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Abstract

There is a wealth of philosophical theories about biological function, but there is virtually none about processes of biological functioning. Yet such processes are epistemically prior to functions: we theorize about functions only because we observe functionings. To attribute a function to a biological item is to claim that it has a disposition to be in a state of functioning or, derivatively, of malfunctioning. When your blood stem cells reproduce in such a way as to create blood tissue, they are functioning. When they reproduce in such a way as to cause leukemia, they are malfunctioning. We argue that such normative claims, when made about a process occurring in an organism, are based on the contribution which that process makes to the organism’s survival. But the nature of that contribution is difficult to pinpoint, for it is not rigidly deterministic: there are very few functionings which are necessary for survival. The contribution which functioning makes to survival hinges on the notion of biological regulation. Here we offer an ontological account of processes of biological functionings, their role in regulation, and of the nature of the contribution which a process must make to survival in order to qualify as a functioning. 

1. Introduction: The process of functioning

One function of blood stem cells is to create blood tissue. They realize this function in processes of reproducing and differentiating into the various kinds of cells that comprise blood. They do not realize it in processes that lead to the generation of leukemia. Yet sometimes blood stem cells do cause leukemia. Are they then realizing a function to cause leukemia?


We think that they are not. When blood stem cells create blood tissue, they are realizing a function to do so – they are functioning. They have this function even if they are actually causing leukemia instead – that is, even if they are malfunctioning.
There is no sharp distinction between functioning and malfunctioning: they are two ends of a continuum, not two sides of a boundary. Most metaphysical accounts try to pinpoint this distinction using some notion of survival, either of the individual organism or of its species. But they usually do so by referring to natural selection (e.g. Millikan (1984), Buller (1998)). For good arguments against such an approach see Manning (1997), McLaughlin (2001). Further, most metaphysical accounts are primarily interested in the notion of function. We think however that there is much to be gained by entering the function discussion through the back door. We will offer an ontological account not of function but of biological functioning – the process in the organism in which a function is realized. For such a process is epistemically prior to a function: we theorize about functions only because we observe functionings.

Not every process in the organism is a functioning. In order for a process to qualify as one, we argue that, when certain circumstances obtain, it must make a certain kind of contribution to the organism’s survival. Our ontological account of biological functioning will describe the nature of these circumstances and of this contribution.

2. Functionings as instantiations of types of processes

When the beta cells in the pancreas secrete insulin, the pancreas is functioning. The secreting of insulin is a process that may be described in a way that makes implicit reference to a larger context or system: “the secreting of insulin by the beta cells in the pancreas enables the body’s blood sugar level to remain stable, and enables glucose intake into many other cells.” Such causal description of how processes affect larger contexts is necessary for understanding how biological functioning relates to survival. We will provide an analysis of such descriptions in section 4. But first we will describe the process of functioning, itself, without reference to the context in which it occurs or to the other processes which it helps cause.


Some theories have reduced the notion of function to anything which causes a process in a system (e.g. Cummins (1975)) or to a process which explains a phenomenon (e.g. Shrager (2003)). On such theories, ‘to create blood tissue’ is the function of the stem blood cells when and only when they actually create blood tissue. This sort of reductive approach thus misses out on a valuable way of describing processes which do not actually occur but which could occur, or which would occur if certain circumstances obtained. In an organism each B-lymphocyte can produce antibodies against only one kind of antigen. There are great numbers of lymphocytes with receptors specifically targeted for antigens which they never encounter (Janeway, et al. (2001)). Thus they never realize their function. And if a function were merely an actual process, or an entity which causes such a process, then such a lymphocyte could not even be described as having the function to sense that antigen. A theory of functionings must have room to account for functionings that might occur, or that would occur in certain circumstances, as well as for those that actually do occur. Such a theory must hold a functioning to be an instantiation of a type of process, distinguishable from the function which an item has to carry out a process of that type.

2.1 Types of processes
Think of a three-dimensional object, such as a sphere. Every sphere is an instantiation of the type sphere. This means that it has certain qualities in common with other spheres by which it is identified as an instantiation of this type: three-dimensionality, a surface every point of which is equidistant from the center, and so forth. Now think of the sphere participating in a process of being tossed into the air. This process constitutes a perdurant entity, a sphere-tossing, which is similar to other sphere-tossings. This perdurant entity is the instantiation of a type of process.

Your heart is an instantiation of a type of endurant entity: it has certain qualities in common with other hearts, such as being made of organic material, having a certain shape, falling within certain size parameters, and so forth. When your heart pumps, it participates in the instantiation of a certain type of process: a heart-pumping. It does this by carrying out certain movements characteristic of pumping, such as expansion and contraction.
Endurant entities such as hearts possess qualities which cause them to behave in certain types of ways in certain types of circumstances. These qualities confer upon an item various dispositions to participate in instantiations of various types of processes. A vase has the disposition, due to its fragility, to shatter; water has the disposition, due to certain physical properties, to boil at a certain temperature. A disposition is thus also an endurant entity: it exists in three dimensions, and is ontologically dependent on an item’s material qualities, but it is realized in four – as the instantiation of a type of process (of vase-shattering, of water-boiling). In a similar fashion, potential energy exists in three dimensions in a massive object, but is not realized as kinetic energy until that object participates in a process. All dispositions require certain conditions to obtain in order to be realized. A vase’s disposition to shatter can only be realized when the vase strikes a hard surface or is subjected to a certain sound frequency; water’s disposition to boil can only be realized when the water is subjected to sufficient heat.

Some recent authors have offered accounts according to which some dispositions are functions (Bigelow and Pargetter (1987), Johansson (2004)). On a dispositional account of functions, an item has a function, just as it has any disposition, in virtue of its material qualities. Your liver has its function to detoxify blood in virtue of its shape, structure, size, and so forth. The liver’s detoxifying of blood, which is a functioning, is a realization of its disposition to participate in processes of blood-detoxifying. Like other dispositions, functions require certain circumstances to obtain in order to be realized. The liver for example must be physically connected to the blood vessels and the gall bladder, and it must receive appropriate causal stimulation from certain substances in the blood. (There are certain circumstances which all functions have in common as preconditions for their realization; we will discuss these in section 3.) Although our intention here is to offer an account of biological functioning, our account will yield a notion of biological function as a disposition to participate in a process which is a functioning or a malfunctioning.

There are many different processes in which endurant entities can participate. When is a process a functioning or a malfunctioning? The liver has the disposition to melt at a particular temperature, as well as the disposition to detoxify blood. But liver-melting is neither a functioning nor a malfunctioning, whereas blood-detoxifying is. As a first step in distinguishing a process that is a functioning from a process that is not, we will draw upon Johansson’s (2004) account of function. On his account, a functioning is distinguished from other processes by being subject to measurement on a scale of prototypicality.

2.2 Scale of prototypicality 

Functionings can be described normatively. In everyday language we can say that a heart is functioning “well” or “poorly.” To say that something is functioning “well” is to say that it is acting as an effective means toward attaining a certain goal. To say that it is functioning “poorly” is to say that it not acting as an effective means toward this goal.

Any process can admit of normative description. All that is required is a normative standard; for example, “the rain is falling in beautiful torrents” (more technically, “this instance of rain-falling is good relative to a standard of beauty for rain-fallings”). On Johansson’s account, if that normative standard can be expressed in terms of a goal, then the process in question is a functioning. For example, a ball can be tossed in order to score a basket. Relative to the goal of winning the game, the tossing is good if the ball makes it through the hoop and bad if it does not. Relative to the goal of improving one’s basketball skills, ball-tossings may admit of degree: an excellent tossing results in the ball’s sinking into the net without touching the rim, a mediocre one results in its touching the rim but not making it through the hoop, and a bad one results in its not even coming close to the backboard. The forward-rotating movement of a screwdriver can be judged in terms of its effectiveness relative to the goal of attaching the screw to the board.

Drawing on Rosch’s (1983) notion of ‘prototypical classification,’ Johansson notes that “the idea of a perfect functioning of a certain kind is an idea of a prototype. It is a focal point of reference in relation to which all other relevant instances can be given a rough ‘distance measure’” (p. 111). A prototypical screwdriver-rotating is one which is optimal with respect to the attaching of a screw to a board. (There are probably different prototypical screwdriver-rotatings for different screws and different boards.) A prototypical heart-beating is one which is optimal with respect to keeping a particular organism alive. (Likewise there are probably different prototypical heart-beatings for different particular organisms.)

Johansson’s account yields the result that any process may be called a functioning as long as a goal is specified. He points out however that this does not imply that functions are social constructions (as Searle (1995) maintains that they are). For it is a mind-independent fact that different values of blood pressure, for example, have different degrees of effectiveness relative to an organism’s survival. It is also a mind-independent fact that heart-beatings occur in entities (organisms) upon which they have characteristic effects (furthering their existence in the state of being alive). This is true whether or not one chooses to express survival in terms of a goal. The concept of a scale of prototypicality provides us with a means of analyzing the particular effects which particular processes have in the context of a system or a complex phenomenon.

Thus a functioning, as is an instantiation of a type of process, is subject to measurement on a scale of prototypicality according to a specified standard for processes of its type. This holds for functionings carried out by artifacts such as screwdrivers, as well as by non-artifacts such as hearts. Our account of functionings is however intended only to describe what we will call biological functionings. That is, we are interested in the functionings carried out by the physical items which make up the organism, such as its heart and its neurons. (We will not assume that our account holds true for functionings in related realms such as behavioral science.) The concept of a scale of prototypicality provides us with a means of distinguishing biological from other kinds of functionings: different kinds of functionings are subject to measurement relative to different standards. Our account will specify the parameters of a scale of prototypicality for biological functionings: a prototypical functioning is one which is ideal relative to its effect on the organism’s survival.

3. Functioning defined

The organism’s life is a four-dimensional entity, a process. When the organism is alive it engages, or participates, in the process which is its life. (We use ‘life’ strictly in the physical sense of ‘the state of being alive, as opposed to the state of being dead.’) We will refer to this perdurant as surviving, or survival. Organism, unless stated otherwise, refers to the living organism; that is, to the organism temporally extended in the process of surviving.

Before we continue, a note on terminology. By process we mean a perdurant entity in its entirety: a heart-pumping, not just a pumping. Whereas a pumping is the rhythmic expanding and contracting of anything which has the disposition to expand and contract, a heart-pumping is the rhythmic expanding and contracting of a heart. Thus, by extension, by type of process we mean a type of endurant entity temporally extended in type of action. We will refer to types of processes which, when they are instantiated, constitute functionings as types of functionings (or functioning-types).


As a first step toward defining functioning, we claim that:

a process is either a functioning or a malfunctioning if and only if it

(i) occurs within the organism’s spatiotemporal boundaries, and 

(ii) would not occur if the organism died.

Ad. (i): When does a process occur within the organism’s spatiotemporal boundaries, and when does it occur outside them? It is not clear whether a sharp distinction is possible. This vagueness is due to two factors. First, it is not clear where the organism stops and its environment starts. One reason for this is that many tissues on the organism’s outer layers are highly dynamic. Cells in both the skin and intestines renew themselves continually, and their boundaries are in constant motion. The boundary of a single cell is itself vague since its membrane is continuously regenerated by the cell. Second, it is not clear whether certain processes actually begin or end inside the organism. For example, where does digesting begin and secreting finish? We will not attempt to answer such questions here. We have included the criterion that a functioning takes place within the organism in order to underline the fact that (ii) is not sufficient for distinguishing processes that are neither functionings nor malfunctionings from processes that are one or the other: not every process that occurs if and only if the organism is alive is a biological functioning. For example, the effects on the environment of an organism’s carbon dioxide or oxygen emissions would not occur if the organism were dead, but these effects in the environment are not subject to measurement on a scale of prototypicality whose standard is the organism’s survival.

Ad. (ii): Another distinction which is difficult to pinpoint is that between functioning and malfunctioning. These types of processes are not separated by a boundary, but joined by a continuum. One reason for the vagueness between them is that surviving cannot be mechanistically reduced to a fixed number of component types of processes. Thus the effects of malfunctionings on the organism are often difficult to detect. Lewontin (2000) points out that “the simple machine model [is] inappropriate as a mode of understanding or of analysis” of organisms (p. 76). One reason for this is that “the organism is the nexus of a very large number of weakly determining forces, no one of which is dominant” (ibid.). In what follows we will illustrate this. We will describe the difference between a functioning and a malfunctioning (section 3.1), the conditions which must obtain in order for a functioning or a malfunctioning to take place, and we will offer a definition of functioning and of malfunctioning (section 3.2). Finally, we will describe the contribution that a functioning makes to surviving when these conditions do obtain (section 4). 

3.1 Functioning vs. malfunctioning

A functioning is distinguished from other kinds of processes occurring in the organism, including malfunctionings, by the fact that, when certain conditions obtain, it contributes to maintaining the level of certain values (e.g. heart rate, temperature, blood pressure) within a range on a spectrum such that the organism continues to survive. Biologists refer to this range as the normal range. The functioning of the circulatory system, for example, contributes to the maintenance of blood pressure at a level that in turn contributes to the organism’s surviving. A malfunctioning by contrast is a process which does not meet this standard. As such it contributes to the diversion of certain values to outside the normal range. Blood pressure at a level greater or less than the normal-range level will cease to contribute to surviving, and will instead start a process that may, if certain circumstances obtain, detract from the organism’s surviving. These circumstances are simply the same circumstances which are sufficient for the organism’s survival: namely, the instantiation of sufficiently many functioning types as functionings rather than as malfunctionings.


The parameters specifying the normal range for a given set of values can be expressed in terms of a scale of prototypicality. A prototypical functioning-type is such that, if it were instantiated, it would contribute optimally to maintaining the values in question at that point on the normal range which is optimal relative to the survival of the particular organism in question. The normal range specifies how far a functioning can deviate from its prototype and still contribute to survival. The farther a functioning deviates from its prototype, the more likely it is, in certain circumstances, to detract from survival instead. 

By ‘contribute’ and ‘detract’ we do not mean ‘cause’ or ‘rigidly determine.’ Rather, we mean something along the lines of the weaker and less determinate ‘play some causal role in.’ For many difficulties arise in trying to pinpoint precisely how a process ‘contributes to’ or ‘detracts from’ surviving. A process contributes to surviving, roughly, by playing some kind of causal role in maintaining values within the normal range. But this role is seldom a necessary one, since most functionings on their own are not necessary for surviving. Take as an example the gall bladder’s rendering gall more concentrated, or a single neuron’s firing. The causal contribution of these functionings at time t cannot be analyzed in isolation from the entire group of functionings which also occur at t. Some functionings of course are necessary for survival, such as the heart’s pumping and the liver’s draining of bile. But necessary functionings do not occur in isolation either. The heart’s pumping is necessary for surviving, but heart-pumping would not occur unless it were enabled by a nexus of other functionings, most of which individually are not necessary for survival.
A process of malfunctioning detracts from surviving, roughly, by playing some causal role in diverting values to outside the normal range. This diversion from the normal range can, if certain circumstances obtain, play a causal role in the organism’s dying. These circumstances include those in which the malfunctioning: 

(a)  persists for an extended length of time; 

(b) causes values to fall very wide outside the normal range; or 
(c) occurs simultaneously with sufficiently many other malfunctionings as to disable the organism’s ability to respond effectively to it and to the other malfunctionings.
An example of (a) can be found in cases of persistent high blood pressure (persisting hypertonic disease), which after time leads to various complications such as the destruction of blood vessels, the failure of the heart (because it must work harder) and thus often stroke, angina pectoris (severe chest pain associated with the temporary closure of blood vessels in heart), heart attack, and kidney failure due to the destruction of vessels in the kidney. An example of (b) occurs when the organism’s body temperature falls under a certain level; this leads, if the temperature falls far enough, to the fibrillation of the heart, which is a leading immediate cause of death. The precise range for most values can vary depending on the absence or presence of other malfunctionings – known by doctors as risk factors – within the organism. This leads us to an example of (c), in which a malfunctioning occurs simultaneously with sufficiently many other malfunctionings such that the organism’s ability to respond effectively to any of them is seriously reduced. Malfunctionings such as diabetes, hypertonic disease, heart failure, and increased blood clotting (hypercoagulation) can severely reduce the organism’s ability to prevent or respond effectively to any number of other malfunctionings, such as the generating of thrombosis, the clotting of the brain arteries which often causes strokes.


However, most malfunctionings on their own are not sufficient for playing a causal role in the organism’s dying. For example, a valvular or septal defect in the heart can be deadly. But an organism with milder forms of valvular or septal defects may also live what may be described as a normal life span (Friedman and Child (2001)).

Does this mean that a valvular or septal defect does not detract from surviving at all? No: the reason why having such a defect may fail to affect surviving adversely is that other functionings may compensate for it. The myocardium for example grows larger, enabling it to pump the same amount of blood as it would without the defect. But if it grows too large the organism runs a greater risk of acute cardiac failure. Thus all things being equal it is better for the organism’s ability to survive that it have no valvular or septal defect. But if it does have one, and if the defect remains small, cardiac failure may never occur. This is just one example of the ways in which functionings can compensate for malfunctionings. This compensation is one aspect of the phenomenon of biological regulation, which is crucial to an account of the way in which  functionings contribute to survival. We will return to regulation in section 4.

3.2 Uninstantiated types of functionings and the organism’s adaptability to change

It is possible to remove certain parts of the organism, such as a gall bladder, a leg, or a kidney, without detracting from its ability to survive. One might be tempted to conclude from this that the total number of functionings which occur at a given time  is quantitatively greater than the number that would be strictly necessary for surviving at that time. We will leave this question open, for it is extremely difficult if not impossible to investigate empirically.

However, we can conclude that the total amount of functionings which could occur at a given time is much greater than the amount strictly necessary for surviving at that time. In other words, the organism contains more functions, or dispositions to instantiate types of functionings, than it needs for surviving. This is made clear by situations in which other parts of the organism compensate for a part that is no longer capable of realizing its function, or is only capable of realizing it at a great divergence from its prototype functioning. The myocardium’s compensation for valvular and septal defects illustrated this. Another illustration is the ability of certain parts of the brain tissue to reorganize and to compensate for the functionings of other parts which have been damaged. For example, during the early stages of the development of the visual cortex, the malfunctioning caused by a lesion may be compensated for by functionings in a neighboring cortex, such as cell migrating or the forming and stabilizing of new axonal connections (see e.g. Payne and Lomber (2001), and Green (2003)).

This plurality of functions (or, of uninstantiated types of functionings) contributes to surviving by increasing the organism’s capacity to adapt to changes in itself and in its environment. Our kidneys have a much larger number of nephrons than they actually need for maintaining homeostasis (Komers, et al. (2001)): if one kidney is removed, the remaining kidney can filter the same amount of waste as both kidneys previously filtered together.

Of course many functionings may also contribute to the organism’s survival into the future. An example of such a functioning is the immune system’s producing of lymphocytes which have the function to respond only to one kind of antigen. Another example is the cells’ storing of fat and glycogen should the organism require them in the future. In some situations it may seem that a functioning which contributes to survival now actually detracts from surviving in the future. However, examples of such functionings can be found only, as far as we can tell, in situations where this functioning is compensating for a malfunctioning.

If enough functionings are disrupted, and enough items become incapable of realizing their functions either fully or partially, the organism will die. That is, if the organism is damaged in such a way that too many items become unable to carry out functionings with a certain degree of similarity to their prototype, malfunctionings will occur for which it will no longer be able to compensate. However, it is impossible to draw a distinct line between a group of particular types of functionings which would suffice to keep an organism alive and a group of particular types of functionings which could be classified as redundant. This is because surviving involves too many variables and too many possible and actual causal pathways, both within the organism and between the organism and its environment. Thus all of the functionings performed at t fall under a class of processes which cumulatively cause the organism’s surviving at t. But this is not a rigid class: its members change as different functions are realized, i.e. as different types of functionings are instantiated. 

In summary, a process is a functioning if and only if: 
(i) it occurs in and only in an organism that is temporally extended in the process of surviving, 
(ii) it belongs to that class of processes which cumulatively cause (but do not rigidly determine) survival at a given time or in the future by maintaining values within normal ranges. 
Derivatively, a process is a malfunctioning if and only if:

(i) it occurs in and only in an organism that is temporally extended in the process of surviving,  

(ii) it does not belong to the class of processes which do not belong to the class of processes which cumulatively cause (but do not rigidly determine) survival at a given time or in the future, and,

(iii) if conditions (a)-(c) above obtain, it plays some causal role in the diverting of values to outside the normal range. 

4. Functionings, goal states, and regulation

We are now prepared to unpack in greater detail the notions of contribution to and detraction from surviving. Recall that a functioning is the realization of a disposition and cannot be instantiated unless the appropriate circumstances obtain. Recall that the appropriate circumstances obtain when all or most other types of processes in the organism are instantiated as functionings rather than as malfunctionings, and thus contribute to survival. A functioning contributes to survival (or a malfunctioning detracts from it) in virtue of the effects it has on the system to which it is causally linked. The beta cells of the pancreas have the function to secrete insulin. In order to describe how the secreting of insulin contributes to surviving, one must make implicit reference to a larger context or system in which insulin secretion occurs: when the appropriate circumstances obtain (that is, when the intestine is carrying out its function to intake glucose, when the insulin receptors are functioning, when the liver is carrying out its functioning to store glycogen, and so forth), the beta cells’ secreting of insulin maintains blood sugar within the normal range.

Blood sugar maintenance can be described as a goal which exists at the global level of the organism. It is achieved by processes which occur at more local systemic levels, by functionings which cause other functionings. When the pancreas secretes insulin, and when the other functionings occur which cumulatively cause blood sugar maintainance, the organism’s blood sugar level is maintained within the normal range. When a value for a particular organism is within the normal range, the organism can be described as being in the goal state for that value. The goal state of homeostasis is realized as long as the organism is in a state of metabolic equilibrium; the goal state of having cells provided with nutrition is realized as long as the cells are receiving nutrition.

We use the term ‘goal state’ in a wide sense: wider than ‘normal range,’ which is a technical term in biology. An organism’s being within the normal range for a particular set of values describes only a subset of cases which we would describe as the organism’s maintaining a goal state. Thus every instance of being in the normal range is also an instance of maintaining a goal state, but not every instance of maintaining a goal state would be described by biologists as the organism’s being in the normal range. For example, there is no biological measurement for the degree of sensory input an organism must have from its environment in order to survive. Nonetheless, having sensory input from the environment is a goal state the maintaining of which is necessary in most normal situations for the organism’s survival. This goal state is brought about by the functionings of the nerves, ears, eyes, and so forth. The problem of measuring the contribution of a functioning to such a goal state is an epistemological one, and does not imply that such goal states do not exist.

A goal state is temporally extended. It is brought about by functionings. Most goal states have more than one means by which they can be brought about; most may be brought about by the instantiations of one or more of a selection of different functioning types. For example, the goal state of having a normal-range calcium level may be brought about by functionings such as the intestinal lumen’s intaking of calcium, the bones’ intaking and releasing of calcium, and/or the kidney’s excreting of calcium. Thus most goal states are overdetermined: the maintenance of most goal states is thus not dependent upon the instantiation of one and only one type of functioning. Survival is thus also overdetermined by the existence of more types of functionings than those which are instantiated at a given time: if one functioning or combination of functionings fails to bring about a goal state, there are usually others which can. 

In some situations there is a malfunctioning which happens to make one functioning naturally preferable to another, but in most situations this is not the case. When there is no malfunctioning, what is the means by which one type of functioning is selected to be instantiated over another? In other words, what determines the extension of the class of functionings which cumulatively cause survival at a given time? Natural scientists call this phenomenon regulation.

4.1 Regulation

In electrical engineering a regulator is a circuit which is connected between a power source and a device, and which provides a constant voltage despite variations in input voltage from the power source or in output load from the device. A regulator works by a feedback loop: it adjusts its operation according to differences between the actual and the desired output.

Biological regulation is a similar phenomenon. Stear (1987) describes regulation in biological systems as “a special kind of feedback control process for which the goal is to maintain an output quantity or quantities near a desired constant output level” (p. 378). Three important features of regulation are that it involves a system (1) sensing value changes in input and (2) reacting to these changes in such a way that (3) the system maintains a constant-value output.


When a particular goal state can be achieved by the instantiations of one or more functioning types, it is regulation which determines which type of functioning to instantiate at which time. Schroeder’s (2004) account of regulation helps us see this. Further, showing where his account falters will help us pinpoint an important feature of the regulation of biological functionings.

Schroeder argues that the same concept of regulation applies to intentional regulation and regulation in natural systems (he does not specify what constitutes a “natural system”). On his characterization of intentional regulation, you regulate an object if you decide to use it for a certain purpose. If you use your three-hole-puncher to hold your papers down because there is wind blowing through your office window, you regulate your three-hole-puncher and thereby “give” it  a function (p. 116).

This does not mean that the three-hole-puncher thereby no longer has the function to punch holes. Schroeder distinguishes between functions which “derive” from regulation and those which derive from design. On his theory, the function of a three-hole-puncher to hold down papers derives from your regulation of its paper-weighing capacities. Its function to punch holes, on the other hand, derives from its manufacturer’s design, not from the ongoing regulation of its hole-punching capacities. One of the conclusions he draws from this is that “regulation is typically a local and transitory phenomenon” (p. 118). The examples he offers seem to support that this is true of intentional regulation – except, of course, when an artifact is designed to be a regulator. 

Similarly, he says, a natural system regulates an item if it uses that item for a certain purpose. It thereby gives the item a function which it may not necessarily have been designed (by natural selection) to perform. Unfortunately Schroeder offers no details on the way in which a biological regulatory system fits his theory. It is perhaps this which causes him to overlook one important disanalogy between intentional and biological regulation: his theory of intentional regulation makes a clean distinction between functions which derive from design and which derive from regulation; however, when it comes to biological regulation, this distinction disappears. For there is no real way in which biological regulation can be described as “transitory.” Biological systems are stable; regulatory capacity is built into them, in the same way that regulatory capacity is built into an artifact designed to be a regulator. Regulation is essential to every organism. No organism would survive without it. This certainly seems to be the case in the few examples of systems of biological regulation which Schroeder mentions: “natural systems regulating the replication of DNA, regulating human body temperature,” and the human hypothalamus and the metabolic system (p. 120). Thus it is not clear what it would be for a biological regulatory system to “give” a function to an item which does not already have that function.

Biological regulation is more accurately described by the claim that a regulatory system selects one type of functioning to instantiate over another. Recall that the causal contribution of one functioning to survival cannot be analyzed in isolation from the entire group of functionings which occur at a given time. Our discussion of regulation makes it possible to add: nor can the causal contribution of one functioning to survival be analyzed in isolation from the entire group of types of functionings which are not currently being instantiated. The organism’s ability to survive depends to a great extent on the overdetermination of its goal states by instantiated and uninstantiated types of functionings. It is these which provide the organism with various alternative means to achieve goal states predictably and stably in the face of changing or unpredictable circumstances.

4.2 Regulation and functionings

Let us look more closely at the effect of regulation on instantiating different types of biological functionings. For purposes of explanation we will continue with the analogy with intentional regulation, bearing in mind that this analogy is not total. Your deciding upon a particular process by which to prevent your papers from blowing away is similar to an organism’s homeostatic system instantiating one type of functioning instead of another type in order to maintain thermoregulation at a given time.

You decide to achieve the goal state of weighing down your papers by placing a three-hole-puncher on top of them. What made you choose the three-hole-puncher, which you had to get up from your desk and search the adjoining rooms to find, when an apple was sitting right in front of you? A strong wind was blowing through your office window. The hole-puncher is heavier than the apple, and flat-bottomed: it will not roll away if the wind lifts your papers. You picked it in virtue of its disposition to be able to hold down papers in heavy wind.

In a situation with different external conditions, for reasons of convenience you may have picked the apple rather than expending the energy to find the three-hole-puncher. The apple would have held your papers down quite nicely if there had only been a light breeze. Your choice to achieve the goal state of having your papers held down by using the hole-puncher was a response to the external conditions. 

A biological example of regulation is thermoregulation, the means by which the organism maintains its body temperature within the normal range (see e.g. Guyton and Hall (2000)). At any given time an organism’s body temperature may be influenced by any number of different processes. These processes are subject to a tripartite division among (a) processes which take place either within the organism or externally to it in response to temperature changes, (b) processes which are reactions but not responses to temperature changes, and (c) processes which take place, within the organism or externally to it, irrespective of such temperature changes.
Processes of type (a) are regulatory processes. They are always functionings. These functionings are always realized as responses to changes that threaten to push the organism’s temperature above or below the normal range. Such functionings include receptors’ sensings of temperature and of changes in temperature. As a result of these sensings, the vegetative system responds by carrying out such functionings as sweating, shivering, the increased or decreased metabolizing of brown fat, or the dilating or constricting of blood vessels in the skin. 

Processes of type (b) are reactions, but not responses. They are thus not regulatory processes. An example is the increase of metabolic rate or the denaturation of proteins (i.e. when proteins lose their three-dimensional structure and can thereby no longer carry out their function), which can occur when the organism’s temperature increases. 

Processes of type (c) are not regulatory processes, for they are neither responses nor reactions to changes in temperature. They may occur either in the organism’s environment or within the organism itself. Environmental processes include weather changes, wind chill, and so forth. Processes which occur within the organism are functionings which bring about temperature changes, but which do not bring them about in response or reaction to any changes in the organism’s body temperature. For example, most of the organism’s heat is produced as a byproduct of the organism’s various metabolic functionings. And much of its heat is released by processes which may be influenced in varying degrees by regulation, but which would also occur in its absence. For example, the organism emits heat in the form of electromagnetic waves; the direction and rate of heat transfer are determined by the temperature differential between the organism and its surrounding medium. Other examples are conduction (the transfer of heat by physical contact), convection (the transfer of heat by the movement of liquid or gas), and evaporation (heat loss by the conversion of water to gas, which occurs mainly by sweating). Thus there are functionings which affect thermoregulation but which cannot be classified entirely as regulatory. 

What are the factors influencing the type of functioning a regulatory system will instantiate to maintain a goal state at a given time? Why one functioning, not another? This is difficult to judge. From a physiological point of view functionings with the best cost-to-benefit ratios are optimal. But it would take much speculation to estimate whether a particular functioning provides the optimal ratio or whether there may be yet more effective alternatives. An evolutionary point of view might stress historical contingency as one of the major factors in determining the organism’s current morphological and physiological makeup: the possibility cannot be ruled out of there being more effective possible physiological alternatives for achieving a certain goal state. However, it is reasonable to believe that an optimal cost-to-benefit ratio is a major factor by which the organism’s regulatory systems determine which type of functioning to instantiate in response to a particular situation. 

Regulation thus explains how it is possible for a goal state to be achieved in an organism with a large degree of independence of the particular parts which constitute the organism at a given moment. For example, the goal state of having sensory data from the environment can be realized by the eyes’ sensing light, the nerves’ sensing tactile data, or the ears’ sensing auditory data. Should the eyes be removed or malfunction, the goal state of having sensory data from the environment could be brought about by the functionings performed by the other sense organs. 

On the other side of the coin, this flexibility enables multifarious function ascriptions to individual items. Just as objects have more than one disposition (to break, to melt), most biological items have more than one function. The liver, in addition to the function to detoxify blood, has the functions to produce bile and to synthesize glycogen and lipoproteins.
Regulation also explains how the organism can survive for extended periods with certain malfunctionings. To return to our kidney example: When both kidneys are present, each one filters waste from the blood. But when one kidney is removed, regulation enables the remaining kidney’s functionings to adjust and compensate for the workload which was previously handled by both. It is even possible for an organism to have a normal range for a given value which differs significantly from the normal ranges of other organisms of its kind: regulation enables its other functionings to fill in the gaps. 

Regulation also factors into any account of the processes leading to death. We mentioned above that most malfunctionings on their own are not sufficient for leading to death; this is because of the adaptive capacity which regulation confers upon the organism. Regulation is the means by which malfunctionings are compensated for by the instantiation of different types of functionings. The processes leading to death may be characterized as functionings which have deviated more and more and more from their prototype until they have become malfunctionings. As more functioning-types are instantiated as malfunctionings instead of as functionings, the organism’s regulatory systems run out of choices of types of functionings to instantiate. The organism thus becomes more and more restricted in its adaptive capacity. 

To return to our example of the septal or valvular defect in the heart: the function of the heart’s valve is to open and close in such a way as to enable the passage of a certain amount of blood into the next part of the circulatory system. In an organism with a valvular or septal defect, this function is realized as a malfunctioning. The myocardium is thus regulated so that it realizes a function ‘to grow larger in case of a valvular or septal defect,’ which enables a sufficient amount of blood into the circulatory system. However, should the myocardium no longer be able to perform this function, there are very few options left by which to achieve the goal state of stable and sufficient blood circulation (see e.g. Francis, et al. (2001)).

What about processes which look in every way as if they have been “programmed” into the organism precisely in order to cause death? Trivially, every item in the organism which has a function, i.e. a disposition to be in a state of functioning, also has a disposition to be in a state of malfunctioning. But is there a non-trivial sense in which certain items have functions that are realized in processes leading to death? Our account of functionings as processes which contribute to survival would of course not label such processes as functionings. 

Nonetheless, one candidate for such a process could be apoptosis (programmed cell death). Normally apoptosis leads to the death of cells in order to maintain homeostasis. Apoptosis is important for the development and stability of the morphology of a particular species. For example, human embryo have tissue membrane connecting their fingers. Before a human is born, the cells in that tissue commit apoptosis so that the child can be born with separated fingers. By contrast, the cells comprising the tissue between the toes of duck embryos do not commit apoptosis, whereby ducks are born with webbed feet. Apoptosis also plays a role in immunity: cells which malfunction are often driven to apoptosis, which prevents them from harming the organism (Burhans, et al. (2003)). In such cases the death of a single cell is actually a functioning which helps the organism achieve certain goal states, such as that of having webbed feet or that of being comprised of healthy cells.

But what about the programmed death of a whole organism? From the point of view of evolution, this could contribute to the persistence of the population as a whole. It would thus be a counterexample to our analysis. This kind of programmed death has been observed, but only in very primitive and mostly unicellular organisms such as yeasts and bacteria (Burhans et al. 2003). But some scientists believe that there is programmed death at the level of organism in man (see Skulachev (1999)). In our view his conclusion is too speculative for discussion here. If this exists, and if it has a role in evolution (Rose, Graves (1989)), we emphasize only that since there are no programmed mechanisms for aging known (Partridge, Gems (2002)), the causes of death are most likely merely permissive. In other words, if longevity is evolutionarily constrained, then it is most likely not due to anything like a programmed death, but rather to the failure of functionings to achieve goal states. If every functioning in an organism perfectly matched its prototype, perhaps the organism would live eternally. But it seems contingently to be the case, with the possible exception of some primitive organisms (Gilbert (2003)), that this has never yet occurred. 
5. Conclusion

We have examined biological functioning and have offered an account of its relationship with the organism’s survival. We did so on the observation that functionings are epistemically prior to functions, and yet have been widely ignored in the functions literature.

We started our discussion by pointing out that the notion of biological function, if it is to be related to survival, is not reducible to an explanation of an actually occurring process. An account of functionings has helped us see why this is so: the class of functionings which cumulatively cause survival is not rigid. As the organism’s needs and circumstances change, so do the members of this class. An analysis of biological functioning must therefore take into account uninstantiated types of functionings as well as currently instantiated ones.

Functionings are distinguished from other kinds of processes in that they are subject to measurement on a scale of prototypicality, in relation to some standard that can be described as the achieving of a goal. Biological functionings are distinguished from other kinds of functionings in that the standard by which they are measured is the effectiveness of their contribution to the survival of the organism in which they occur. 


Functionings cause certain values in the organism to remain within their normal range and thus to enable goal states to be maintained in the organism, such as those of temperature maintenance and water balance. Most goal states are overdetermined, which means that they can be achieved by more than one functioning or combination of functionings. Thus survival depends not only upon currently instantiated types of functionings but also on uninstantiated ones.


Biological regulation is what determines which type of functioning to realize in order to achieve a certain goal state. A functioning which actually occurs contributes to surviving by being chosen by regulation as the best means for achieving a goal state. An uninstantiated type of functioning contributes to surviving by waiting in the wings, so to speak, and providing regulation with additional options for achieving certain goal states in case of environmental change or of malfunctioning.
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