
Empirically equivalent theories in semantics and spacetime: 

Quine, Einstein, and occasional verificationism

ABSTRACT: Quine’s argument for the indeterminacy of translation is, in certain significant respects, similar to some of Einstein’s key arguments for special and general relativistic space-time principles.  I first outline these arguments, and then indicate the significant similarities and differences.  These arguments are interesting because they embody a certain form of underdetermination argument.  (By ‘underdetermination argument,’ I mean an inference that takes the existence of empirically equivalent theories as a crucial premiss.)  Quine and Einstein’s arguments are ‘verificationist,’ in the sense that they infer from the empirical equivalence of two theoretical descriptions of a phenomenon to the assertion that the two theoretical descriptions are completely equivalent, i.e., they ‘say the same thing.’

I use this exposition to address a perennial problem in philosophy of science: what view should one take of two purportedly ‘empirically equivalent’ theories?  Much ink has been spilled on this question.  However, one common assumption held by competing sides in the debate is that whatever philosophical position one takes toward one underdetermination argument applies to all the others of the same form.  Hence one is a verificationist/ positivist, an empiricist/ agnostic, or a realist about every underdetermination argument.  I suggest another possible stance: there may not be a ‘one-size-fits-all’ analysis of empirically equivalent theories in general.  It may be perfectly rational to be a verificationist about one set of empirically equivalent theories, but an agnostic about another, completely different set.  I use the arguments of Einstein and Quine as examples to show the plausibility of the claim that we (at least) can be verificationists with respect to certain empirically equivalent theories.

If this suggestion about empirical equivalence is accepted, then we have a pressing question: which underdetermination arguments should end in the the verificationist conclusion, and which not?  I offer a provisional answer: basically, if the empirical equivalence is due merely to physiological limitations of our sensory modalities, then one should not draw the verificationist’s conclusion.  (Absolute motion and semantic meaning are not ‘hidden’ from us in the same way electrons and DNA are hidden.) Finally, I use this viewpoint to criticize van Fraassen’s primary example of empirically equivalent theories in The Scientific Image, namely the case of the fictitious ‘Leibniz*’, and his corresponding critique of Newtonian Absolute Space.  For there, van Fraassen argues for an agnostic position via an argument that is standardly taken to have a verificationist conclusion.
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Introduction

Quine’s indeterminacy of translation argument is, in a way, similar to Einstein’s arguments for modern relativistic physical theories.  This similarity is somewhat obvious, but not therefore (by my lights) useless or uninteresting.  I think this comparison between Quine and Einstein is interesting for its own sake; it will also prompt a larger question (which I cannot answer to my complete satisfaction) about what, in general, can be inferred from the existence of incompatible empirically equivalent theories. More definitely, however, I will use this comparison to lodge a specific complaint against van Fraassen’s primary example of empirically equivalent theories in The Scientific Image.

A fair amount of ink has been spilled in recent decades on what is the appropriate inference to draw from the existence of two or more empirically equivalent theories.  Larry Sklar (Sklar 1974) has introduced a useful taxonomic schema for this topic.  This classification has been followed by Michael Gardner, among others, whose summary of the schema follows.

As Sklar suggests, if two arbitrary theories q and q¢ are observationally equivalent, there is a small number of possible positions to take regarding their relationship.  (1) One could adopt the reductionist view: that despite any apparent incompatibilities in their non-observational parts, q and q¢ are logically equivalent.
  (2) One could deny that q and q¢ must be logically equivalent and then adopt either (a) skepticism, holding that no rational choice between q and q¢ is possible,
 or (b) apriorism, holding that rational choice can sometimes be made on such non-empirical grounds as simplicity or coherence. (Gardner 1976, 105)

To translate these three options into other common terminology: (1) is often termed ‘verificationism’ or ‘positivism,’ (2.a) is called ‘scientific anti-realism’ and (2.b) ‘scientific realism.’  A claim I hope to make plausible via the examples of Quine and Einstein is the following: given two or more empirically equivalent theories, sometimes (1) is probably the best view to take towards them. This does not exclude the possibility that in other cases (2), apriorism or skepticism, is the proper conclusion to draw.  That is, the much-maligned and currently unfashionable position of verificationism is, on certain occasions, used in scientific and philosophical arguments that are held in high regard.

My suggestion that one may be a verificationist in one case but a skeptic in another may sound obvious to the point of being fatuous; however, it has not been strongly stressed and fully pursued in the literature.  To support this suggestion, I show that certain generally accepted arguments of Einstein’s begin with empirically equivalent theories, and end with a ‘reductionist’ or verificationist conclusion.  Furthermore, Quine urges us to take a reductionist stance toward meaning in his treatment of the indeterminacy of translation.
  The difficult question my suggestion engenders is this.  There are a few cases (such as spacetime physics and indeterminacy of translation) where most people think the ‘positivist’ argument carries, even though the very same people will say the positivist inference does not carry elsewhere.  Later in the paper (§4), I will offer an answer to the question: what is special about these cases?

Quine: indeterminacy of translation

We begin with Quine’s thesis of indeterminacy of translation.  What is it, and what is it intended to show?  Let us tackle the first question first.  Suppose there is a language, ‘Jungle,’ previously completely unknown to the Western world.  Now suppose that two linguists each completely independently create a ‘translation manual’ from Jungle into English (and vice versa); call the manuals T1 and T2.  Quine asserts that, as a matter of fact, there could be two manuals that both facilitate smooth conversation between the Jungle-speaker and me equally well for all situations
 (T1 and T2 agree on “the totality of dispositions to verbal behavior” (Quine 1960, 78)), and yet are still, in a sense, incompatible.  Quine writes that “the thesis of indeterminacy of translation” is that the two “manuals might be indistinguishable in terms of any native behavior that they gave reason to expect, and yet each manual might prescribe some translations that the other translator would reject.  Such is the thesis of the indeterminacy of translation” (Quine 1987, 8).  That is, there will exist sentences in Jungle to which T1 and T2 assign different English translations. In terms borrowed from philosophy of science circles, T1 and T2 are empirically equivalent but incompatible theories.  “Certainly,” Quine writes, T1 and T2 “are, as wholes, empirically equivalent” (Quine 1960, 78).  This answers the first question posed above: ‘What is Quine’s thesis of indeterminacy of translation?’  Let us now address the second question: supposing this thesis is true, what does Quine take this to show?


These incompatible but observationally identical theories, T1 and T2, yield us the standard elements needed to run a skeptical/ underdetermination argument.  Using Richard Rorty’s general characterization in “The World Well Lost,” “the skeptic suggests that our own beliefs (about, e.g., other minds, tables and chairs, or how to translate French) have viable alternatives which unfortunately can never be known to hold” (Rorty 1972, 654).  For example, the Cartesian-style skeptic urges that the sum total of my sensations could not differentiate between my being deceived by an evil demon, and my actually interacting with an external world.  And because two observationally equivalent options are available to explain all the phenomena, I should (or at least, on a milder form of skepticism, I rationally could) withhold adjudicating whether my sensations are the result of interaction with an external world or not.
  For the Cartesian skeptic, the statement “I am being deceived by an evil demon” or “I am a brain in a vat” has a definite truth-value, but due to my limited epistemic situation, I can never know what this truth-value is.  This ‘epistemological agnosticism’ is one response to the existence of empirically equivalent theories: we do not know which of the two theories is true.

However, it is not Quine’s response.  Quine begins his argument similarly, but the final moral he draws is distinctively different.  If Quine were to follow the ‘standard’ Cartesian pattern just described, he would infer that the existence of manuals T1 and T2 show that we English speakers cannot know whether or not T1’s translation of a given utterance in Jungle provides the true meaning of that utterance.  Quine thinks that the existence of alternative translation manuals shows not that we should suspend judgment on which of T1 and T2 is the ‘correct’ or ‘true’ translation, but rather that there is no single translation which right and all the others wrong.  And furthermore, if there is no single correct translation, then he thinks that this shows there is no meaning (in a traditional, philosophical sense) of a sentence. Quine illustrates this point as follows: suppose there is some Jungle-sentence that T1 translates into English as A and T2 as B.  “The problem is not one of hidden facts…The question whether…the foreigner really believes A or believes rather B, is a question whose very significance I would put in doubt.  This is what I am getting at in arguing the indeterminacy of translation” (Quine 1970, 180-1).  And as Quine puts it elsewhere: “There is nothing in linguistic meaning, then, beyond what is to be gleaned from overt behavior in observable circumstances” (Quine 1987, 5).  This is where we see the break with the standard Cartesian epistemological conclusion: in that case, most people (though perhaps not radical positivists such as Ayer and Russell) feel there is a fact of the matter about whether I am a brain in a vat or not.  But in the linguistic case, Quine believes there is no fact of the matter about whether the native speaker really believes A or B; it is perhaps reasonably characterized as a ‘pseudo-question.’  This, I take it, is the moral Quine wishes to draw from the thesis of the indeterminacy of translation.  

Einstein: steps en route to the special and general theories of relativity


In this section, I show that Einstein’s argument for the identity of inertial and gravitational mass is formally similar to Quine’s argument of indeterminacy of translation.  Inertial mass is the quantity of a body that determines the strength of that body’s resistance to acceleration; a particular body’s inertial mass is the ratio of an impressed force upon it to the resulting acceleration.  Gravitational mass is the quantity of a body that determines the magnitude of the attractive gravitational force which that body exerts on other bodies and which other bodies exert upon it.  These two quantities, resistance to impressed force and attraction to other massive bodies, appear to be prima facie different.  

Einstein, however, takes exactly the opposite conceptual route: he asserts that the reason the equality holds with such exactness is that inertial and gravitational mass are actually one and the same property.  He makes the point strongly, clearly, and repeatedly.  In 1912, in his remarks on Mie’s recently proposed theory of gravitation, Einstein writes: “I start from the fundamental idea that the equivalence of gravitational and inertial mass shall be reduced to an essential equality [Wesensgleichheit] of these two elementary qualities of matter-energy” (Quoted in Torretti 1983, 311).  The claim that inertial and gravitational mass are wesensgleich, essentially identical, is a recurrent theme in Einstein’s writings.
 

How should this ‘essential identity’ be understood?  Not being a professional philosopher, Einstein does not dwell upon the meaning he assigns to ‘Wesensgleichheit.’  Nonetheless, here is an initial, aphoristic explanation: Einstein claims “the same quality of a body expresses itself, according to circumstances, as ‘inertia’ or as ‘weight’” (Einstein 1917, p.40).  So on Einstein’s view, there is one, single quality that a body has (we could call it ‘mass simpliciter’), and this quality is viewed, under certain circumstances, as inertial mass, and is viewed under other circumstances as gravitational mass.  However, for each body there is really only one quality, which is, properly speaking, neither inertia nor weight.

Why would one think inertial mass and gravitational mass are essentially identical?  Here is Einstein’s argument, more or less as he presented it in 1911.
  Imagine two frames of reference, each equipped with x-, y-, and z-axes.  Suppose the first, K, is (from the point of view of special relativistic mechanics) an inertial system.  That is, the acceleration of the frame of reference K equals zero in the x-, y-, and z-directions.  However, suppose K inhabits a neighborhood of space where there is a homogeneous gravitational field.  A gravitational field (in a space) assigns to every point in the space a gravitational-vector; this vector is interpreted physically as the acceleration experienced by a test particle at that point in the space.  A gravitational field is called homogeneous if and only if the same vector is assigned to every point in the space.
  So suppose that the lines of force of the homogeneous gravitational field around K run parallel to the y-axis, in the negative direction.  Then the acceleration due to gravity at every point in the space will be the same; call this value g (g is oriented in the negative y-direction).  Now imagine a particle placed in frame K, initially at rest, and not subject to any other forces (electromagnetic etc.).  It will obey the following equations of motion from the point of view of an observer at rest with respect to K (dots indicate derivatives with respect to time): 

(1)

.

(in K)

That is, the particle’s acceleration  in the x- and z- directions will be everywhere zero, but its acceleration in the y-direction will be g.  We only know that these equations hold generically for any arbitrary particle because of the experimental fact that all bodies fall at the same rate in a gravitational field.


Now consider another frame of reference, called K¢.  This frame of reference is in a gravitation-free neighborhood.  However, K¢ is being uniformly accelerated in the direction of the positive y-axis, at acceleration g.  Now imagine a test particle placed in K¢ and not subject to any other forces.  From the point of view of an observer at rest with respect to K¢, the particle’s equations of motion will be:

(2)

.

(in K¢)

If -g=g, then the two sets of equations of motion (1) and (2) are the same.  Thus we see that particles will behave the same way in a homogenous gravitational field, as they would in a uniformly accelerated system.  This is the basic reason why Einstein believes inertia and weight are essentially identical.  

To see this point more concretely, imagine you have a little spring with a small ball on the end of it, that you can carry around with you (this imagined scenario is inspired by Reichenbach’s student notebook).  When you are traveling along an inertial trajectory in an area free of any forces, the spring is not stretched at all (by Hooke’s spring law, F=kx: if F=0, then the displacement x=0).  Now, you take two trips with this little device.  First, imagine that you travel to the neighborhood of K, an ‘inertial frame’ (from the point of view of Newtonian physics) where there is a homogenous gravitational field.  When you, at rest with respect to K, hold the spring parallel to the lines of force, you find that the spring is displaced by (say) 2 centimeters.  After recording this measurement in your lab notebook, you travel to the region K¢.  When you arrive there, you establish your position such that you are at rest with respect to K¢; that is, you are accelerating at rate g.  You then pull out your pocket spring, and orient it such that it is parallel to the direction of acceleration.  Lo and behold, the spring is displaced by exactly two centimeters again.  From the point of view of the classical or special relativistic theoretical framework, one would say that in the first case, the displacement of the spring is caused by the gravitational mass of the ball, while in the second case, the displacement is caused by inertial mass of the ball.  The same effect is observed in both places, but classical mechanics tells a different causal story for each of the cases.  Pre-general relativistic mechanics thus distinguishes between K and K¢; it considers them distinct.

Einstein’s suggestion is that there should not be different causal stories for these two cases, and thus that K and K¢ should not be considered distinct.  He writes:

We arrive at a very satisfactory interpretation of this law of experience [inertial mass = gravitational mass] if we assume that the systems K and K¢ are physically exactly equivalent [wesensgleich], that is, if we assume that we may just as well regard the system K as being in a space free from gravitational fields, if we then regard K as uniformly accelerated. (Einstein 1911, in Perrett and Jeffery, p.100)

We find a similar explanation of the situation in Reichenbach’s student notebook.

These [(2) in K¢] are the same equations that describe motion in the gravitational field.  We can therefore also say: K¢ is at rest, but a gravitational field is present. … Through this conception, the essential difference between inertial and heavy mass is taken away. (I.5) [my italics]

In this final sentence, we see Einstein’s fundamental rationale for conflating inertial and gravitational mass.  Einstein’s point in these quotations is this: a uniformly accelerated frame of reference can be ‘regarded’ as a frame of reference at rest in a homogenous gravitational field; and conversely, a resting frame of reference in a homogenous gravitational field can be regarded as a uniformly accelerated frame in a gravitation-free region.  Thus, K and K¢ are identical.  This is what Einstein (though not modern textbooks on general relativity) calls the ‘Principle of Equivalence.’

This argument is formally similar to the thought-experiment Einstein describes in the first paragraph of his 1905 paper, “On the Electrodynamics of Moving Bodies.”  That is, the same inferential pattern described above appeared in print in 1905, though applied to different subject matter.

In the opening paragraph of “On the Electrodynamics of Moving Bodies,” Einstein claims that Maxwell’s electrodynamics suffers from certain faults.  He introduces a now-famous example involving a magnet and a conductor, moving relatively to one another at velocity v.  If the magnet is regarded as moving and the conductor as resting, Maxwell’s theory claims that an electric field with a certain energy will come into existence around the magnet, and this produces a current in parts of the conductor, which can be measured with an ammeter.  However, if we regard the magnet as resting and the conductor as moving, then there is no electric field in the neighborhood of the magnet; rather, an electromotive force is created in the conductor—but this electromotive force gives rise to the very same current in the conductor as in the first case, so the ammeter readings will be the same in both cases. Einstein’s general point is this: “Maxwell’s electrodynamics… when applied to moving bodies, leads to asymmetries which do not appear in the phenomena” (1905, p.37).  If we move with the magnet, we say that an electrical field is produced around the magnet, but there is no emf in the conductor; if we move with the conductor, we say an electromotive force is produced in the conductor, but there is no E-field around the magnet.  In both cases, however, the current running though the conductor is the same; if we connected an ammeter to the conductor, we would measure the same current in both cases.  

The parallel between the two inferences is close to the surface.  In both cases, according to the theory under attack, the same effect is produced by two distinct causes. Let us explore the nature of Einstein’s inference further.  Moving to a higher level of descriptive abstraction, we could characterize both of these arguments as a particular type of ‘underdetermination’-style argument (or ‘argument from empirical equivalence’). However, Einstein’s form of ‘underdetermination’ argument is different from what I characterized earlier as the standard conclusion of epistemological skepticism, exemplified by the Cartesian demon or brains in vats.  Einstein’s conclusions are, I suggest, structurally similar to Quine’s.  Let us be specific about what Einstein’s ‘empirically equivalent theories’ are, labeling them as hypotheses H1 and H2. 

We could cast the 1905 case as follows: 

H1-05: ‘The magnet is in motion and the conductor is at rest,’ and 

H2-05: ‘The conductor is in motion and the magnet is at rest.’  


The 1911 case would be:

H1-11: ‘Body b is accelerating uniformly in a gravitation-free region,’ and 

H2-11: ‘Body b is tracing out an inertial trajectory in a homogeneous gravitational field.’

Note that H1 and H2 make the same predictions for all observable phenomena.  Einstein does not draw the ‘standard’ epistemological conclusion, which would be ‘We cannot know which one of H1 and H2 is true.’  If one takes H1 and H2 to be two translation manuals from Jungle into English, we can see that Quine did not make this epistemic inference either.  Rather, Einstein argues to an ontological claim: Einstein infers from the fact that H1 and H2 make identical predictions that the supposed difference between H1 and H2 is somehow illusory.  That is, the supposed difference between H1 and H2 does not exist, they are the same.  There is actually only one state of affairs where we thought there were two.
  In a somewhat surprising inference, ordo cognoscendi seems here to entail ordo essendi in spacetime physics: we limited creatures cannot detect an experimental difference between divergent empirically equivalent hypotheses about velocities or about gravitation and inertial effects, therefore there is no difference in the world between them. 

A philosophical puzzle: when is the ‘Quinestein’ inference legitimate?


Thus ends the exposition of Quine and Einstein’s particular arguments.  If you consider one or both of them to be acceptable, then you accept at least some verificationist arguments.  What I find extremely puzzling is this: what underwrites Quine and Einstein making this (ontological) move, as opposed to the epistemological inference?  Is there a feature shared by the arguments of Quine and the relativist, or by their subject matter, which is lacking in the case of the epistemological skeptic?  One possible explanation (which I do not ultimately prefer) for the ‘Quinestein’ inference is that Quine and Einstein tacitly add an additional premise to their respective arguments: in general, if a human being cannot discriminate between two entities, properties, or states of affairs, then those two things are in fact identical.  This assumption would certainly allow us to infer ‘There is no actual difference between empirically equivalent theories’ from ‘One cannot know which one of many empirically equivalent theories is true.’ This suggestion is that Einstein and Quine are global verificationists or positivists. 

However, I would hope that we do not have to attribute to Quine and Einstein such a strong (and strongly questionable) assumption.  Is there a way to explain why Einstein’s inference seems reasonable or plausible, while rejecting ‘ordo cognoscendi is p entails ordo essendi is p’ as a general maxim?  Quine himself believes there is a difference, for he argues: “The metaphor of the black box, often so useful, can be misleading here.  The problem is not one of hidden facts, such as might be uncovered by learning more about the brain physiology of thought processes” (Quine 1970, 180).  And furthermore, he gives an explicit explanation of the difference between the subject-matter of his argument and the subject-matter of ‘standard’ epistemological underdetermination arguments:

The indeterminacy of translation differs from the underdetermination of science in that there is only the natives’ verbal behavior for the manuals of translation to be right or wrong about; no claims are laid regarding hidden neural mechanisms.  If translators disagree on the translation of a Jungle sentence but no behavior on the part of the Jungle people could bear on the disagreement, then there is simply no fact of the matter.  In the case of natural science, on the other hand, there is a fact of the matter, even if all possible observations are insufficient to reveal it uniquely (Quine 1987, 9-10).  

I think Quine is on to something here.  But again, the more general problem we must deal with is this: when is the problem one of ‘hidden facts,’ and when not?  Is there a general criterion for distinguishing between those cases in which the Cartesian epistemological inference is the appropriate one, and when the Quinestein inference is the appropriate one? 

Let me couch basically the same point in different terms.  On the explanation of the Quinestein inference I (and Quine) have offered here, Einstein and Quine are in fact verificationists of a sort, though only over a very limited domain.  Quine can reach his ontological conclusion by asserting ‘if a human being cannot discriminate between the goodness of two translation manuals (considered as wholes), then those two manuals are in fact identical.’  Similarly, Einstein’s principle of equivalence follows from his empirically equivalent theories by adding the premiss: ‘if a human being cannot discriminate between frames K and K¢, then those frames are in fact identical.’  Then the pressing question becomes: for what domains of inquiry is the verificationist attitude valid? 

If we find Einstein’s (and Quine’s) arguments at least partially persuasive, we can ask: Why do we (or at least most of us, the non-hyperpositivists) strongly shun saying ‘there is no truth of the matter about whether electrons really exist or not,’ but not for the existence of absolute motion or meaning?  Unfortunately, I cannot give a completely satisfactory answer to this question.  I can gesture at a response, however, and I will suggest the key distinction between the standard epistemological inference of the scientific anti-realist and the ‘Quinestein’ inference does reside in the particular subject matter. Absolute motion is not ‘hidden,’ and meaning is not ‘hidden’—at least they are not ‘hidden’ in the sense of being beyond the range of detection by our unaided senses.  Electrons and quarks, on the other hand, are hidden in exactly this sense.  Creating a more powerful or technologically sophisticated measuring device clearly could help us learn about electrons, so that they (or at least their effects) can become partially un-hidden; however, I am not so sure more sophisticated instruments by themselves help us learn anything more about meaning or absolute motion.  This is my basic idea.

Absolute motion and meaning are, more clearly, entities that can only be inferred, regardless of the physiological limits of our sensory modalities and/or the current state of our technology.  The electron is indubitably, for us, an inferred entity as well: we see the track left in the cloud chamber, and infer that an electron’s trajectory must have caused that track.  However, we have to infer the electron’s presence only because our eyes cannot discriminate such small entities.  We would not have to infer the existence of electrons if we had eyes with finer powers of discrimination.  (At least, protons would not be any more ‘inferred’ than the proposition ‘there is now a pencil in my hand.’)
  No improvement to our sensory apparatus alone that I can imagine would enable us to observe whether traditional meanings exist, or whether absolute velocities exist (short of adding a separate, sensory modality specifically for detecting absolute motion or meaning).  In other words: some entities posited by current scientific theories must be ‘inferred’ because our sensory capacities are limited (e.g. electrons), while other entities are inferred for reasons that have nothing directly to do with our perceptual apparatus (e.g. meaning and absolute motion).  It is this latter type of entity, the ones which must be inferred for reasons other than the physiological limits of our five sensory modalities, to which the Quinestein inference could be legitimately applied, if it is legitimate anywhere.  And unless we find Einstein’s arguments unacceptable, we believe the verificationist inference is acceptable in at least some cases. 

Consider the following problem for my account: does the Cartesian demon/ brain in a vat scenario fit this schema?  That case is a bit trickier, for the Descartes of the First Meditation would apparently view every object in the external world as an inferred entity, inferred from what would later be called ‘sense-data.’  And there is likely no direct extension of our discriminatory capacities or sensory apparatus that would allow us to discern whether or not we were brains in vats.
  The minimal conclusion I would draw from this is: the fact that a supposed feature of the world is beyond any direct extension of our sensory apparatus is a necessary, but not sufficient, condition for making the Quinestein inference about that feature (unless we want to follow the radical positivists on the issue of Cartesian skepticism).  Any entity or property that is ‘merely’ beyond our bounds of discrimination will not be a candidate for the Quinestein inference.  However, a clean difference still exists between the cases of motion and meaning and the brain-in-a-vat scenario.  Another human being, if appropriately situatedin the mad scientist’s lab, would be able to discern whether I was a brain in a vat.  The same cannot be said for absolute motion—it is inaccessible to all observers.  I am not sure what conclusion to draw from this; perhaps that since my being a brain in a vat is observable to other licensed members of the epistemic community, this fact is not even beyond the bounds of possible human discrimination, and thus is not a candidate for the Quinesteinian inference.

Against van Fraassen’s use of Newtonian spacetimes as a paradigm of empirical equivalence 

In previous sections, I claimed that even though the ‘standard’ underdetermination argument is similar in the form of its premises to Einstein and Quine’s arguments, the Quinestein inference is fundamentally different than the standard conclusion of epistemological skepticism.  In short, there are two conceptually distinct ‘underdetermination arguments.’  One yields a skeptical conclusion (I can never know whether I am a brain in a vat or not); the other effects an ontological reduction of sorts (by eliminating absolute rest, or traditional meaning, or by collapsing two things into one, such as gravitational and inertial mass).  The difference between the two types of underdetermination argument is clear.  This point holds regardless of whether or not one is able to give a general criterion for when we should make the Quinesteinian inference, and when to make the standard inference (as I gestured at in the previous section).  In this section, I will use the existence of a distinction between the two types of underdetermination argument to criticize one of van Fraassen’s uses of empirical equivalence in The Scientific Image.

Van Fraassen offers one extended example of empirically equivalent theories in The Scientific Image; he mentions others (which might not fall victim to the same criticism), but does not discuss them in as much detail.  This chief example is a family of Newtonian spacetimes, each of which is identical to the other, save one characteristic.  Each theory singles out a different frame of reference as the frame which is at absolute rest, i.e., at rest with respect to absolute space. The way van Fraassen himself puts it (which is equivalent to my formulation) is by specifying the absolute velocity of the center of gravity of our solar system.  (There are thus infinitely many theories in this family, since the velocity can take on all values of the real numbers.)  However, each of these theories is empirically indistinguishable from the others; this follows from Newtonian theory itself  (see the fifth corollary to the laws of motion in the Principia)
.  Van Fraassen writes:

Let us call Newton’s theory (mechanics and gravitation) TN, and TN(v) the theory TN plus the postulate that the centre of gravity of the solar system has absolute velocity v.  By Newton’s own account, he claims empirical adequacy for TN(0); and also that, if TN(0) is empirically adequate, then so are all the theories TN(v). (1980, 46)

This is van Fraassen’s primary extended example of empirically equivalent but incompatible theories.  He then asks us to imagine a “fictitious and anachronistic philosopher, Leibniz*, whose only quarrel with Newton’s theory is that he does not believe in Absolute Space.  As a corollary, of course, he can attach no ‘physical significance’ to statements about absolute motion” (1980, 46).  Leibniz* banishes the suspicious entity, Absolute Space, from the domain of his scientific beliefs.  So what is the “the theory which Leibniz* holds of the world”?  Van Fraassen states that his theory’s “single axiom can be the assertion that TN(0) is empirically adequate” (1980, 47).  Thus, Leibniz*’s theory captures many of the virtues of Newton’s claims in the Principia without becoming involved with the shady character, Absolute Space. Van Fraassen has provided us with the means to eliminate this questionable entity from Newton’s otherwise magnificent theory—begin with the original theory, and then state that that theory is empirically adequate. Because Absolute Space is unobservable, someone following van Fraassen’s procedure will not countenance any claims about it as true.

Now I am in a position to lodge my complaint against van Fraassen’s example.  It seems to me that van Fraassen’s Newtonian case is a somewhat non-standard example of empirical equivalence, and therefore somewhat misleading as a paradigm or exemplar of empirically equivalent theories, especially given the claims van Fraassen ultimately wishes to defend.  It is ‘non-standard’ insofar as the conclusion Einstein (and hence most of us moderns) draw from the existence of this family of empirically equivalent theories is that Absolute Space does not exist, and not that we cannot know anything about Absolute Space, or about the solar system’s movement with respect to Absolute Space, etc.  That is, we moderns think there is no difference at all between the members of this family of Newtonian spacetimes. It thus appears van Fraassen has taken as his example of empirical equivalence a set of theories that (from the point of view of modern intuitions) usually falls under the Quinestein or positivist type of underdetermination inference, instead of the epistemological skeptic underdetermination inference.  To repeat: what we (moderns) consider to be the proper conclusion to draw from the existence of this family of Newtonian empirically equivalent theories is that Absolute Space does not exist, not that we should be agnostic about the existence of Absolute Space.  Yet—and here’s the rub—this is precisely the attitude van Fraassen advocates toward unobservables in general.
  

Van Fraassen’s use of the Newtonian family of spacetimes has another ancillary effect that I consider objectionable: this example perhaps renders the constructive empiricist’s attitude toward empirically equivalent theories more plausible than if van Fraassen used a different example.  This is not a criticism of any explicit claim of van Fraassen’s, for he does not assert (something to the effect that) ‘Leibniz* clearly has the proper attitude toward Newton’s theory, therefore everyone should be a constructive empiricist.’  Nonetheless, the fact remains that van Fraassen did select, as his example, a set of empirically equivalent theories that, from the modern point of view, makes Leibniz*’s view appear correct.  There seems to be a fairly widely shared intuition that if van Fraassen’s example was drawn from another area of science that deals with unobservable entities (e.g. molecular biology), its plausibility would probably be greatly diminished.
  I am offering a rationale for this intuition.  The distinction introduced above, between Quine and the relativistic physicist on the one hand, and the epistemological skeptic on the other, separates two distinct types of underdetermination arguments.  The first, ‘standard’ type infers an epistemological skepticism (‘These two hypotheses are epistemically indistinguishable, so I cannot decide which to believe is true’), while the other infers an ontological reduction (‘Gravitational and inertial mass are one and the same’).  My point is simple: Absolute Space is a different type of unobservable entity than, say, a DNA string; for this difference is exhibited (or demonstrated?) by the fact that Absolute Space is thought by most people to be susceptible to the Quinestein inference, instead of Cartesian epistemological skepticism.  As the previous section demonstrated, I do not have a complete story for exactly how to cash out that difference, but the distinction exists, despite the fact that I cannot provide necessary and sufficient conditions for class membership.  The existence of empirically equivalent theories can give rise to one of two different conclusions, either the Cartesian or the Quinesteinian.  Once we recognize that, then it seems questionable to run them together, as van Fraassen does with the example of the Newtonian spacetimes.
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�  Perhaps ‘semantically equivalent’ would be better than ‘logically equivalent.’


�  That is not a fair characterization of this position.  It could be perfectly rational to choose to use one over the other (on grounds of differential simplicity or tractability, e.g.), but an empiricist (like van Fraassen) would say that you have no right to regard one of q and q¢ as more likely to be true than the other.  In other words, decisions made for pragmatic reasons can be just as rational as decisions made for epistemic reasons.


� Thus, if one thought Einstein’s and Quine’s arguments detailed below do not warrant their reductionist conclusions, my suggestion that we view different sets of empirically equivalent theories differently is weakened; for then there might be no theories to be a reductionist about, and one could be either a skeptic or an apriorist about every other case.


� This is equivalent, for Quine, to the assertion that T1 and T2 are equally good translations.


� Put in terms that highlight the skeptic’s commitment to what Wilfred Sellars calls the Myth of the Given, I have no evidence that favors one of the hypotheses over the other.  (Here, ‘Myth of the Given’ means roughly ‘sensations = fundamental source of epistemic justification.’)


� And this could be correct, even if we accept Clark Glymour’s insight in Theory and Evidence that, of two empirically equivalent theories, one can be better confirmed than the other. Glymour has the further insight that the better confirmed hypothesis is usually the simpler one.  However, it seems to me that whichever theory happens to be ‘leading the race’ in terms of epistemic warrant at a given moment in history might not provide compelling evidence that that theory is true.  For example, it was first suggested in 1913 (by Einstein) that gravitational potential was not a single scalar quantity at each point in spacetime, but rather at each spacetime point there exist ten gravitational potentials.  The theory that gravitational potential has one component instead of 10 independent components was ‘leading the race’ for some time (the whole of the 19th century)—but we no longer believe it. One may have doubts (and I do) about the so-called ‘pessimistic meta-induction’ against realism-in-general, but I do think there may be a legitimate pessimistic conclusion against simplicity as an indicator of truth.  This claim is obviously beyond the scope of this paper, but I will say a few words in my defense.  For example, it does not strike me as unreasonable to claim that (in some inchoate sense) quantum mechanics is less simple than classical particle mechanics, and that physical geometries of variable curvature (such as are posited by Einstein’s general theory) are less simple than geometries of constant curvature.  ‘The length of a body contracts as it approaches the speed of light’ is more complex than ‘the length remains constant for all velocities.’  Of course, I am not claiming that every (or even most) modern theory is more complex than its predecessors; that would be foolish.  My only point is this: even though a particular theory is better confirmed today because of its simplicity relative to its immediate rivals (a la Glymour), that does not necessarily mean that the theory is (much) more likely to be true. Adopting van Fraassen’s terminology, one might say that a higher degree of confirmation licenses us to ‘accept’ such a theory, but not to necessarily ‘believe’ it to be true. (And van Fraassen himself believes Glymour’s insight is compatible with anti-realism: see (van Fraassen 1980, 222).)


� For example, in Hans Reichenbach’s student notes from Einstein’s 1919 seminar on general relativity, we find the following: 


Heavy mass = inertial mass.


There is no explanation for this.  One could alter mechanics, without changing its principles, so that two different coefficients appear in it. [That is, we could treat inertial and gravitational mass as two entirely different quantities, denoting them by ‘mi’ and ‘mg’ and re-writing all the laws of mechanics with the appropriate subscripts.]  …We want the numerical equality reduced to an essential equality [Wesensgleichheit].  (Reichenbach 1919, I.4)


� In “On the Influence of Gravitation on the Propagation of Light”.


� Note, then, that the gravitational field around the sun or the earth is not homogeneous; more generally, no massive body tracing out an inertial path will generate a homogeneous gravitational field.  (This led Einstein’s colleague Max Laue to complain that this thought experiment was completely physically unrealistic).


� See (Norton 1985) for substantiation of this claim.


� Interestingly, one of the key figures in the history of modern Western science to forward a serious relativity principle, Galileo, thought differently. He made exactly the epistemological ‘standard inference’ about motion.  He thought that, although no local appearances available to us could differentiate between a given body’s being at rest and being in motion, there still was a matter of fact about which bodies were in motion and which were not. For example, in his famous boat example, what he concludes is that the person below decks cannot tell whether he is in motion or not—Galileo always says it is ‘as if’ he is at rest (Galileo 1967, p.116).  Given two bodies in relative motion, Galileo still thinks there is a fact of the matter about whether one of them is at rest or not.  (Otherwise, he would be hard pressed to say that the earth truly revolves around the sun.)  This fact about Galileo shows that it is possible to make the inference to epistemological skepticism for the case of motion, even though Einstein does not.


� I say this with apologies to the Sellars of “Empiricism and Philosophy of Mind” and to phenomenalists.  It is a shame, for my purposes here, that Sellars argued that even basic perceptual judgments are inferential, in a sense.  But perhaps my story can be told nonetheless, as a matter of degree of inference.


� This case, I believe, is similar to the ‘empirically equivalent’ theories offered in (Glymour 1977) and the commentary on it (Malament 1977).  The main upshot of these articles is that there can be spacetimes whose global topological structure is such that observers in one part of the universe A can never observe certain other parts of the universe B, even with unlimited time and unlimited discriminatory powers.  The causal structure of such a universe simply makes B inaccessible to observers in A.  However, if an observer were stationed in B, then she could observe parts of B that are unobservable from A—just as a person in the mad scientist’s laboratory can observe that a certain ‘person’ is, in fact, a brain in a vat. 


� “Corollary V.  The motions of bodies included in a given space are the same among themselves, whether that space is at rest, or moves uniformly forwards in a right line without any circular motion” (Newton 1995, 25).


� Rebutting one of Putnam’s arguments for against anti-realism, he writes: “Putnam’s ideological maneuver could at most be used to accuse an ‘atheistic’ anti-realist of irrationality…not one of the agnostic variety” (1980, 36), as van Fraassen apparently considers himself to be. 


� For one instance of this intuition, see Gideon Rosen’s “What is Constructive Empiricism?” (Rosen 1994).






