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1.  Introduction 

This paper examines the nature of functional properties.  My aim is to explain how functional properties are instantiated by different kinds of structures.  The topic has been receiving more attention recently in the literature, especially in relation to the notion of causal relevance.  The properties of a structure are said to be causally relevant to the functions it instantiates.  To understand functional properties, then, it seems we need to understand the notion of causal relevance.  My concern will be to show how the notion of causal relevance helps to clarify when a structure instantiates a function.  In the first part of the paper, I describe the standard account of functional properties offered by Hilary Putnam and Robert Cummins.
   The account permits that different kinds of structures can have the same function despite being causally distinct.  In the second part of the paper, I argue against the account by showing that it depends on an illicit notion of causal relevance.  If the properties of a structure must be causally relevant to the function it instantiates, then causally distinct structures cannot have the same function.  


Let me start with the notion of a functional property.  When considering functional properties it important to consider a structure whose properties are well understood.  For this reason, I will focus on the structure of the eye.
 Roughly, a structure is an eye if and only if it mediates light reception in an organism’s sensory system.  It is a structure that receives information about light from the environment, and that sends signals to the nervous system.  By mediating between light reception and neural signals the eye provides an organism with information about the environment.  We ascribe the property of being an eye to any structure that plays this role.


The eye is not defined in terms of its physical makeup, then.  The eye is defined in terms of its function.  The function is described by the input and output states a structure mediates between.
  The input and output states are the causes and effects involved in the performance of the function.
  For example, being an eye involves receiving light as input, and producing neural signals as output.  Any structure that plays that role in an organism counts as an eye regardless of its particular makeup.  What matters is the role the structure plays, not its material constitution.  In this respect, the eye is a biological structure like the kidney.  The kidney is a structure that filters blood in an organism, and that eliminates waste products in the body.  Any structure that plays that role in an organism counts as a kidney regardless of its specific makeup. 


Having introduced the functional properties of eyes, let me turn to the standard account of functional properties.

2.  The Standard Account

Functional properties are taken to be properties of structures.  As an example of an eye, we can focus on the structure in the human body, which consists of a spherical shell, lens and retina.  Let the function of being an eye be F, and the structure in the human body be s.  Then we can say the property F is a property of structure s.  


The standard account views functional properties as a type of second-order property.  A functional property is the property of having some property with the relevant causal role.  The idea is that a structure has a functional property by having a first-order property (or property complex) that causally mediates the relevant input and output states.  For instance, being an eye is the property of having some property that receives light and produces neural signals.  The eye can, thus, be defined as follows:  


(E)  s is an eye =df there is some first-order property P 


         of s that mediates light as input and neural signals 


         as output, and s has P.  

The definition states what having an eye consists in.  The property of being an eye is a second-order property of having a property that mediates the relevant input and output states.  A structure has the property just in case it has a first-order property with the relevant input and output states.  


For the standard account, the property of a structure that instantiates the function is called the basis of the function.  The notion of a basis can be defined in terms of the notion of a functional property.  A basis is the first-order property of a structure quantified over in the definition of a function.  Consider the definition (E).  The property P specified on the right hand side is the basis of the functional property.  A functional property is the property of having some property that mediates certain input and output states.  So, if a first-order property of a structure mediates the relevant input and output states, then it counts as a basis of the functional property.  In our example, the property of the human structure that mediates light reception and neural signals (i.e., the lens, retina, etc.) counts as the basis of the function.     


The final part of the account concerns the relation between a functional property and its basis; this is the instantiation relation.  The relation is explained in terms of lawful sufficiency.  A first-order property of a structure instantiates a functional property just when the first-order property is lawfully sufficient for the presence of the function.  This gives us as a definition of instantiation: 


(S)  A property P of s instantiates a functional property F 


       =df if P then F.  

In the human structure, the presence of a property that mediates light and neural signals instantiates the function of being an eye.  The presence of such a property ensures that, as a matter of law, the structure has the related functional property.  


There are two points we need to note about (S):  (1) The standard account’s talk of ‘instantiation’ is meant to go beyond the notion of lawful sufficiency.  The function instantiated by a structure is not just present when the relevant first-order property is present.  What is intended is something stronger.  Functional properties are thought to be dependent on the first-order properties that instantiate them.  The notion of dependence goes beyond any idea explicitly mentioned in the characterization of the relation in (S); the notion is, usually, described in terms of a supervenience (or realization) thesis.  How to characterize the relevant notion of dependency, of course, is a matter of some dispute.  I will not pause to note the different ways to characterize the relevant notion involved.  My concern, here, is only to note that the relation between a functional property and its basis is stronger than lawful sufficiency.    


(2) The instantiation relation involves sufficiency and not necessity.  The conditional on the right hand side of (S) cannot be upgraded to a biconditional, because more than one property can instantiate a function.  There are different kinds of structures, as we know, that are eyes.  For example, the human and Octopus eyes are different kinds of structures that have the same function.  They both respond to incident light by producing signals in the nervous system.  This is true even though the makeup of the structures is different.
  For one, the eyes have different kinds of visual pigments in their photoreceptors.  The Octopus eye has one kind of visual pigment, while the human eye has four.  Furthermore, the eyes have different kinds of retinas and methods for focusing light.  The retina in the human eye contains an array of rods and cones, and light is focused onto the retina by bending the lens to change its shape.  In contrast, the retina of the Octopus eye contains rhabdomeres, and focusing light involves moving the lens backwards and forwards within the shell.  The parts of the structures are different, and they operate in different ways.  The standard account says the differences do not prevent the structures from having the same functional property.  Functional properties are not defined in terms of physical makeup, but in terms of causal relations between input and output states.  All that matters for having a function is having the relevant input and output states.  Since the human and Octopus structures have the same inputs and outputs, the structures can instantiate the same functional property. 


The relevance of this to (S) is:  since different kinds of structures are sufficient for instantiating a functional property, none of them can be necessary.  To include the point in the above account, we need to add to (S) as follows:  a basis of a functional property is a member of a set of properties that is individually sufficient but not necessary for instantiating the functional property.  That is, the property P that instantiates F in (S) is one of the properties P1, P2, . . . Pn of set B that is individually sufficient but not necessary for instantiating F.  Adding this to (S) explains the sense in which there can be different bases of the same functional property.  

3.  A Problem with the Standard Account

The standard account gives an explanation of how functional properties are instantiated by different kinds of structures.  I want to present, now, a problem for the account.  The problem concerns the conditions under which a structure has a functional property.  


As we have seen, a functional property is defined in terms of a set of inputs and outputs (along with other internal states).  So, the identity of a functional property is given by the set of properties that constitute it.  To see how this works, take a functional property F defined by the set of properties <p1, p2, . . . pn>.  The latter properties are the component properties that constitute the functional property.  To say they are “component” properties is just to say the functional property is a complex property with properties as constituents, where the constituents are the properties involved in the function’s performance.  We can specify the set of constituent properties simply by listing the properties involved in the function.  When we apply this point to the function of being an eye, for example, we get something like the following list:  if a structure is exposed to incident light (p1), the light is refracted onto the photoreceptors in the retina (p2), which depolarize producing an electrochemical response (p3), etc.  The component properties described here are the properties involved in the function in question.


Consider, now, what it is for a structure to instantiate such a function.  Deciding whether a structure has the function is an empirical question.  To determine whether a structure has the property, we have to investigate whether the structure satisfies certain conditions.  How do we know, though, when a structure is correctly attributed a function? 


There must be some explanation why a structure has the functional property.  We don’t want a structure’s possession of a function to be an inexplicable fact.  Take the structures s1 and s2.  Suppose the first has the function F of being an eye the other lacks.  s1 might be a structure like the human eye, and s2 might be a shoe.  There must be some explanation why s1 has the function of being an eye and s2 doesn’t.  Some fact about the structures is relevant to explaining the difference between them.  Presumably, the explanation is related to a difference in the first-order properties of the structures.  s1 is attributed the function F because it has a certain first-order property, and s2 is not attributed the function because it lacks some first-order property.  It is hard to see what other considerations could be involved.


The question is which properties are relevant to s1’s having the function.  There are many properties of a structure like the human eye.  The structure has a shape, a tone when it’s rapped, it contains proteins, etc.  But not all of these are relevant to it having a functional property.  The relevant properties must be the properties nontrivially involved in having the function.  


One suggestion would be to return to our prior definition (E).  According to the definition, a structure instantiates a functional property by having a property with a certain causal role, where the causal role is defined in terms of the functional property.  A structure like the human eye, for example, instantiates the function of being an eye by receiving retinal images as input and producing neural signals as output.  The basis of the functional property, as we saw, is the first-order property of the structure with the inputs and outputs that define the function.  So, we might think, the relevant properties of the structure are just the causal properties specified by the functional property.  That is what the definition appears to suggest.  We can put this more precisely by saying:  if the functional property F is defined by the properties <p1, p2, . . . pn>, then the relevant properties will be the set of first-order properties that corresponds to the set of properties that constitutes the function (i.e., <p1*, p2*, . . . pn*>).  That is what it is for a first-order property of a structure to be the property specified by the function.  


The standard account, of course, would reject this suggestion.  For it would make the property that instantiates the function coextensive with the functional property.  And part of the account is that no property is necessary and sufficient for the presence of a function.  What we need, it seems, is an account of the instantiation relation looser than coextensivity.  


I believe that, in fact, the above account is correct, and that looser accounts of the instantiation relation encounter problems.  But I have yet to give an argument for why we should reject the looser accounts.  Let me provide an argument to show that such accounts are implausible.  Suppose the basis of a functional property is not individuated in terms of the properties that define the function.  That is, suppose the basis and the functional property are not coextensive.  This might happen in two ways:  


(i) In the first case, the properties of the functional property might be broader than the properties of the basis.  Say the functional property F of being an eye consists of properties p1, p2, p3, and p4.  The basis is a property P of a structure in the human body, with properties p1, p2, and p3.  The properties of F, in effect, exceed the basis P’s (see Fig. 1).
  The problem is that the basis will not be lawfully sufficient for the occurrence of the functional property.  For the presence of the basis will not ensure the presence of the properties that define the function.  An account of the instantiation relation that permits such a situation it seems is too weak a relation.  If the situation is possible, it is difficult to understand what property of the basis instantiates property p4 of the function.  The latter property cannot get its causal powers from nowhere.  It would seem, at least, that the property must be related to the causal properties of the structure that has the functional property.  But how this occurs on the present account is unclear.


(ii) In the second case, the properties of the functional property F might be narrower than the basis P’s.  The property of being an eye might have fewer properties than the basis in the human structure.  The functional property will have properties p1, p2, and p3, and the basis will have properties p1, p2, p3, and p4 (Fig. 2).  But there is a problem with this as well.  For, then, the basis will have properties that are not had by the functional property.  Notice that the basis, in this case, will be lawfully sufficient for the occurrence of the functional property (since the basis will ensure the presence of the properties that define the function).  But the basis will have a property that does no work in the instantiation of the functional property.  After all, the function is entirely accounted for by the presence of properties p1, p2, and p3; the property p4 plays no role in the analysis.  In this case, also, I do not understand how the function of being an eye F is instantiated by a property P of the human structure.  The account of the instantiation relation provided is implausible.
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4.  The Relevance of Causal Properties

I have argued that the standard account is incorrect, and that a basis and a functional property must be coextensive.
  Let me end by describing how the account applies to the structures we mentioned before, the human and Octopus eyes.  Recall that the standard account says the structures are different bases of the same functional property. 


To instantiate the same function, the causal properties the structures perform their functions with must be the same.  As we have seen, though, the human and Octopus eyes are different kinds of structures.  The causal properties they perform their functions with are different.  I described before some of the differences in how the functions are performed.  The differences include the eyes having different kinds of visual pigments in their photoreceptors.  In addition, the optical systems of the structures are different.  The human eye refracts light onto the retina by bending the shape of the lens.  But, in the Octopus eye, light is refracted onto the retina by moving the lens laterally within the shell.  The properties of the eyes are important since they are basic to how the structures function.  The eyes are different structures that function by means of different causal properties.  


Functional properties are constituted by the causal properties involved in performing the function.  But the structures instantiate their functions by means of different causal properties.  This implies that the structures do not instantiate the same functional property.  Rather than the human and Octopus eyes instantiating the same function, then, we should recognize that they instantiate different functional properties.  The human eye instantiates the functional property F1, and the Octopus eye instantiates the functional property F2.  The functions they instantiate are different because the structures have different relevant properties. 
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	�See Hilary Putnam, “The Nature of Mental States,” in Mind, Language and Reality (Cambridge:  Cambridge University Press, 1975), 429-440; and Robert Cummins, “Functional Analysis,” in Nature’s Purposes, ed. Colin Allen, Marc Bekoff, and George Lauder (Cambridge:  MIT Press, 1998), 169-196.


	�I have specific reasons for focusing on eyes.  The main one being clarity about the relevant kinds in functional anatomy.  This contrasts with other cases in the literature, like the mind-brain case.  One of the problems in the latter case is that we do not have a precise understanding of what the lower-level kinds are.  Debates about multiple instantiation in the philosophy of mind, in particular, I think would benefit from focusing on different examples.  


	�I agree with Philip Kitcher that attributions of causal role functions are not precluded by the presence of background etiological functions.  There is surely a notion of causal role function in functional anatomy independent of the other notion.  See  “Function and Design,” in Nature’s Purposes, ed. Colin Allen, Marc Bekoff, and George Lauder (Cambridge:  MIT Press, 1998), 479-503.


	�Internal states should also be included in the description of functional properties.  I ignore this point here for the sake of simplicity.  


	�In “The Nature of Mental States,” Putnam claims that human and Octopus eyes count as the same structures because of convergent evolution.  I disagree.  A close look will show they are actually different kinds of structures, and that functional anatomists often classify them differently.  It is only in elementary biology textbooks that one finds the misleading comparison.  Cf., for example, M. F. Land, “Optics and Vision in Invertebrates,” in Handbook of Sensory Physiology, ed. H. Autrum, VII/6B (Berlin:  Springer-Verlag, 1981).


	�The properties of the basis should really be p1*, p2*, p3*, etc., since they are not identical to the properties that constitute the function.  I have simplified the diagrams for convenience.  


	�In other words, I think that any account of supervenience that permits case (i) is too weak to be a dependency relation.  It is thus implausible as an analysis of the concept of instantiation.  There is more to say on the point, but I will not develop it further here.  See Jaegwon Kim, “Supervenience as a Philosophical Concept,” in Supervenience and Mind (Cambridge:  Cambridge University Press, 1993), 131-160.  


	�This point has not been sufficiently appreciated, but it is an important aspect of the analysis of functional properties.  Consider Cummins’ description of the assembly-line analogy:





Assembly-line production provides a transparent example of what I mean.  Production is broken down into a number of distinct tasks.  Each point on the line is responsible for a certain task, and it is the function of the components at that point to complete that task.  If the line has the capacity to produce the product, it has it in virtue of the fact that the components have the capacities to perform their designated tasks, and in virtue of the fact that when these tasks are performed in a certain organized way . . . the finished product results.  (“Functional Analysis,” 187)





The case I have described violates this constraint.  Case (ii), for instance, implies that the assembly line would contain a superfluous employee.


	�I believe it is likely the two properties are identical, but the point is not essential for my present purposes.  This would bring my account in line with David Lewis’s.  See “An Argument for the Identity Theory,” Philosophical Papers, vol. 1 (New York:  Oxford University Press, 1983), 99-107.  
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