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ABSTRACT: I defend the conserved quantity theory of causation against two objections:
firstly, that to tie the notion of "cause" to conservation laws is impossible, circular or
metaphysically counterintuitive; and secondly, that the conserved quantity theory en-
tails an undesired notion of identity through time. My defence makes use of an impor-
tant meta-philosophical distinction between empirical analysis and conceptual analy-
sis. My claim is that the conserved quantity theory of causation must be understood
primarily as an empirical, not a conceptual, analysis of causation.
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1. The Conserved Quantity Theory

The conserved quantity (CQ) theory of causation (Dowe 1992¢; Dowe
1995a) can be expressed in two propositions:

CQL. A causal process is a world line of an object that possesses a con-
served quantity. :

CQ2. A causal interaction is an intersection of world lines that involves
exchange of a conserved quantity.

What is this an account of, and what kind of account is it? As just de-
fined the CQ theory aims to say what are causal processes and interactions.
It aims to distinguish causal from pseudo processes, and it does this by
distinguishing objects which possess conserved quantities from those which
don't. It does not address related issues such as what the connection is be-
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tween the facts or events we normally think of as causes and effects (Dowe
1999), and what distinguishes a cause from its effect (Dowe 1992b; Dowe
1996a; Dowe 1997). For example, as an answer to the former issue the CQ
theory provides only a necessary condition (Dowe 1999).

Secondly, what kind of account is this? T call it an 'empirical analysis'
of causation. The idea is that an empirical analysis can be articulated
without looking closely at the everyday concept 'causation’, and that the
starting point should instead be hints taken from science -for example the
idea of a causal process and the distinction between causal and non-causal
processes found in special relativity (Dowe 1992c¢), the emergence of prob-
abilistic causality in biomedical science (Dowe 1993; Dowe 1996b), and
the backwards in time causation postulated in the transactional account of
quantum interactions (Dowe 1997).

In this paper I want to explain and defend the idea of an empirical
analysis, and then use the idea to answer two objections to the CQ theory,
the first concerning the idea of conservation laws and the second concerning
the presumption of genidentity of an object.

2. Empirical Analysis

We begin with the metaphilosophical question, what is the task of philoso-
phy in setting out a theory of causation? As is the case with many philosophi-
cal questions, our question, "What is causation?' is ambiguous, and conse-
quently the philosophy of causation legitimately involves at least two dis-
tinct tasks. In approaching the topic of causation we need to be clear about
which task we are undertaking.

We begin by considering two approaches to the task of philosophy!.
The first is conceptual; to clucidate our normal concept of causation. The
second is empirical; to discover what causation is in the objective world2.
Clearly, it is important to be clear which task one is undertaking. In fact,
we shall see that insufficient attention has been paid to this metaphiloso-
phical question, as we examine recent cases where criticism against this or
that theory of causation is misdirected simply because no attention has
been paid to the relevant theorist's purpose in articulating the theory.

'"Conceptual analysis' can mean a variety of things. I use it in the sense
defined by Mackie in his question, "What is our present established concept
of causation, of what cause and effects are, and of the nature of the relation
between them?" (1985, p. 178). In this sense, conceptual analysis is a mean-
ing analysis which begins with our everyday, commonsense understanding
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of the relevant concept. That is, the way in which we commonly speak and
think provides the primary data for the analysis. We look for the various
intuitions that we, as mature users of the concept, can bring to bear. This is
marked in philosophical discussion by judgments such as "this is counterin-
tuitive", or "intuitively we say that..." Conceptual analysis is not just dic-
tionary writing. It is concerned to spell out the logical consequences and to
propose a plausible and illuminating exPlication of the concept. Here,
logical coherence and philosophical plausibility will also count. The
analysis is @ priors, and if true, will be necessarily true.

Many philosophers in the twentieth century have taken the task of phi-
losophy to be just conceptual analysis. Ducasse conceived of the philosophy
of causation in this way:

The problem of giving a 'correct’ definition of the causal relation is that of mak-
ing analytically explicit the meaning which the term 'cause’ has in actual concrete
hrases that our language intuition acknowledges as proper and typical cases of its

use. (1926, p. 57)

Ducasse draws an analogy with a scientific hypothesis: as a scientific
hypothesis aims to fit the facts ("perceptual objects and their relations"),
conceptual analysis aims to fit the facts ("the intuited meanings of actual
phrases in which the word to be defined occurs”) (1926, p. 57). There is a
simple test to see whether the definition 'fits the facts":

To say that a definition of ['cause'] is correct means that that definition can be sub-
stituted for the word 'cause’ in any [relevant] assertion (.) in which the word oc-
curs, without in the least changing the meaning which the assertion is felt to have.
(1926, p. 57) '

Hart and Honore take a similar view:

The ordinary man has a quite adequate mastery of various concepts within the field
of their day-to-day use, but, along with this practical mastery goes a need for the
explicit statement and clarification of the principles involved in the use of these

concepts. (1985, p. 26)

Conceptual analysis as just described is not revisionist. In these cases
there is no intention to improve or replace the established concept of cause,
but merely to explicate the concept as given. Conceptual analysis, in the
sense discussed so far, is an explication of everyday concepts. Sometimes,
however, conceptual analysis may be revisionist. Such an approach will
involve proposing changes to the way we currently think, perhaps on the
grounds of logical consistency or economy3.
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On the other hand, empirical analysis secks to establish what causation

in fact is in the actual world. Empirical analysis aims to map the objective
world, not our concepts. Such an analysis can only proceed « posterior.

This program has variously been called "empirical metaphysics,”
(David Armstrong) "ontological metaphysics” (Aronson 1982), "specula-
tive cosmology" (Jackson 1994), "physicalist analysis" (Fair 1979, p. 233)
and "factual analysis" (Mackie 1985, p. 178).

According to Mackie this is the way David Hume's famous and influen-
tial regularity theory is to be understood:

In his definitions, which aim at reform rather than analysis of our ordinary con-
cepts, [Hume] equates causation as it really exists in the objects with regular succes-

sion. (1974, p. 59)

Mackie himself wishes to understand the ultimate task of philosophy
this way:

The causation I want to know more about is a very general feature (..) of the way
the world works: it is not merely, as Hume says, #o us, but also # facs the cement of
the universe. (1974, p. 2)

[T]his is an ontological question, a question about how the world goes. In
Hume's phrase, the central problem is that of causation 'in the objects.’ (1974, p. 1)

Other philosophers who have adopted this general approach to causation
include David Fair: "the hypothesised relationship between causation and
energy-momentum flows is expected to have the logical status of an em-
pirically discovered identity” (1979, p. 231); Jerrold Aronson: "this "onto-
logical' approach (...) allows us to perceive causation in objective terms,
retaining its rightful place in the physical sciences” (1982, p. 291); John
Bigelow and Robert Pargetter: "causation is a robust ingredient within the
world itself" (1990b, p. 294); and perhaps Dorothy Emmet: “[we need] to
get beyond the discussion of logic and epistemology of causal statements
and get into the ontology underlying them." (1985, p. 5). All these phi-
losophers agree that to understand causation we need to go beyond words,
and look at the world. This is what is intended by the label 'empirical
analysis'.

But 'empirical analysis' as discussed so far covers several distinct con-
cepts of analysis. For example, a given analysis may either have the status
of a contingent truth, or of a necessary truth in the style of Kripke (1980).
Wesley Salmon (1984) seeks merely to articulate what causation is as a
contingent fact while others such as Bigelow and Pargetter (1990b) try to
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establish what causation is as an « posteriori necessity. We will use the term
'empirical analysis' to cover the first of these options.

Empirical analysis also may or may not be revisionist. A theory of cau-
sation which is empirically true may or may not be a good account of our
commonsense understanding of causation. Whether it is or not is itself an
empirical matter. Hume, for example, thought not: one plausible reading
of Hume attributes to him two theories of causation -the conceptual analy-
sis of the everyday notion in terms of necessary connections or hidden
power, and the empirical analysis in terms of constant conjunction4, to-
gether with the advice that we should free ourselves of the false connota-
tions of the commonsense notion. If this is correct then Hume was a revi-
sionist. On the other hand, a non-revisionist empirical analyst would claim
either that empirical analysis and conceptual analysis coincide, so com-
monsense delivers the empirically correct theory, or that for some reason
commonsense need not match the empirically correct theory where there is
a discrepancy.

Insufficient attention to this distinction has been the source of numerous
errors in the literature. These mistakes typically arise when philosophers
criticise a theory of causation without paying attention to what type of
theory it is intended to be. To criticise a theory which aims to explicate
the meaning of everyday usage on the grounds of what quantum physics
tells us about reality, for example, or to criticise a theory which claims
only to provide an empirical analysis on the grounds of its shortcomings as
a meaning analysis is to seriously misdirect the criticism. Yet it seems that
very commonly this is what is done.

One very common form of this error is to criticise empirical theories
on the grounds that they do not adequately account for this or that feature
of the way we talk about causation5. For example, Beauchamp and Rosen-
berg claim that much criticism of Hume and J. S. Mill commits this er-
ror, by wrongly assuming that their theories are trying to account for eve-
ryday usage. Collingwood, Flew and Anscombe are all implicated (1981,
pp. 285-286). Thus, Mill and Hume "ought not to be faulted for neglecting
to provide the analyses they never intended to provide and had no philo-
sophical reason to undertake." (1981, p. 294).

Although not mentioned by Beauchamp and Rosenberg, Ducasse is most
explicit in promoting this kind of criticism of Hume:

I believe [Hume's] account of the nature of causation -simply as de facto succession-
represents an incorrect analysis of the ordinary notion of cause (..) To make evi-
dent the incorrectness of that analysis it will be sufficient to show, on the one hand,
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that there are cases which conform to Hume's definition but where we judge the
events concerned not to be related as cause to effect; and on the other hand, that there
are cases which do not conform to Hume's definition but which we nevertheless

judge to be cases of causation. (1976, p. 69)

Ducasse then proceeds to provide cases of both types: the first type is a
case such as Reid's example of day following night (regular succession but
not causation) and the second type is illustrated by Ducasse's brown paper
parcel wrapped in string, which, on being pressed at one end glows at the
other (causation without regular succession)6.

A more recent example is the criticism by the Dutch philosopher Dieks
of the transference theory of Fair (1981). Dicks, while recognising that Fair
is attempting to discover "the true nature of the causal bond" as an onto-
logical category, nevertheless concludes his critique: "So we see that the
new analysis of causation has its own share of problems, that is, divergences
from the everyday language use of the concept 'cause’.” (1981, p. 105).

Perhaps these critics desire in a theory of causation some kind of con-
ceptual analysis of the everyday concept, and they may have good reasons
for such a preference. But this debate ought to be conducted explicitly at
the metaphilosophical level to avoid the possibility of the errors of the
type which I have just described.

Another common error is to require that an empirical analysis hold
good for all logically possible worlds. As we have seen, not all theorists
are attempting to provide such an analysis. This mistake is made by John
Earman, who uses a possible worlds argument against Aronson, when Aron-
son's theory of causation as energy/momentum transfer is intended as an
empirical analysis which holds in the actual world?. Earman's objection
that we would call a collision in a possible world where energy is not con-
served 'causal' (1976, p. 24) ignores the fact that Aronson is not seeking to
provide a necessary identity. The same mistake is made by Michael
Tooley (1987, ch. 7), who uses a range of possible world arguments to
disprove Salmon's theory of causation8, when Salmon's explicit purpose is
to discuss causation as it is found in the actual world. Again, the mistake
arises because insufficient attention is paid to the metaphilosophical inten-
tions.

Other examples could be given but this suffices to illustrate the point:
there is more than one distinct task a theory of causation might be asked to
do, and it is essential to understand what the intentions of the author are
with respect to that task before criticising the theory. This is not to say
that a critic is obliged to agree with an author about the task of philosophy,
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but disagreements about the task of philosophy need to be distinguished
from disagreements about whether a theory fits the task for which it was
designed.

It is uncontroversial that conceptual analysis has a legitimate role to
play in philosophy. On the other hand, the legitimacy of an empirical
analysis of causation Aas, at times, been questioned. We shall briefly con-
sider two lines of criticism.

The first argument is one which has sometimes been used in the defence
of understanding philosophy purely as linguistic analysis. According to
this argument it is not possible to know anything about any language-
independent entity called 'causation', because we have no procedures for
investigating such an entity (for example, Alston 1967, p. 388). However,
the empirical analyst can reply that there are procedures for investigating
such an entity, namely the methods of science, which is in the business of
investigating language independent objects. Empirical philosophy can
draw on the results of science, and so can investigate such things, in this case
causation 'in the objects’.

For example, science has shed light on the nature of energy. 'Encrgy’ has
today a technical scientific meaning. When we ask the meaning of the term
we simply give the scientific definition. Adequate explication of that
definition took several centuries, but prior to that achievement, the term
simply had a vague range of meaning in everyday language, somewhat as
the word 'cause' does today. We can say that application of the scientific
method of theorising and experimentation produced an 'empirical analysis’
of energy. In the same way, science may reasonably be expected to throw
light on the language-independent entity called 'causation’.

The second argument is related to the first. This argument asserts that it
is not the role of philosophy to deal in synthetic a posterior: matters -that is
the exclusive task of science. Ducasse, for example, held this view: "No
discovery in any of the sciences has or ever can have any logical bearing
upon the problems of philosophy.” (1969, p. 120).

The most direct way to answer this is to show how science does inform
philosophy about causation, which would indicate that fruitful interaction
is possible. Data of this sort is not difficult to find: quantum mechanics has
(arguably) shown us that the law of causation (interpreted substantially9) is
false; entropy and the time reversibility of the basic laws of nature inform
us about causal asymmetry; tachyons, Bell's theorem, and Kaon decay have
alerted us to the logical possibility of backwards-in-time causation; bio-
medical science and econometrics have shown us how to directly test causal
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claims via path analysis, attribution theory in cognitive psychology tests
for us other aspects of causal theorising. And so on. This indicates that
science is able to inform philosophy and that empirical analysis in phi-
losophy can draw on scientific results, on empirical, synthetic facts, and use
them in analysis. Of course, this might not convince someone like Ducasse
whose pronouncement was most likely prescriptive with respect to the na-
ture of philosophy. But if we have clear cases of such an enterprise then the
burden of proof lies with those who deny the possibility (sce Dowe 1997,
sec. 5).

The reply to this second objection throws light on the nature of empiri-
cal analysis. There are many ways that science does inform philosophy, and
where philosophy takes these results into account, #hat is empirical analy-
sis. So we may reasonably claim to be warranted in assuming that the task
of empirical analysis is legitimatel0.

This, of course, is not to deny that conceptual analysis is legitimate. In
undertaking an empirical analysis no implication is intended that this is
the only way to do philosophy.

It may be objected here that although it is legitimate in its own right,
empirical analysis cannot be undertaken without conceptual analysis. Even
revisionist approaches require some degree of conceptual analysis of the
common usage, or else it would not be clear in what way or degree the
theory is revisionist, or even whether it deserves the name ‘cause’. To do this
one must have some account of common usage. As David Lewis says,

Arbiters of fashion proclaim that analysis is out of date. Yet without it, I see no
possible way to establish that any feature of the world does or does not deserve a
name drawn from our traditional (...) vocabulary. (1994, p. 415)

So, it will be objected, even in undertaking empirical analysis, some
attention to conceptual analysis is required. We want to know the true na-
ture of the thing we call causation rather than the true nature of something
altogether different. Thus conceptual analysis is needed at the very least to
serve as a 'rough guide' or 'an introduction’ to an empirical analysis
(Compare Mackie 1974, p. 2.)11.

Bigelow and Pargetter address (or perhaps, avoid) this issue (1990a;
1990b) by taking the concept of cause as a primitive notion so far as mean-
ing analysis goes. They comment

It is important to recognise that there is a bridgeable bur problematic swamp ly-
ing between the metaphysics and the semantics of causation. And in offering a
metaphysics of causation, we are not pretending to solve all the semantic problems
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(...) As far as semantics is concerned, this causal relation is primitive (...) Our task is
metaphysical, not semantic. (1990a, p. 102; 1990b, pp. 278-279)

Unfortunately this does nothing to answer the objection that we need to
know whether the thing we find in science deserves the name "cause’.

However, I think this objection can be met, as follows. In drawing ex-
plicitly on scientific judgements rather than intuitions about how we use
the word we nevertheless automatically connect to our everyday concept to
some extent, because the word 'cause’ as scientists use it in those scientific
situations must make some 'historical' or 'genealogical' connection to eve-
ryday language. This is especially likely given on the one hand 'cause' is
not a technically defined term in any scientific theory, and on the other
hand the word is not being used playfully or ironically (as is the word
'quark’ or the phrase 'eight-fold way'). So to deny that there is an adequate
connection is to deny that scientists are competent users of natural logic.

The connection may be to some extent tenuous, in that the resulting
analysis is highly revisionist. We certainly do want to avoid assuming «
priori that for any feature X of our everyday concept of causation, causation
actually has feature X. No matter, the historical connection is sufficient to
warrant our use of the term. :

To return to our previous example, before the development of classical
physics 'energy’ was a word from everyday vocabulary which, over centuries
of scientific endeavour, came to have a very precise scientific meaning. But
at no stage of this development was it felt necessary to spell out how the
emerging scientific concept differed from the everyday concept, or to
what extent it differed. To some extent what one then said was a matter of
the conventional assignment of labels: one can imagine comments such as
"No, what you're talking about is really 'force' in the scientific sense, not
energy." Yet also in some ways the whole development showed that in cer-
tain ways common sense was mistaken, for example in the way it had in-
corporated Aristotelian physics. However I note again that it is not my
concern to establish the extent to which common sense is wrong. But the use
of the term 'energy' bore an historical connection to the scientific defini-
tion, sufficient to warrant that use of the term, even though popular usage of
the word continued to be somewhat vague and loose. So the connection
between our everyday concept 'cause’ and the result of a satisfactory em-
pirical analysis is guaranteed just in virtue of the fact that scientific discus-
sions employ the English word 'cause’.

A further objection may be raised here, as follows. The distinction be-
tween conceptual analysis and empirical analysis is not as cut and dried as
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has been presented. Any empirical analysis will still be a kind of concep-
tual analysis, for example, of scientists' usage of the word. This is not the
same as analysing the concept in everyday thought and language, but it is
the same type of activity.

However, in replying to this objection, we need to note immediately
that the task of empirical analysis as undertaken here is not a conceptual
analysis of scientists' usage of a term. It is an attempt to understand causa-
tion in the world. Certainly we need to look to science to provide us our
best information about the world, but for a word such as 'cause’ -which is
not a technical term in science- scientists’ usage may reflect aspects of the
everyday concept which are not part of the concept as it emerges from sci-
ence itself, or which even contradict that concept. In his book Time's Arrow
and Archimedes' Point (1996), Huw Price accuses scientists of doing this
with respect to the direction of time. According to Price science itself is
time-symmetric, and the direction of causation is something that we im-
pose on the world. But scientists are not always immune from slipping
back into thinking and speaking as if there is an objective direction, and
Price catalogues numerous significant examples of what he calls 'that old
double standard'. While I don't entirely agree with Price's views (see Dowe
1996a, ch. 8), this example does illustrate the possibility that scientists'
linguistic habits may not be the best guide to the structure of a concept
emerging from science. Empirical analysis looks to science itself rather
than to the linguistic practices of scientists.

Does this undermine my claim that scientists' use of the word 'cause' is
sufficient to establish that an empirical analysis of "cause' has a right to the
word? Not at all. Again we must urge that no assumption can be made
about the extent to which the common use of the term will match the em-
pirical analysis. The existence of discrepancies is not in itsélf reason to
deny the right. That there are not too many discrepancies for the analysis
to have the right is guaranteed by the scientists' use of the term, together
with the assumption that scientists are competent users of the language.

The objection may be modified as follows. The distinction between
conceptual analysis and empirical analysis is not so cut and dried, any em-
pirical analysis will still be a kind of conceptual analysis, for example, of
the concept implicit in scientific theories. T am happy to grant this, and
accept that in this sense the distinction is not as cut and dried as I have
presented it. As a scientific realist (see Dowe 1996¢), I take it that scien-
tific theories are the best guide to the structure of reality, and therefore an
empirical analysis, which seeks an analysis of an aspect of the structure of
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reality, must look to scientific theories. So I am happy to think of the task
of empirical analysis as a conceptual analysis of a concept inherent in scien-
tific theories.

3. Conserved Quantities

A conserved quantity is any quantity which is governed by a conservation
law, where current scientific theory is our best guide as to what these are:
quantities such as mass-energy, linear momentum, and charge. The idea
that the quantities associated with causation are conserved quantities is a
suggestion which I present as a plausible conjecture. 1 have argued else-
where against Aronson's idea that velocity and certain other physical quan-
tities are the right quantity (Dowe 1995b), and against Salmon's idea that
an ability to transmit a mark is the right property (Dowe 1992a; Dowe
1992¢), but I have no real quarrel with Fair's position that it is en-
ergy/momentum (Fair 1979). I simply offer the conjecture (following
Skyrms) that other conserved quantities, such as charge, may also serve the
function.

Conservation laws play the role of identifying which quantities are sig-
nificant for causation. The claim is not that certain quantities are locally
conserved in an interaction or by the process in the absence of interactions,
although that will follow. Rather, the account focuses on those quantities
which are globally, or universally conserved, and connects causality simply
to the possessing of those quantities.

It is important that conserved quantities are understood in a way that
does not appeal to causation, or else circularity threatens. It is common to
define conservation in terms of constancy within a closed system. Now if a
closed system is simply one with no external causal interactions, i.e. a sys-
tem causally isolated from all others, then we face an immediate circular-
ity. The idea is fine as a rule of thumb, that is, it is true; but it cannot work
as an analysis. Instead, we need to explicate the notion of a closed system
in terms only of the quantities concerned. For example, energy is conserved
in chemical reactions, on the assumption that there is no net flow of energy
in or out of the system. :

It is also important to note that the reference to current theories does
not relativise causation to human knowledge -the point is simply that cur-
rent theories are our best guide to what the conservation laws are. The rea-
son that we cannot simply define a conserved quantity as one that is univer-
sally conserved is that some quantity may be accidentally conserved, and
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such a quantity should not enter into the analysis of causation. Further, regu-
larities are not by any means the only form of evidence about conservation
laws -theoretical considerations are also important.

The identity of 'causal process' with 'the worldline of an object that
possesses a conserved quantity’ is contingent, and not metaphysically neces-
sary. As we have seen, the hypothesis is that in our world, and in close
enough worlds, such as most of those which obey our laws, a causal process
is the worldline of an object which possesses a conserved quantity. We
leave aside the question of how far we can stray from actuality before this
hypothesis stops making sense. In calling this an empirical analysis we
emphasise the priority of the claim that the identity holds in actuality. In
calling the analysis a contingent identity, we mean that it is contingent on
the laws of nature and perhaps even on boundary conditions.

In particular the theory does not purport to tell us what happens to the
identity in distant merely possible worlds. Suppose the set {q,, qu, qc, qd}
is the complete set of conserved quantities in the actual world W,, and
consider a world W, where none of this set is in fact conserved, and where a
conservation law holds instead for q,. Is the worldline of an object in W,
which possesses q, but none of the set of quantities conserved in W, a causal
process? Or again in W, is the worldline of an object which possesses q,
say, but none of the quantities conserved at W,, a causal process? The answer
in both cases is that the theory does not say.

The theory may tell us about closer worlds, for example, those with the
same conservation laws as ours. In a world where q, is conserved, but there
is only one object which possesses Q. the worldline of that object is a
causal process. Thus the account is not a (Humean) actual-regularity ac-
count..

This raises the question of whether the theory is a singularist account
(ontologically, not conceptually). I say the account is singularist in the
following sense: a particular causal process is not analysed in terms of laws
about that type of processes; rather, that a type of process is causal is a-mat-
ter of generalisation over the particular instantiations of that process-type.
The particular is basic.

Thus whether something is a causal process depends only on local facts
about the process, namely the object's possession of a certain kind of physi-
cal quantity. It does not depend on what happens elsewhere in the umniverse,
so in that sense being causal is an intrinsic property of a process.

Is this a supervenience (ie non-singularist) account in the sense (eg
Tooley) that whether the worldline of a is a causal process supervenes on
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whether a possesses a quantity q such that there is a law governing q? No, no
such claim has been made. The theory simply says at this world, just if an
object possesses one of the quantities which is actually conserved, then the
worldline of that object is a causal process. This is a local, particular mat-
ter.

Alexander Rueger (1998) has argued that in some general relativistic
spacetimes, on the conserved quantity theory, it is not a local matter
whether a process is causal. Rueger points out that in general relativity
global conservation laws may not hold. In the nonrelativistic case a differ-
ential conservation law such as the electrodynamic continuity equation:

divj=-9/dtp

(where j, is the current density vector (the amount of electric charge mov-
ing through a unit volume in a unit time), such that j = pv where v is the
charge velocity and ?is the charge density) entails, via Gauss' theorem, the
integral conservation law:

a/at [ pdV =-]jndS

for a surface S of a volume of integration V. The differential is the local,
the integral the global form of the conservation law.

In the general relativistic context, however, a differential conservation
law holds for energy-momentum,

Va Tab = O

for the covariant derivative V2, given Einstein's field equations. But unless
spacetime possesses special symmetries there will be no integral formula-
tion. Reuger concludes that whether conservation laws hold is contingent on
the global properties of spacetime, and that the choice is therefore either to
insist that causation is intrinsic, and that there are no genuine causal proc-
esses, or to abandon the intuition that causation is intrinsic to a process or
event.

However, there is a third option, which follows from what I have al-
ready said. The conserved quantity theory is a contingent hypothesis, con-
tingent on the laws of nature, for example. This means if the laws turned
out to be a certain way, the theory would be refuted. This may be the case
if it turns out that there actually are no conservation laws.
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But that there are general relativistic spacetimes in which global conser-
vation laws do not hold does not entail that global conservation laws fail
in our world. Whether they do or not depends on the actual structure of
spacetime, and in particular whether certain symmetries hold. As I under-
stand it, our spacetime does exhibit the right symmetry, and that global
conservation laws do hold in our universe as far as we know. I take it, then,
that the conserved quantity theory is not refuted.

I suggested that the account holds in all physically possible worlds, that
is, in all worlds which have the same laws of nature as ours. Has Rueger
shown that this is not so? Not at all. To say, for example, that non-
symmetric spacetimes are possible can be misleading. It means simply
that it is a solution to the equations of the General Theory of Relativity.
But this doesn't mean that such a world is a physically possible world in
the sense given above. If such a world violates other laws that hold in the
actual world, then that world is not physically possible. This is exactly
what we have in these non-symmetric spacetimes. Symmetries and conser-
vation laws that hold in the actual world break down, so it is not a physi-
cally possible world in my sense.

Therefore we need not give up on the Conserved Quantity theory, under-
stood as a contingent hypothesis.

4. Identity Through Time

The notion of a process, as explicated in the CQ theory, involves the idea
of identity through time. A process is the world line of an object, so fun-
damentally, to constitute a process, an object must persist over time. This
analysis presupposes a notion of identity through time; since a worldline is
the line traced out by an object through time and so it is necessary that the
object is the same object at different times (Dowe 1995a; Dowe 1999).

In rejecting the identity assumption implicit in the conserved quantity
theory Wesley Salmon writes

I have offered a concept of causal transmission analysed in terms of the "at-at"
theory for which Dowe has traded an unanalysed concept of genidentity. This is
not, I think, an advantageous exchange. (1997, p- 468)

Salmon comments on his own revised version, that "it yields a criterion
that is impeccably empirical, and thus it provides an acceptable answer to

the fundamental problem Hume raised about causality.” (1997, p. 468).
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So Salmon's objection to taking identity over time as primitive in a
theory of causal processes appears to be that it violates the empiricist's
stricture that one should not invoke empirically inaccessible elements as
unanalysed or primitive in a philosophical theory. In this section we con-
sider the main accounts of identity through time, and we will find that
there are two options that meet Salmon's objection, provided that we re-
strict our goal to an émpirical analysis.

According to the currently popular causal theory of identity!2, the rela-
tion of identity through time involves the relation of causation: for an ob-
ject to display identity over time it is required as a necessary condition
that its temporal parts are related as cause and effect.

However, such an account is not available for present purposes. If the
CQ theory of causal processes is correct then the relevant notion of causa-
tion is itself dependent on the notion of identity through time, so the
causal account of identity is excluded, or else the whole account would be
circular. So T reject the causal account of identity through time. T do agree
that there is a strong connection between causal connection and genidentity,
but I claim that identity is the more basic notion: causal processes cannot
be understood except in terms of identity over time.

If the causal theory is not available, what account can we give of iden-
tity through time? There are two main alternatives, strict identity and
similarity-continuity.

One way to analyse identity is as literally strict identity. An object is
identical with its other temporal parts in the same way that it is identical
with itself, and in the same way that different things may have the same
property (see Armstrong 1980). According to this view an object must be
wholly present at a time in order to exist at that time. That is, when you
have an object at a time, it's not that strictly speaking you just have a part
of that object- a temporal part. If you have an object then you have the
whole object at that time.

A major difficulty with strict identity is the problem of 'temporary
intrinsics', in Lewis' phrase (1986, pp. 202-420). If an individual can have
contradictory intrinsic properties at different times, how can it exhibit
strict identity? One reply is to say that such properties are time indexed,
and that there is no contradiction in having one intrinsic property at one
time and another at a different time. One way to explicate this, mentioned
(but not endorsed) by David Lewis is to treat these properties as disguised
relations -relations to times.
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Salmon's objection would be circumvented simply by adopting the
strict identity position. Contrary to a widely held opinion, it doesn't re-
quire any unanalysed concepts -for a start nothing is clearer than self iden-
tity, and in any case, the requirement of identity over time can be stated
without using the concept of identity by using a property of totality (I
thank David Lewis for this suggestion): there is an object and the whole of
it is located at t,. (See Lewis 1986, pp. 192-193). So one option is simply
to take identity as strict identity (see Dowe 1999).

The alternative to taking objects as wholly present at a time is to take
objects as essentially four dimensional, existing in time in exactly the
same way as they exist in space. On this view timeslices of the worldline
are parts of the object -temporal parts. To adopt the 4-D conception
would require some further way of identifying causal processes as genuine,
some way of ruling out time-wise gerrymanders. One example is the at-
tempt by Fair to achieve this by appeal to the identity over time of the
quantity itself; unfortunately that notion can be shown to be incoherent.
(Dowe 1995b) Another is Salmon's appeal to the notion of transmission.
To do so via the concept of identity, without appealing to strict identity,
one must say what is the relation between the temporal parts. Common
ways to do this are the causal theory and the similarity-continuity theory
of identity and we now turn to the latter. :

The 'similarity-continuity’ approach to identity through time is some-
times called a "Humean' conception, even though strictly speaking Hume's
own theory of identity was a causal theory, and it makes particular sense on
a Humean metaphysics: viz. that the world is a world of 'bits', particular
local matters of fact, with no logical connections between spatiotempo-
rally separated bits. Since there are no logical connections between the
bits, there can be no relations of strict identity across time. However, there
can be surrogate relations between the bits which can link bits as being
temporal parts of the same object. The similarity-continuity account of
identity says that bits at different times are connected as temporal parts of
the same object, in a looser sense of 'same’, just if appropriate spatiotem-
poral and resemblance relations hold between the bits. For example, a
round black hard object at x at t; is the same object as one at y at t, if,
roughly, the second object is also black, hard and round, and at every spa-
tiotemporal point between x and y there is a hard round black object. Ob-
viously more complicated relations are expected to obtain for more gen-
eral cases involving more radical changes.
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A common line of argument against such Humean accounts is well rep-
resented by an argument due to David Armstrong. Armstrong gives an
example of two gods who are creating and destroying things independ-
ently. By coincidence, one destroys a certain itemijust at the same instant
that the other creates an exact replica of that item at the same location!3. It
may seem to everyone that the same object still exists, but they would all
be wrong. It is really a different thing. Armstrong concludes that similar-
ity-continuity theories cannot account for identity through time.

However, this kind of objection does not hold in this context, since we
are secking an empirical analysis. We want to know what causation is in
this world, and perhaps in worlds with the same laws of nature as ours, and
so what would happen in far distant worlds is of no relevance. In this con-
text there is no need to satisfy criteria for conceptual analysis.

Salmon's objection is therefore met on the similarity-continuity ac-
count. There is nothing in this account that can offend the empiricist de-
mand that one should not invoke empirically inaccessible elements as un-
analysed or primitive in a philosophical theory.

So, in summary, we have seen that of the main current approaches to
identity over time the most popular, the causal theory, is unsatisfactory;
but that either the strict theory or the continuity-similarity theory would
do the job, both meeting Salmon's objection. In particular, since Salmon's
empiricist requirements are easily met by the continuity-similarity ac-
count, that approach seems best fitted to meet the objection.

5. Summary

I have argued that the conserved quantity theory is to be taken as an em-
pirical analysis. As such it secks to establish what causation in fact isin the
actual world, to map the objective world, not our concepts. Such an analy-
sis proceeds a posteriori. Conceived this way, the conserved quantity theory
avoids two recent objections.

First, Alexander Rueger (1998) has argued that in some general relativ-
istic spacetimes, on the conserved quantity theory, it is nota local matter
whether a process is causal, since in general relativity global conservation
laws may not hold. So whether conservation laws hold is contingent on the
global properties of spacetime.

However the conserved quantity theory is a contingent hypothesis, con-
tingent on the laws of nature, for example. This means if the laws turned
out to be a certain way, the theory would be refuted. But that there are gen-
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eral relativistic spacetimes in which global conservation laws do not hold
does not entail that global conservation laws fail in our world. Whether
they do or not depends on the actual structure of spacetime, and in particu-
lar whether certain symmetries hold. Our spacetime does exhibit the right
symmetry, and that global conservation laws do hold in our universe as far
as we know. So the conserved quantity theory is not refuted.

Second, Salmon (1997) has criticised my version of the conserved quan-
tity theory on the grounds that its appeal to genidentity violates the em-
piricist requirement that all elements of the thory be epistemically acces-
sible. The problem is that the account rules out the popular causal account
of identity, and that the alternatives the strict identity and similarity-
continuity accounts of identity are open to well-known fatal objections.
However, given that the Conserved Quantity theory is simply an empirical
analysis, not conceptual analysis, the main objections against the similar-
ity-continuity account disappear, since that account is much more plausible
taken as an empirical analysis as opposed to conceptual analysis.

Notes

1 These are not the only ways that the philosophy of causation has been conceived. Com-
pare, for example, Skyrms' pragmatic analysis (1980) and Mellor's 'middle way'
(1995).

2 What is intended by these terms will become clear in the subsequent clucidation. It's the
distinction Bigelow and Pargetter denoted by the terms 'semantics’ and 'metaphysics'
respectively (1990b, pp. 278-279), and Jackson by the terms 'conceptual analysis™ and
'metaphysics' respectively (1994). In fact, it's virtually impossible to find a pair of
terms that is not objectionable on some grounds. Conceptual analysis is empirical in
the sense that it is concerned with how a word is used in a language, an a posteriori, em-
pirical matter. It's also ontological insofar as it articulates the logical ontology of
the concept. It's also what many philosophers mean by 'metaphysics’. On the other hand,
empirical analysis is also about concepts; the concepts we think map the world. And so
on.

3 Compare Strawson's distinction between revisionary and descriptive metaphysics (1959).
By 'metaphysics’ Strawson means what I mean by 'conceptual analysis'. See also the 're-
formatory analysis' of Ackerman (1995).

4 See also Beauchamp and Rosenberg (1981, especially ch. 8).

5 Bigelow and Pargetter warn "It will be no objection to our proposals to cite one or
another causal idiom which we have failed to explain" (1990b, p. 278). Sec also Mil-
likan 1989 and Neander 1991.
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6 A similar example of this kind of mistake is Hart and Honore (1985, pp. 22, 34), who
criticise Mill on the grounds that his theory neglects several aspects of normal speech;
and by Hugh Mellor, who argues that both Hume and Salmon fail in their respective
theories because they do not capture all the connotations of causation (1988, p. 231),
when neither Hume nor Salmon are attempting any sort of conceptual analysis of the
everyday meaning of cause.

7 "The transference theory is intended to make sense of how causation takes place in #his
world, (...) not in some alien universe where the laws of physics do not in the least re--
semble ours” (Aronson 1982, p. 302).

8 (Salmon 1984). For a detailed analysis see Dowe (1989).

9 That is, 'every event has a sufficient cause’. This informs our thinking about the concept
of causation if, for example, we are accustomed to thinking that causes are sufficient
conditions for their effects, and yet are forced to accept that there are cases which we
cannot but call 'causation', where the full cause is not a sufficient condition for its ef-
fect.

10 For a defence of an alternative view see Tooley (1987; 1990).

11 Jim Woodward pointed out to me that if objectivity is part of our concept of causation
then an adequate conceptual analysis will need to respect empirical results. See also the

approach of Mellor (1995).

12 For example, Armstrong (1980b). A causal theory of identity was defended by Hume,
who thought identity through time could be analysed in terms of resemblance, conti-
guity and causation (1975, p. 246). For Hume, causation reduces to contiguity and re-
semblance; and resemblance is a relation of ideas.

13 (1980, p. 76). (In that version the 'items' were Richard Taylor and his twin).
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