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Abstract

    This paper makes a comparison between Nancy Cartwright’s notion of capacity and Peter Machamer, Lindley Darden, and Carl Craver’s notion of mechanism, and tries to integrate them. It is composed of three interrelated parts. The first part (section 2 and 3) is a detailed analysis of similarities and differences between the two theories. The second part (section 4 and 5) consists of a conceptual integration of cause, capacity, and mechanism. Based on the integration, the author proposes a new characterization of mechanism including four ontological categories: entity, property/capacity, relation, and activity. The third part (section 6) is a case study in which the author shows that the new conception can describe the mechanism of natural selection better than MDC’s conception can. 
1. Introduction

    In her Hunting Causes and Using Them, Nancy Cartwright said: “My work thus shares a lot in common with that of Peter Machamer, Lindley Darden and Carl Craver, which is also discussed at these Philosophy of Science Association meetings.” However, she did not say any more about what she had shared with the three new mechanist philosophers. Machamer, Darden and Craver (hereafter, MDC) proposed a new conception of mechanism (known as MDC mechanisms) in their 2000 article “Thinking about mechanism.” MDC mechanisms, they characterized, are “entities and activities organized such that they are productive of regular changes from start or set-up to finish or termination conditions.” (MDC 2000: 3) Is Cartwright’s theory of causality similar to MDC’s theory of mechanism?
  To account for where causal laws come from, on the one hand, Cartwright has developed a theory of nomological machine that appears to be similar to that of MDC mechanism. To understand causality, on the other hand, Cartwright invokes the concept of capacity. Capacities carried with properties, for her, can “cause” some effects or changes in other properties and entities. 

Machamer, Darden and Craver claim that they hold a dualist concept of mechanism and reject both substantivalists’ and process ontologists’ views on the ontic status of mechanisms. They insist that entities cannot be reduced to activities, and vice verse. For them, capacities that Cartwright refers to are nothing but dispositional properties of entities. Her theory of capacity leaves no room for activities that are real in MDC mechanisms. They thus ascribe Cartwright to the camp of substantivalists. 
Here we have a puzzle: Is Cartwright’s theory of causality compatible to or in conflict with MDC’s theory of mechanism? To solve this puzzle, we have first to answer the questions of “in what sense are Cartwright’s ideas similar to MDC’s?” and “to what degree does Cartwright’s philosophy differ from MDC’s?” 
2. The ontic status of activities, properties, and capacities
  By the dualist concept of mechanisms, MDC mean that both activities and entities are irreducible to each other in an adequate ontic account of mechanisms. Activities, often referred by verbs or verb forms, can produce changes of entities; for example, “the earth attracts the apple.” But activities are not properties or changes of properties, because they are active and productive. MDC claim that substantivalists wrongly characterize activities only in term of changes of entities’ properties, while process ontologists hold a problematic position by reducing entities to processes (or activities). “As far as we know,” they pinpointed, “there are no activities in neurobiology and molecular biology that are not activities of entities.” (MDC 2000: 5) Therefore, both entities and activities are ontological unit. In the world, there are kinds of activities just as there are kind of entities. However, entities and activities are correlative and interdependent. MDC summarize, “Entities and a specific subset of their properties determine the activities in which they are able to change. Conversely, activities determine what types of entities (and what properties of those entities) are capable of being the basis for such acts.” (MDC 2000: 6)
  The core of Cartwright’s theory is that causal laws are laws about enduring capacities. The generic causal claims of science, for example, “aspirins relieve headache,” are ascriptions of capacities. This claim really says that “aspirins have the capacity to relieve headache, a relatively enduring and stable capacity that they carry with them from situation to situation; a capacities which may if circumstances are right reveal itself by producing a regularity, but which is just surely seen in one good single case.” (Cartwright 1989: 3)
  MDC commented on Cartwright’s concept of capacity and this aspirin example: “Substantivalists thus speak of entities with capacities (Cartwright 1989) or disposition to act. However, in order to identify a capacity of an entity, one must first identify the activities in which that entity engages. One does not know that aspirin has the capacity to relieve a headache unless one knows that aspirin produces headache relief.” (MDC 2000: 4-5) That is, one cannot identify the capacity that aspirin carry with them without identifying the activity of “relieve” or “produces headache relief.” But this view seems consistent to Cartwright’s statement that “the best sign that aspirins can relieve headaches is that on occasion some of them do.” (Cartwright 1989: 3) Is Cartwright a so-called substantivalist? 
  MDC might narrowly interpret Cartwright’s view. For Cartwright, properties can do things, that is, they can produce some activities. Thus she does not reject the reality of activities. As she said, “For us, there are properties, and all properties bring capacities with them. (Perhaps, following Sydney Shoemaker, they are all just conglomerates of powers.) What they are is given not by how they look but by what they do.” (Cartwright 1999: 70) Following the line of thinking, MDC’s concept of mechanisms conversely needs the concept of capacity, because when we ask why an entity (with its properties) can produce some kind of activity, the answer must be that it has the capacity to produce them (or to act). 
Cartwright seemly commits to four distinct ontological categories “entity,” “property,” “capacity,” and “activity,” when she speaks of “the property being an aspirin carries with it the capacity to cure headaches.” (Cartwright 1989: 141) The phrase “all properties carry or bring capacities with them” may lead one to understand “capacities” as “properties of properties” that is, for me, a redundant concept. It is better to reduce four categories to three ones: entity, property/capacity, and activity. Properties are just capacities, vice verse. 
I think that Cartwright would agree the identification of capacity with property as she said of “my experiences are of people and house and pinchings and aspirins, all thing which I understand, in large part, in terms of their capacities” and of “a world with all the same sensible properties as ours world already be a world with capacities. As I remarked above, redness is the property that, among other things, bring with it capacity to look just this way in normal circumstance, and to look systematically different when the circumstances are systematically varied.” (Cartwright 1999: 69-70) These statements hint the identity between property and capacity. But we have to modify her talks. We should say: A sensible property looks like as it is, just because it is the capacity to look this way in normal circumstance. It is entities but not their properties that do things. It is the red things that have the capacity/property of redness to make a subject perceive (or, to produce human perception). In the same way, aspirins have the capacity/property of being aspirins to relieve headaches. 
One may try to reduce three categories to a genuine dualism by eliminating the distinction of entity from property/capacity. She can contend that there are no bare substrata underlying all various properties/capacities – a substance is nothing more than a conglomerate of properties/capacities. Even if this is the case, the distinction of entity from property/capacity remains significant, because one can understand an entity as a whole (conglomerate) relative to its parts (properties/capacities). Anyway, the whole and the parts are two significantly distinct categories, whether or not there are bare substrata. Moreover, to my knowledge, we have not yet found that any property/capacity exists independent of entities or an entity has only a property/capacity. So it is reasonable and significant to keep the three ontological categories – a claim that I think that MDC mechanistic philosophers might accept, since they emphasize the key role of entities in mechanisms. 
As far I have argued that MDC and Cartwright might agree with the three ontological categories, but this argument is not enough to demonstrate that Cartwright also has a mechanistic philosophy as MDC do. We have to examine her notion of nomological machine. 
3. Nomological machine versus MDC mechanism
For many scientists and empiricist philosophers, laws of nature are basic. They explain regularities in the nature but they in themselves cannot be explained by other things than more basic laws. No things can account for the most basic laws. It is thus meaningless to ask the question of where do laws of nature come from. Laws of nature are always there naturally. Cartwright rejects the story. She tells us the other script: components with stable capacities are arranged (naturally or artificially) in a particular circumstance to give rise to a law of nature. Cartwright calls the arrangement of components and settings nomological machine, as she said, 
What is a nomological machine? It is a fixed (enough) arrangement of components, or factors, with stable (enough) capacities that in the right sort of stable (enough) environment will, with repeated operation, give rise to the kind of regular behaviour that we represent in our scientific laws. (Cartwright 1999: 50)

    The well-known Newton’s law of gravitation can explain Kepler’s laws (regularities) of planets because “built into the mechanical concept of force is the assumption that in the right circumstances a force has the capacity to change the state of motion of a massive body.” (Cartwright 1999: 51) In the case of the earth, for example, the arrangement of the sun, the earth, and their capacity of gravitational attraction, adding a shielding condition that there is nothing around the earth, gives rise to Newton’s law of gravitation U=GMm/r2 precisely.
 I understand a shielding condition as “a no-disturbance condition” (ceteris paribus clause). In fact, the moon moves around the earth. So the real nomological machine of the sun, the earth, and the moon produces only an approximate value to the outcome of computing the single law in the disturbing circumstance. Moreover the three-body machine is not suitable for other planets, because they are different components in different circumstances. “To account for the regular motion of the different planets in the solar system, we must describe a different machine, with a modified arrangement of parts and different shielding conditions.” (Cartwright 1999: 51)
    In terms of the law comes from the machine of the solar system, we can thus predict the final state of a planet from its initial state at any temporal interval. Suppose that the state Sx of a planet A at any time-point tx in a two-body circumstance is characterized by three properties position Pi, velocity Vi, and mass mi, then the state change of A caused by the nomological machine of two bodies can be precisely predicted by the law of gravitation. I call it the case of the planet in a no-disturbance circumstance. Let me draw the following figure (fig.1) to represent the structure of the nomological machine, the law, the planet and its states. 
         Si(state i)                                    Sf (state f)
Planet A<Pi, Vi, mi> ti        nomological machine     Planet A<Pf, Vf, mf> tf

                           F=GMm/r2
Fig. 1 The planet in a no-disturbance circumstance
Suppose that planet A is in a three-body circumstance like the system of the sun, the earth, and the moon, then the operation of the nomological machine of three bodies is depicted by fig. 2. I call this the case of the planet in the circumstance with one disturbing factor (body). To precisely predict the behavior of the planet in such a case, one has to consider the attractive forces among the three bodies. 
 Planet A<Pi, Vi, mi> ti      nomological machine     Planet A<Pf, Vf, mf> tf

                           F=GMm/r2
                          + F’=Gmm’/r’2
                          + F”=GMm’/r”2
Fig. 2 The planet in the circumstance with one disturbing factor (body)
Why does the law of gravitation keep invariant if the nomological machines in different circumstances are different? What makes the law remain stable? Cartwright argued that it is just the gravitational force, as a capacity, that all bodies have. She interpreted,
Newton’s ‘law of gravitation’ is not a statement of a regular association between some occurrent properties – say masses, distances and motions. For it does not tell us about the motions of two masses separated by a distance r, but, instead, about the force between them. The term ‘force’ in the equation of gravity does not refer to yet another occurrent property like mass or distance that could appear in a typical philosopher’s list of occurrent properties. Rather, it is an abstract term (in the sense of chapter 2) that describes the capacity of one body to move another towards it, a capacity that can be used in different settings to produce a variety of different kinds of motions. (Cartwright 1999: 52)
    To sum up, a nomological machine and its components carrying with capacities together give rise to a stable law. Is a nomological machine a MDC mechanism, however?
    There are four key concepts in the characterization of MDC mechanisms: organization, production, productive continuity, and regularity (Cf. Skipper and Millstein 2005). “Production” is an abstract term referring to a variety of activities that happen within a mechanism. It also refers to the productive activity of the whole mechanism in such a talk of “a mechanism produces a regular phenomenon.” The operation of mechanisms usually starts in a certain set of conditions, through a series of intermediate activities, and terminates in another set of conditions. There are often several stages in the entire process. When the set-up conditions are satisfied, some types of activities produced by some entities enact the next stage, in which other entities engage in other types of activities, to occur; and that stage in turn lead a newer stage, and so on. There is productive continuity from an activity to the others and from one stage to the other ones. This continuity between stages makes a mechanism run routinely from beginning to end. The regularity is thus exhibited in the normal running. Let me explicate these descriptions more concrete by taking the example of the mechanism of neuron depolarization from MDC’s classical article. 
    The phenomenon of neuron depolarization, as MDC’s description, is a positive change in the cell membrane potential. “Neurons are electrically polarized in their resting state…; the fluid inside the cell membrane is negatively charged with respect to the fluid outside of the cell…Neurons depolarize when sodium (Na+) selective channels in the membrane open, allowing Na+ to move into the cell by diffusion and electrical attraction. The resulting changes in ion distribution make the intracellular fluid progressively less negative and, more positive than the extracellular fluid…” (MDC 2000: 8-9)
    The neurons, the cell membranes, the sodium ions, the fluid, and the selective channels are entities. “Open,” “move into,” “diffusion,” “electrical attraction,” and “distribution” are “activities.” “Positively charged” and “negatively charged” are properties of the fluid inside and outside the cell membrane. The entire process of depolarization, by and large, can be analyzed into three stages.
 The first stage is the open of sodium selective channels. In the second stage, sodium ions move into the cell by diffusion and attraction. In the third stage, an electrical equilibrium is achieved by the change of the ion distribution. 
    The last and the most important characteristic of MDC mechanisms is organization, as MDC said: 
The organization of entities and activities determine the ways in which they produce the phenomenon. Entities often must be appropriately located, structured, and oriented, and the activities in which they engage must have a temporal order, rate, and duration. For example, two neurons must be spatially proximate for the diffusion of the neurotransmitter. (MDC 2000: 3)

    MDC mechanisms are often embedded in nested hierarchical structures. “The descriptions of mechanisms in molecular biology and neurobiology are frequently multi-levels. The levels in these hierarchies should be thought of as part-whole hierarchies with the additional restriction that lower level entities, properties, and activities are components in mechanism that produce higher level phenomena.” (MDC 2000: 14)
    So far we can see that Cartwright’s notion of nomological machine is highly similar to MDC’s notion of mechanism, although they use quite different terms respectively. Let me draw a table (Table 1) to show the parallelism between nomological machine and MDC mechanism. 
    Cartwright nomological machine     MDC mechanism

     cause                           produce
     regularity (of effects)               regularity (of phenomena)
     stability (of capacities)              productive continuity (of activities)
     arrangement (of components)        organization (of entities and activities)
Table 1

    In spite of the parallelism, I think, there are three possible differences between nomological machine and MDC mechanism. 
    (1) MDC, especial Darden (2012), would like to use talk of “produce” instead of talk of “cause,” because it is always uncertain, they think, that which parts of a mechanism should be identified as the cause of the phenomenon that the mechanism produces. But the difference is rather apparent than real. I will return to the issue next section. 

(2) Laws play no role in MDC mechanisms, while nomological machines are generators of laws. Based on cases in molecular biology and neurobiology, MDC hold a skeptical attitude toward the role of laws, by criticizing another mechanistic philosopher Stuart Glennan’s concept of mechanism. Glennan defines “a mechanism underlying a behavior” as “a complex system which produces that behavior by…the interaction of a number of parts according to direct causal laws.” (Glennan 1996: 52) MDC found that “Glennan’s reliance on the concept of a ‘law’ problematic because, in our examples, there are rarely “direct causal laws’ to characterize how activities operate. More important, as we argue in Section 1.3, the interactionist’s reliance on laws and interactions seems to us to leave out the productive nature of activities.” (MDC 2000: 4) However, one should note that the interactionists get mechanisms by relying on fundamental laws, while Cartwright conversely insists that nomological machines are more basic than (physical) laws. Nonetheless, laws, in Cartwright’s theory, function as a media connecting nomological machines with regularities. No such a role of laws in MDC mechanisms is needed. This may reflect a difference based on differently disciplinary traditions, e.g. physical and biological. 
    (3) According to the arrangement of a nomological machine, any factor or entity in a circumstance can be part of the machine if it can impede or intervene in other factors or entities that are basic constituents of the machine. This implies that there are no clear boundaries between a nomological machine and its environment. Entities, however, outside a MDC mechanism cannot be part of the mechanism even if they might intervene in the operation of the mechanism. Those entities should be treated as external factors that might break the mechanism. This implies that MDC mechanisms usually have tighter organizations and clearer boundaries than Cartwright nomological machines do. The status of intervening factors makes the most important difference between the two notions. Based on this point, I judge that a nomological machine is not a MDC mechanism at earth. 
4. Causes, Capacities and Mechanisms
In her latest work, Darden (2012) tried “to show how much more impoverished talk of ‘causes’ is compared to talk of ‘mechanisms’.” She discerned three ways that talk of “cause” and “effect” is mapped to talk of “mechanism” and “phenomenon”: 

(1) “Something that is designated as a cause may refer to a piece of a mechanism.” For example, “the pairing and separating chromosomes” is the cause of Mendelian ratio of heredity. 
(2) “Cause” may refer to nearer or more distant stages in a mechanism, prior to the “effect” stage of interest. In general, two ways of mapping can be identified: (2.1) “Analysis of ‘C causes E’ may require an entire underlying mechanism to lay out all the stages between C and E.” (2.2) “Alternatively, C may refer to an early stage of the mechanism with the other stages between C and E left unspecified.” 
(3) “Activities are one way to specify causes.” MDC followed Elisabeth Anscombe’s view that the word “cause” needs to be specified by other, more specific, causal verbs. Identifying types of activities is to specify contents of “cause.” 
Darden concluded that “one might have thought one could easily identify the phenomenon as the effect (E) and the entire mechanism (or some piece of it) that produces that phenomenon as the cause (C). However, there are many candidates for what is to be designated as the cause and what is to be called the effect, once specific features of a mechanism and its set up and start conditions are identified.” (Darden, 2012) Therefore, Darden insists that talk of “mechanism” has more advantages than that of “cause” and tend to avoid being involved in the issue of causality. 
Cartwright also followed Anscombe’s insight, but she has never retreated in building a theory of causality. She said: “The term ‘cause’ is highly unspecific. It commits us to nothing about the kind of causality involved nor about how the causes operate. Recognizing this should make us more cautious about investing in the quest for universal methods for causal inference.” (Cartwright 2007: 11) This is perhaps the point that Cartwright shares in common with MDC. 
I agree with Cartwright that we should not give up talk of cause, because causation can serve as a clue or a guide for the search of mechanisms. For example, scientists may further research the mechanism of aspirin’s headache-relieving, once they know that aspirins can relieve headache. They would get more knowledge as they find the physiological mechanism of relieving. Nevertheless, for me, there are still three problems in Cartwright’s theory of causality. 
(P1) Cartwright’s methods for causal inference (path analysis and modeling of causal structure) are too difficult to be applied to biology in contrast to MDC description of mechanisms. It is thus unclear in what sense her methods can be universal. 
(P2) Moreover, usually we do not satisfy in knowing “aspirins have the capacity to relieve headache,” unless we get the mechanism of headache-relieving. One may argue that the genuine or complete cause of headache-relieving is rather the physiological mechanism of aspirins’ constituents entering into human body and neuron cells than aspirins themselves and their capacities. In other words, one can grasp the complete cause only if one can find the underlying mechanism of a phenomenon or an effect. 
    (P3) Let us consider the following case. One drunk a cup of coffee before he had aspirins when he felt headache; as a result, he had not relieved. The cause for why he did not relieve is that the coffee impedes the absorption of aspirins in his body. According to Cartwright’s theory, we should find a new nomological machine including coffee, aspirins, and human body to account for the result. The new machine also account for the new causal claim “coffee has the capacity to impede the absorption of aspirins” in addition to “aspirins have the capacity to relieve headache.” But from the view of MDC mechanism, coffee is an external factor that can break the physiological mechanism of aspirin’s headache-relieving. Coffee is not a component of the mechanism. 
    Consequently, Cartwright’s theory of causality is not very applicable to biology for the three problems above. 

To develop a theory of causation for biology, I propose to introduce the concept of levels of causation to talk of MDC mechanisms, based on Darden’s analysis of ways that map causation to mechanism. Instead of understanding her analysis as evidence for the poverty of talk of “causes,” I would rather regard it as showing levels of causation. In the formulation of “C cause E,” there is an underlying mechanism that has four levels of causation. 
(L1) In the level of a mechanism as a whole, we look the entire mechanism as the complete cause of a phenomenon. 
(L2) In the level of a piece of a mechanism as a whole, we look the piece of the mechanism as a partial cause. 

(L3) In the level of stages in a mechanistic process, we look any stage as part of a causal chain, a causal net, or a causal mechanism. 
(L4) In the level of activity, we look any activity occurring in a mechanism as a mirco-causation (a cause of a micro-change). 

As I have argued that MDC mechanisms need the concept of capacity, levels of causation in a mechanism thus imply levels of capacity. That is, we can speak of the capacity of a mechanism, the capacity of a piece of a mechanism, the capacity of a stage in a mechanistic process, the capacity of an entity producing an activity. 
5. A new characterization of mechanism with four ontological categories

    As far I have developed a conceptual integration of causation, capacity, and mechanism. It remains talk of “cause” and “effect” and incorporates the notion of (levels of) causation into MDC’s characterization of mechanism. But the new characterization of mechanism should include four ontological categories. Given the three categories of entity, property/capacity, and activity that have discussed in the second section, I want to add “relation” as a new one. Relations are not properties/capacities; they exist between entities. They are necessary for any more sophisticated account of mechanism. Spatial location and temporal order are two basic relations that permeating all entities and activities in all mechanisms. They make the organization of all mechanisms possible, as MDC said of “entities often must be appropriately located, structured, and oriented, and the activities in which they engage must have a temporal order, rate, and duration.” They also get entities and activities to be identified and individuated, as MDC said of “one identifies and individuates entities in terms of their properties and spatio-temporal location. Activities, likewise,…” (MDC 2000: 4) Other relations than space and time may occur in a variety of mechanisms, for examples, the part-whole relation, the kind relation, the kinship, the circumstance (the relation between entities and their environment), and so forth. Based on the discussion above, I suggest a new characterization of mechanism as follows:
Mechanisms are entities, properties/capacities, relations, and activities organized such that they can produce/cause a cluster of changes from set-up to termination conditions. 
    The largest modification I make for MDC’s formulation is to include the four ontological categories. The second modification is to substitute “they are productive of” for “they can produce/cause.” This aims to emphasize the role of capacities in mechanisms. Third, by replacing “regular changes” for “a cluster of changes,” I want to confer more flexibility to this new formulation of mechanisms. “A cluster of changes” may include changes that are linear and sequential and those that are non-sequential and even random. Thus productive continuity and regularity will be no longer necessary characteristics of mechanisms. 

    I believe that the new conception is more suitable to biology in a wider scope. It can characterize natural selection as a mechanism better than MDC mechanism can.
6. Natural selection as a mechanism, looked from the new view
    Skipper and Millstein (2005) argued that MDC’s characterization of mechanism cannot provide an adequate account of natural selection. 
7. Conclusion
    I have argued that my characterization of mechanism based on four ontological categories can provide a satisfactory description of natural selection, to which the application of MDC’s original version is controversial. I believe that the new conception would be widely suitable for biological and biomedical sciences, because it inherits all advantages of MDC’s original formulation. I also believe that it reveals a type of mechanism existing in the living world universally. On the contrary, since Cartwright characterizes nomological machine as generators of laws, the notion might be not suitable for biology, in which there are no genuine laws or laws have little importance. Nevertheless, nomological machines are another type of mechanism, although they are not MDC type. This notion is specially suitable for cases in which there are no relatively clear boundaries between mechanisms and their environments for significantly intervening factors. However, all mechanisms, whether MDC or Cartwright types, need the four ontological categories: entity, property/capacity, relation, and activity.
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� Cartwright described the nomological machine of the planets in the solar system as follows: “In the case of the orbiting planet, the constituents of the nomological machine are the sun, characterized as a point-mass of magnitude M, and the planet, a point-mass of magnitude m, orbiting at a distance r and connected to the former by a constant attractive force directed towards it.” (Cartwright 1999: 51) These characterizations of point-masses, distance, and constant attractive force are really a model, as Cartwright pinpoint “models as blueprints for nomological machine” in next section. 


� Here I provide only a rough explication. One can see MDC’s article to get a more detailed explication of the depolarization mechanism (including the setup conditions, the intermediate activities, and the termination conditions). 





