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Abstract: The view that special science properties are plyltealizable has been attacked in
recent years by Shapiro, Bechtel and Mundale, Podgel others. Focusing on psychological
and neuroscientific properties, | argue that thetecks are unsuccessful. By drawing on
interspecies physiological comparisons | show dinagrse physical mechanisms can converge
on common functional properties at multiple levalsis is illustrated with examples from the
psychophysics and neuroscience of early visions €bnvergence is compatible with the
existence of general constraints on the evolutiazognitive systems, and does not involve any
ad hoc typing of coarse-grained higher level propertidsee mechanisms that realize these
common higher level properties are really distimgthe criteria laid down by critics of multiple
realizability. Finally, | present an account of heuch functional properties might constitute
special science kinds by playing a central exptanyable in a range of cognitive models.
Behavioral science kinds in particular are the fiomally defined constituents picked out by our
most successful models of the multilevel systentsmaachanisms that explain cognitive

capacities.
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1 Reduction versus elimination, redux

Realization is a relation between a propdftsit one level of organization and a property
® or family of propertiesd;-®, at a lower level of organization. According to tHaltiple
Realizability (MR) thesis, psychological propertias well as the properties in the domain of
many other special sciences, are multiply realzalR is at least supposed to be true of
properties that are defined by some purpose, dgpacicontribution they make to some end—
generally, by their functional role. Where there mmterestingly different ways of playing the
role that defines the propert§; then¥ has different realizations. F&fto bemultiply realizable,

the®s must belong to distinct kinds, as defined by sordependent taxonomy.

The claim that psychology is multiply realizablaygd a crucial role in the rise of
functionalism in philosophy of mind, and it hasddmeen argued that the special sciences in
general deal with kinds that are multiply realizalAgainst this consensus, however, Lawrence
Shapiro ([2000]) has argued that the MR thesi®otsenen coherent. Consider tids that

purportedly realizé&V’. Either:

(1) these realizers differ in their causally relevparoperties, or

(2) they do not.

‘Causally relevant properties’ are those that emabimething having to perform the function

of a¥. What makes something a corkscrew, for instarscéhg fact that it has certain causally



relevant properties C that make it able to perftrenfunction of a corkscrew. Consider two
corkscrews, one a winged and one a waiter’'s maolla satisfy the relevant functional
specification but do so by having different caysalers G and G. This corresponds to case (1)
above. In such a situation, tfks are different kinds, since kinds are individuateterms of

their causal powers and the inductive generalinatibey underwrite. ‘But if they are different
kinds then they are not the same kind and so weotibave a case in which a single kind has
multiple realizations’ (Shapiro [2000], p. 647).dfhs, if theds possess different causally
relevant properties, thebitself does not constitute a kind, and hence one highesl-kind isn’t
being multiply realized. But if (2) is the casegththey do belong to the same kind, hence they

are not different realizations and the MR thesiglise in this instance as well.

This is Shapiro’s dilemma. His argument is clogselated to one presented by Jaegwon
Kim ([1992]), who also concludes that multiply rieed properties cannot be kinds, on the
grounds that realizers belonging to distinct lolesel kinds lack the causal unity needed to
realize the same higher level kind. While my repli}f be to Shapiro’s formulation of this
problem, it can also be seen as addressing Kiro&eb) related worries. Here | will assume that
if ®; and®, are different independently certified kinds them lrave genuine MR. This is at
least a sufficient condition on realizers’ beingtutict. So the solution to Shapiro’s (and Kim’s)
dilemma that I'll offer involves defending type-(@3ses. What | deny is that tids being
different kinds entails thak is not a kind. The main burden of this paper is to show h
functional properties that are heterogeneouslyzeglican constitute kinds in psychology and

neuroscience.

As I've noted, realization is a relation among Eajes (or possibly instances of

properties—the debate between these positions waatter here). On the view | adopt,



properties are comparatively cheap. To a first agpration, where we have a meaningful and
non-contradictory predicate we have a propertyightte truthmaker for claims involving that
predicate. Being red is a property expressed lned§ being a table is a property expressed by
‘is a table’, and so on. There are also such tharsghe property of being five feet from the Eiffel
Tower, or the property of being either an elecwola bumblebee. And of course many

properties are unnamed by any predicates of amyukge.

One can adopt a more restrictive ontology of progethan this. Some properties seem
to make no difference to the objects that have tleamsider the property of beimgadsup,
which everything has in the event that my coin &ahdads up, and lacks otherwise. Are such
‘Cambridge properties’ properties at all? One migfiapose that genuine properties correspond
only to causal powers—capacities to produce cedfigctts under certain circumstances—which
would remove such useless properties as being hpdiasn our ontology. This causal powers
view of properties has been developed extensivetgdent years (Heil [2003]; Shoemaker
[2003]). I won’t enter into the debate over whetivershould be restrictive or liberal with
respect to properties, or whether we should beicgge in the way that causal theorists of
properties propose, since what matters for my mepas only that there is a distinction between

properties and kinds.

Kinds, by contrast with properties, are preciougeriEon a causal powers view of
properties, not all properties correspond to kizdeether? is a kind or not depends on whether
there is a sufficiently large and interesting boflgmpirical regularities in whict itself is
implicated. For there to be a kind there must belacluster of properties that reliably co-occur
with something’s being’, where these properties do not cluster togethehlayce but by the

operation of some governing principle or mechaniBhe main point is that only some



properties (or property clusters) correspond tal&irKinds are non-accidental loci of inductive
potential. This is a relatively generic definitiohkindhood; there may be many different ways
of filling in the details (see, e.g., Boyd [1991)jllikan [1999]). Both physics and the special
sciences aim to model the structure and behavipregumptive kinds: electrons, hurricanes,
pyramidal cells, beta endorphins, visual memorydyaf lungfish, etc. The debate over multiple
realizability has focused on kinds in this senseeugigs that are the distinguished subject

matter of the special sciences.

The debate thus bears on two related questiorst, Bie any properties genuinely
multiply realizable? And second, if some are, ang @ultiply realized properties kinds? It might
seem that ifb; and®, are causally different ways of realizidgthat this would in itself show
that they did not participate in any (nonanalytieinmon regularities and hence could not
belong to a common kind. But this isn’t obviouslyd, since, as we will see, distinct
neurobiological mechanisms can still give risettared functional and psychological properties
and generalizations. | will argue that for somesedly relevant properties;@nd G, there are
kind-making empirical commonalities that hold amahiggs having those distinct properties.
We can see this by looking at an example that $h&pmself discusses: the case of compound

Versus camera eyes.

2 Theeyesof others

Arthropod compound eyes and vertebrate cameraagged| eyes in virtue of falling
under the functional description ‘organs for sekifbis is a purportedly analytic generalization

about eyes—indeed, perhaps the only one. But diffenechanisms are involved in the



production of sight in each kind of eye; hencethm/anti-MR argument, eyes should not be a
single kind. However, it turns out that both kirafsyes can display similar psychophysical

phenomena despite having different neurobiologoal optical properties.

The main phenomenon of interest is the fact thawtbual systems of many unrelated
species allow them to experiernidach bands: regions of especially high or low brightness that
occur just after the ends of a brightness gradiémtse bands appear as light or dark stripes in an
image. Mach was the first to investigate the phegraon in detail and to show that it was a
psychophysical rather than an objectively physattdct (Ratliff [1965]). Bands are variable in
their thickness, brightness, and position, andEmamduced to change their appearance under the
influence of a wide range of contextual factors.i/perception of Mach bands occurs in many
organisms, including primates, cats, and horsestad®s Limulus polyphemus), the neural
circuits that underlie it differ radically acrogsesies. This can be illustrated with respect to the

Limulus eye and the mammalian eye.

Much of the early work on the physiology of Macbaerception usedmulus as a
model organism. The lateral eyes of the crab amgpooind eyes composed of ~1000 cones that
terminate in structures known as ommatidia (Ba&tglD06]). One of the most detailed analyses
of the wiring pattern of theimulus retina is given by Fehrenbach ([1985]), who mapse
branch and synapse among five ommatidia extracted & single organism. The ‘retina’ of
these eyes is extremely primitive—the ommatidiataonphotoreceptive cells that depolarize a
central eccentric cell, the axons of which bunaether to form the optic tract. Eccentric cell
axons also distribute collaterals to their neigkiaoradjacent ommatidia. These interwoven
branching collaterals form an anatomical struckin@wn as the lateral plexus of the eye. The

function of the collateral of the lateral plexugasenable the activity of one ommatidium to be
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inhibited by activity in adjacent ones (HartlinedaRatliff [1957]). So highly stimulated
photoreceptors tend to dampen the afferent sigretsng from surrounding cells: when one is
strongly ‘on’, its neighbors are nudged towards\geoff’. This lateral inhibition mechanism
enhances contrast and sharpens perception of étdlgeshyy serving as an early stage in
processing the visual image. This is achieved edsdnbach ([1985]) notes, despite the fact that

the plexus itself constitutes a ‘seemingly randangte of neuronal fibres’ (p. 244).

According to one widely accepted theory—indeeduabdy the standard theory—this
same mechanism also explains the perception of Mants. Where there is a luminance
gradient, a set of receptors that laterally inhgaith other will display patterns of activationttha
correspond to the perceived brightness of the Mactds themselves. Neural activity will be
slightly greater on the more luminous side of tredgent and slightly lower on the less luminous
side (Palmer [1999], pp. 115-7). This pattern gaalitative match for the phenomenology,
which suggests that this neural mechanism is at le®licated in the phenomenology. This
inference embodies one regularly used heuristicf@pping neural states onto conscious
experience. Where a set of neurons carries infeomabout some property, e.g., luminance, and
where activation patterns in those neurons coeeléth some aspect of experience, e.g.,
brightness, those neurons are plausibly part ofdlusal process that eventuates in the conscious
experience itself. Such patterns of neural actiatgount for the fact that experience does not
map detected luminance directly onto perceivedhbnigss. Perceiving Mach bands, then, is a
kind of side effect of having a visual system thses lateral inhibition to perform useful visual

processing.

Mammalian eyes, while physically and optically difint from compound eyes, also

contain inhibitory mechanisms that produce Machdsain contrast to the loose organization of
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the lateral plexus, mammalian retinas are tightgaaized into distinct layers: outer plexiform,
inner nuclear, and inner plexiform. They also usastly greater range of cell types than does
theLimulus eye. Photoreceptive cells feed into a complex agtwontaining horizontal,
amacrine, and bipolar cells, finally terminatingganglion cells that project to higher regions.
(These classifications are the broadest ones @leile indicate the complexity here, there are
at least two types of horizontal cell in primatasd over 40 types of amacrine cells in
vertebrates.) While there are many possible lacidteral inhibition in the retina, it seems to
occur initially in the horizontal cells linking ajent rods and cones. These cells have highly
specific connectivity patterns, as opposed to #a-nandom wiring okimulus (Field and
Chichilnisky [2007]; Sterling [1998]). Horizontaklls are also electrically coupled to their
neighbors by gap junction synapses, which mearngtbag can act as a single ‘sheet’ that filters
incoming neural signals. Activity in one photoretmgan result in inhibited activity in adjacent
receptors and their forward projections via botteack and feedforward modulation by
horizontal cells. This is also the earliest knowags at which characteristic center-surround

antagonistic fields appear in visual processingr(y# [1991]).

This brief comparison of the biology of vertebratel horseshoe crab retinas is sufficient
to show that they incorporate significantly diffiet@eural mechanisms. A mechanism can
usefully be thought of as ‘a set of entities antivées organized such that they exhibit the
phenomenon to be explained’ (Craver [2007], pTBe phenomenon of interest here is
producing lateral inhibition, and thereby producbh contrast enhancement as well as Mach
bands and a host of other related psychophysi@ighena. The component entities of interest
are primarily the neurons themselves and theinapatganization relative to each other. Their

activities consist of how they respond to variouslk of stimulation and how their firing



patterns interact to produce the complex phenomeharutual lateral inhibition. These
activities involve various sorts of graded potdstand action potentials, mediated by both
chemical synapses using different neurotransntigfegs (histamine ihimulus, GABA in
mammals) and by electrical synapses. The dynanhitese activities and interactions are
different in each mechanism; eccentric cells alfeisiibiting as well as neighbor-inhibiting,
whereas horizontal cells aren’t, for example. Hindhese mechanisms enable different sorts of
interventions, depending on the specific typeseaafrans involved, their particular wiring
pattern, and the chemical and electrical messenigatrshey use to carry out their characteristic
activities. It would certainly be impossible to gily‘swap out’ the mechanism of lateral
inhibition in Limulus and install it in a vertebrate retina and expet work. All of this suggests
that by commonly accepted neurobiological criteihi@se mechanisms count as belonging to

different kinds.

One note of caution on the preceding story: while standard practice to explain Mach
bands by appealing to lateral inhibition in then&t this explanation may not turn out to be
correct. Palmer ([1999], p. 117) notes that théadises over which inhibition operates may be
less than the distances over which simultaneousasireffects can be found. And Pessoa
([1996]) argues that simple inhibition-based moaaisnot account for the fact that Mach bands
do not seem to be present in scenes involving doarimance steps, rather than gradual
luminance ramps. He surveys a range of alternatimesinhibition based models that aim to
capture Mach bands and related psychophysical phena. The issue, then, may be more

complex and unsettled than the standard accoungsriakppear.

Still, if lateral inhibition turns out not to bedhmain process that produces Mach band

perception, the points to be made in this discussitl stand. First, we would still have common
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lateral inhibition mechanisms across species. Hihd of processing unit itself is multiply
realizable. So there is still a question about flmevsame functional unit can be realized in
different kinds of neural mechanism. Second, whatevechanisms do account for the
perception of Mach bands across species will prablyralso be ones for which the question of

multiple realizability occuraMutatis mutandis, the same questions can be asked about them.

Comparing the mammalian retina with the horseshale etina serves to make several
points. First, both sorts of creatures display mmon psychophysical effect; second, they
possess substantially different underlying neurolgical mechanisms; third, these mechanisms
seem to implement the same sort of functional ptgpeamely lateral inhibition; fourth,
according to the standard account this latter ptgpe what explains the presence of the
psychophysical effect. So what we seem to hawsasstructures satisfying the functional
specification of eyes that have psychophysical comatities but different underlying neural

realizations. That is, we have what appears todsesa of actual multiple realization.

While these are not exhaustive of the possiblekofceyes, they illustrate the point that
distinct kinds at one level can have numerous atbermon causal properties, and therefore
constitute a higher-level kind. And they share ¢heoperties despite a number of other
seemingly significant differences between them.sT8bapiro’s inference from different causal
properties to the absence of a higher-level kintbisgenerally sound. Whether a functionally

defined property also constitutes a kind is somefio be decided on a case-by-case basis.

3 Unity through constraint?
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Interestingly, Shapiro considers the case of latehgbition, but draws the opposite
conclusion from it (Shapiro [2004], pp. 117-20)tiRa than concluding that the use of this
common strategy of visual processing in differgrecies shows its multiple realizability, he
suggests that it shows that the evolution of visyatems occurs under tight constraints. These
constraints mean that there will likely be only doeat most a few) ways of building an organic
system that can process visual images. And thpstisntially in tension with MR, which allows

that there should be a wide diversity of evolvechamisms for each functional capacity.

Lateral inhibition serves a useful function in wisi it sharpens contrasts and aids in
discrimination of closely spaced stimuli. Undoulhyettiis accounts for its recurrence in
evolution. But this recurrence does not undermir® Bince it's also clear from the preceding
example that different species carry out lateraidition using physiologically distinct
mechanisms. Atrtificial visual systems give furte@amples of this diversity. There are a number
of silicon-based implementations of fragments afye@asion that specifically include lateral
inhibition among adjacent units (Mead and MahowWa@88]; Wolpert and Micheli-Tzanakou
[1993]). These silicon retinas have electrical cese profiles that are similar to the neural
response profiles seen in biological retinas. Batrhechanisms are distinct: the parts are hard-
wired integrated circuit arrays that comprise a Imsimpler sheet-like structure than the
multilayered vertebrate retina, and which contaifferent components carrying out different
activities. For instance, there are no neurotratiersiin a silicon retina, and hence it supports
different styles of intervention—electrical stimtitan affects integrated circuits differently than

it does horizontal cells, and compounds that bloalirotransmitter release have no effect at all.

Indeed, lateral inhibition occurs in multiple serysmodalities within single species.

Human vision, touch, and audition all contain mexiss of lateral inhibition (Békésy [1967]).
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But these mechanisms are also distinct. In the a@bsematosensory stimulation, lateral
inhibition is implemented by the activity of GABAgic inhibitory interneurons in the dorsal
column nucleus (Marifio, Martinez, and Candeo [19%]lis and Coggeshall [2003], Ch. 12).
These neurons are morphologically and physiololyichiferent from those that carry out lateral
inhibition in the mammalian retina. The same sbdase that the comparative physiological
data make for multiple realization can very plalysdlso be made intraspecifically using cross-

sensory physiological data.

What this suggests is that there is a comfoodional characteristic that recurs across
different species (and artificial systems) as aslwvithin individual species. But the presence of
a particular functional characteristic does notassarily entail the presence of any particular
physical mechanism. That isn’t to say that therghthhot be physical constraints on how
nervous systems must be constructed if they’regytwnrealize terrestrial psychological
capacities. Many of these constraints, howeverttaselves organizational or functional, and
these can’t be assumed to be physically identicallicases; at least not unless we simply adopt
a taxonomy of physical mechanisms that co-classdgephysically similar anything that satisfies
the relevant functional specification. But, apaonf the fact that this flies in the face of the
independently justified neurobiological taxonomytludbse mechanisms, this is just to beg the

guestion against the MR thesis.

Shapiro’s other examples of constraints on thezat@n of cognition support this point.
For instance, he argues that humanlike cognitignires sensory systems that transduce
information into usable neural signals, receptbeat tile sensory surfaces in varying densities,
topographic maps in primary sensory areas, anddbyr@aodular organization in the brain itself

(Shapiro [2004], pp. 105-38). But it is clear thiagre are at best rather abstract similarities
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among, say, the diverse photoreceptors in thearetna the various tactile, thermal, and
chemical receptors that mediate touch. Even if fiessess broadly similar receptive field
organization and project to topologically organizedions of primary sensory cortex, the fine-
grained detail of these neural structures willatiffjust as the neural mechanisms of lateral

inhibition differ across sensory systems.

So one can agree with Shapiro that there are @ntstron constructing terrestrial
psychologies, but also maintain that these comggr@re mainly functional. Since it is possible
to build many different kinds of neural mechanissithin these constraints, this is compatible

with multiple realizability.

Shapiro might argue that although the examplesassad here do provide some
evidence of multiply realized properties, this @ the norm in terrestrial psychology. Multiple
realization might be existent, brare. This challenge is impossible to answer withouveying
many more examples drawn from different domaing.k&ep in mind that Shapiro thinks that
such features as topographic maps of sensory spéités widespread, since they are likely to
be produced by the general constraints on evoleedah systems. If is true, as I've argued, that
being a topographic map is a multiply realizableparty, then MR will be as widespread as
maps are. And the same goes for his other exarmpbissign under constraint, many of which
are standard fare in comparative neurophysiologyif ie arguments given here are correct,
MR will turn out to be close to the norm in terrestrigjrative systems. Deciding this question

will ultimately have to wait for more fully develed models of such systems, however.

4 Justifying taxonomic mismatches
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It might seem, however, that the view developethsouns afoul of an argument
advanced by Bechtel and Mundale ([1999]). They sagthat the MR thesis only appears
plausible because we allditto be individuated coarsely and the varidssto be individuated
finely. In the classic case of pain, we lump togettuman and octopus pain as being the same
sort of phenomenal state, but then focus on theenoms differences between the
neurobiological characteristics of the two specheginst this approach, though, they say: ‘if the
grain size is kept constant, then the claim thgtipslogical states are in fact multiply realized
looks far less plausible. One can adopt eitheraaseoor a fine grain, but as long as one uses a
comparable grain on both the brain and mind st ntapping between them will be

correspondingly systematic’ (Bechtel and MundakoM], p. 202).

It's true that one can produce the appearance obyBltering grain sizes in a somewhat
arbitrary fashion. But grain sizes in and of thelvesg are not the main issue when considering
whether we have a case of MR. For one can havaraa@oarse grain scheme, and still have
MR if there are many possible coarsely individudteder-level realizing mechanisms available.
And the same goes for a fine/fine grain scheme.tWéhaanted is a justification for adopting not
merely a grain-mismatched taxonomy, but what | eall anunaligned taxonomy. Two
taxonomies are aligned when there is a systenmt&to-one mapping from higher level taxa
onto lower level taxa, and unaligned otherwise.llgnad taxonomies correspond to the classic
picture of MR, on which a single upper level catggnay be mapped onto many lower level
ones. So put, what is needed friancipled case for adopting different higher and lower

taxonomic schemes in some particular contexts;ish&r employing unaligned taxonomies.

Whether we should adopt an unaligned taxonomy d&pen whether the various lower

level properties are independently certified asdpéeoretically ‘interesting’ in the relevant

14



domain. Suppose we decide thahulus eyes and cat eyes do not really both performdater
inhibition—that there is not the same propertyansiated in both organisms, just as we might
decide that humans and octopi don't really instdatthe same propenpgin. Rather, there are
two different properties, inhibitiqgrand inhibition, picking out two different (in fine-grained
terms) functional capacities had by creatures watnespondingly different visual systems.
These capacities might differ in any number of walysir spatial and temporal response
properties, the strength of their inhibition, theeemstances that trigger them or inhibit them,
etc. Focusing on these differences might lead gayahat the visual systems of different

creatures do not really do tkame things.

Of course, anything that performs inhibitigrperforms inhibition simpliciter, since these
capacities are related as determinate and detdotairfaut it's important to note that inhibition
simpliciter (the determinable property) and inhioit/, (the determinate properties) play
different explanatory roles. Explaining why a systexperiences Mach bands may involve
mentioning the fact that it implements lateral bition. And mentioning lateral inhibition might
be relevant if we don’t know the mechanism for prddg Mach bands or if there are several
different types of mechanisms that could produoenmt and we want to know which one is
involved in this particular case. Inhibition singler is a generic sort of capacity that can be
realized in many more precise forms, all of whicbduce this psychophysical phenomenon. But
mentioning these precise forms isn’t necessaryhi@iexplanation. If we posit a generic sort of
inhibitory mechanism without specifying the preciiee-grained characteristics it has, we can
still explain how Mach bands arise. This is a aaBere we have a coarse-coarse alignment

between higher and lower taxonomy.

15



Explaining why the organism experiences bands thike precise characteristics,
though, may involve adverting to inhibitigy since those constitute the particular
psychophysical capacities the system has. Thegfiaged details of the psychophysics
presumably derive from the details of the inhilitfanctions themselves. And explainingw a
system instantiates inhibitigamay involve referring to the particular fine-grath
neurobiological mechanism at work. The neural medmain question produces precisely the
right sort of functional capacity, which in turnvgs rise to the precise psychophysical profile of
the organism. These cases all involve matchingdiraéned taxonomies at lower and higher

levels, and hence are also cases of aligned taxesom

But, importantly, explaining how a system instat@sainhibition simpliciter might
involve drawing attentiorither to the particular fine-grained mechanism at workhiat
organismpor to the range of possible mechanisms that can latogt that sort of capacity. The
latter case involves a taxonomic mismatch of thetbat Bechtel and Mundale warn against—
that is, a one-many mapping between higher andrltaxa. But adopting this mixed taxonomy
is anything but a mistake. It can prove heurislycadispensible, for example, once one has
characterized the general function of a cell typbrain region to then propose a range of
possible lower level mechanisms that might redhze function, then proceed to rule them out
on the basis of side effects, predicted respomseartous interventions, predicted anatomical
consequences, and so on. Craver ([2007]) notestigating mechanistic explanations we
frequently are in the position of giving numeroosnpeting ‘how-possibly’ accounts, all of
which describe mechanisms that would be suffidiemiroduce the phenomenon in question, but

which we don’t have the evidence to decide amonigema range of how-possibly mechanistic
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accounts is on the table to explain a single phemam, we are explicitly taking seriously the

possibility of multiple realization.

Unaligned taxonomies of this sort, then, can sarerucial heuristic role in discovering
mechanisms. It is almost never true that we knaxettio be only one way of building a
structure that has a particular function. Ratheemga certain function, we can imagine many
possible ways to build something that does thatl gince this kind of dual-level inquiry works
with both fine grained and more broad taxonomissufteneously, the MR advocate can adopt
such a mixed taxonomy without its beiadjhoc. (See Section 6 for more discussion of how
coarse-grained higher level taxonomies can be Lseflescribing the structure of multilevel

mechanisms.)

5 Further conditions on multiplerealization

Recently, Polger ([2009]) and Shapiro ([forthcon)ritave articulated some further
conditions on when we have genuine evidence for Miir conditions focus on when putative

multiple realizers are sufficiently diverse.

Shapiro makes the following proposal: ‘DD: The éi#inces in realizers that are relevant
to MR should not be differences that cause onffiecghces in the realized properties’
([forthcoming], p. 9). That is, where two realizare different this may cause differences in the
realized property itself, but must also have ottmrsequences. His example involves two
watches, one that keeps time slowly and anotherting fast. Both watches contain a spring
that is part of the timekeeping mechanism, buength is slightly different in each watch. The
difference in the length of the spring accountstier difference in their timekeeping properties.
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This difference, beingnly relevant to whether the watch is slow or fastsrtimekeeping, is not
enough to make the realizers really different.l@dow and fast watches do not count as
multiple realizations. Comparing these spring-goedrwatches with a digital watch makes this
clear. The digital watch contains a substantiailtfetent sort of mechanism from the mechanical
watches with their springs and gears. Genuine Mpeudés on realizing kinds being different in

a variety of respects beyond what they contriboti@stantiation of the realized property itself.

Polger’s conditions are expressed differently,rhake essentially the same point. He
says that to conclude that two entities A and Btiplylrealize a property, we must have

evidence that they are:

(i) classified commonly by system S1, and (ii) slfisd distinctly by system S2. In
addition, (iii) the facts about A and B that le&érn to be differentially classified by S2
must be among those that lead them to be commdadgitied by S1, and (iv) the
relevant S2-variation between A and B must be gre¢haan the S1 individual differences

between A and B. (Polger [2009], p. 464)

Here S1 and S2 are taxonomic systems for clasgigmities. We can think of these as picking
out families of properties at some level of orgatian. MR requires that A and B be S1-similar
and S2-different. Polger’s condition (iv) is intexdto capture the idea that realizers cannot be
trivial variations of one another. So where A antidsh display similar versions of a realized
property—for example, inhibitigrand inhibition—the realizing (S2) properties that each one
possesses must do more than produce just theediffes in the realized (S1) properties
themselves. That is, A and B must be ‘more différanthe level of the realizers than they are at

the level of the realized properties. Shapiro’svsémd fast watches illustrate how this condition
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can fail to be met: their low-level differencesyproduce the minor variations in their

timekeeping properties, but have no wider ramifccat for how they function.

Shapiro’s DD and Polger’s (i)-(iv) aim to make #@me point. Two realizations of the
same higher level property must be different in svélnat go beyond just making the higher-level
property slightly different in each instance. Irodhthe realizers must lveally different in each
case for us to have a case of genuine MR. CalthieifReally Different Realizers (RDR)

principle.

The RDR principle is meant to rule out arbitraalyopting a taxonomic scheme
according to which we have different realizers velwer two instances of some high-level
property differ slightly in some way. The exampfdle slow and fast watches is just such a
case. Polger also argues that cases of neuralkcphaand reorganization of sensory cortex
doesn’t count as multiple realization, since thedolevel properties in question are not distinct
enough. In a series of widely discussed experim@nSharma et al. ([2000]), ferrets had the
regions of their brains that would have developgd a normal auditory cortex rewired so that
they received input from the visual system. Sunpgly, these ferrets are eventually able to see,
albeit less well than normal ferrets can. Auditooytex is sufficiently plastic that it can assume
the function of the visual cortex when given thghtiinput. But this doesn’t support MR, since
when a ferret has its auditory cortex rewired s thserves the function of enabling it to see,
the rewired cortical region behaves, Polger clajos, like the normal ferret’s visual cortex
would have. There are no interesting lower-levéedences between the rewired auditory cortex
and the normal visual cortex, so these are noReally Different Realizers of the same higher-

level property.
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One might think that RDR poses a threat to thedhtehibition case. Comparing the
Limulus retina, the vertebrate retina, and theawsisilicon retinas, all of which implement
lateral inhibition, we can see obvious high-levslikarities that speak in favor of classifying
them together. Consider, for instance, the broauthylar response profiles they give to contrast
stimuli. Moreover, where these high-level propertee slightly different from one realization to
another, these differences are often explainalterins of the lower-level mechanisms that
implement inhibition in each system. So slight &aaons in the way inhibition is carried out can
be traced to differences in the underlying mechaniEhese cases might be seen as analogous to
the example of the slow and fast watches, diffednly in ways that bear on the particular shape

of the inhibition function.

But the comparison doesn’t hold, since these sysésn differ with respect to any
number of properties that have nothing to do withdifferences in how they implement lateral
inhibition per se. This can be seen by lookindhatdiversity of cell types, neurotransmitters,
kinds of synapse (electrical vs. chemical), ekwall as the different spatial and temporal
organization of the parts and their activities. §esalizing properties give rise to a range of
system- and species-specific characteristics bepmreély the differences in the realized
property itself. The differences in the biologicalinas are already more substantial than those
that would be produced by taking a single partmodifying it slightly—entirely new entities
and activities are involved across species. Thé#gaehces become still more extreme when we

consider retinas that are built from integratedudis.

Perhaps none of these mechanisms are as diffecemtefach other as digital watches are
from mechanical watches, but all that is neededasthere be more dissimilarity than in the

simple case of the slow and fast watch. Extendiegahalogy, we might think of them as being
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like mechanical watches put together from diffeqgatis—gears, springs, levers, wheels,
numbers of jewels, and so on of different sizemmasitions, and shapes in entirely different

spatial and temporal arrangements. So the RDR tonds met in the present case.

6 Explanatory taxonomy and the special sciences

Recall that according to the Shapiro-Kim dilemmayihg diverse causally relevant
properties precludes a group of entities from baimgultiply realized kind. The case of Mach
band experience across diverse visual systemgeisdad to raise doubts about this claim. What
it shows is that diverse lower-level mechanismsaaverge on common functional traits at
various levels of organization. Moreover, the agstion that nature can be organized in this way
plays a key heuristic role in discovering mechasisNow | will lay out one way in which these

functional groupings might be seen as kinds.

On Shapiro’s view, special science categories hawmdamentally taxonomic function:
they ‘collect and order the domain of a speciatisce in a way that facilitates its investigation’
([2000], p. 654). Functional concepts fix a ran§&nalytic’ truths about things that fall under
them. This is what backs Shapiro’s claim that thiy generalization about eyes as such is the
analytic one that eyes are for seeing. But thipmdichotomy between empirical and analytic

generalizations doesn’t hold. ‘Analytic’ links cgive rise to empirical generalizations.

For instance, though it might be analytic that egsesfor seeing, it’s surely not analytic
that seeing involves receiving ambient light oresttadiation. In fact, some ancient theories of
vision denied this, advocating instead the view tision involves extramission, or the emitting
of light (or some sort of ray) from the eye itsadf part of the causal process of seeing. This
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mistaken belief may even be found among educatetéogporary adults (Winer, Cottrell,
Gregg, Fournier, and Bica [2002]). The fact thatiisg requires taking in ambient light is a
general empirical fact about seeing; indeed, it avagynificant discovery (Lindberg [1976]). So
it is a true empirical generalization about eyes they take in ambient light. Even if this is only
partially empirical (because it relies on an analytic prejithis is enough to make it a non-

analytic truth.

Allegedly analytic generalizations run into furtiproblems. For example, what counts as
an eye is not always clear. In their comprehensoak on animal eyes, Land and Nilsson
([2002]) conclude that not all behaviorally relevfight-sensitive organs are properly eyes.
Rather, they claim, eyes are devices that contituthe construction of spatial images.
Earthworms have simple light sensitive organs arté can ‘see’ in some sense, but this
sensitivity is limited. They are unable to use mifation about differences in light intensity
coming from different directions. What matters thather to something is an eye is that it can
use this information about differences in ligheimsity to produce a spatial image of the
environment. The concept of an eye as used in catipa vision science, then, is not an
analytic ora priori deliverance, but one constructed by looking aesatifferences in the
organs of different species. So even analytic gdizations may rely on comparative empirical
work that requires drawing lines to separate irstamgly different sorts of structures—in this

case, simple light sensors versus proper eyes.

It's unclear, then, that the analytic/empiricaltaistion Shapiro relies on can bear much
weight. This complaint aside, it is a further peblthat not all functional concepts pick out
categories that are equally interesting. ‘Thingg ttan be knocked over with a feather’ is a

functional category, but | doubt whether it is fpta special science. Shapiro’s view leaves us
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with no way of explaining why there should be sadtfifference, if the categories that special
sciences construct are not themselves kinds butratere taxonomic or organizational
conveniences. What is tipeint of grouping things together by function if the gping itself

does not pick out an inductively potent kind?

The difference between trivial and non-trivial ftinoal categories matters to theory
construction because discovering tight functional components out of which to build an
organism’s control systems is itself a seriouslgliemging task. Much of the work of building
theories, models, and simulations in the biologibahavioral, and psychological sciences
involves finding the appropriate concepts to usanalyzing a system. On the view | propose,
functional categories are kinds when they are gpmate and useful for constructing
explanations of how a system comes to exercisephkat psychological and behavioral

capacities.

Consider central pattern generators (CPGs) asam@g. CPGs are units that produce
regular oscillations endogenously or in responsegat. There are many different ways to
assemble such circuits. They can be built out dfimeuron arrays of varying sizes using
inhibitory interneurons, or out of local dendrodetid connections. These structures differ in
their size, location, temporal characteristics, arahy other physical/neural properties. But at a
functional level they are all recognizable as CP@kerever some rhythmic bodily activity
needs to be produced (walking, swimming, digestiGgpGs are a useful device to have in one’s

engineering toolkit.

Clearly, the concept of a CPG is a functionallyimied concept. It is also, by the

arguments of the preceding sections, in principléiply realizable. And even CPGs within
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particular species can be multiply realized. PrBuizcher, and Marder ([2004]) ran a series of
two million computational simulations of the cemjattern generator that produces pyloric
rhythms in the stomatogastric ganglion of the lebdh each simulation they varied the number,
types, and strengths of the particular neural cotiores in the three-neuron network. Fully 20%
of the simulated networks produced patterns of/atitin that were broadly similar to those
produced in actual lobster ganglion networks. Qmaveer criteria of matching experimentally
observed burst patterns, 11% of these 20% (452)Btéorks in all) produced appropriate
output patterns. So even on relatively fine-graioetria for input-output equivalence, there are
over 450,000 ways of constructing a network ofsc#iht produces the right pyloric rhythms for

governing digestion in lobsters.

In an experiment reminiscent of the familiar ‘silicbrain’ thought experiment, Sziics et
al. ([2000]) replaced a single neuron in an exédgyloric ganglion network with an electronic
neuron that models various observed behaviors @hgotic vs. regular burst patterns) of
biological neurons. When the electronic neuron iwaerted in place of one of the original
biological neurons, the network could be inducedrtmluce the same overall burst pattern.
Hybrid silicon-biological networks such as this pimmone provide another empirical

demonstration of how these functional componentsbearealized by a variety of mechanisms.

Despite being multiply realizable, CPGs haxplanatory value: positing such circuits
illuminates how certain kinds of behavior and olsedrneural activity might take place. These
abstract structures play an explanatory role invengg these questions independent of
information about their realizers. Knowing thataganism’s control systems contain a CPG in
a certain location helps to explain certain otapacities Examples are the aforementioned

stomatogastric ganglion of the lobster, which ratpd digestion, and control of swimming in the
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lamprey (Grillner, Wallén, and Brodin [1991]). Baththese crucially depend on CPGs. The
CPG that governs lamprey swimming, like the pylotwork of the lobster, has also been
shown to be realizable by a variety of underlyirgiral networks. Patel, Murray, and Hallam
([2005]) used genetic algorithms to evolve a raofggistinct connectionist systems that produce
the same burst patterns as empirically observéibingical networks. In virtue of producing
certain sorts of effects, functional units suclC&Gs can be situated within a larger system of

control structures, which in turn explain the capag in question.

Understanding how an organism possesses a ramnggadcities depends on seeing its
inner organization as containing such units. Theess true of lateral inhibition, which is an
abstract mechanism for producing a range of efiectensory processing. So we can ask: how
does the lamprey swim? how does the lobster digest?do humans walk with a regular gait? |
suggest that, in the behavioral sciences, it isgbyrrently playing this sort of role in abstract
control systems that functional categories earin #tatus as kinds. A functional grouping that
can be used to produce a range of useful effeasnatructing a complex control mechanism is

afunctional kind with respect to the behavioral sciences.

This view of functional kinds turns on a certaieadabout what these special sciences
aim to explain and how these explanations procelee central idea is that we aim to explain the
possession of various capacities by a creaturecahpacity to make visual discriminations, to fly,
to add numbers, to find its way back to the nestrafandering in the featureless desert, etc. We
explain these capacities by constructing modeth@internal control structures that could
produce them. These models typically describe thatare as containing a variety of systems,
structures, processes, resources, and sourceswityabat interact in a predictable way to

produce certain effects under a certain range ndlitons. The capacity in question is explained
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by the presence of these systems operating undamceell-specified conditions. This picture
of psychological explanation as focusing on capeg#nd proceeding by structural
decomposition is defended by Craver ([2006]), Cunn{[2000]), Glennan ([2005]), Love and

Gureckis ([2007]), and Piccinini ([forthcoming])n@ng others.

The interesting functionally defined categoriegrthconstitute recurrent building blocks
of cognitive systems. They explain the possessivaious capacities of those systems without
reference to specific realizing structures. They imaurn be explained by the presence of
further functional units at lower levels, or by gigal mechanisms. One major task in
understanding cognition is finding the right decasifion of a system into abstract control units
and constituents. Logic, computation theory, cybges and control theory, dynamical systems
theory, and neural network theory provide exampfdsgow accounts of such control units might
be developed. And insofar as such functional categaan usefully be applied to modeling

cognition, they count as kinds.

From this perspective, debates between, for instaynbolic versus connectionist
approaches to cognitive modeling constitute delattesit what psychological kinds there are.
To the extent that an empirically well-validateddabof cognition as a whole (or some
cognitive capacity in particular) makes use ofdpparatus of connectionist networks, these
networks and their constituents (units, weights,)&tre psychological kinds. It might be that
networks are only useful for explaining some sumpacities—perhaps only perceptual pattern
matching and certain aspects of skill learning,ifistance. Or they might be more widely
applied to language processing and acquisitiomdrigeasoning, etc. (McClelland and Rogers

[2003]). The greater the range of capacities thatlie explained by appeal to a set of
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functionally defined structures like a connectiomistwork, the more explanatorily useful such

networks become.

This is a notion of kindhood that is predicatedelational characteristics of functionally
grouped entities; roughly, how widely they can Bediin our best explanatory models.
Moreover, it constitutes a significant shift of dmagis from other notions of kinds. It's normally
thought that a class inches towards kind stattisg@xtent that it is mentioned in a range of
empirical generalizations; in particular, as itjgsofis a greater number of inductive inferences.
As Millikan puts it, ‘a natural kind correspondstfast to a projectable predicate, but must
figure as the subject of many empirical generabrest ([1999], p. 48). On this account, a group
Kis a kind to the extent that there is a truec$efaims such as: things that are K are F, G, H,
etc., where F, G, H, etc. are empirically discodgueoperties that ‘cluster’ with being K. The

more such properties that cluster around K, theemba kind K becomes.

On the present account, a class becomes a kind wistue of directly participating in
empirical generalizations—not in virtue of theréngemany empirical truths about Ks as such—
but rather in virtue of playing a role in a randeredels of cognitive and behavioral capacities.
Whether K is a kind is a matter of how importaniskn these models, plus how widely
applicable such models turn out to be (how widegste models can be projected across distinct
types of cognizer). These factors, possibly weiglimesome fashion, determine the ‘kind score’
for a functional category. So, for instance, iftteahpattern generators of various sorts are
important parts of our best-confirmed models oftiebavior of a range of organisms, then CPGs
count as a kind for the purposes of behavioralangtion. Similarly for lateral inhibition
mechanisms. In both of these cases, we have gasdne to think that many cognitive

capacities will be built out of such parts. Latarddibition is re-used in many sensory modalities
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in many different organisms, and CPGs are partariyrof our best accounts of motor behavior
across species (and in many robotic systems—gaeeljis[2008]). These components can be

‘plugged in’ to many different systems to explainaaiety of different capacities.

To take another example, consider a cognitive mesosuch as a short-term memory
buffer. Numerous models of human and animal cagmitiosit such structures; moreover, they
play an important role in the design of manufadutmgital computers. Being a memory buffer
is multiply realizable—cyclical firing activity ia neural population or a refreshing a pattern in a
set of electrical registers can both maintain imfation for a short period of time. Despite any
differences that might attach to these distindizaaons, memory buffers are a kind for the
purpose of computational psychology insofar asetlaee empirically well-supported models of
cognition and behavior that involve them. Yet id@ubtful that there are many general inductive
regularities of the form: all short-term memory feu$ are F, G, H, etc. Abstractly defined
functional categories like memory stores earn tb@identials by participating in a range of

models that are themselves empirically validated.

A final example from comparative psychology consekimds of representations rather
than resources (e.g., memory buffers) or mechanfsrgs CPGs). Human infants as well as
many nonhuman species have the ability to rapidiigare and make judgments about
numerical quantities across sensory modalitiesli&®all[1990]; Gallistel and Gelman [2000]).
According to many researchers, this ability rebeshe presence of an abstract analog
magnitude scale, sometimes called an ‘accumulalbis representation tends to be more
accurate for small quantities, but less accuratpiastities increase in size. So rats required to
press a button a certain number of times will tenkit the right number of presses within a

tighter range for smaller numbers than for highenhers. An analog scale also cannot easily
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represent fine distinctions between quantitiesin&mts habituated to displays containing a
certain number of dots will dishabituate to disglapntaining significantly more or fewer dots
(8 vs. 16), but will fail to treat displays withsamilar number of dots (8 vs. 10) as novel (Xu and
Spelke [2000]; Xu [2003]). This suggests that thag handle approximate quantities but not

precise numbers.

Many models of numerical competence hypothesizetiiese capacities involve
operations over an analog representational schkeseloperations appear to obey Weber’s law,
which states roughly that the discriminability wfot numbers is a function of their ratio. If these
models prove to be correct, it would show that pathe basic representational toolkit for some
human and animal cognitive capacities includesagnalagnitude scales, no matter how these
representations are physically realized. RepreSenta resources, processors, and the

mechanisms built out of them, then, are all po&diytmultiply realizable kinds.

The key shift in emphasis here is from requiringegaries to play a role in lawlike
empirical generalizations to requiring that thegyp role in well-supported models. The sort of
models that are especially relevant are modelsdiihato explain capacities by giving a
functional decomposition of some portion of theatuee that possesses those capacities. This
shift in what constitutes a kind meshes particylaréll with the recent emphasis on mechanistic
and model-based explanation as opposed to nontéevelbased explanation in the sciences
(Bechtel [2008]; Craver [2007]; Cummins [2000]; €&rani [forthcoming]). If the normal form
of psychological and neurobiological explanatiovoiwes positing mechanisms and offering
models of their internal structure in order to explan organism’s various capacities, then a

notion of kindhood that is tied to the inductivenbeior of a category with respect to laws or
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other regularities seems inappropriate, since therenot likely to be ankaws involving these

kinds. Rather, there are models that crucially oglhem to produce the necessary effects.

The notion of multiple realizability has traditidlyabeen developed in the context of the
nomic-causal framework of explanation in the sdesigences, in which kinds were identified
with groupings that participated in natural lawbake laid out a contrasting notion of kinds that
identifies them with functional components of exgleory models. One might object that this
amounts to changing the subject of the debatettué is no necessary link between debates
over MR and the nomic conception of kinds (or thiednotion of explanation as essentially
involving laws). The nomic conception of scienti@gplanation that held sway for many decades
has been, if not replaced, then at least supplexddnt a family of model-based conceptions
akin to the one adopted here. In these conceptxmanation involves modeling the functional
structures that interact to produce cognition aglovior. It has been claimed by many—
including Shapiro and Kim—that these functionakgatries cannot be kinds. Part of the purpose
of this discussion is to argue to the contrary, tredeby to vindicate this widely successful
explanatory strategy. If kinds are fundamentally thal explanatory structures at work in a

certain domain, the functional categories posite@ebll-confirmed models should qualify.

By the same token, multiple realizability seembéca hallmark of the special sciences.
Accordingly, the defense of functional kinds goasdhin hand with a defense of their multiple
realizability. The philosophical significance ofcéua defense is precisely the same as in the case
of the older, nomic conception of kinds and exptenma to show how special science properties
and entities can be constructed from physically@ndally diverse underlying mechanisms.

This motivation remains unchanged even though onception of kinds in the special sciences

might change.
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Two points should be made about this conceptidnradtional kinds. First, it is a graded
matter whether a functional category is a kind. Hagwificant a role must a category play in a
model to count as a kind? How many capacities mustderpin? How widely applicable must
the model be? These questions do not have gemexakes. But this does not represent a change
from the standard conception of kindhood, sincetyx#he same questions can be asked about
natural kinds. How many empirical generalizationsstra category participate in? How
important do these need to be? How widely projdetatust these generalizations be? (Millikan
even suggests that Californians may qualify asteodoough kind if the criteria are loosened
sufficiently!) This isn’t to say that these quessaare simple to answer, only that the questions

are not ones that are unique to the notion of fanat kinds developed here.

One might object at this point that a functionaldkas described here is in fact just a sort
of complex causal kind. To be able to satisfy acfiomal specification is to have at least a
certain set of causal capacities, since this is tumations themselves are described. And if this
is so, can’'t the Shapiro-Kim dilemma just be prdssgainst this notion as well? Such an
objection would have to turn on the implausibilifythere being kind-making commonalities
among causally diverse mechanisms. But if thesg-kiaking commonalities are supposed to
involve those mechanisms patrticipating in a rarfgeaasallaws, | have already conceded that
this is not likely. This is part of what motivatiée shift to the model-based notion of kinds. The
sort of causal relations that qualify a groupin@asnd, on this view, are relations that enable a
category to play a recurrently useful role in agenf models. This involves—indeed, requires—
having certain complex causal powers. But diversdsof lower-level mechanisms can overlap
in the causal powers that are required to fulfid functional specification of the components of

cognitive models. This is what the extended exaroplateral inhibition (Section 2) and the
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discussion of functional constraints on cognitiesign (Section 3) are intended to help
establish. So the Shapiro-Kim objection doesn’tsebviously applicable once we adopt the

view of kinds on offer here.

Second, we should keep in mind that capacitiesypieally explained bynultilevel
mechanisms. There may be an initial high-level dgmasition of a system into components such
as a boxes-and-arrows flowchart diagram, whichipsonly the functions of the various
subcomponents and their interconnections. A furtleeomposition might specify the precise
internal functioning of these subsystems and gireee fine-grained analysis of their
communications and control connections. And so dris-irocess of explaining a capacity by
positing a set of connected subsystems, then gavifogther explanation of the functioning of
those subsystems, can be carried out until ondesabe level at which one gives a

specification of the particular physical structutiest realize the system as a whole.

Indeed, it is a bit misleading to talk about acstiunctional/physical contrast at all. A
physical system can be described with varying degoé abstraction. Each one of these abstract
descriptions picks out what | have been callingbstract structure of some sort. A description
of how a system carries out a certain functiorbstract to the extent that it omits certain details
about precisely how this function is executed. Bhastails may be filled in by further
descriptions that are less abstract, includingdscdptions of physical components and their
organization. There is not just one ‘functionaldByvbut rather a whole host of intermediate
structures at varying degrees of abstraction fieenuinderlying physical components (Craver
[2009]; Lycan [1981]). And there are bound to beswolutionary relationships among
descriptions of the same system at different levédsver-level discoveries can affect higher-

level taxonomies and vice-versa (Keeley [2000]).
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What the existence of a hierarchy of functionakleumplies is that there will be a
hierarchy of kinds in psychology, from very abstridads of systems to completely specified
blueprints for how those systems are constructad their most basic elements. This in turn has
consequences for the multiple realization of thetey as a whole. If we view the system from
the perspective of the most fine-grained functiapacification, it is comparatively unlikely that
it will be multiply realized, since the lowest léwd functional abstraction may be highly
constrained in terms of the physical structuresrdaize it. Viewing the system from the
perspective of higher levels of functional absi@acivill loosen these constraints and allow
more latitude for multiple realization. This praetiof successive abstraction further illustrates
the legitimacy of taxonomic mismatches such asetlioat Bechtel and Mundale ([1999])

seemed to rule out (see Section 4).

But even if the system as a whole, described dbtlest level of functional specificity,
is not multiply realizable, there may still be ftiooal kinds at this level. For instance, it might
turn out that the most basic functional elementh@system are the equivalent of elementary
logic gates. Even if the way that these gates ssembled to form the basic wiring diagram of
the system is so precisely specified that therevamng few ways (or only one way) to build a
physical device that conforms to this plan, thedagtes themselves (AND-gate, NOR-gate,
etc.) are the recurrent building blocks that aspoasible for the functioning of every capacity
exercised by the system. They therefore play aartmle in our models that aim to explain

these capacities, and so should count as kinds.

The relationship between kindhood and levels otfimmal abstraction is a complex one.
What this example illustrates is that, since exglimms of capacities will usually be multilevel,

and since multilevel explanations will involve mdayers of abstraction, there will be a variety
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of functional kinds corresponding to the types @fchmanisms that can be built from the basic
components at each of these levels. These (rdigtivasic components will in turn be
decomposed into complexes at the next level; wieseprocess terminates depends on when, in
the present context, we have decided that the ggpacjuestion is sufficiently well understood

for our purposes.

7 Conclusions

Obviously there is more to say about the natufedétional kinds and the subject matter
of the special sciences more generally. | havet tieaé only with functionally defined special
science properties. For all | have said, there beagnultiply realizable properties that are not
functional properties. If there are, they may regjai different sort of explanation than the one
given here (Gillett [2007]; Pereboom [2002]). Bhitstrestricted focus is justified in light of the
fact that much of the discussion of multiple realitity has focused on functionalism and
functional properties. This also explains the deoiso focus on psychological and
neuroscientific kinds, since these are the ones frexpuently defended by functionalists and

attacked by their opponents.

There are two morals of this discussion. Firstdlae legitimate instances of multiple
realization of functionally specified propertieadathese violate no strictures on acceptable
scientific taxonomy (for further examples, see Araaand Gillett [2009]; Couch [forthcoming];
Keeley [2000]). Second, despite the causal andtstral diversity in these realizers, there is a
sense in which they constitute kinds, at least vapect to the behavioral sciences. This latter

point is what is truly at issue between Shapiro lé&imd and their critics. Developing a notion of
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kinds that allows them to be multiply realizablaisrucial part of explaining how the properties
described by the special sciences find their pla¢lee world. | take it as a hopeful sign that this
account also seems to mesh with explanatory peagtimany parts of psychology and
neuroscience, where explanations often involve tcoasng abstract models of the functional
structures that underlie various capacities of migyas. If the practice of science is implicitly

committed to multiple realization, the metaphysi€science should follow its lead.
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