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1 Introduction 
 

Consideration of contemporary practice suggests that scientists use a wide range of 

evidence in support of causal claims and causal inferences, often to convincing effect. 

Such evidence encompasses the arrangements of things which bring about causal 

change (what-evidence), the nature of the processes of such change (how-evidence), 

and the regularities which are brought about (that-evidence). Many philosophical 

accounts of causation, especially neo-Humean accounts, don’t seem to allow much of 

this evidence – their ontologies are too parsimonious. Mechanist accounts, especially 

the MDC
3
 account, are a great advance in having the potential to admit the full range 

of what-how-that evidence, I shall argue. But these accounts are narrowly focused on 

stable mechanisms – development is required to broaden their area of application. 

Cartwright’s nomological machine ontology is much more widely applicable, 

underwriting causal regularities quite generally (Cartwright 1989; 1999), and this 

ontology too admits much causal evidence - but here further development is required 

to admit evidence relating to the processes of causal change (how-evidence), I shall 

argue. 

 

In this paper I interleave the MDC and Cartwright ontologies
4
 (both of which are 

developed from careful consideration of the practice of science) to form an ontology 

which has both the breadth of application to underwrite causal regularities (laws of 

                                                 
1
 I take the term “mechanist” to refer quite generally to the scientists who, e.g. in operating within the 

special sciences, concern themselves with mechanisms, together with the philosophers who, in studying 

the methods of these scientists, have articulated accounts of mechanisms (e.g. William Bechtel, Carl 

Craver, Lindley Darden, Stuart Glennan, Peter Machamer, and many others). 
2
 I owe thanks to Nancy Cartwright for invaluable guidance in the development of this paper, and to 

Lorenzo Casini, David Lagnado , Phyllis McKay Illari, Christoph Shulz and Adam White for helpful 

comments on earlier drafts  
3
 MDC refers to “Thinking about mechanisms”, the paper written jointly by Machamer, Darden and 

Craver in 2000. 
4
 This paper is concerned with partial outline ontologies which sketch the ontological framework 

relevant to machines from a meta-scientific perspective, not with the sort of more fully developed 

ontologies which might be more typical in metaphysics. 
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nature) quite generally, and which makes compelling sense of the full range of 

evidence which science employs in practice. I note that this ontology demonstrates the 

consistency of mechanist methods with those of the sciences generally. 

 

An ontology which is adequate for this range of tasks requires entities, capacities and 

activities, I shall argue. 

 

The paper presents examples to motivate the view that this interleaved “productive 

nomological machine” ontology, matches that implied by much of the mainstream 

practice of successful empirical science – including physics and chemistry as well as 

the special sciences.  

 

2 Outline of paper 
 

Sections 3 to 5 identify some puzzles which arise from comparing Cartwright’s 

nomological machine ontology with the MDC ontology. The paper shows how each 

of these puzzles may be addressed by reference to the other ontology, and by doing so 

develops an interleaved ontology, the productive nomological machine ontology, 

which is summarised in Section 6. Section 7 shows how this ontology makes 

compelling sense of the wide range of causal evidence that is commonly used by 

scientists – what-how-that evidence. Section 8 concludes.  

 

3 The mechanist puzzle 
 

3.1 Introduction 

 

At the heart of the extensive and valuable work undertaken by the mechanists in 

recent years has been an effort to characterise the methods used in the special 

sciences, such as the biosciences. The widely agreed mechanist account holds that 

these methods generally start with mechanisms, and that these mechanisms typically 

generate certain regularities. These regularities are local and perhaps necessary (see 

e.g. MDC, Section 3.2) – and have some of the characteristics of laws. 
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But this seems to contrast with the received view of the established sciences, such as 

physics and chemistry, in which fundamental (or universal) laws are taken to govern 

the world, and, we may suppose, the machines within it. Are the methods of the 

special sciences consistent with those used in the established sciences? And if they are 

not, then are the methods of the special sciences really scientific – are they valid? 

 

3.2 How Cartwright’s account resolves this puzzle 

 

This puzzle can be resolved by reference to the work of Nancy Cartwright. In “How 

the Laws of Physics Lie” (Cartwright, 1983), Cartwright notes that there are no exact 

instantiations of the laws of nature – there are no point masses or frictionless planes, 

for example. Moreover, lower level phenomological laws typically improve upon 

laws which are taken to be more fundamental (Cartwright, 1983, Essay 6). The 

argument that true laws of nature govern the world is problematic (see also Mumford, 

2004). 

 

Cartwright proposes, by contrast, that: “it is capacities that are basic,” (Cartwright, 

1999, p49), a view shared by many leading metaphysicians, e.g. Heil (Heil, 2003), 

Martin (Martin, 2008), Molnar (Molnar, 2003), and Mumford (Mumford, 1998)
5
. For 

Cartwright, a nomological machine is a, “sufficiently stable arrangement of 

components and capacities,” (Cartwright, 1999, p49). It is the role of capacities within 

nomological machines which makes credible the central ontological role of such 

machines - Cartwright explicitly claims, “It takes what I call a nomological machine 

to get a law of nature”, (Cartwright, 1999, p49).  

 

                                                 
5
 Note that the terms “power” or “disposition” are often used in preference to “capacity” – for the 

purposes of this paper they can be regarded as synonyms. 
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If this is indeed the ontology of the world, and that used by much of established 

science, then we see immediately the consistency of the mechanists’ methods with 

this ontology and thus with these broader scientific methods. 

 

3.3 Example machines6 

 

The following table cites some example machines from across a wide spectrum of 

areas, which are taken to be typical of very many more examples, to demonstrate the 

widespread occurrence of machines. 

• Machine to mix oxygen and hydrocarbons and spark 

them

• Mechanism which manages photosynthesis

• Laboratory may act as virtual machine for repeatable 

experiments

Chemistry

• Pendulum

• Electron beam machine

• Superconductor

• Laboratory may act as virtual machine

Physics

• Industrial plant for manufacturing paint, screws, 

microchips, etc.
Industrial 

manufacturing

• Neuron (including neurotransmitter molecules, sodium 

ions, etc.)

• Heart

Biology

• Toilet cistern

• Toaster

• Computer

Man-made

machines

Machine examplesArea

 
 

                                                 
6
 The term “machine” is taken as encompassing both “mechanisms” and “nomological machines”. 
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The mechanists have generally focused on the areas of man-made and biological 

machines, nicely explicating many of the machines which we find in these areas, such 

as toasters, toilet cisterns, neurons and hearts.   

 

We should also allow that many man-made and biological machines manage entities 

and capacities which fall under the domain of chemistry. For example the sparking of 

oxygen and hydrocarbons in the internal combustion engine, and the management by 

plants of the chemical processes within photosynthesis.  

 

Physics in its central teachings typically focuses on simple set-ups which 

approximately instantiate fundamental laws – e.g. the pendulum, the lever, planetary 

systems, electron beam machines, lasers, and the lattice structure and Cooper pairs of 

superconductors. These too are examples of machines.  

  

Moreover, many of the regularities which we identify with both physics and 

chemistry are those which arise from the repetition of experiments within the 

laboratory. Such repeatable experiments are the very bedrock of empirical science. 

Some precise arrangement of chemicals or other physical things is constructed with 

just the right attendant circumstances in place, and some reaction or physical process 

occurs regularly in these circumstances, which demonstrates the repeatability of the 

experiment concerned. We may think of the laboratory as acting as a virtual machine 

to produce these repeatable processes. 

 

And we should not forget the great swathe of machines used in industry for producing 

paints, screws, microchips and a million other items of our world. 

 

Machines, then, in their various forms, do occur across many areas. 

 

4 The nomological machine puzzle 
 

4.1 Introduction 

 

On Cartwright’s account, it is nomological machines that give rise to laws of nature. 

But there is a puzzle here too: how exactly does a nomological machine give rise to a 

law of nature?  

 

4.2 How MDC’s activities resolves this puzzle 

 

This paper argues that this puzzle can be resolved by reference to MDC’s activities. 



 - 6 -   PNMO paper v6 0 pdf             

Start-

arrangement

End-

arrangement

Activity

Process of change

Start 

events

Start 

conditions

Finish 

conditions

 
Typically some start-event (the receipt of neurotransmitter molecules, the pulling of a 

chain, the pushing of a button) renders the mechanism in what MDC take to be the 

start condition. A process of change, an activity, then occurs which produces (in 

Anscombe’s sense
7
) the finish conditions out of the start-conditions.  

 

In order to develop a somewhat more general account of causation, I shall use the 

term “start-arrangement” (“end-arrangement”) to refer to the entity-arrangement in 

the start (finish) condition – this is then (as in MDC I take it) a set of entities together 

with their properties, orientation, relative position, etc. 

 

4.3 Nomological machines give rise to characteristic 
activities 

 

On this account, each type of nomological machine gives rise to a characteristic 

activity (which follows from a characteristic start-arrangement). But do machines 

typically give rise to characteristic activities? The following table shows the activity-

types associated with some of the example machines listed above.  

                                                 
7
 Anscombe 1981. 
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ExplosionMachine to mix oxygen and 

hydrocarbons and spark 

them

Chemistry

Oscillation of pendulumPendulumPhysics

Paint productionIndustrial plant for 

manufacturing paint

Industrial 

manufact-

uring

Depolarisation of neuron

Flush process

Activity-type

Neuron 

(including neurotransmitter 

molecules, arrangement of 

sodium ions, etc.)

Biology

Toilet cisternMan-made

machines

Nomological machineArea

 
These examples, which are typical of very many more examples from across the wide 

range of areas cited, do indeed have characteristic activity-types – and this motivates a 

view that machines in general give rise to characteristic activities. 

 

Section 6 below outlines how the repeated instantiation of start-arrangements, and 

thus characteristic activities, gives rise to phenomena that we take to be laws of 

nature. But before this can be done, the link between start-arrangements and activities 

is explored in more detail. 

 

5 The entity-activity puzzle 
 

5.1 Introduction 

 

On the MDC account, mechanisms are composed of both entities and activities. But, 

we may ask, how precisely do the entities of the mechanism, together with perhaps 

their arrangement and other attendant circumstances, dictate the form of the activity 

which can occur? To quote MDC:  

 

 “It is the entities that engage in activities”  

 “Entities and a specific subset of their properties determine the activities in 

which they are able to engage.”  

 

But such comments leave as a puzzle the question as to how precisely entities dictate 

activities: how do the relevant properties of the entities determine the activities in 

which they are able to engage?  
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It would seem that one possible option for MDC would be to appeal to laws as 

providing a necessary link between the relevant properties and their associated 

activities, in some way. Many accounts of laws (e.g. the Dretsky, Tooley, and 

Armstrong accounts) take them to underwrite necessary relations between properties, 

of course – but this would seem to point us towards a substantivalist approach of just 

the sort that MDC explicitly reject: “Substantivalists confine their attention to entities 

and properties, believing that it is possible to reduce talk of activities to talk of 

properties and their transitions”, (MDC, p4). Perhaps it is possible to appeal to some 

other accounts of laws as providing a necessary link between the relevant properties 

of the entities and the activities – but it would seem MDC also wish to explicitly 

reject any such approach, “No philosophical work is done by positing some further 

thing, a law, that underwrites the productivity of activities, (MDC, p8).” 

 

MDC comment (MDC, p6): 

 

 “An entity acts as a cause when it engages in a productive activity.” 

 “It is not the penicillin that causes the pneumonia to disappear, but what 

the penicillin does.” 

 

This recognition of the central importance of what an entity does seems resonant with 

a capacities account, as outlined in Section 5.3 below, but MDC do not pursue explicit 

discussion of the possible role of capacities.  

 

Whilst MDC’s various comments and discussions provide important insights in to the 

nature of mechanisms, and more specifically in to the relationship between the entities 

and activities of mechanisms, they do not provide a solution to the puzzle of how 

precisely the entities dictate the type of activities that can occur. 

 

5.2 Does this puzzle matter? 

 

On the MDC account: “Mechanisms are entities and activities organized such that 

they are productive of regular changes from start or set-up to finish or termination 

conditions.” I take it that a collection of token entities exhibits changing organisation 

– regularly exhibiting the start condition organisation and then changing through to 

the end condition. Such stable mechanisms support a convenient coexistence of 

relevant entities and activities, and this coexistence seems to provide a sufficient tie 

between entities and activities for many relevant purposes. For example, to find 

satisfactory examples of the activity of neuron depolarisation, we know where to 

look: a neuron – and when we watch what the neuron does in the right sort of way, it 

seems uncontroversial that we have an instance of our activity. Moreover, we know 

the entities which take part in this activity, or at least where to look to find them: they 

are suitable parts of the neuron. In the context of such stable mechanisms, the entity-

activity puzzle perhaps seems less pressing.  

 

But many causal regularities occur as the result of repeated instantiation of a type-

level start-arrangement, where the instantiation does not occur within the sort of 

stable regular mechanism defined by MDC. Cartwright for examples cites seeds 

engaging in the activity of germination as an example of a machine – but here each 
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token machine, each seed, engages in the relevant activity at most once. Rom Harré 

(Harré, 2001) cites generative mechanisms, such as the scraping of a violin string 

leading to the vibration of the ear drum. Daniel Steel (Steel, 2010) discusses process-

tracings such as that for the mechanism of malaria transmission. In both Harré’s and 

Steel’s examples the free-moving parts taking part in each causal process (e.g. the 

mosquito, the malaria virus, the person) need to come in to just the right configuration 

for the process to occur – and generally do so at most once. Phyllis McKay Illari 

(McKay Illari, 2011) points to cosmological mechanisms, such as the mechanism for 

star formation in a diffuse nebula, where the free-moving token things in the cosmos 

which instantiate the relevant start-arrangement on some occasion, surely do so only 

once. 

 

In all these examples we find causal processes, i.e. activities, which scientists take to 

be repeatable (i.e. of a repeatable type) which follow from some defined type of 

arrangement of entities – but not from regular activities within a single stable 

arrangement of token entities / parts. I shall explicate in a forthcoming paper 

(Pemberton, 2011) how nomological machines support the instantiation of a start-

arrangements in 2 ways: 

 

1. Via a fixed arrangement of token things whose configuration may change over 

time - and which is sometimes configured as a start-arrangement (as in MDC 

mechanisms) 

2. Via a flux of many things of suitable thing-types (i.e. things moving around in 

some region) which sometimes gives rise to a start-arrangement. 

 

These two forms of instantiation give rise to a spectrum of types of nomological 

machines with stable MDC-type mechanisms at one end. Thus nomological machines 

can account for a far wider range of causal regularities than can ‘stable’ mechanisms. 

 

It would seem that many mechanists, too, would wish to include some, perhaps all, of 

the less stable mechanisms listed above within their accounts of machines. Peter 

Machamer, for example, has recently advocated dropping the MDC regularity 

condition (Machamer, 2004, footnote 1). As we move towards more general 

machines, which do not feature stable arrangements of token entities and regular 

activities, but instead feature the repeated instantiation of type-level arrangements by 

differing token things on each occasion, the need for a secure link between the entities 

/ entity-types and the activities to which they can give rise becomes more pressing. 

 

The precise relationship between entities and activities is a puzzle which surely 

requires attention if we are to provide an adequate explication of mechanisms which 

can stand robust across the many purposes to which it might reasonably be put.  

 

5.3 How capacities may resolve this puzzle 

 

This section outlines how capacities (taken here as synonymous with “powers” or 

“dispositions”) can provide a link between entities and activities in a way which 

resolves the entity-activity puzzle. 
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This paper follows the metaphysical school that takes capacities as basic. Although 

there remain important areas of debate concerning certain aspect of capacities within 

this school, the following would seem sufficiently uncontroversial:  

 

Most (perhaps all) capacities are grounded by things. Capacities can 

sometimes give rise to manifestations which are processes of change through 

time – the form of the manifestation of the capacity depends on the 

circumstances in which it occurs. 

 

To adopt a capacity ontology in the mechanisms that MDC set out, I take the start-

condition / start-arrangement to provide the context in which the exercise of a 

capacity can occur. As MDC set out, this start-condition comprises an arrangement of 

entities together with their properties. In this capacities ontology, it is further allowed 

that the capacities of the entities in the start-arrangement form part of the relevant 

context. 

Start-

arrangement
End-

arrangement

Arrangement 

of entities 

(together 

with their 

properties 

and 

capacities)

Activity

Sequence of manifestations 

of capacities

 
The exercise of a capacity in the start-arrangement manifests in a change to that 

entity-arrangement. But capacities do not in general manifest singly – they commonly 

manifest simultaneously with other capacities, or perhaps give rise to the exercise of 

other capacities sequentially. I take it that the start-arrangement may give rise to a 

sequenced exercise of capacities which change the start-arrangement into the end-

arrangement. This sequenced manifestation of capacities, the process of change, 

which produces the end-arrangement from the start-arrangement, is the activity.  

 

When we identify an activity of a type which we take to be repeatable, then I take it 

that there is some type of start-arrangement (start-condition) which gives rise to this 

activity. The repeatability of the activity, the sequenced manifestation of capacities, 

arising from this type of start-arrangement, provides empirical evidence of how the 

relevant capacities manifest in this context. Typically, this evidence is complemented 

by our prior knowledge of the relevant capacities and their form of manifestation in 

related contexts. Of course, in the case of man-made machines, it is this prior 
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knowledge of capacities that allowed the design engineer to design the machine in the 

first place, putting the parts together in just the right way to produce the required 

activity. 

 

The capacity ontology posits a connection between a capacity, the thing that grounds 

that capacity, and the manifestation to which that capacity can give rise. It thus posits 

a connection between things and manifestations. This is just the sort of connection we 

need to resolve the entity-activity puzzle. When we have activities we take to be 

repeatable, at least, the start-arrangement-type dictates the activity-types (sequenced 

manifestations) which can occur. On this account, the activity is a sequence of 

capacity manifestations – as each of these manifestations is taken to be real in the 

capacity ontology, the activity is also real. The capacity ontology, now a well-

supported ontological view amongst metaphysicians, thus offers a metaphysical home 

to the notion of activities. 

 

On this account, the start-arrangement is ascribed the capacity to give rise to an 

activity of the characteristic type thus fixing what can happen (see also Cartwright & 

Pemberton, 2011). We might say machines have the capacity to generate activities 

when they can support the instantiation of a relevant start-arrangement
8
. This account 

allows a transparent and precise explication of the causal structure of the machine in 

terms of what the parts do in producing the activities of the mechanism. An account of 

the mechanism in terms merely of certain changes being regularly followed by certain 

other changes does not provide a sufficiently clear account of this change in terms of 

the nature of the parts. This raises, inter alia, the risk of modelling errors which may 

be serious, as I argue in Pemberton, 2011.  

 

5.4 Characterising activity-types by a how-story 

 

Activity-types can be characterised by a “how-story”, which summarises the 

sequenced exercise of capacities. A how-story comprises 2 components a “change-

story” and a “why-story”: 

 

1. the change-story is a sequenced (one or more steps) account of what happens 

to the entity-arrangement (i.e. the entities, their properties, their arrangement, 

etc.) as the activity occurs 

2. the why-story is an account of why each step occurs as a result of the exercise 

of the capacities grounded by the entities within the entity-arrangement 

 

Clearly the change-story must reference a start, end, and perhaps intermediate entity-

arrangement-type. 

                                                 
8
 I focus here, for explicatory reasons, on machines which may be thought of as supporting the 

instantiation of a single type of start-arrangement and an associated characteristic activity. Complex 

mechanisms, which are perhaps typical in the biosciences, and on which Bill Bechtel in particular has 

focused attention, typically feature many simultaneous activities (in the sense used here), and these 

activities are typically interconnected. A more iterative and varied approach is required to the 

explication of such machines. But as a first step, the  explication of individual start-arrangement-types 

and associated activities instantiated by parts of the machine (i.e. the capacities of certain collections of 

parts) is often helpful – this seems consistent with Bechtel and Richardson’s decomposition and 

localisation heuristic (Bechtel & Richardson, 2010).   
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By way of illustration, the following table gives abbreviated how-stories for the 

activity-types of our example machines. 

 

Energy of spark causes oxygen and hydrocarbon 

molecules to combine to produce water, CO, CO², 

etc. and energy - energy released excites other 

molecule to react - etc. - until explosion ends

ExplosionMachine to 

spark 

oxygen / 

petrol

Chemistry

When bob released (off-centre) gravity of Earth 

accelerates bob downwards, string constrains motion 

to arc, bob’s momentum through arc continues until 

slowed by gravity…

Oscillation of 

pendulum

PendulumPhysics

Operating manual prescribes quantities of chemicals to 

use, timing of their addition, procedure for regulating 

conditions, and the changes which then occur at each 

step in this industrial process.

Paint 

production

Industrial plant 

manufacturing 

paint

Industrial 

manufact-

uring

Depolarisation 

of neuron

Flush process

Activity-type

Receipt of neurotransmitter molecules causes the opening 

of sodium selective channels, sodium ions due to 

charge effects and diffusion move through channel in 

to neuron, etc.

NeuronBiology

When the chain is pulled, the chain lever (which has the 

capacity to pull up the connecting rod) pulls up the 

connecting rod (which has the capacity to open the 

outlet valve) which opens the outlet valve (which 

when has the capacity to release water from the 

cistern), which releases water from the cistern, which 

lowers the ball-cock, which opens the inlet valve,…

Toilet cisternMan-made

machines

How-story (abbreviated)MachineArea

 
 

The table notes that in the case of the toilet cistern, a possible how-story is: when the 

chain is pulled, the chain lever (which has the capacity to pull up the connecting rod) 

pulls up the connecting rod (which has the capacity to open the outlet valve) which 

opens the outlet valve (which has the capacity to release water from the cistern), 

which releases water from the cistern, which lowers the ball-cock, which opens the 

inlet valve,…  

 

Whenever we have an example of causation, there is generally associated with it a 

how-story. Mechanists and other scientists do often use how-stories, they are central 

to the practice of much of science. In practice the change-story and the why-story are 

usually interwoven and abbreviated. The change story is often told by reference, 

which is perhaps implicit, to a picture of the start-arrangement. Often the capacities 

are not explicitly stated - but unless the story refers to capacities of the referenced 

entities which are credible, then the story will be queried – it will seem that steps are 

missing. If pulling the chain, in our cistern example, did not credibly have the 

capacity to pull up the connecting rod and thus open the outlet valve, then no doubt 

the story would be challenged for further explication. 

 

In the same way that the description of the mechanism’s entities can be more or less 

detailed, so the how-story can be more of less detailed to match. For example, 

sometimes we might simply wish to say that the cistern exercised its ability to flush 

the toilet, without reference to its component parts. 
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6 The productive nomological machine ontology 
 

Here then is a picture of the productive nomological machine ontology. 

Set of start-events

Set of start-

arrangements

Set of end-

arrangements

Law of nature is a regularity amongst aspects of start-

arrangements, activities and end-arrangements

Set of activities 

with same 

how-story (of 

same activity-

type )

 
 

A set of activities, productive causal processes, are introduced in to Cartwright’s 

picture to explicate how it is that the machine gives rise to the laws of nature. 

Typically some start-event (the pressing of a button, the pulling of a chain) 

instantiates a start-arrangement of the nomological machine’s start-arrangement-type. 

These start-arrangements sometimes give rise to activities of some activity-type which 

may be characterised by a how-story – a sequenced exercising of the entity-

arrangement’s capacities. The laws of nature summarise facts, typically facts about 

causal relations between posited “causes” and “effects” where these are typically 

selected aspects of the start-arrangements, activities (e.g. taken to be events), and end-

arrangements. For example: 

 

 when a coin has been inserted into the vending machine slot (an aspect of the 

start-arrangement), a bottle of coke shortly afterwards appears in the collection bin 

(an aspect of the end-arrangement) 

 the explosion of hydrogen and oxygen (an activity) produces water (an aspect of 

the end-arrangement).   

 

The machine is real, the activities are real phenomena, and the laws of nature are 

derivative (i.e. epi-phenomenal).  

 

This ontology inherits generality from Cartwright’s account: whenever we find a 

causal regularity in the world, we find a nomological machine which is responsible. 
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The next section explicates further how this ontology makes sense of what-how-that 

evidence. 

 

7 What-how-that evidence 
 

7.1 Introduction 

 

The ontology that this paper has outlined makes sense of the evidence which scientists 

commonly use to support their causal claims, which is characterised as what, how and 

that evidence. Whenever we find a causal regularity in the world (“that” evidence), 

typically a causal relation between some “cause” and some “effect”, we may find 

associated with it: 

 

1. A machine, a structure, which is responsible for this regularity (“what” 

evidence) 

2. A how-story which characterises a set of consistent causal processes 

(activities) generated by the machine which underpin the regularity (“how” 

evidence) 

 

It is clear how the MDC ontology, in recognising mechanisms as comprising both 

arrangements of entities and activities, allows for this full range of evidence. It also 

seems clear how the nomological machine ontology revised to include activities, 

inherits from this MDC ontology the ability to admit what-how-that evidence. 

 

7.2 What-how-that evidence example 

 

To continue with my simple example: whenever we pull the chain the toilet flushes – 

a nice regularity, i.e. “that” evidence. 
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HowCorrectly sequenced 

occurrence of start, 

intermediate and end 

arrangements 

Pulling of chain is followed by release 

of water and opening of inlet valve, 

then refilling of tank

Evidence of capacity 

exercise

Components have 

suitable capacities

Presence of machine 

(i.e. arrangement of  

components)

Regularity of “cause”

and “effect”

Evidence-type

HowRod experiences stress when cistern 

flush operates just when and how the 

how-story suggests (along its length, 

credible strength) 

WhatOutlet valve can release water, rod can 

pull open outlet valve, etc.

WhatPresence of machine – i.e. arrangement 

of components inside cistern (outlet 

valve, ball-cock, etc.) 

ThatToilet flushes whenever chain is pulled

What-how-

that

Example: cistern flush

 
 

And, of course, when we open the cistern lid we discover the presence of the machine 

responsible – a suitable arrangement of components that generates a flush process. 

From our prior knowledge of plumbing, or perhaps by investigating the operation of 

this machine, we come to recognise what each of the components can do in this 

context – each of the components has suitable capacities. And when we pull the chain, 

we have evidence of the operation of the machine – the sequenced occurrence of start, 

intermediate and end-arrangement of the components over a timescale and following 

a pattern we expect in light of the how-story.  

 

Does pulling the chain really open the outlet valve? Perhaps we are suspicious. We 

might attach a device to the connecting rod to measure stress – we find that the rod 

experiences stress just when we would expect according to our how-story, and with 

credible magnitude and in the direction expected (i.e. along its length). This provides 

additional evidence of the exercise of the relevant capacity described in the why-

story. 

 

The “what” evidence (the presence of a machine with suitable capacities) and how 

evidence (the sequenced occurrence of the start, intermediate and end-arrangements 

together with evidence of the exercise of the capacities when and how described in the 

how-story) adds to our regularity “that” evidence (the flushing of the toilet whenever 

the chain is pulled) to provide what-how-that evidence of instances of causation in the 

world. 
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7.3 What-how-that evidence summary 

 

When we find a causal regularity, a great strategy is to search for the machine which 

is responsible, and to identify the activities generated by the machine (together with 

their how-story) which give rise to the regularity. When we find the machine and the 

activities we have “what” and “how” evidence to add to our “that” evidence. We 

increase our confidence that the regularity is indeed a law, and our knowledge of 

when and how the regularity occurs. We bootstrap our knowledge of causes and laws 

from the 3-layered empirical base of what-how-that evidence. 

 

8 Conclusion 
 

Consideration of the Cartwright and MDC ontologies, both of which place machines 

as the central actors, points to certain puzzles in each. An interleaving of these two 

ontologies addresses these puzzles to provide an ontology which is consistent with 

both Cartwright and MDC ontologies, but is more complete and satisfactory – it has 

the generality of Cartwright’s ontology, and shares the MDC ontologies ability to 

make compelling sense of the broad range of what-how-that evidence used by 

science. 

 

This adequate ontology requires the admission of entities, capacities and activities. 

 

The methods of the special sciences, as articulated by the mechanists, are wholly 

consistent with empirical science more generally.  

 

This ontology lends support to the Russo-Williamson thesis that we should use 

mechanistic “what-how” evidence alongside regularity “that” evidence in supporting 

our empirical claims (Russo and Williamson, 2007). Regulatory guidelines which 

prioritise the use of regularity evidence over “what-how” evidence are inappropriate. 
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