 

meaning of sentence q then the truth value of p = the truth 

value of q.

and the disquotational schema: 

The truth value of p = the truth value of q iff A  B. 

whose instances are generated by substituting a name of the substituend 

for A for p and similarly a name of the substituend for B for q. Now we are 

able to conclude, in parallel fashion to the ontological relativity argument,

17 We can add the quantifiers into O and retain the trivial g by letting f map the open 

sentence N to ~N and otherwise be the identity map. This generates an interpretation 

which maps Newton’s Law to x y~N so that the same principles yield x yN

x y~N,  again absurd (in a non-empty domain). If all of this is too blunt, consider

subtler examples of empirically equivalent (for us) but genuinely incompatible (at least 

on a realist perspective) sentences, such as a formulation of a standard Big Bang theory 

together with one which posits our old favourite, a multiverse of Big Bang universes. 
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x yN  ~ x yN

which is absurd, not only in classical logic but in many weaker ones too.

How to avoid this contradiction? The parallel conclusion to draw is a 

deep relativism regarding truth:

truth is nonsense, except relative to a coordinate system. ... What 

makes sense is to say not whether a theory is true or not, absolutely 

speaking, but how one theory is interpretable or reinterpretable in 

another, taken to be true. 

Even Newton, then, had he been a Quinean(!) could not have said that the 

inverse square law was true absolutely. It is true relative to a 

‘homophonic’ interpretation, false relative to others. The only sentences 

true or false absolutely are observation sentences which wear their 

empirical meaning on their sleeve. The problem for the naturalist is  that 

Quineanism leads to radical instrumentalism; for on the Quinean picture 

there is a radical asymmetry between truth for observation sentences 

(absolute) and truth for theories (relativistic) and it is this metaphysical 

asymmetry between theory and observation which is the essential feature 

of instrumentalism.18

18 Some use ‘instrumentalism’ to mean the doctrine that theoretical terms have no truth

value (cf. Quine, 1975, p. 327) But this is, at least in current philosophy, a rather 

uninteresting doctrine.  Instrumentalists are prepared to affirm current science, so they 

should be prepared to affirm its truth, at least on a disquotational account of truth. They 

differ on the metaphysical interpretation of theoretical sentences, finding a cleavage 
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Now Quine recoils from relativity of truth, partly I think from a 

residual realism, partly as a result of the false notion that any substantive 

form of relativism is paradoxical and partly because he thinks his rejection 

of first philosophy immures him to relativism: 

there is no extra-theoretic truth, no higher truth that the 

truth we are claiming or aspiring to (Quine, 1975, p. 327). 

But this is to confuse epistemological with metaphysical issues. The 

instrumentalist can adopt Quine’s methodology, espouse nothing not 

endorsed or at least compatible with best scientific practice but give a 

metaphysical reading of theoretical sentences at variance with that given 

to observational. Quine is that instrumentalist, in fact. 

Thus the dilemma for a naturalist who adopts a Quinean 

empiricism on mathematics based on a general holism plus empiricism 

about meaning:– how to buy into so very much of the Quinean package 

without swallowing all the relativistic instrumentalism, which, of course, 

will apply to mathematics through and through. The least prime number 

theorem and its negation will have the same meaning for Quine, both 

between the metaphysical grounding of observation sentences and that, parasitic on the 

first, of theoretical ones. Thus I do not think Quine can escape a charge of 

instrumentalistic anti-realism as he seeks to do (ibid.) simply by endorsing 

disquotational truth. 
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being devoid of empirical content and a reinterpretation of, say the theory 

of rationals in the theory of the natural numbers, will be perfectly licit.19

There is, though, an obvious strategy of response here, but it is one 

which brings no comfort to the naturalist. Let O be a Quinean observation 

sentence and consider O, O&O and O O. These three sentences, being 

logically equivalent, are empirically equivalent. Furthermore, the 

interpretation I based on f(O) = O&O and the trivial mapping g sending all 

sentential operators to themselves is a good Quinean one, as is I* based on 

f*(O) = O O and the same g. Yet there are clear materials within the 

Quinean philosophy of language itself for distinguishing the meaning of O, 

O&O and O O.  The phrase structure tree associated with the first is very 

different from that for the other two and although those two in turn have 

structurally identical phrase trees, the constituents on the corresponding 

nodes where they differ– & and – differ in meaning according to purely 

Quinean conceptions of meaning. So even an empiricist can discern a 

notion of meaning narrower than sameness of empirical content, narrower 

than  mutual interpretability according to Quinean interpretation 

functions. The notion is evidently close to Carnap’s notion of intentional 

19 Indeed if we have a countable infinite set F of false scientific claims devoid of empirical

content, none of which has one of our ‘meaning-constitutive’ logical operators as the 

dominant operator, then there will be a good Quinean interpretation which maps all the 

non-logical arithmetical truths into F (with g trivial). Arithmetic can perfectly well be

interpreted as about phlogiston as the numbers. Though Quine might be prepared to bite

the bullet, I take this as a reductio. 
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isomorphism– same grammatical structure, synonymous ultimate 

constituents– though for semantic purposes it would be sensible to  widen 

somewhat, to allow, for example, that sentences transformable into one 

another by very simple means– active/passive transformations for 

instance, are synonymous. Quine, himself, objects to this sort of use of  the 

Carnapian notion to stymie indeterminacy but the main reason he gives is 

question-begging:- that if we use intentional isomorphism to characterise 

a more fine-grained notion of synonymy then the indeterminacy thesis 

fails.20

However, merely appealing to the meanings of the logical 

connectives in a Carnap-style account of meaning will not of itself 

explicate how logically incompatible but empirically equivalent sentences 

can differ in meaning. To do that, we need to explain how ultimate 

constituents other than logical operators (and observation sentences) can 

differ in meaning. One way is to steal some leaves out of the logicist’s 

book. If S differs from R only in that S has the numerical operator nx x

where R has a class operator {x: x} then they differ in meaning because 

the rule governing the meaning of the numerical operator– the rule form 

of Hume’s Principle perhaps– differs from that governing the class 

operator,  perhaps a weakening of the rule form of Axiom V. 

In what way could all this lay the basis for a naturalistic 

explanation of how our theoretical terms reach out to items utterly 

20 At least that is how I read Quine, 1960, §42, especially the paragraph pp. 205-6. 
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inaccessible to perception? Here’s a very crude story. Imagine we grasp a 

four-place predicate xyCongzw which we apply to observable rods (or rod-

like segments of surfaces) and whose meaning is that the rod whose two 

end slices are x and y is congruent with that whose end segments are zw.

We might manifest our grasp of this purely empirical predicate by, among 

other things, transporting rods and laying them end to end before issuing 

in a judgment. (How closely our grasp of such empirical predicates is tied 

to such verificatory behaviour is, of course, a highly controversial matter.) 

As well as simple judgements that one segment is congruent, or not, with 

another we will be able to grasp such ideas as that there is a point t

between the endpoints zw of a segment such that xy is congruent with zt

and with tw.

Now imagine that we also have an independent grasp of basic 

arithmetic. We might then be taught that there is a point t between the 

endpoints zw of a segment such that xy is congruent with zt and with tw.

is synonymous21 with zw is 2 times the length of xy . And so on for 3

times, 4 times etc. If, in our system, ab is a standard unit, like the old 

Parisian standard meter then, for many values n, zw is n times the 

length of ab  will by synonymous with an expression which language 

users utterly innocent of arithmetic can produce. But in other cases not: 

we might find ourselves saying that zw is 1045 times the size of ab or 10–45

the size of ab and neither sentence may have any translation back into 

21 Or at least paraphraseable in an interesting sense. 
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our purely empirical notion of congruence. Yet it may be suggested that by 

this means we are able to refer to lengths vastly greater than, or less than, 

anything perceptually discernible. 

This suggestion may, of course, by strongly resisted. I am not 

intending to suggest here that this naturalistic strategy for explicating 

how we get beyond acquaintance solely with medium-sized dry objects is 

obviously going to succeed in the case of length (far less other physical 

magnitudes) or indeed that this is the only model for the introduction of 

theoretical terms; there is, of course,  the Lewisian structuralist model in 

terms of Ramsey sentences (Lewis, 1970) although, as he himself seems to 

accept, this will not take us from observation to theory on its own. My 

claim is just that it is hard to see another route for the naturalist to follow 

in attempting to explain our grasp of the non-observable. But now the 

whole strategy depends on our having an independent grasp of arithmetic, 

or more generally mathematics,  that is an independent understanding of 

the sentences of these disciplines and some significant, albeit fallible, 

ability to differentiate correct from incorrect mathematical sentences. 

Granted that, and a disquotational notion of truth, we are committed to 

the existence of a body of truths grasp of which is independent of our 

understanding of empirical theory, indeed the latter presupposes it. Grasp 

of the highly theoretical sector of language T presupposes firstly grasp 

observational segment O and also grasp of a fragment M of mathematics. 

So now the naturalist has the problem explaining our grasp of M and 

Quinean holism cannot provide the answer. 
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