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Abstract

It is commonly assumed that a mental property’s irreducibility stands or falls with its multiple realizability.  In fact, a number of recent arguments against non-reductive physicalism are based on the assumption that multiple realizability is a necessary condition for irreducibility.  This paper shows that such arguments fail because multiple realizability is in fact not necessary for irreducibility. Even if the one-many relation of multiple realization is not available to block the reduction of a mental property, it will nevertheless be irreducible because of a distinct one-many relation.  Namely, the neural structure that realizes the mental property will be multiply determinative.  That is, the neural structure will simultaneously realize several kinds of determinate properties (just as the molecular structure of a cubical peg simultaneously realizes the peg’s shape, color, mass, and rigidity).  The paper concludes by showing how multiple determination elucidates some suggestive, but insufficiently developed, comments from Hilary Putnam and Philip Kitcher about the failure of reductive explanation. 

1. Introduction


Since the 1960s, debates about reduction in the philosophy of mind have centered on multiple realizability and its implications.  Adopting a line of thought from Putnam and Fodor, defenders of non-reductive versions of physicalism claim that multiple realizability is at least sufficient for irreducibility.  One of the main claims of this paper is that this focus on multiple realizability is misguided.  There are cases in which a mental (or other “higher level”) property has a single possible realizer and remains irreducible.  I claim that this is because of a special feature of a particular, ubiquitous kind of realization, what I call structural realization.  In cases of structural realization, the realizer by nature determines more than one kind of property – that is, it is multiply determinative.  When a higher level property is realized by a structural realizer that is multiply determinative in this way, it is not reducible to that realizer.

The rest of the paper proceeds as follows.  First, I say a bit about what I mean by “reducibility.”  I then sketch the arguments that Shapiro (2000, 2004) and Bechtel and Mundale (1999) present against the multiple realizability (and hence irreducibility) of mental properties, and compare them to the well-known local reduction strategy.
  In section 2 I distinguish between two kinds of realization: unitary and structural realization.  In section 3, I discuss the fact that structural realizers are multiply determinative and argue that this fact shows that a key premise of these reductionist responses, that multiple realizability is necessary for irreducibility, is false.  I close by discussing some suggestive comments from Putnam and Kitcher about the failure of reductive explanation which suggest something like my view.   The fact that structural realizers are multiply determinative provides a metaphysical basis for their claim that reductive explanations miss generalizations by including irrelevant detail and obscuring causally relevant features.

2. Preliminaries

2.1. Reducibility


Among the claims that have been attributed to reductive physicalism are the following: (R1) biological, psychological or social properties are type-identical to fundamental physical properties; (R2) these property identities, together with the laws of the reducing theory, offer explanations of why the generalizations or laws of the reduced science are true; (R3) explanations that cite special science properties can be replaced by explanations that cite only fundamental physical properties; the explanatory power of the “higher level” theory is preserved in the “lower level” one.  In what follows, when I say that a property is irreducible I mean that (R1) fails.  This does not entail that (R2) and (R3) fail; a mental property could be distinct from its physical realizers, while all of the generalizations in which it figures are reductively explained by physical theories.  However, as I argue in section 4, I think that the considerations that tell against (R1) can also be used in an argument against (R2) and (R3).  So, I contend that multiple realizability is not only unnecessary for blocking property identities, it is also not a necessary condition for the failure of reductive explanation.

2.2. Arguments for and against the irreducibility of the mental

Putnam and Fodor did not provide an explicit account of realization and seem to have assumed that the realization relation was general and abstract enough that no matter what account of realization turned out to be correct, multiple realization would be sufficient (and perhaps necessary) to block theoretical reduction.
  If this assumption is correct, the following simple argument can be given for the irreducibility of a given property, M.

(1) If M is multiply realizable, M is irreducible.

(2) M is multiply realizable.

( (3) M is irreducible.


In subsequent decades the concepts of realization and multiple realization continued to be used in this rough-and-ready, intuitive way, and it was often assumed that realization is simply the converse of supervenience.  This led some philosophers to see multiple realization everywhere.  For example, Crane and Mellor claim that: “States like masses, volumes, and temperatures are even more variably realized than mental states: one can have a gram or a litre of almost anything, at any one of an indenumerable infinite of temperatures” (1990, 197; Antony and Levine (1997, 91) make a similar point).


Several recent criticisms of the multiple realizability argument begin by re-examining what is required for genuine multiple realization.  For example, Lawrence Shapiro imposes a restriction on when a kind is multiply realizable in a substantive way.  Namely, two objects are distinct realizers of the same functional kind only if they differ in the properties that are causally relevant to the production of the function that defines that kind (Shapiro 2000, 644).  He then goes on to question whether various purported examples of multiply realizable properties satisfy this constraint.  For example, he claims that a brain composed of neurons and one composed of silicon chips are different realizations of a mind only in a trivial sense, as long as they share the properties (e.g. electrical ones) that are causally relevant to mental functionality.  “The difference between standard neurons and silicon neurons, in such a case, is no more interesting relative to their contribution to psychological traits than is the difference between contributions of neurons gray in color and neurons that have been stained purple” (Shapiro 2004, 58).
Bechtel and Mundale marshal similar considerations to cast doubt on the multiple realizability of mental states.  They argue that multiple realizability appears plausible only because philosophers mismatch “a broad-grained criterion [of state individuation] (to show sameness of psychological states) with a fine-grained criterion (to differentiate brain states)” (1999, 175).  But if the same grain size is used to individuate both mental and brain states, then the multiple realizability of mental states becomes less plausible and one-one mappings can be preserved (ibid., 202).  Thus, like Shapiro, they claim that the extent of multiple realization has been overstated because its defenders have appealed to functionally irrelevant chemical and physical features to individuate brain states, while at the same time individuating psychological states coarsely by abstracting away from such detail.

Both of these arguments question whether mental properties are (genuinely) multiply realizable [i.e. they deny (2)].  And they use this to cast doubt on whether such properties are irreducible, and instead argue for their reducibility.  They thus have the same structure as (one interpretation of) an influential defense of reductive type-physicalism – the “local reduction” strategy, advocated by Jaegwon Kim and David Lewis.  The local reduction strategy grants that multiple realizability may block the “general” or “uniform” reduction of multiply realized properties, like pain, if such properties existed.  However, so this rebuttal claims, there is no such multiply realizable, general natural property of being in pain. 
  Rather, there are just natural properties like pain-in-humans, pain-in-octopi, etc., which, proponents of this strategy claim, are not multiply realized.  Further, they claim that since there is a unique realizer of the relevant property in each biological species or structure-type, local type-identities will be in the offing.  That is, they assume that if a property is not multiply realizable, then it is reducible.  Thus, this “local reduction” response concedes that multiple realizability is a necessary condition for irreducibility.  The local reduction strategy and the arguments of Shapiro and Bechtel and Mundale have the following common structure:  

(4) If M is not multiply realizable, M is reducible. (i.e. If M is irreducible, M is multiply realizable, or if M is uniquely realized, M is reducible.
)

((2) M is not multiply realizable.

( (5) M is reducible.

The arguments differ merely in how they motivate the denial of (2).  In contrast to the local reduction strategy Shapiro, Bechtel and Mundale don’t argue for species-specific realizers (nor do they deny the existence of a natural property common to all pain experiencers).  Rather, they put strong constraints on what counts as genuine multiple realizability and argue that there is no evidence that mental properties meet these constraints.  By limiting the scope of multiple realizability, they seek to restrict the pervasiveness of irreducible properties and perhaps clear the way for some form of type-identity theory about the mind.

These authors may grant that mental properties are trivially “multiply realizable,” in the way Crane and Mellor point out that mass, temperature and volume are.
  But it is unclear how this very weak kind of “multiple realization” differs from “multiple instantiation” – we seem simply to have the same determinate mass, volume or temperature instantiated in different materials.  Further, as Crane and Mellor point out, such “multiple realizability” appears to hold for almost all properties, even fundamental physical ones; thus, it would obtain whether a property was irreducible or not.  Therefore, I grant that this trivial multiple realizability is (trivially) necessary for irreducibility, but I argue that no other, more substantive kind of multiple realizability is required.

2.3. Two varieties of realization


In addition to re-examining the constraints on multiple realizability, many philosophers have shown renewed interest in realization itself and suggest that there are distinct varieties of this relation.  Consider some of the standard examples of multiply realizable properties and kinds: color and shape properties like redness and being a quadrilateral, mental properties like being in pain, and artifacts like camshafts and corkscrews.  There are two distinct relations that one might have in mind when one says that these properties and kinds are realized by other properties and kinds.

First we have a realization relation that models (the metaphysical aspects) of the determinate-determinable relation.  For example, redness is a determinable property that is realized by determinates that belong to the same object that is red – like being scarlet, being vermillion, being crimson.  The determinable pain is realized by more specific types of pain that vary along dimensions that include intensity, duration, and their affective qualities.  For example, a particular pain may be more or less burning, chronic, sharp, exhausting etc.  The determinable kind corkscrew is realized by more determinate varieties of corkscrew that vary in the mechanism used for cork removal, like waiter’s corkscrews and winged corkscrews.  And the determinable kind quadrilateral is realized by more determinate kinds of shape like square, rhombus, and rectangle.

In contrast, a maximally determinate shade of red is itself realized by different complex micro-physical structures (e.g. it may be produced by incandescence, refraction, or diffraction).  A determinate kind of acute pain is realized by a pattern of property instantiations in a complicated neural structure (and perhaps by the properties of electronic or chemical structures in non-carbon-based organisms).  The property of being a winged corkscrew is realized by the properties of a complicated structure of steel or aluminum atoms.  Finally, to use Putnam’s classic example, the determinate shape of a cubical peg is realized by the properties and relations of the particles that make up the peg – “a rigid lattice of atoms” (Putnam 1973, 295).


These are clearly two different forms of realization.  I will call the former unitary realization, since the realizer here is a single property that applies to the same object that possesses the realized property.  This contrasts with structural realization, where the realizer is a complex, articulated structure involving the properties and relations among many objects (usually including some or all of the parts of the object that has the realized property).  In cases of structural realization, a property P in an object/system S is realized by the properties and relations that hold between parts of S (or parts of a larger system of which S itself is a part).  The difference between unity and structural realization is similar to the distinction Gillett (2002) draws between “flat” and “dimensioned” accounts of realization and the contrast Shoemaker (2003) makes between realization1 and realization3 (i.e. micro-realization).

3. Structural realizers, multiple determination and irreducibility


It is by considering structural realization that we can see that multiple realizability is not necessary for irreducibility (i.e., that (4) is false and thus that the reductive responses that have this form fail).  Suppose we are given a determinate mental property M, like being in acute pain, and suppose that it has only one nomologically possible type of structural realizer.   Call this total structural realizer R – a specific type of neural structure, perhaps it is the structural property has C-fibers firing in a nervous system of an appropriate kind.  This is the strongest candidate for reductive identity, since the core realizer, has C-fibers firing in isolation is not nomologically sufficient for M.
  Does the uniqueness of R mean that type-identity is called for in this case?  I claim the answer is no.

Note that M is not the only property that is realized by the total structural realizer.  It also realizes many other kinds of determinate properties of the nervous system – its having a certain mass, color, electrical conductivity, elasticity, etc.  That is, the total structural realizer is multiply determinative.
  (This terminology is meant to contrast with cases where a realized property is multiply determinable, i.e. multiply realizable.)  The same is true of Putnam’s cubical peg example.  The properties and relations among the rigid lattice of atoms realize the specific mass, color, and rigidity of the peg, in addition to its shape.  In general, I claim that a higher level property Q with a unique structural realizer X is irreducible if X determines multiple kinds of properties.  I explain and defend this claim in the remainder of this section.
Figure 1: Multiply Determinable (Realizable) vs. Multiply Determinative (Realizative) Properties 




The figure on the left shows a paradigm multiply realizable property, red, and some of its unitary realizers.  The figure on the right gives an example of a multiply determinative structural realizer and some of the properties it realizes. “__(__” should be read as “__ realizes __”.

One might think that the fact that multiple determination is a one-many relation itself establishes that M is not identical to its structural realizer, in the same way that the one-many relation of multiple realization does if (1) is indeed true.  However, I think the reason why multiple determination blocks reduction is more complicated than this.  For one thing, irreducibility also seems to require that the structural realizer-type realizes different kinds of properties, i.e. determinates that fall under different determinables.  After all, a single determinate property, like being 1 cm long, realizes many determinables: being less than 2 cm long, being less then 3 cm long, etc.  But it is doubtful that cases like this are relevant to blocking reduction.  For here a reductionist could identify the realizer with the infinite conjunction of the determinables it realizes (just as some would argue that a realized property can be identified with the infinite disjunction of its realizers).  This would arguably be effective since the causal powers bestowed by the realized properties would overlap in an appropriate way so that their conjunction would yield the powers associated with being 1 cm long.
  However, this appropriate overlap of causal powers will not hold for the case of multiple determination involving M and its realizer R.  The fact that the realized properties are heterogeneous determinates (and not properties that all fall under a single determinable) means that their causal powers will not overlap in such a way that simple conjunction or disjunction would yield the powers of the structural realizer.  (I return to this point in section 4, where I claim that the heterogeneity of the realized properties is also crucial for blocking reductive explanation.)

Another concern is the following.  If the fact that multiple determination is a one-many relation were all that was required for irreducibility, this might lead to the implausible conclusion that all properties are irreducible.  Any (token) structural realizer of the property having mass will also determine multiple kinds of properties.  But having mass is plausibly not irreducible in the way that, say, mental properties are.  Why is this?  In this case, the realized property, having mass itself guarantees that each of the token structural realizers are identical in a fundamental physical respect – namely, they all determine some or other value of mass.  The structural realizer type in this case is not completely heterogeneous at the fundamental physical level.  By contrast, in the case of M’s realizer, there is no such unity describable in terms of fundamental physical properties.  Although by hypothesis M is not substantively multiply realizable, it is trivially multiply realizable, as even Shapiro grants.  A token of the structural realizer type R can determine any value of mass, charge, conductivity and be made of any kind of material (e.g. myelin and acetylcholine, or silicon) as long as the causal “contributions” of each of these token realizers is the same relative to the mental property in question (i.e. as long as each realizes pain by means of the same process or mechanism).  There are no constraints on the properties and relations that hold among the constituents of the structural realizer, other than that they contribute to the instantiation of the realized property in the same way.  In particular, there are no fundamental physical constraints on the structural realizer; the tokens of the type of structural realizer, R, are not identical in any fundamental physical respect.  So R is heterogeneous at the physical level; it does not possess the kind of causal unity that is required of a basic natural physical property (assuming a causal theory of properties; see note 10).

One might allege that my argument is mistaken because it focuses on a structural realizer that is too broad.  By singling out certain aspects or parts of the total realizer, we can obtain a “stripped down” realizer that won’t be multiply determinative.  Put another way, although there is no single physical property that characterizes the type of structural realizer, there is by stipulation a set of such properties that does.  This is because we are assuming that the realized property is realized in only one way – e.g., M is realized only by an electro-chemical process or mechanism.  In response, I pose a dilemma.  Either the “stripped down” structural realizer is a total realizer of (i.e. nomologically sufficient for) the mental property, or it is not.  If it is not a total realizer, then there is no hope of it being type-identical to the mental property.  It is not even nomologically coextensive with M, which is at least a necessary condition for property identity.  On the other hand, if the stripped down realizer is a total realizer, I claim that it will still be multiply determinative in the requisite way no matter how much it is “stripped down.”  Since it is a complex physical structure, it will at least realize basic physical magnitudes like mass and electric charge in addition to M.  So the type of structural realizer, R, will still be heterogeneous at the fundamental physical level and thus not a natural physical property.

Finally, note that my argument depends on the fact that realization is not simply the converse of supervenience.  For if it were, then multiply determinative realizers would be inconsistent with physicalism.  Recall that supervenience is a relation between sets of properties.  If the set of mental properties supervenes on the set of fundamental physical properties, then the physical properties determine or fix the mental properties; there can be no mental difference without a physical difference.  Multiple determinability/realizability captures the idea that the converse does not hold; there may be physical differences without mental differences.  That is, supervenience-based formulations of physicalism are compatible with a one-many relation from the supervenient set to the base set.  However, if realization were the converse of supervenience, then the existence of multiply determinative realizers would imply a one-many relation from the base set to the supervenient set.  This would in turn imply that the physical did not determine or fix the mental.  There could be mental differences without physical differences, which would undermine physicalism.  Fortunately, realization cannot be characterized merely in terms of correlations between sets of properties, as supervenience is.  The relation between realized properties and their realizers is stronger than that between supervenient properties and their bases.  In addition to requiring necessary covariance between the realized property and its realizer, realization demands that a relation hold between the causal powers that each confers – roughly, that the causal powers conferred by the realized property are a subset of those conferred by the realizer (for cases of unitary realization), and that the causal profile of the realizer is isomorphic (or perhaps merely homomorphic) to the causal profile of the realized property (for cases of structural realization).

4. The failure of reductive explanation


In an influential paper, Putnam makes the following remark in a footnote:

Even if it were not physically possible to realize human psychology in a creature made of anything but the usual protoplasm, DNA, etc., it would still not be correct to say that psychological states are identical with their physical realizations.  For, as will be argued below, such an identification has no explanatory value in psychology. (1973, 293)

Elliott Sober notes that this remark implies that Putnam must think that “the virtue of higher-level explanations does not reside in their greater generality” (1999, 549 n. 8).  For, if M has one possible physical realizer, R, then M and R belong to exactly the same objects.  Sober speculates that Putnam would say that citing R in an explanation provides “extraneous information,” whereas citing M does not.


Ideas similar to Putnam’s appear in Philip Kitcher’s (1984).  Kitcher claims that a derivation of the general principles of classical genetics from molecular genetics is not explanatory because “in charting the details of the molecular rearrangements the derivation would only blur the outline of a simple cytological story, adding a welter of irrelevant detail” (1984, 347).  The natural reductionist response is to claim that this is assumes an overly subjective view of explanation; beings with limited cognitive capacities like us may get lost in the detail, but there is nothing objectively deficient about such “messy” molecular derivations.


In response to this line of thought, Kitcher claims that molecular derivations objectively fail to explain because the natural kind PS-process (“PS” stands for “pair separation”), to which meiosis belongs, cannot be identified as a natural kind from the molecular point of view.  In a footnote in which he refers to Putnam’s discussion of the cubical peg/round hole example, Kitcher elaborates on this point:

It would be tempting to think that the independence of the “higher level structural features” in Putnam’s example and in my own can be easily established: one need only note that there are worlds in which the same feature is present without any molecular realization.  So, in the case discussed in the text, PS-processes might go on in worlds where all objects were perfect continua.  But although this shows that PS-processes form a kind which could be realized without molecular reshufflings, we know that all actual PS-processes do involve such reshufflings.  The reductionist can plausibly argue that if the set of PS-processes with molecular realizations is itself a natural kind, then the explanatory power of the cytological account can be preserved by identifying meiosis as a process of this narrower kind.  Thus the crucial issue is not whether PS-processes form a kind with nonmolecular realizations, but whether those PS-processes which have molecular realizations form a kind that can be characterized from the molecular point of view. (1984, 350 n. 20)

These two passages suggest that multiple realizability is not necessary for blocking reductive explanation (in the sense of (R2) and (R3) above).  Instead, the key issue seems to be something about whether explanations are available at lower “levels of organization” or “points of view.”  At least for Kitcher, this is tied up with the question of whether kinds that are natural at one level can be identified as natural kinds at a lower level.  If Kitcher is right about the “crucial issue,” it opens up the possibility that a mental kind is not a molecular kind, even if it is realized by a single molecular structure.


I think that the fact that structural realizers are multiply determinative shows that this is possibility is actualized.  It also provides a clear metaphysical basis that clarifies the complex and contentious issues about explanation and natural kinds that, taken by themselves, are too easily dismissed as merely pragmatic, epistemic, or overly anthropocentric.  That is, multiple determination provides a basis for the claims that (i) there is irrelevant detail in the structural realizer and (ii) the crucial explanatory feature is obscured at the microphysical level and is only “visible” at the higher level.  

Return to the pain example from section 3.  Contra Kitcher the reductive explanation does not fail because M is realized in “a motley of neural or electronic ways” (see note 13).  Rather, it fails because a motley assortment of properties is realized by the single neural structure, R, that is the unique structural realizer of M.  Citing the structural realizer in an explanation is equivalent to citing the disjunction of all the properties that are realized by it: the acute pain along with, e.g., the mass, color, and myelin content of the object constituted by the structural realizer, its conductivity, etc.
  If we want to explain an effect that is characteristic of pain (wincing, moaning, etc.), an explanation that cites the structural realizer will be objectively worse because it includes all of these irrelevant properties.  By contrast, by citing the realized property we single out only those features that are causally relevant to the effect in question.  As noted in section 3, it is important that different kinds of properties be realized.  If this were not the case, it is not clear that any irrelevant detail would be included.  For example, if the many realized properties all fell under a single determinable (as in the being 1 cm long example above), each would be less specific than the realizer in the same way.  They would be distinguished by different ranges of the same causal powers, not by different kinds of causal powers (such as those that characterize pain, mass, and conductivity).

5. Conclusion

 
Contrary to what is commonly assumed, multiple realizability is not necessary for irreducibility.  The microphysical structures that realize mental, biological, and other higher-level properties will also determine a number of other kinds of determinate properties.  This fact is sufficient for irreducibility even if a given mental property has a single possible structural realizer.  The phenomenon of multiple determination not only shows that a number of recent arguments against non-reductive physicalism fail, it also provides an illuminating metaphysical basis for the failure of reductive explanations.
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� Thomas Polger (2004) outlines a related critique of the multiple realizability of mental states.  However, he argues for an identity theory which he claims is not “reductive.”





� Note that what I am calling “reductive explanation” should not be confused with other theses that go by that name.  For example, it is stronger than one kind of explanation Kim calls “reductive,” which only requires that we explain why higher-level properties are instantiated at a given time – “how certain phenomena arise out of more basic phenomena” (1998, 95).  A realization-based formulation of non-reductive physicalism can accommodate such explanations.





� This insouciance regarding realization is reflected in Putnam’s free and easy use of the term “realization” in the series of seminal papers from the 1960s, where he claims that a wide variety of entities are realized – from Turing machines (1960, 371), to sense organs (1967b, 434), to abstract structures (i.e. functional or psychological theories) (1973, 294).





� I assume a distinction between properties in the “abundant” sense (the semantic value of any predicate, any arbitrary collection of possible objects, any function from possible worlds to objects) and properties in a “natural” sense (those that provide for a “real resemblance” between objects that have them).





� Strictly speaking, a property is not multiply realizable if and only if either it is uniquely realized or not realized at all.  However, I am assuming that the given property M is realized in some way or other.





� See, e.g., Shapiro (2004, 53).





� However, Gillett assumes that there is a single correct account of realization and argues for the dimensioned account.  I agree with Shoemaker that there are many relations between properties that have a claim to be called “realization.”  However, I think that his micro-realization is merely a special case of structural realization in which the components of the structure are micro-physical entities.  There are other cases of structural realization, e.g. the realization of social and economic properties, in which the structural realizer is macroscopic and involves properties of the relevant social or economic system that extends beyond the object that has the realized property.  Thus, I think structural realization can accommodate what Robert Wilson (2001) calls “entity-bounded” and “wide” realization.  I am also neutral regarding the details of structural realization – whether it should be thought of as the instantiation of a property (S’s having P) realized by a type of state of affairs (objects “propertied and related” in a certain way) (a la Shoemaker (2003)) or as a property realized by the properties and relations of a “structural’ or “micro-based” property (perhaps taken severally, which is what Gillett’s (2002) view amounts to).





� On the distinction between core and total realizers see Shoemaker (1981) and Wilson (2001).





� Philip Gasper (1992) discusses a similar phenomenon, which he calls “multiple supervenience,” and argues that it blocks reductive explanation.  However, he does not recognize that a one-many relation from a set of base properties to a set of supervenient properties would undermine physicalism.  Further, he does not recognize that only structural realizers will determine multiple properties.  Nor does he realize that it is crucial that many kinds of properties by realized; his example is that a hierarchy of determinables (being less than 1 cm in length, being less than 0.9 cm in length, etc.) supervene on a single molecular base (1992, 668).  This is the very sort of example that I believe is not able to show why reduction fails.





� A causal theory of (natural) properties is generally assumed in this literature; see Gillett (2002) and Shoemaker (2003).





� Antony and Levine (1997, 89-90) make a similar point using a different line of reasoning.





� See Shoemaker (2003).





� However, Kitcher does not seem to recognize this possibility.  He argues that PS-processes don’t form a molecular kind by appealing to familiar considerations of multiple realizability.  “PS-processes are heterogeneous from the molecular point of view. There are no constraints on the molecular structures of the entities that are paired or on the ways in which the fundamental forces combine to pair them and to separate them” (1984, 349).  “PS-processes are realized in a motley of molecular ways” (ibid., 350).  Thus, he seems to think that the crucial issue is not whether PS-processes are in general multiply realizable (perhaps non-molecularly).  Rather, it is whether those PS-processes that are molecularly realized are themselves “heterogeneous” or “motley” at the molecular level.  This misses the important point he was groping toward in the footnote quoted above.





� On this point, see Gasper (1992).
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