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Realism, Ramsey Sentences and the Pessimistic Meta-Induction
David Papineau

1 Realism under Threat

1.1 Introduction

The empirical evidence often justifies belief in scientific theories.  For instance, the great wealth of chemical and other relevant data leaves us with no real alternative to believing that matter is made of atoms.  Similarly, the natural history of past and present organisms makes it irrational to deny that life on earth has evolved from a common ancestry.  Again, the character and epidemiology of infectious diseases effectively establishes that they are caused by microbes.  Peter Lipton did much to illuminate the logic of these and many similar inferences.  Often the observed facts admit of only one good theoretical explanation.  Rationality therefore dictates that we infer the truth of this explanation.  (Lipton 1991/2004.) 

In this paper I shall assume that abductive inferences of this kind can be legitimate.  Of course, the observed facts will never force a theoretical conclusion by logic alone.  Since theories say more than their observable implications, there is always the logical possibility of alternatives to even the very best explanation.  Perhaps the chemical facts appear as they do, not because there are atoms, but because tiny green men are constantly labouring to make it seem as if there are atoms.  But this kind of purely in-principle ‘underdetermination of theory by the evidence’ cannot by itself discredit abductive inferences.  To suppose that the mere logical possibility of error discredits a form of inference is to set the standards too high.  Apart from anything else, this would rule out any knowledge of the future, let alone of the unobservable world.
So I shall take it that we are entitled to believe a theory when the only other options consistent with the evidence are cooked-up alternatives with no serious pretensions to truth.  Of course, scientists aren’t always in the happy circumstance where the data rule out all but one substantial explanation.  Often they will be faced with a number of real options, not just silly cooked-up constructions.   But science is extremely ingenious at uncovering or engineering new evidence that can eliminate serious candidates from such competitions, and often enough this process of elimination proceeds until only one real explanation is left standing, and the only other alternatives still consistent with the data are mere logical possibilities unworthy of serious credence. 
1.2 The Pessimistic Meta-Induction

So the ‘underdetermination of theory by evidence’ is no reason to reject the realist contention that we can know our best scientific theories to be accurate descriptions of reality.  My focus in this paper will rather be on a different threat to scientific realism—namely, the ‘pessimistic meta-induction’ from past theoretical failures.  If we look back at the history of science, we find that many previously accepted theories are now discarded.  No doubt the scientists of the time thought that their favoured theories were the only possible explanations of the data.  But with hindsight we can see that they were wrong.  The ‘pessimistic meta-induction’ draws the obvious moral.  Science characteristically overextends itself when it judges that the empirical evidence firmly establishes some theory.  So it would be a mistake to view the theories currently favoured by contemporary science as established knowledge.  (Laudan 1981.)
A first response to this argument is that it paints with too broad a brush.  It lumps theories of very different kinds into one reference class.  In particular it does not discriminate between theories supported by a great deal of evidence and those supported by very little.  Many of the theories accepted in the history of science had no substantial empirical support.  There was very little evidence for humoural medicine, alchemical theories of matter, or the miasma theory of disease.  So there is no reason to suppose that the failure of theories like these discredits the far more strongly evidenced theories of modern science.
However, this response only takes us so far.  For not all past theoretical failures can be attributed to poor evidence.  Many theories that we now reject once claimed a significant amount of empirical support.  It would be silly to say that there was little evidence for classical mechanics, say, or the caloric theory of heat, or the aether-based theory of electromagnetic radiation.  And so the failure of these theories really does cast serious doubt on our present-day theories.  If even well-supported theories like these can turn out to be false, then who is to say that some of our most favoured current theories may not fail too?   
At this point it is natural to appeal to a different strategy.  Maybe a number of well-evidenced past theories have since been discarded.  But none of these theories was completely mistaken.  They may have involved some false assumptions, which is why we no longer uphold them.  But nevertheless they can be deemed to have been approximately true.  And this then suggests that we can respond to the pessimistic meta-induction by maintaining that our current theories are no doubt approximately true too.  Of course, this is less than holding our present-day theories to be fully true.  But it would be very ambitious indeed to claim that our current theories are true in every last respect—especially given the evidence that many highly-evidenced past theories have contained at least some mistakes.  If we are to uphold some version of scientific realism, it would seem sensible to settle for the lesser claim our current theories are approximately true, not true in every detail.   
As is well-known, the notion of approximate truth is not straightforward.  However, I shall say little in this paper about alternative ways of regimenting this notion.  I take one lesson of the last few decades of research into this topic to be that there is no good notion of approximate truth tout court.  If we are to speak of approximate truth, we need to specify the respects in which we are comparing our theory with the truth.  For example, in thinking about classical mechanics, how much weight do we put on accuracy with respect to bodes moving at relatively low speeds in certain privileged reference frames, and how much on other cases?  Clearly there is no ‘objective’ answer to such questions.  It is simply a matter of which areas of application we place most weight on.  Still, even if the notion of approximate truth needs to be relativized in this way, this does not empty it of interest.  In particular, it can still play a role in responding to the pessimistic meta-induction.  Suppose that past theories have at least proved approximately true in certain specific respects.  Then it is open to us to argue that the history of science gives us reason to suppose that present-day theories are also approximately true in these same respects.
1.3 Questions of Reference

However, as I said, I do not want to dwell on the knotty notion of approximate truth in this paper.  Rather my main concern will be with something that is generally supposed to be a precondition for approximate truth, however the latter is understood—namely, successful reference.  In general, claims made using non-referring terms are either false or truth-valueless.  In order to speak truly, you must first make contact with reality.  So it looks as if a theory must make successful reference to real-world entities if it is to be so much as a candidate for approximate truth.  If its terms don’t refer to anything, then there doesn’t seem to be any question of how far the theory describes its subject matter accurately. 
However, if this point is granted, then it looks as if realism is in trouble once more.  For many past theories were not only false, but had central terms that failed to refer.  Nor can this objection be blocked by claiming that it is only poorly evidenced past theories that so failed to refer.  For non-referring terms are not peculiar to such groundless theories as humoural medicine or the miasma theory of disease.  Along with humours and miasmas, we now also reject gravitational forces, caloric fluid, and the aether.  But, as observed above, Newtonian gravitational theory, the caloric theory of heat, and nineteenth-century electromagnetism were highly confirmed theories, if any are.  So it seems that even highly confirmed theories can fail to be approximately true, for want of successful reference.
One popular realist response to this objection is to query whether the central terms of such highly confirmed theories really failed to refer.  Advocates of this line typically argue that widespread attributions of reference failure stem from an excessively descriptivist approach to reference, and can be avoided if we adopt a more sophisticated causal theory of reference.  Where descriptive theories of reference are ‘stingy’, in the sense that they are quick to attribute non-reference to past theories, causal theories are more ‘generous’, and imply that far more past terms succeeded in referring to real entities. 
To see why this is so, note that descriptive theories of reference maintain that any referring term latches onto that entity that satisfies some set of associated descriptions accepted by users of the term.  Now, there are familiar issues about exactly which descriptions are relevant to so fixing reference.  But without trying to decide this issue here—it will figure prominently in what follows—we can see how the descriptive theory will be relatively quick to imply that old terms failed to refer.  Thus suppose that the term ‘aether’ referred to that entity, if any, that satisfies such descriptions as ‘medium for the propagation of electromagnetic radiation in accord with Maxwell’s equations’, ‘elastic solid’, and ‘at rest in absolute space’.  Since in reality there is no entity that satisfies all these descriptions, it would then follow that ‘aether’ does not refer.

And more generally the descriptive theory will tend to imply that the entities posited by past theories do not exist, for want of anything that satisfies all the relevant descriptive demands.  Gravitational forces do not exist, since there are no dynamic agents that result from the presence of masses and act to divert the geodesic motion of other masses.  Caloric fluid does not exist, since there is no fluid that is responsible for the phenomena of heat.  And so on. 
By contrast, causal theories of reference theories will tend to uphold the referential success of past theories.  On the causal view, reference is not fixed descriptively, but via some kind of initial dubbing or ostension.  The relevant term then spreads causally through the community and continues to refer to the original bearer.  (Kripke 1980.)  In the case of theoretical terms in science, we can think of scientists as initially pointing to some observable phenomenon (gravitational motion, heat transfer, light) and then coining a term for its unobservable basis.  (Putnam, 1973.)  On this causal account, then, the scientists’ theories about the nature of these entities play no role in fixing the reference of their terms, and so their theoretical mistakes threaten no reference failure.  Instead their terms simply refer to the actual entities underlying the relevant phenomena.  So ‘gravitational force’ comes out as referring to space-time curvature, ‘aether’ as referring to the electromagnetic field, and ‘caloric’ as referring to kinetic energy.  The scientists who coined these terms may have had mistaken theories about these entities, but they were referring to them for all that.
The causal theory of reference thus promises to block the threat of reference failure.  However, the trouble is that the causal theory looks too good to be true.  After all, it is by no means intuitively obvious that we want to count ‘gravitational force’, ‘caloric’ and ‘aether’ as genuinely referring terms.  Even worse, the causal theory threatens to attribute reference in yet more dubious cases.  If pointing to some observable effect can secure reference to an underlying cause, then why shouldn’t ‘miasma’ refer to infectious microbes and ‘phlogiston’ to an absence of oxygen?  But something has clearly gone wrong if our theory of reference ends up attributing reference to paradigm non-referring terms like these.

1.4 Descriptive Realism
In response to this worry, some defenders of realism have sought to elaborate ‘hybrid’ theories of reference.  Their aim is to devise some mix of causal and descriptive requirements which will be generous enough to attribute reference to terms in well-supported mature theories, while not being so open-handed as to do the same for ‘miasma’ and ‘phlogiston’ (for example, Newton-Smith 1981, Hardin and Rosenberg 1982, Kitcher 1993, Psillos 1999).  But by this stage the argument is starting to look somewhat strained.  Does the success of scientific realism really depend on whether some fine-tuned theory of reference can discern enough (but not too much) referential success in past scientific theories?  If we are to be realists, we need to be able to maintain that successful past theories are by and large approximately true.  But it seems odd to suppose that this issue hinges crucially on delicate semantic issues about the precise line between referring and non-referring terms.
My aim in what follows will be to back up this suggestion by showing how we can uphold approximate the approximate truth of past theories even if we embrace a purely descriptive theory of reference that implies that the central terms in those theories failed to refer.  So I will be questioning the widely-held assumption that successful reference is a precondition for approximate truth.  Against this, I shall argue that a descriptive theory of reference offers a way of understanding scientific theories on which reference is irrelevant to approximate truth.  On this construal of scientific theories, a theory can be approximately true even if none of its central terms refer successfully.
In arguing this, however, I shall not be attempting to defend the descriptive theory of reference against the causal theory.  That would take me far beyond the scope of this paper.  Even so, I do intend the argument of this paper as a defence of scientific realism.  You can think of me as arguing in the alternative.  Either the descriptive theory of reference is right, in which case we can have approximate truth without successful reference, as I shall show below.  Or alternatively the causal theory of reference is right, in which case approximate truth isn’t threatened by reference failure in the first place.  So either way scientific realism will be all right.

For what it is worth, though, I do think that there are good arguments for viewing many scientific terms descriptively.  For most everyday terms, there seems no doubt that the descriptive theory of reference is mistaken.  Names of people, places, and many natural kinds lock onto to their referents in a way that owes little or nothing to our possibly mistaken ideas about their distinctive features.  Any kind of initial contact is often enough to fix reference for terms of this sort.  But in the special case of theoretical terms in science, we often aim to refer to quite unfamiliar kinds of thing, and we may need to appeal to theoretical descriptions to specify what sort of entity we are aiming to attach our term to (cf Papineau 1979, ch 5.7).  Moreover, there may be no opportunity for any ‘initial contact’ in the absence of our theoretical descriptions, since the putative referent may not yet have displayed any distinctive observable manifestations which may serve as the basis for some ostensive identification.  (The Higgs boson at the time of writing would be a case in point.)  For both these reasons, it looks as if theoretical descriptions often play an essential role in fixing the referents of scientific terms, and moreover that they do so in such a way that the terms will fail to refer if nothing in reality satisfies these descriptions. 

Of course, there is much more to say about this topic.  There are many dimensions to the debate between causal and descriptive theories of reference, and these brief remarks leave many issues unaddressed.  I offer them only as some motivation for my concern in this paper on the consistency of scientific realism with the descriptive theory of reference.  Still, as I said, my overall defence of realism does not depend on the descriptive theory.  For those who remain unpersuaded that the descriptive theory offers the right account of scientific terms, I can retreat to my argument in the alternative—it doesn’t matter to realism whether the causal or descriptive theory is right, since realism will be fine either way. 

2  Theories and Descriptions
2.1 Quine’s Verificationism
In this second part of this paper I shall temporarily turn away from issues of scientific realism, and instead concentrate on the descriptive approach to reference for scientific terms.  My aim will be to show how a descriptive theory can best be developed in the face of some familiar difficulties.  In the third and final section I shall then return to realism, and show how it can be defended in the context of the resulting descriptive theory.


An initial difficulty facing any descriptive theory of reference is Quine’s attack on the analytic-synthetic distinction (Quine 1951, 1960).  Quine argued that we cannot separate the descriptive assumptions in a scientific theory into those play a role in constituting the meanings of theoretical terms and those that do not.  If we combine this with the assumption that the meanings of theoretical terms must somehow be constituted by the theoretical assumptions they enter into, then it is difficult to avoid the holist conclusion that all theoretical assumptions together play a role in fixing the meanings of theoretical terms.  And this then threatens an extreme degree of stinginess on the part of descriptive theories of reference, for now it is hard to avoid the unhappy consequence that any scientific term will fail of reference as soon as any of the assumptions in the surrounding theory turns out false.  This looks bad, not just for scientific realism, but for the whole idea that the reference of scientific terms is determined descriptively.     

To assess Quine’s attack on the analytic-synthetic distinction, we need to disentangle two distinct strands in his thinking—his holism and his verificationism.  I shall be arguing that there is some truth in Quine’s holism, but that we can only appreciate its significance once we disassociate it from his misguided verificationism.  
Quine’s holism consists in the view that all theoretical assumptions alike play a role in breathing meaning into theoretical terms.  His verificationism then lies in the further thought that meaning is use—that is, that attaching a meaning to a term is a matter of being disposed to use the term a certain way, by asserting sentences involving it on the basis of sensory stimuli or other information, and in turn inferring further claims from sentence involving it.  

It is not difficult to show that Quine’s verificationism is problematic, whatever we think of his holism.  Note how his verificationist view of meaning implies a particular kind of connection between theories and the meanings of scientific terms.  The meanings you attach to a scientific term will depend on what theories you accept.  This is because the theories you accept influence the way you use scientific terms.  For example, if you accept the phlogiston theory of chemistry, then you will hold that burning causes air to become saturated with ‘phlogiston’, that ‘dephlogisticated’ air is easily breathable, and so on.  Similarly, if you accept the atomic theory of matter, you will deem water to be made of hydrogen and oxygen ‘atoms’, hold that different elements are each made of a distinctive kind of ‘atom’, and so forth.  So, from the verificationist perspective, your commitment to these theories will determine the meanings you attach to ‘phlogiston’ and ‘atom’.  Since the theories affect your dispositions to apply these terms, they affect the meanings you attach to these terms. 

There are many objections to this verificationist account of the connection between theories and meanings.  Most immediately, it implies that people who accept different theories involving some term will automatically attach different meanings to that term.  This then leads to the doctrine of ‘incommensurability’, according to which the adherents of different theories are unable to communicate, for lack of any terms with common meanings.  One particularly graphic consequence of this doctrine is that it becomes impossible to use the terms of some theory to reject the entities posited by that theory.  For example, we can’t express our disbelief in the ontology of the phlogiston theory by saying ‘there is no phlogiston’.  Since we non-believers use the term ‘phogiston’ differently from those who embrace the phlogiston theory, this denial won’t mean the same to them as it does to us.

Note that these unfortunate consequences of the verificationist approach are largely independent of the holist doctrine that all theoretical assumptions make a difference to meanings.  For similar results follow as soon as the acceptance of any substantial set of assumptions with synthetic consequences are deemed to affect meanings.  This alone will imply that those who disagree about this set of assumptions will attach ‘incommensurable’ meanings to the relevant terms, that we cannot use the terms embedded in these assumptions to reject the entities they posit, and so on.
The real source of these problems is nothing to do with holism, but rather lies in the verificationist view that meaning can be influenced by synthetic commitments.  Once we allow that use determines meaning, and therewith that the adoption of empirical claims affects meanings by affecting the way we use terms, then there is no avoiding the conclusion that people who embrace different synthetic claims will attach different meanings to their terms.

2.2 Non-Verificationist Descriptivism
There is a quite different non-verificationist way of thinking of the connection between theories and meanings that avoids these problems.  On this alternative conception—I shall call it the ‘descriptivist’ account—the meanings we attach to our terms do not depend on what theories we accept, but simply on what theories we understand.  We grasp the meaning of a theoretical term by appreciating the descriptive content associated with the relevant theory.  And it is perfectly possible to appreciate this content without actually accepting the theory. 
To see in more detail how this works, suppose that the relevant theory involving some term ‘F’ is ‘T(F)’.  Then it is open to us to regard the term ‘F’ as having its reference is fixed via the description ‘the Ф such that T(Ф)’. That is, ‘F’ can be understood as referring to the unique Ф that satisfies the assumptions in ‘T’, if there is one such thing, and to fail of reference otherwise. In this spirit, we might regard ‘atom’ as referring to a category of entities, if there is one, of which there is one type for each element, which combine in simple whole number ratios, which cannot be destroyed by chemical means, and so on.  Again, we might regard ‘phlogiston’ as referring to the substance, if there is one, that is emitted in combustion, absorbed during chemical reduction; and so on.  
On this descriptivist account, there is still a close connection between meanings and theories. But the meanings of your terms no longer depend on which theories you accept. Which theories you accept will of course affect your dispositions to apply terms. But for non-verificationists this won’t make a difference to the meanings of the terms themselves. Even though I reject the phlogiston theory, and so use the term ‘phlogiston’ quite differently from the eighteenth-century chemists who endorsed the theory, this doesn’t stop me meaning the same by the term as they did (and so being able to deny what they think simply by saying ‘there is no phlogiston’).  For we can all understand the term ‘phlogiston’ as equivalent to the relevant description—the putative substance that is emitted during combustion and absorbed during reduction, independently of our divergent views as to whether this description is satisfied.  
In line with this, note that on the descriptivist account the meaning you attach to a term is independent of your synthetic commitments. Somebody who understands a term ‘F’ in terms of some theory ‘T’ will be committed to the ‘Carnap sentence’ of the theory—‘if (E!(Ф)(T(Ф)), then T(F))’—but this claim will be analytic not synthetic.  For example, your understanding of the term ‘phlogiston’ will commit you to the relevant analytic claim, that ‘if there is a specific substance emitted during combustion and absorbed during reduction, then it is phlogiston’. But you needn’t thereby be committed to the synthetic commitments of the phlogiston theory itself.
From the descriptivist perspective, the original theory ‘T(F)’ can be decomposed into the analytic Carnap sentence and the synthetic ‘Ramsey sentence’ of the theory—‘(E!(Ф)(T(Ф))’. The Ramsey sentence expressed the substantial commitments of the theory—there is a unique entity which …—while the Carnap sentence expresses the definitional commitment to dubbing that entity ‘F’. The original theory framed using the term ‘F’ is thus equivalent to the conjunction of the Ramsey and Carnap sentences.  Using the term ‘F’ commits you to the definitional Carnap sentence (‘if there is a substance emitted during combustion . . ., then it is phlogiston’) but not to the substantial Ramsey sentence (‘there is such a substance’).
So far I have considering how a single term ‘F’ can be defined in terms by some set of theoretical assumptions ‘T(F)’.  But of course any scientific theory will contain a number of theoretical terms all of which will call for a similar definition, and whose meaning cannot therefore be presupposed if we are aiming for a general explanation how descriptive definitions of theoretical terms work.  The solution is to quantify into the position of these other terms when defining any given term.  That is, we can define any given such term as equivalent to ‘the entity such that there are some other entities which are related to each other and to the first entity in the way specified by the theory’.

More formally, suppose ‘F1’, ‘F2’, . . . , ‘Fn’are the relevant terms in ‘T(F1, F2, . . . , Fn)’.  Then we can define ‘F1’ as 
‘the Ф such that (E!X2, . . .., Xn)(T(Ф, X2, . . ., Xn)’
and similarly for the other ‘F’s.  

However, I shall simplify what follows by assuming, as before, that we are only defining one theoretical term at a time.  This is purely for expository convenience.  As just explained, there is no problem in extending the technique to allow the coordinated descriptive definition of a number of terms.  (Cf Lewis 1970, Papineau 1996.) 
Of course, If we are going to define a number of theoretical terms by what some theory says about them, then there had better be some other terms in the theory that are not so descriptively defined.  We will need some non-logical terms whose meaning is somehow non-descriptively given, if we are to succeed in explaining the meaning of other terms in terms of them.  However, I shall not pause to discuss the availability of such independently meaningful terms at this stage.  In section 3.2 below I shall explain how to think about this issue in the context of the pessimistic meta-inductive threat to realism.  Until then let us simply assume that the theories at issue contain enough terms with non-descriptive contents for the meanings of the other terms to be fixed descriptively.

2.3 Indeterminacy of Theoretical Reference

In what follows I shall assume the descriptivist account of the connection between theories and meanings in place of Quine’s verificationist perspective.  Still, this may not seem to make a great deal of difference to the viability of a descriptive theory of reference for scientific terms.  For we are still left with Quine’s holism, and this threatens comprehensive reference failure within the descriptivist framework just as much as within the verificationist one.
Thus suppose that all the assumptions of the atomic theory contribute to the description that fixes the reference of the terms ‘atom’.  Then the term ‘atom’ will fail of reference as soon as any of those assumptions is erroneous.  For example, suppose that the theory has the mass of carbon atoms marginally wrong.  Then there will be no category of entities, one sort for each element, and so forth, and with the carbon sort of entity each of mass such-and-such.  And so, according to the descriptive account as elaborated so far, the term ‘atom’ will fail of reference.  And, in general, if all the assumptions of a scientific theory are packed into the descriptions that fix the meanings of its terms, then those terms will fail of reference except in the unlikely event that the theory is accurate in every last particular.

Still, perhaps we can embrace the spirit of Quine’s holism without being driven to this extreme ascription of reference failure.  It is not clear that Quine’s arguments really establish that all the assumptions in a theory play a definitional role.  I think we can accommodate Quine’s thinking just as well if we say that it is often indeterminate which assumptions play a definitional role.
The most compelling of Quine’s observations is that there is often no fact of the matter whether or some assumption is part of the meaning of some term.  Is it part of the meaning of ‘virus’ that viruses have a protein coat?  Is it part of the meaning of ‘photon’ that photons have integer spin?  Is it part of the meaning of ‘energy’ that energy is conserved?  With these any many other similar questions there seems no good reason to answer one way or the other.  Nothing in scientific practice seems to hang on whether or not these assumptions are built into meanings of the relevant terms.  
At the same time there are plausible limits to this Quinean indeterminacy.  Some assumptions look as if they definitely don’t contribute to meanings.  For example, there is surely something implausible in the supposition, floated a couple of paragraphs back, that a precise value for the mass of carbon atoms might be built into the meaning of ‘atom’.  On the other side, it is arguable that some assumptions definitely do play a role in fixing meaning.  Thus it would be hard to deny that it is part of the modern meaning of ‘atom’ that there is one kind of atom for each element.

I have argued in previous papers (see especially Papineau 1996) that the best way to accommodate Quine’s holist insights is to recognize that many theoretical terms in science display a certain kind of semantic indeterminacy.  While their reference may be fixed by association with theoretical descriptions, there is no precise answer as to exactly which descriptions enter into this reference-fixing role.  No doubt we can rule out some descriptions (carbon atoms have such-and-such mass) as definitely not making a semantic contribution.  And there are no doubt some other descriptions (atoms come in one kind for each element) that do make such a contribution.  But in between there will be a wide range of descriptions where it is simply indeterminate whether they are part of the meaning of the relevant term or not. 

We can see why scientific practice is in general happy to tolerate such indeterminacy.  Suppose you have some fully detailed theory ‘T(F)’.  Since the theory contains a lot of detail, you doubt that there is any category satisfying every last thing the theory says about F.  Still, you are confident that some minimal core set of central assumptions suffices to identify a unique referent for ‘F’.  Moreover, you are confident that this referent also satisfies a lot of the other claims made by the theory.  In this typical kind of case, you will be indifferent between a wide range of different ways of defining ‘F’.  For all these alternative definitions will serve to fix exactly the same reference for ‘F’.
To see clearly how this will work, let us divide the assumptions in ‘T(F)’ into 

(i) ‘Ty(F)’—those minimal core assumptions that are needed to identify a unique referent for ‘F’

(ii) ‘Tp(F)’—those further assumptions that can reasonably be assumed also to be true of F
(iii) ‘Tn(F)’—the remaining and more detailed claims that are unlikely all to be true of F.

Using this symbolism, we can see that any set of descriptions which includes ‘Ty(F)’ (‘y’ for yes) and excludes ‘Tn(F)’ (‘n’ for no) can be expected to identify just the same identity, however many of the assumptions in ‘Tp(F)’ (‘p’ for perhaps) are or are not included.  
This is why we get no definite answer when we ask such questions as:  is it part of the meaning of ‘virus’ that viruses have a protein coat?  Microbiologists have never bothered to answer this question because they know it doesn’t matter.  You might define ‘virus’ via the description ‘infectious agent that is smaller than bacteria and can only reproduce within host cells’.  Or you might define it as ‘infectious agent that is smaller than bacteria and can only reproduce within host cells and has a protein coat’.  But nobody is going to lose any sleep wondering which of these is the ‘right’ definition.  Exactly the same category is going to be picked out either way.  

The point generalizes.  No scientists agonize abut whether it is part of the meaning of ‘photon’ that photons have integer spin, or of ‘energy’ that energy  is conserved, or so on, for the simple reason that they are confident that however they decide the issue it will make no difference to what the terms refers to.
Of course, in some special cases the scientists turn out to be wrong to suppose that such definitional issues do not matter, and then they will need to make a decision in order to ensure that their term has a definite referential value.  These will be cases where there is in fact no entity that satisfies all of ‘Ty(F) & Tp(F)’.  Then it will indeed matter how much of ‘Tp(F)’ is included in the definition.  If all of ‘Tp(F)’ is included, then ‘F’ will fail of reference, but a less specific definition may well deem ‘F’ to refer.  For instance, take the Newtonian term ‘mass’.  Suppose that ‘Ty(F)’ consists of ‘proportional to amount of matter, inversely proportional to acceleration’.  But what about ‘independent of velocity’?  Was that part of the definition or not?  Of course Newtonian physicists took no view on this, since they thought the same quantity would be picked out either way.  But they were wrong, since there is no actual quantity that satisfies all of ‘proportional to amount of matter, inversely proportional to acceleration and independent of velocity’.  If the term ‘mass’ has this inclusive definition, then it does not refer to anything..   On the other hand, if ‘independent of velocity’ is not part of the definition, then the term ‘mass’ does refer to a real quantity, relativistic mass. 

In this kind of case there is no fact of the matter about what the old term actually referred to.  Since the users of the term never saw the need to be specific about their definition, their term was indeterminate in reference.  On one way of refining ‘mass’’s meaning, it refers to nothing.  On another way of refining the meaning, it refers to relativistic mass. (Cf. Field 1973). 

Once we realize that this is the situation, then of course we will see that we need refine the definition of the term one way or the other in order to secure a definite content.  I take it that in the case of ‘mass’ our current understanding does not require independence of velocity and so has it referring to relativistic mass.  But we should not therefore suppose that something in the pre-relativistic understanding of the term made this the right way to go.  It would have been equally consistent with the indeterminate original Newtonian usage to deem velocity-independence to have been part of the meaning and thus to conclude that ‘mass’ lacks any reference. 
This kind of case—where a supposedly harmless indeterminacy of descriptive definition turns out to generate a real indeterminacy of actual-world reference—is not uncommon.  Was it part of the pre-relativistic meaning of ‘straight line’ that parallel straight lines can never meet?  Was it part of the nineteenth-century meaning of the word ‘atom’ that the atoms for each element are all absolutely identical?  Questions of this kind are easily multiplied.  If in such cases the extra assumptions come to be viewed as part of the definition, then the term will be deemed lack reference.  If not, then the term will be deemed to refer successfully.  Once it is seen to matter, precision is added to the definition in one way or the other.  But this choice of whether or not to deem ‘mass’ to refer (and similarly with ‘straight line’, ‘atom’, ‘caloric’, ‘aether’, . . .) should not be thought of as determined by prior usage, but rather as a free decision to refine our language in one way rather than another.  
If there is any pattern to the way such choices are made, it is likely to be sociological rather than semantic.  Sometimes the proponents of a new theoretical idea will wish to present themselves as making a radical break with their predecessors.  In such a case they will have a motive to portray the old theory as essentially mistaken, and its central terms as essaying referring to mythical entities.  ‘Caloric’, ‘aether’ and ‘miasma’ might well be cases of this kind.  In other cases, by contrast, theoretical innovators will wish to represent themselves as carrying on the work of their teachers, preserving their findings while augmenting them.  In this latter kind of case the innovators will want to interpret the old theory as essentially correct, referring to real entities all right even if not accurate about every last detail of their behaviour.  Perhaps this is what happened with ‘straight line’, ‘atom’, ‘mass’ and ‘electricity’.  

In any case, even if these simple sociological suggestions are mistaken, the underlying point stands.  There is no need to suppose that choices between replacing or preserving the old terms are rationally dictated by old meanings plus new facts.  It is far more plausible to suppose that prior usage often fails to dictate how the new facts should be described, and so leaves it open how our terms should be refined when such further precision proves necessary. 
3  Quantificational Realism
3.1 Ramsey Sentences and Approximate Truth
The last section explained how to think of the connection between scientific descriptions and the meanings of theoretical terms.  It might still be unclear how any of this helps with scientific realism.  The threat to realism, remember, was that the central terms in past theories characteristically seemed to fail to refer.  One option was to resort to a causal theory of reference in the hope that this would show that such reference failure was not prevalent in the history of science.  But I promised to defend scientific realism even on the assumption that theoretical terms have their referents fixed descriptively.  
My clarifications of the descriptive approach may not seem to help.  For one thing, it is still open to the opponent of realism to argue that, even given my analysis, many past terms definitely failed to refer, on the grounds that, contrary to the confident opinion of past scientists, there have turned out to be no entities that satisfy even the minimal core assumptions (‘Ty(F)’) that they assumed would suffice to identify a unique referent. (What is phlogiston, if not a substance emitted during combustion?  What is the aether, if not a medium at rest in absolute space?  And so on.)

Moreover, even in the case of past terms that did not so definitely fail to refer, it can be queried whether my analysis gives realists what they need.  My analysis may imply that such past terms will refer on some admissible readings, and fail to refer on others.  But it looks as if any respectable realism would want scientific theories to come out approximately true for sure, not just approximately true on some readings.

My strategy at this point will be to question the assumption that the approximate truth of a theory depends on its terms successfully referring.  This assumption is widely taken for granted in the debate about scientific realism.  Thus we find Putnam arguing, in defence of the approximate truth of theories about electrons, curved space time, and DNA molecules, that:
"If there are such things, then a natural explanation of the success of these theories is that they are partially true accounts of how they behave . . .   But if these objects don't really exist at all, then it is a miracle that [these theories] successfully predict[s] phenomena . . ." (1978, p.19)

And Laudan claims, even more directly, that: 
". . . a realist would never want to say that a theory is approximately true if its central terms fail to refer" (1981).
However, there is a way to have approximate truth without reference.
  In the last section we saw how quantification into term position transforms a scientific theory ‘T(F)’ into its Ramsey sentence—‘(E!(Ф)(T(Ф))’.  Now, it is arguable that all the substantial commitments of the original theory about F are contained in its Ramsey sentence—there is a specific entity satisfying such-and-such requirements—and that nothing of substance is lost by switching from the original formulation to the latter.   But note now that the latter Ramsey formulation does not itself use the term ‘F’.  So issues about the referential success or failure of ‘F’ cannot make any difference to the approximate truth of this Ramsey sentence.
We can take it that the Ramsey sentence of any serious scientific theory will not be fully true—there will be no specific entity satisfying all of the open sentence ‘T(Ф)’.  But clearly this reference failure does not stop the Ramsey sentence ‘(E!(Ф)(T(Ф))’ being approximately true—as it would be if there some entity satisfies nearly all of ‘T(Ф)’ even if not absolutely all of it.

To take an example, suppose that a Ramsified nineteenth-century atomic theory says inter alia that there is a category of microscopic entities of which there is one kind for each element, which combine in simple small number ratios, which cannot be fragmented by chemical means, and whose masses are all exact integral multiples of the mass of the particles for hydrogen.  We now know there is nothing satisfying all of this description, since atomic masses are not exact integral multiples of the atomic mass of hydrogen (instead they are mostly close to integral multiples).  But even so it is certainly true that there are entities which satisfy nearly all of that description, since there are indeed entities which come in one kind for each element, combine in simple small number ratios, cannot be fragmented by chemical means, and whose masses are close to integral multiples of the atomic mass of hydrogen.  And since the original Ramsey sentence implies this weaker existential claim, this means that many of the consequences of the relevant Ramsey sentence are true.  And so, to this extent, the Ramsified atomic theory will have a high degree of approximate truth.  And it is clearly irrelevant to this whether or not the term ‘atom’ successfully refers—since the Ramsified theory does make any use of this term.
Again, suppose that a Ramsified aether-based theory of electromagnetic radiation asserts that there is an entity which is the seat of electromagnetic phenomena, which displays transverse radiation satisfying Maxwell’s equations, and consists of an elastic solid.  As before, nothing satisfies all these requirements.  Even so, there is still something which is the seat of electromagentic phenomena and involves transverse radiation satisfying Maxwell’s equations—namely, the electromagnetic field—even if it is not an elastic solid.  And this means that many of the implications of the Ramsified electromagnetic theory will be true, even if ‘aether’ fails of reference.  Once more, we see how a Ramsified theory can be approximately true even if the original theory suffers reference failure.

Switching from theories formulated using referring terms to their Ramsey sentences thus allows us to by-pass issues of reference failure when assessing the theories for approximate truth.  Maybe the characteristic fate of scientific terms is indeed to fail of reference.  But it by no means follows that the Ramsey sentences of the theories they were used to state did not have a high degree of approximate truth.  
Of course, switching attention to the approximate truth of Ramsey sentences does not by itself insulate realism against any pessimistic appeals to the historical record.  The Ramseyan turn may succeed in by-passing issues of reference failure, but it still remains a substantial question whether the Ramsey sentences for the general run of well-evidenced past theories are even so much as approximately true.  I have just suggested that the Ramsey sentence of nineteenth-century atomic and electromagnetic theories are indeed so approximately true.  Still, even if this is right for these particular theories, nothing guarantees that this is the pattern rather than the exception across the history of science.  However, having noted this point, I shall have nothing more to say about it in this essay.  There is no question of my here undertaking the kind of survey of the history of science that would be required for a full defence of scientific realism along the lines indicated.   So for the purposes of this paper I shall content myself with the point that reference failure per se leaves it open that the Ramsey sentences of past theories may generally be approximately true.  Whether they actually are is a further issue.

3.2 Different Reasons for Ramsification and Newman’s Objection
I suggested in the last subsection that by Ramsifying we can by-pass questions of reference and attend to approximate truth directly.  But of course Ramsification does not allow us to do away with referring terms altogether, for the reasons flagged at the end of subsection 2.2 above.  If we eliminated all the non-logical terms in a scientific theory in the Ramsey style, we would be left with nothing but a specification of pure logical structure, and this would allow any number of unintended satisfiers.  So if the Ramsey sentence of a theory is to have any pretensions to capture the content of the original theory, then there must be some restrictions on which non-logical referring terms are to be replaced by quantificational surrogates.

This issue is often discussed without due attention to the surrounding philosophical context.  This is unfortunate, because the appropriate restrictions on which terms should be eliminated by Ramsification depend on the philosophical motivations for appealing to Ramsey sentences.
Since Ramsey first introduced the device of Ramsey sentences, different philosophers have used it for a range of different purposes.  The logical positivists, and Ramsey himself, viewed Ramsificiation as a way of explaining how theories can make claims about unobservable entities, in the face of the empiricist principle that non-logical terms need to be directly associated with sense impressions in order to be meaningful.  (Ramsey 1931.)  Functionalist philosophers of mind appeal to Ramsey sentences to explain how mental terminology can commit us to the existence of brain states that play certain causal roles, even though we are ignorant of the nature of those brain states, and even though different such brain states may play a given role in different individuals.  (See for example Lewis 1972.)  And in this paper I am suggesting that we can appeal to Ramsification to avoid the threat to scientific realism posed by the pessimistic meta-induction on past reference failure.

Now, these different motivations for Ramsifying will impose different requirements on which non-logical terms need to be replaced by quantificational surrogates.  The logical positivists’ programme required them to replace all non-observational terms that were not directly associated with sense experience   Functionalists in the philosophy of mind want to replace terms for mental states by quantifications over brain states, but this implies no requirement that they replace all terms that are non-observational in the positivists’ sense.  And for the purposes of this paper we want to quantify away those terms which the history of science indicates are threatened with reference failure, which again need not include all the positivists’ non-observational terms.  After all, my reason for appealing to Ramsey sentences is simply to show how scientific theories can be construed as making approximately true claims even though some of their central terms fail to refer—and there is nothing in this appeal to Ramsey sentences to require the elimination of all terms which are in some sense non-observational, as opposed to those which seem likely to fail of reference.
There is a well-known argument querying the ability of Ramsey sentences to capture the content of their original theories.  As was first observed by Newman (1928), if the only non-logical terms left are observational in positivist sense, then the Ramsey sentence will do more than impose a cardinality requirement on the unobservable realm, and there will thus be many unintended ways in which it can be satisfied.  (After all, if the Ramsey sentence just says that there are some unobservable entities and some relations that link those entities to each other and observable entities in specified ways, then any appropriately sized collection of abstract objects will satisfy this claim.)
One response to Newman’s challenge is to restrict the range of the relevant variables by requiring that they range over natural properties and relations, rather than over any entities whatsoever.  It is a nice question whether this suffices to stop positivist-style Ramsey sentences from being trivially satisfied.  However, we need not pursue this issue here, as there is another response available in the context of our present anti-meta-inductive appeal to Ramsey sentences.  Given the use to which we are putting Ramsey sentences, there is no reason why terms like ‘cause’ and ‘spatiotemporally contiguous’ should not remain unRamsified.  After all, there is nothing in the history of science to suggest that these terms are threatened with reference failure.  (And a similar point can be made about the functionalist appeals to Ramsification in the philosophy of mind.)  

The Newman worry immediately disappears once terms for relations like causation and spatiotemporal contiguity are allowed to remain unRamsified,. (Cf Cruse 2005.  See also Russell 1968 p 176 quoted by Ainsworth 2009.)  To take a simple example, it is one thing to say that there are some entities that bear some many-one relation to chickenpox attacks—and certainly plenty of collections of abstract objects like numbers will make this true.  It is another thing to say that there are some entities that cause chickenpox attacks by entering the sufferer’s body—and it is clear enough only chickenpox viruses will verify this more specific claim.  
Maybe the original positivist motivation for Ramsification requires that terms for relations like causation and spatiotemporal contiguity must be replaced by quantificational surrogates.  These are ‘mixed predicates’ that can have both observable and unobservable relata, and to that extent might be argued not to satisfy the strict positivist requirement on observational meaningfulness.  Still, as I have observed, there is nothing in the anti-meta-inductive appeal to Ramsey sentences  to require a similar elimination of these mixed predicates.  They may not be strictly observational, but this in itself is no reason to think that they may fail of reference.  So in the context of the argument of this paper it is perfectly legitimate to leave these terms unRamsified and so able to tie down the interpretation of the rest of our theories.

3.3 Theories and their Ramsey Sentences

I have suggested that we can by-pass questions of reference by switching attention from term-using scientific theories of the form ‘T(F)’ to their quantificational Ramsey sentences ‘(E!(Ф)(T(Ф))’.  But this will only vindicate the approximate truth of the original theories themselves to the extent that the substantial content of these theories is indeed the same as that of their Ramsey sentences.   So far I have not paused to examine this assumption.  However, it is not hard to see that it can by no means be taken for granted.  There are two obvious ways in which theories may fail to be equivalent to their Ramsey sentences.  First, the terms that are Ramsified away may not have their references fixed by description to start with, but via some kind of causal contact.  Second, even if they do have their references fixed by description, not all the assumptions contained in the original theory may play a role in defining the relevant terms.  Either of these possibilities will drive a wedge between the claims made by the original theory and those made by its Ramsey sentence.  I shall address these two points in turn, the first in this section and the second in the section after next.

In effect the first point has already been dealt with.  Recall the dialectic of this paper.  I am arguing in the alternative.  Either scientific terms have their reference fixed causally, in which case there is no pessimistic meta-induction from past reference failure.  Or they have their reference fixed descriptively, in which case I am aiming to explain how theories framed using these terms can be approximately true whether or not those terms refer.  So I can by-pass the worry that causal determination of reference may cause theories to diverge from their Ramsey sentences—since if that’s how the reference of central terms is determined, then realism is in good shape anyway.

Still, it will be illuminating briefly to consider how causal determination of reference can separate theories from their Ramsey sentences.  Let me illustrate the possibility by a baby example.  Suppose that I have the theory that ‘Jill Smith lives in Leverton Street, has red hair, and drives a Ford’.  The Ramsey sentence of this theory is that ‘there is a unique woman who lives in Leverton Street, has red hair, and drives a Ford’.  Now suppose that there is indeed one red haired-woman who lives in Leverton Street and drives a Ford, but that this isn’t Jill Smith.  In fact I’m largely wrong about Jill Smith—she lives in the next street and drives a Toyota, though she does have red hair.  In this case, the content of my original theory is manifestly different from that of its Ramsey sentence.  After all, the Ramsey sentence is entirely true, but my original theory mostly false.  

This dissociation can occur because the reference of the term ‘Jill Smith’ isn’t fixed descriptively but causally.  I take it to be uncontroversial that ordinary proper names refer to the causal origin of their use, not to whichever entity satisfies the descriptions associated with them.  So claims made using ‘Jill Smith’ say something quite different from claims about whatever satisfies the associated descriptions I associate with this name..
If scientific terms similarly referred to the causal origin of their use, then there would be room for an analogous dissociation.  The scientific terms would refer to the underlying causes of the phenomena that prompted their introduction, not to whatever happens to satisfy descriptive assumptions associated with them.  And to extent a theory framed using such terms would make different claims from the Ramsey sentence of that theory.

Now, this kind of possibility raises a number of issues.  A natural query is whether this kind of dissociation is a genuine possibility for scientific theories.  It would seem odd to end up concluding that a scientific theory is largely mistaken about some category even though its assumptions correctly characterize some different category.  And this could be taken to argue in favour of a descriptive theory for scientific terms over a causal one.  But I shall not attempt to add to the points I have already made in favour of a descriptive approach to scientific terms in section 1.4 above.  At this stage let me simply rest content once more with the dialectical consideration that realism is in good shape anyway, if the descriptive theory is wrong.
3.4  Structural Realism

I still need to address the worry that, even if reference is fixed descriptively, theories may still diverge for their Ramsey sentences because not all the assumptions in the theory play a role in fixing reference.  But first I would like to digress briefly and say something about ‘structural realism’.
The points made in the last section might have made some readers think of John Worrall’s epistemic ‘structural realist’ response to the pessimistic meta-induction (Worrall 1989).  The central idea of this response is to distinguish scientific claims about ‘structures’ from those about ‘natures’, and to argue that while the history of science displays a pattern of mistaken scientific claims about the nature of scientific entities, it does not discredit claims about their structure.  So, for example, Worrall’s argues that, even though nineteenth-century electromagnetic theory was wrong about the nature of the ‘aether’, it was quite right about the structural equations governing electromagnetism.  More generally, he suggests that new theories tend to preserve the structural claims of their predecessors, even if they discard their assumptions about natures.  Structural realism thus implies that we believe what our current theories say about structures but not natures.
At first sight, this might sound as if it draws on a distinction between term-using metaphysical formulations of scientific theories and their quantificational Ramsey versions, advocating belief in the latter but not the former.  As we have just seen, these two versions can well say different things, if the relevant referring terms are governed by the causal theory of reference.  The referring-term version will make claims about the specific entities involved in the origins of the relevant terms’ use, while the Ramsey sentence version will content itself with saying that there are entities satisfying such-and-such a descriptive structure.  This might seem very like the structural realist’s contrast between claims about the nature of some reality and claims solely about its structure.

However, on closer examination it seems doubtful that this is a useful way to understand structural realism.  Structural realists are aiming to defend scientific realism against the pessimistic meta-induction via a ‘divide and rule’ strategy.  The idea is to distinguish the ‘good’ structural parts of theories from the ‘bad’ commitments to natures.  The former are upheld by the history of science, while the latter are discredited, and so we should restrict our scientific commitments to structural claims.  But then it looks wrong to suggest that the ‘bad’ commitments to natures depend on the causal theory of reference.  After all, causal theory of reference does not render the history of science a threat to realism—on the contrary, as we have seen, the causal theory tends to imply that all past scientific terms were referentially successful.  If structural realists think that terms conveying commitments to natures, like ‘aether’, are characteristically non-referring, then it looks as if they are taking the reference of such terms to be fixed descriptively, not causally, and to fail of reference because of the falsity of assumptions built into them.  And indeed this is just how structural realists characteristically argue—‘aether’ failed to refer because it turned out that nineteenth century thinkers were wrong to assume that the medium of electromagnetic radiation is an elastic solid at rest with respect to absolute space.
Given this, it does not seem helpful to think of structural realists as somehow divorcing the metaphysical content of scientific theories themselves from the structural content of those theories’ purely descriptive Ramsey sentences.  Rather, it looks as if we should interpret structural realists as understanding all theoretical claims in a descriptivist Ramseyan manner from the start, with the ‘metaphysical’ parts of the theory (‘there is a an elastic solid at rest with respect to absolute space’) being understood descriptively just us much as the structural parts.  On this reading, the structural realist strategy is then simply to distinguish the good mathematical parts of such descriptively understood theories from the bad metaphysical parts.  The full Ramsey sentences of scientific theories are characteristically false, but in general the fault lies with the theory’s claims about ‘natures’ rather than ‘structures’.  So in general we can avoid commitment to falsehood by restricting ourselves to ‘structural’ claims and distancing ourselves from claims about ‘natures’.

So understood, structural realism would be consonant with the approach to realism adopted here.  I have observed that the pessimistic meta-induction does not stop us upholding the approximate truth of our theories’ Ramsey sentences.  However in itself this observation is little more than a general framework for a realist stance.  As I observed earlier, ‘approximate truth’ is an open-ended term, and to fill out a commitment to approximate truth we need to specify the respects in which we expect our theories to be approximately true.  Perhaps we can see structural realism as offering one way of fulfilling this obligation.  We should expect our theories to be approximately true in their claims about ‘structures’, but not about ‘natures’.
So viewed, however, structural realism clearly stands in need of some further explanation of the distinction between the ‘structural’ and ‘natural’ parts of scientific theories.  Now, it is sometimes suggested that this can be provided by ‘Ramsification’ itself—that is, that the Ramsey sentence will give us its structural content of scientific theories shorn of any metaphysical commitments to natures.  But in the light of the above remarks this makes little sense.  A scientific theory will only carry metaphysical commitments beyond those of its Ramsey sentence if some of its terms refer non-descriptively, yet the arguments of structural realists seem to commit them to a descriptive theory of reference for claims about ‘natures’ as well as ‘structures’.  
This is not to say that there may not be other good ways of distinguishing the structural from the natural claims of scientific theories.  For example, perhaps we can make something of the contrast between the ‘mathematical’ and ‘metaphysical’ commitments of scientific theories.  Still, the point remains that structural realism owes us an explanation of such a distinction, and that mere mention of ‘Ramsification’ is not enough. (Psillos 1999.)  
3.5  Non-Ramseyan Quantifications

Finally, let me return to the other worry about equating scientific theories of the form ‘T(F)’ with their quantificational Ramsey sentences ‘(E!(Ф)(T(Ф))’—namely, the worry occasioned by the fact that not all the descriptions in a scientific theory will play an equal role in defining its terms.  As we saw in my discussion of Quine earlier, even if there is often no fact of the matter whether some assumption contributes to the meanings of the terms it involves, it would be a mistake to draw the extreme holist conclusion that every theoretical assumption is meaning-constituting.

However, as I shall explain in a moment, this means that we cannot equate the synthetic content of a theory ‘T(F)’ with that of its Ramsey sentence ‘(E!(Ф)(T(Ф))’, even on the assumption that the reference of ‘F’ is fixed descriptively.  And this implies in turn that we cannot infer the approximate truth of a scientific theory directly from the approximate truth of its Ramset sentence.  Still, the problem is not serious.  We can easily enough avoid any commitment to extreme holism, yet still retain the idea of by-passing issues of reference when assessing the approximate truth of theories.     
To see how this can work, let us first assume that the meaning of ‘F’ is fixed descriptively by some definite subset of ‘T(F)’’s assumptions which I shall symbolize as ‘Tr(F)’ (’r’ for restricted).  I shall revert to the more realistic assumption that it is often indeterminate what goes into ‘Tr(F)’ in a moment.

Now, it is certainly true that, if  the meaning of ‘F’ is so fixed by some restricted subtheory of ‘Tr(F)’, then the content of ‘T(F)’ comes apart from that of its Ramsey sentence ‘(E!(Ф)(T(Ф))’.  

To see why, first consider the general case of any claim ‘C(F)’ employing the so-defined term ‘F’.   Since ‘F’ is defined in terms of the restricted ‘Tr(F)’ rather that the whole ‘T(F)’, the claim ‘C(F)’ will no longer imply or presuppose that there is some unique entity satisfying the whole of ‘T(F)’, but only that there is one satisfying ‘Tr(F)’.  That is, ‘C(F)’ should not now be equated with 
‘(EФ)( (T(Ф) & (Ψ)( T(Ψ) -> Ф= Ψ)) & C(Ф))’
but rather with the analogous formula employing Tr(-) in place of T(-)—namely

‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & C(Ф))’.  
Applying this to ‘T(F)’ itself, this overall theory then comes out as equivalent, not to the simple Ramsey sentence, ‘(E!Ф)(T(Ф)’, which unpacks as 
‘(EФ)(T(Ф) & (Ψ)( T(Ψ) -> Ф= Ψ))’

but to the more complex claim:

‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & T(Ф))’.  
Note how this latter claim says more than the simple Ramsey sentence.  It says that there is a unique Ф satisfying the restricted ‘Tr(-)’, not just that the whole of ‘T(-)’ identifies a unique entity.  This claim could be false even if the Ramsey sentence is true, if the assumptions in ‘Tr(-)’ are not strong enough by themselves to pick out something unique but those in ‘T(-)’ are.
Some readers might wonder how far this is a real danger.  It is easy enough to think of cases where the full ‘T(-)’ contains too many claims (for example, claims about the precise mass of carbon atoms) to allow any satisfiers.  But it is not so obvious that there are real cases where some plausible reference-fixing ‘Tr(-)’ allows a plurality of entities yet the extra assumptions in the full ‘T(-)’ prune these down to one.  So could we not simply put such cases to one side, and argue that in practice the content of theories ‘T(F)’ is close enough to that of their simple Ramsey sentences for the approximate truth of the latter to vindicate that of the theories themselves?  (Cf Cruse and Papineau 2002.)
However, there is no need to resort to this somewhat unsatisfactory line of argument.  Recall the basic point of our appeal to Ramsey sentences.  It allowed us to by-pass questions of reference, and focus on the approximate truth of the non-term-using Ramsey sentence.  The important point here was not that we could equate theories with their Ramsey sentences as such, but that we could equate them with some non-term-using quantificational claim.  This allowed us to assess the approximate truth of the latter without any threat from reference failure.  Now, there is nothing in the idea that a theory are equivalent to the more complex claim ‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & T(Ф))’ rather than to its simple Ramsey sentence to stop us pulling this trick.  This claim is still equivalent to a non-term-using quantificational claim, and so we can still by-pass questions of reference and assess the approximate of the theory simply by asking how far this quantificational claim is true.

So, to adapt our earlier example, suppose that the reference of the nineteenth-century term ‘atom’ was fixed by the restricted set of claims (‘Tr(F)’) that there is one kind of atom for each element, that they combine in simple small number ratios, and that they cannot be fragmented by chemical means.  The nineteenth-century atomic theory (‘T(F)’) then went on to say a lot more, which means that, even given this descriptive fixing of reference for ‘atom’, the theory is equivalent not to its Ramsey sentence but to the more complex ‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & T(Ф))’.  But clearly there is nothing to stop us asking about the approximate truth of just this more complex claim, and concluding that while it is not fully true—the category satisfying ‘Tr(-)’ doesn’t satisfy all the further assumptions in ‘T(-)’ including the assumption that their masses are exact integral multiple of the hydrogen atom’s mass, say—it still has a high degree of approximate truth—the category satisfying ‘Tr(-)’ does have masses that are generally close to integral multiples of the hydrogen atom’s mass. 

Let me now bring in the point that it is often indeterminate which assumptions in a theory fix the reference of its terms.  As we saw earlier, it is unrealistic to suppose that there is a sharp-cut off point between the set of assumptions that play such a role in defining some term ‘F’ and those that do not.  In reality there will be a large penumbra of uncertainty.  Some assumptions (‘Ty(F)’) may definitely play a definitional role, and some may definitely play no role (‘Tn(F)’), but there will be a wide range of assumptions (‘Tp(F)’) where it is simply undecided whether they enter into ‘F’’s definition or not.  As I observed earlier, it is unsurprising that scientists will often happily leave this issue open, since they are often confident that just the same entity will be picked out however much of ‘Tp(F)’ is included in the definition. 
Well, insofar as it is indeterminate which assumptions from ‘Tp(F)’ go in to the definition of ‘F’, then it will be indeterminate exactly what is said by claims made using ‘F’.  We will have a range of ways of defining ‘F’ between which usage does not decide—that is, a range of admissible  ‘Tr(-)’s in the above terminology, each constructed by adding some part of ‘Tp(-)’ to  ‘Ty(-)’.  And so our original theory ‘T(F)’ will be indeterminate in meaning between all the different quantificational claims we get by plugging these different admissible ‘Tr(-)’s into the formula ‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & T(Ф))’.
But now we can evaluate our theory as we might evaluate any claim that is vague or indeterminate in content.  We consider the different possible ways of making the claim precise, and see what truth values it has under these different admissible ‘precisifications’.  Sometimes claims involving indeterminate terms have the same truth value on all such precisifications.  That is why ‘John Malkovich is bald’ is definitely true, and ‘David Beckham is bald’ is definitely false, even though ‘bald’ is a vague term.

In the same way, we can assess our scientific theories by considering the truth value of ‘(EФ)( (Tr(Ф) & (Ψ)( Tr(Ψ) -> Ф= Ψ)) & T(Ф))’ on all the different admissible ways of determining ‘Tr(-)’.  Or more fruitfully, since any complex scientific theory will no doubt contain some definite falsity on all its readings, we can ask about the approximate truth of this formula across all admissible readings.
Given the points made so far, we can see that the approximate truth of this formula may well vary across different choices of ‘Tr(-)’.  The less that’s put into ‘Tr(-)’, the stronger the claim made by this formula, since it claims that there is a unique entity satisfying ‘Tr(-)’.  So the stronger formulas will have a greater amount of approximate truth than the weaker ones, if there is such a unique entity, and may well have a lesser degree, if there isn’t.  But this is fine-tuning.  A good theory can be expected to achieve a reasonable degree of approximate truth across all admissible readings.
Of course, as I said earlier, it is a historical matter, not to be settled by abstract analysis, whether the general run of well-evidenced past theories have a certain degree of approximate truth.  And as before there is no question of trying to defend this historical claim here.  It will be enough if our abstract analysis shows that the semantic indeterminacy of scientific theories does not preclude from being approximately true on all admissible readings.
3.6 Summing Up

The descriptive theory of reference implies that scientific terms often fail to refer, and so suggests that scientific theories are incapable of approximate truth.  But if the descriptive theory of reference is correct, then scientific theories will be equivalent to quantificational claims that do not use the troublesome non-referring terms.  Given this, the approximate truth of these theories will be independent of whether those terms refer.
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