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Causal Powers:
What Are They? Why Do We Need Them?
What Can Be Donewith Them and What Cannot?

What are causal powers and why should we belietteeim? Causal powers
are now a central topic in metaphysics but my defesf them does not begin
there, but rather in studies of the practices efstiences, especially in my
case, of physics and economics. Both of thesehesartalytic method: they
ascertain the behaviour that would result fromdperation of a cause ‘in
isolation’; then take this behaviour to provide thentribution’ that that
cause makes to the behaviour that occurs even thikerause is not in
isolation. What counts as ‘isolation’? And howhg hotion of ‘contribution’
to be understood?

Start with ‘isolation’. At the most general levhktbest we can say is that a
cause is isolated (for purposes of ascertainingaitssal power) when
everything that can interfere with the productidthe natural effect of the
related causal power is absent (or, more realistjcalculated away) and all
the helping and triggering factors necessary femtural effect associated
with the power to be produced are present. ‘Coutidin’ is even harder to
characterize at a general level. This is what these ‘tries’ to produce even
when not in isolation. We could try something lika: any situation there is

a systematic difference in the result between whatirs when the cause
operates and when it does not; that differencetisrchined by the
contribution. This is too strong for general useuidsh. Consider the pin stuck
in the dust between the floorboards. The magratraise it, but | want to
allow that given the same situation again — if t@icept even makes sense —
the magnet may raise the pin on one occasion lwmthe other, and
without any fixed probabilities. After the factansuccessful case we can see
the difference as determined by the contributiomagjnetic attraction. But
we cannot say that thevall be a systematic difference, merely that thoene

or maybe.

Some may obiject to these characterizations bet¢hegeare so non-
reductive, using both funny concepts — like ‘inéeeince’, ‘triggering’ and
‘necessary helping factors’ — and funny modalililes ‘can be’ or ‘may be’.

| would defend them against this kind of object{and have done so
regularly’). My objection is that they are too abstract twbpractical use. If
we are in debate about whether a targeted factoa lpautative causal power,
these characterizations (and others like them)ad@rovide much help for
how to settle the matter.

1 Cf. Cartwright (1989) and (19945 well as essays in thisllection.
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We can do much better when we move to a more ctenlereel. The forces

of classical particle mechanics are a paradignaagal powers. Here we
have a detailed theory that provides a more padiccount. On the standard
story about classical mechanics (though not as It§ea cause, such as a
mass like the earth or a magnet, is in isolatioemho other forces are at
work; no triggering is needed; nor are any helgawjors necessary if the
cause is truly isolated. The contribution to motiethe mass of the affected
body times the acceleration that it undergoeserettperiment — i.e., in this
case the force due to the gravity of the eartlo diné¢ presence of the magnet.
The notion of the systematic difference produced lopuse in a given
situation is cashed out in the vector addition®tontribution — say the force
of gravity or the force of magnetic attractione-thie contributions of the
other causes in that situation, i.e., the forcester by the other causes.

The other paradigm | have discussed frequentipéal structural equation
models in economics. Suppose that the equatiotheimodel represent
causal laws for a given range of situations. Thikimpose a number of
constraints on the variables that appear in thatemns, on the form of the
equations, and on how the equations are to bepmatiexd (e.g., left of the
equal sign is the effect with a full set of causeghe right The
coefficients in these equations, for instance tieepelasticity of demand,
represent the contribution of the causal power witich a given value of
the associated variable affects the effect reptedan the equation. The
differences made by the various contributions preseany situation are
additive. A cause acts in isolation to producevagieffect in any situation in
which the values of all the other variables in e¢l@ation for that effect are
zero. In principle this is the appropriate methodéscertaining what the
contribution is, though in practice sophisticatedreometric methods are
used — but methods, note, that are only justifiechuld argue, on the
assumption that it is indeed causal powers thabeirey estimated.

| point to these two examples to stress that cqumaérs play a central role
in serious science, where the abstract notionshislptcharacterize them can
be cashed out in concrete concepts with real sfitebite (relative to the
assumptions of the discipline, of course). | ddsdwo reasons. The first is
scientific.

% The standard account has it that nothing canferewith a force except another force.
This assumes that causes like the wind blowing e@oewbject falling under the influence
of gravity can always be represented properly ecef) which, | argue, is more a
metaphysical assumption than one assured by soliirieal evidence. Cf the essays here
and also in Cartwright (1989).

3 For sufficient conditions for a set of linear etjos to represent causal laws, see
Cartwright (1989).



Power terms appear regularly in discourse relaiebe sciences but often
without the rich theoretical development we seddotes or the features like
the demand elasticity of economic modelling. Fatance, ‘efficacy’.
Evidence-based policy, which is now mandated thnougthe US and the
UK, calls for scientific evidence of efficacy bedoa policy is agreed to, and
by far the best evidence for efficacy, we are tidyovernment and other
agencies in both places, is the randomized coattdtial (RCT). These trials
are provably good at testimgntext-dependermtusal laws but these do not
directly bear on other contexts. Nor is this gelierahat advocates in the
policy communities focus on. They deal rather i ¢arrency of ‘efficacy’.
The idea is that the RCT measures an averagedtifferthat the cause under
test contributes; the average is taken acrossatigerof subpopulations
represented in the test, where in each subpopnlatieche possible
interfering factors take on some fixed arrangenoénelues.

That is how the average contribution across thelfadipn in the test is
measured.But what does ‘contribution’ mean here? In the hestics and
economics examples a contribution makes a systediéférence, where the
science in question supplies the rule for how toutate what the difference
is. In the case of policy, however, ‘efficacy’ seeta be left as an abstract,
cross-disciplinary term. But should we not be abteeach occasion of use,
to cash it out within some concrete scientific ralim which it can be
properly scientifically defined? Otherwise it I@&s if we are left with
advice like that for the pin and the magnet: thesemay(or can) make a
difference, but when, how often and what the déifee is remains
unpredictable. Is this good enough? Is a bettensific base required to
legitimize the concept on any occasion that wa@pait it to use in policy
and if so, can we find the requisite baSes?

These are questions that matter for the relatitnvd®n pure and applied
science and the first reason | stress the paradigntausal powers in
mechanics and in economic modelling is to raisestjoies like this. My
second reason is to focus the attention of philbep Causal powers play a
serious role in serious science, so it behoves take them seriously, to try
to provide a proper philosophic account of therst as with other

* See Essay IV in this volume.

® See also my discussion in Essay IV that arguesRBd's can at best measure the size of
efficacy but do not bear in any direct way on wieethis really arefficacythat is being
measured; that is, nothing in the usual RCT desigrks to show that the average
difference that the cause contributes in the erpamtal population has any kind of
constancy or invariance that can be expected twbgibuted elsewhere (unless the
design itself, unusually, extends to providing goealson to think that the test population
is a true representative sample of the target @oioul).

® This question is similar to the complaint | citeHssay V from Anna Alexandrova about
capacity claims derived from economic thought eixpents.
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scientifically central concepts such as ‘law ofunat, ‘invariance principle’
or ‘theory acceptability’. That is why | have pogether the essays in this
volume. Some are reprints and others are prepfrgapers to be published
elsewhere. Together they constitute my recenttsffinrom a number of
different viewpoints stretching from metaphysicotigh economic thought
experiments and RCTSs, to come to grips with thenatf causal power that
is so central across scientific arenas, both pudeagplied.

References

Cartwright, N. (1989)Nature’s Capacities and their Measurement
Clarendon Press: Oxford.

Cartwright, N. (1999)The Dappled World: A Study of the Boundaries of
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Essay |

Causal laws, policy predictions and the need for genuine powers

Abstract

Knowledge of causal laws is expensive and haremoecby. But we work
hard to get it because we believe that it will ilaontingency in planning
policies and in building new technologies: knowledd causal laws allows
us to predict reliably what the outcomes will beewtwe manipulate the
factors cited as causes in those laws. Or do thbig?paper will argue that
causal laws have no special role here. As econsiin@h JS Mill to Robert
Lucas and David Hendry stress, along recently piiitosophers like James
Woodward and Sandra Mitchell, they can do the jolly @ they are invariant
under the manipulations proposed. But then, | sirglie anythingthat is
invariant under the proposed manipulations wilklds job equally well.
There seems to be nothing special about causatiawledge in and of
itself that makes it particularly valuable for myliand technology prediction.
What seems to matter is invariance alone, not digusa

But what guarantees invariance and how do we knberwt will obtain?
Here certain kinds of causal laws do have a spptaak — those
underwritten either by what | have called ‘nomadad)machines’ or by what
| have called ‘capacities’. Capacities and nomigigignachines have a
double virtue that makes them invaluable for popanning. First, the
causal laws they give rise to will be invariani@ag as they obtain; and
second, they typically have visible markers we came to recognize that
tell us when they obtain. The markers for nomolabmachines are shakier
than those for capacities, though, since capadctie®ften tied to markers by
well-established empirical laws. Capacities hasrtbwn drawback
however, which is the final topic of this papere tausal laws that are
guaranteed by a capacity connect the obtainingrigmering) of a capacity
with its exercise. But Hume argued (mistakenlydgest) that no distinction
can be made between the obtaining of a power arekércise.

1. Introduction

Knowledge of causal laws is hard to come by; @&pensive. Yet we make
enormous effort to obtain it. Why? What is the abknowing causal laws? |
have always supposed that knowing causal lawsheifpl us to change the

" Research for this paper was supported by the AgR6t for ‘Contingency and Dissent
in Science’. | am grateful to the AHRC for this popt and to the LSE research group
associated with the project for help in thinkingotingh the issues discussed here.
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world and in a very immediate way: we can readroffn the causal laws
ways to manipulate the world to achieve the effdetscribed in the laws.
Nor have | been alone in this supposition; it iihk, at the heart of various
manipulation theories of causality.

Unfortunately | now believe it is mistaken. Knowtgdof causal laws cannot
play the special role | expected of it. In this @apwill attempt to explain
why. | will also provide two special cases wheraszd knowledge is backed
up in just the right way to make it of use in theywenvisaged: the case of
nomological machines and the case wioagacitiesare at work. There is a
cost with respect to the latter, however, at l&asthe die-hard Humean. For
the notion of capacities that does the job is apigtsically heavy notion
that cannot be cashed out in terms of lawful retetiamong ‘occurrent’
properties, a notion with one of the central chismstics that made Hume
despise powers. Much of my discussion will focusrgnworry about the
usefulness of causal-law knowledge for policy predn. | turn to capacities,
with their similarities to Hume’s much despised josy as a solution in the
last few sections.

For purpose of illustration | shall consider detiistic causal laws that are
expressed in a system of linear equations of aitamsort:

System of linear deterministic causal laws
X1 C= Y

Xn €= 21" & + Uy

Here the u’s represent quantities not caused by#the x’s, and the symbol
‘c=" means that the left and right-hand side anea¢é@nd that the factors on
the right are a complete set of causes of thogheleft. (Reference to the
population and circumstances is repressed as @& umspresentation.) In the
case of yes-no variables the analogue is J.L. Matkfamous formula for
INUS conditions, supposing that all factors ontilgat-hand-side are
genuine causes of the one on the left:

Boolean deterministic causal law
Ec=A1ADL... VAAL... V... At .Anme

Analogously withc=, the symbokt = means that the left- and right-hand
sides are equivalent and the factors on the righat causes of those on the
left.



2. What is a causal law?

| argue that causal laws have a number of spdeiitres.

They arepopulation-relative They describe relations that hold among
quantities in a particular kind of population inrfpaular kinds of
circumstances, though this relativisation to pofioteand circumstance is
often left to context to supply.

The primacy of singular causatiofhe causal relation they report is not
primitive, say an abstract relation between uniistsRather, causal laws
describe what singular causal processes will orocaar in the specified
circumstances whenever the prescribed causessaaaiiated.

In keeping with the fact that a causal law repattsit singular causal
processes will or can occur, a causal law picksabilgast oneomplete

set of causeghe specified set snoughto produce the effect and nothing
more need be added.

The causes reported in a causal law may produgeréiseribed effect

with avariety of frequenciesThe laws may be deterministic — the causes
always produce the designated effects in the phestpopulations in the
prescribed circumstances; they may be probabilistere the effect is
produced with some fixed probability; or the effentay even be
produced by hap, with no fixed probabilities. {ibsld be noted that what
we say about probabilistic laws depends on our viglout probabilities.
Do we want, for instance, to say that the effeitit occur with the relevant
limiting relevant frequencies in some mythical e sequence or instead
that itcanoccur or that it has a certgmopensityto occur?)

Causal laws may usepaculiarmodal formfamiliar in daily life but not
much studied in philosophy: the specified causagoroduce the
designated effect — they are enough to do so thlkeyimay not with
nothing more to be said. There may be no fixed @odibies with which
the effect occurs nor any further reasons that woesystematic way to
pick out when it should occur and when not.

Factual effectsCausal laws specify that effects will (or canthe

relevant sense of ‘can’) genuinely obtain whengpecified causes obtain.
In particular causal laws do not describe counctuts effects that would
(or could) obtain were the causes (or the populajidifferent from those
specified. Nor do they presuppose that the speoifieises are produced
in any special way unless that is stated in therge®n of the situation to
which the law is relativised. (Note that, as | $h&cuss in Section 7, this
does not mean that the effects need be occurreainie narrow

‘Humean’ sense of ‘occurrent’)

" Cf Cartwright (1989).



To illustrate, a law xc=2,"* a,x; + U, from a linear deterministic system
relative to situation S says that in every indidtimstance in S,@taking the
value X and ... and x; taking the value ¥X; and y taking the value |J
whenever instantiated causedo take the valug,"* a,X; + U..

This account of causal laws has a number of impoxtigtues.

1. It tells us what causal laws say. Many contempott@gtments of
causality in philosophy of science do not do soluding common
versions of the probabilistic theory of causaligiated Bayes-nets
theories and some versions of manipulation andriavee-under-
manipulation accounts.

Consider Judea Pearl’s accofimthich begins with a set of causal
equations like those of the linear determinististegn of Section 1. His
work supposes that the equations say at leasintlaaty system of the
kind under study the values of the quantities ena@huations are always
related as the equation describes. But there ignaorasymmetry; the
causal equation tells us that the quantities omi¢ji arecausef those
on the left. But what does a law say in tellinghest? The Bayes-nets
axioms, relating causal laws and probabilities,qauitstraints on the set of
causal laws: only some sets of causal laws aressiirte for any given
probability distribution. This is not enough to wes the question.
Beyond asserting that the specified functionatti@heholds in the system
under study no matter what values of the quantittesnstantiated, what
more does the causal equation say? | have alrequigied my answer.

Wolfgang Spohn supplies a different answene that will be dear to the
hearts of those who think causal language is aRelighly, Spohn
maintains that causal laws are summaries of thaskifi complicated
patterns of conditional probability relations amdimge-ordered quantities
represented in a Bayes net. So it becomes impddedpohn to make the
axioms relating causal laws and probabilities gfrenough so that only a
single set of causal laws is consistent with amgebability. Otherwise
different, and incompatible, sets of causal lawsilde equally
appropriate for summarizing the same probabilfsints. An alternative
might be to claim that a causal law says that tageabstract relation
holds between universals, the universals thatepeesented by the
variables in the equations.

Consider too the probabilistic theory of causdiityyes-no variables.
One fairly good attempt at formulating it says t@at a cause of E in test

8 pearl (2000).
° Spohn (2001).



population K for situation S (i.e. C appears onrigbt-hand side of a
Boolean deterministic causal law for E relativéki®) if and only if in S,
P(E|C&K) > P(E|-C&K), where a test population iean which all other
sources of variation in the probability of E arédhiixed barring C'° C
causes E in Simpliciterif it does so in any test population in S. Hertce i
can be true in S both that C causes E and thau§esa-E). (Once some
particular form for the causal laws in questiospgcified it becomes
possible to say more concretely what counts ag stheces of variation
of the probability of the effect.)

There are at least two understandings of this $h&b®n the one hand we
can see it as an answer to my question about wteusal law says. The
law ‘C causes E in S’ says that P(E|C&K) > P(E|-Q&#t some test

population KE S. On the other hand we can see it as a sufficient

condition for the truth of a claim that says sonmajtelse more
immediately about causation. That's what | try ¢o doffer an account of
what the law says in terms of singular causingswhia(or ‘can’) occur

‘in the long run’. Then I show for various kindsadusal systems that
when the probabilistic theory is formulated appratedy for them, the
increase in conditional probability is indeed sti#int for the related
causal law to be true.

These two understandings of the probabilistic thean also help make
clearer my concern that we should, if we can, dfeaccount of what
causal laws say. Many discussions nowadays setti#geScribing some
central ‘characterizing’ features of causal lawke@these descriptions
themselves refer to causal laws, as in the prakabitheory, which refers
to other causal laws true in the situation in otdezharacterize K. In this
case the descriptions cannot serve as definitiomast is not the concern |
am raising, however. | myself take this kind ofceilarity’ to be a virtue
of an account since, | argue, we have good reasah#k that causality
is endemic, that many causal relations are as basanything can be and
that we have good epistemic access to various kihdausal relations.
What | want to know is what a causal law says,wahdt it says could
very well include something about other causal lars neither
understanding can the probabilistic theory proadencircular definition
of a causal law. Only the first provides an anstweny question, albeit an
answer that seems to me to be mistaken.

19 The formulation I give here still isn’t quite higbecause K must not hold fixed any
causal intermediaries by which C causes E on aagigeasion. My own best attempt
relies on reference to singular causings evendriadhmulation of the probabilistic theory.
See Cartwright (1989) and Cartwright (2007) foulef discussion.

11 would like to thank John Worrall for pointing bi® me the importance of making
clear these two different understandings of théabdistic theory.
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2. The account | offer of causal laws is empiricisivnat | take to be the
most important sense, that stressed by Otto Neutastthis-worldly.
Causal laws do not describe relations between tsalenor structures
behind the happenings; they describe what happbes the causes are
instantiated. (Though note again that, as | statitput in Section 7,
there are a great many more things that | take ihave good reason to
count as ‘this-worldly’ than a narrow ‘Humean’ dges

3. This account of what causal laws say dovetails wiganoply of our most
favoured methods for testing causal laws: varidasssical methods used
in econometrics and other social sciences, the matkod, randomised
control trials, controlled experiments and testking for invariance
under controlled interventions. For a number oséhdormal proofs can
be provided that positive results on the testthéftest is ideally
conducted in the appropriate setting — is sufficfenthe truth of the
causal law as | interpret causal laWWstake this to be a strong argument
in favour of this interpretation of what causal fasay since it seems to
me essential to good philosophy and to good séieptiactice that
metaphysics and methodology can be shown to beathygupporting.

| am at pains to explain what | take causal lawsaip since causal laws are
the topic of my concerns in this paper. | am wartieat, contrary to
expectation, causal laws cannot after all provislevith the kind of
information we need to predict what will happemesattempt to change the
world. For this reason an account of causal laasrtreshes with
methodology matters, since what we seem to asssithati what we
establish with our best methods for testing cakswed carried out in the best
circumstances is knowledge that we can use diraotknowing the causal
law we know how to change effects by changing tbairses and we can
make precise predictions about the results of smgd®erhaps the reader
will have a different view about what causal lawg.9Much of my argument
in what follows applies to other views as well, bete we have at least one
articulated view to keep in mind that maintains aléemportant connection
between metaphysics and methodology.

12 The proofs naturally require assumptions aboutifea of singular causings. Also the
singular causal reading of causal laws is not umigthaving this virtue, at least for some
of the methods. Holland and Rubin (1988) for instashow that in the right kinds of
populations, positive results in a randomised adlei trial are sufficient for a causal law,
supposing that the law makes claims about the omece of singular counterfactual
differences.
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3. Add-on v intrinsic accounts of causal laws

Economists at least from the time of JS Mill havaned about the
usefulness of causal laws for policy prediction tlutheir instability. Mill
worried about naturally occurring variations intbttie background
arrangement of causes and in the underpinningtstescthat support causal
laws. Early econometricians and more recently @acachool economists
like Robert Lucas worried more about the likelihdbdt active policy
intervention would undermine the structural arrangets that support the
causal laws. The worries | raise here about thibmess of causal laws for
policy prediction echo these earlier worries alihatstability of causal laws
by economists.

To explain my worry | shall review a few recent aaots that aim to provide
central characterizing features of causal lawsjgemg on accounts that treat
economic causes since these are most alert tadbé&em. Begin by
considering the probabilistic theory of causatiescribed in Section 2,
which | claim provides a provably sufficient condit for the designated
cause to appear in a true causal law.

For a given population S let us focus on some @adr test (sub)population
K so we can repres§in the conditional probability. Consider what uge
can make of knowledge of the law that C causeskcfor policy predictions
about the effects in K on E of changing C. The pholistic account of
causality seems ideal for providing an answer:gase the probability of C
and the probability of E will increase because

In K, P(E) = P(E|C)P(C) + P(E|-C)P(-C).
So if P(C) increases in K so too should P(E) suipgoB(E|C)>P(E|-C).

But this is not the case. The formula above isafgiven probability measure
P. P(C) cannot change without the measure P chamgidgf P changes to
some new probability P’, the fact that P(E|C)>P(B|determines nothing
about the relation between P’(E|C) and P’(E[-Choking that C causes E
in K and hence knowing that P(E|C)>P(E|-C) doesel us predict the
effects on E of manipulating C in K.

It turns out that this is exactly the problem tbamhcerns econometrician
David Hendrywhen he gives an account of causatibAs with the theory of
probabilistic causality, Hendry focuses on the dtowkl probability of the

13 See Hendry (2004).
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effect on the hypothesized cause, P(E|C). His pyiratiention is to cases
where C is strictly exogenous to E. This meanstti@atonditional
probability, P(E|C), can be estimated without ditento the marginal
probability, P(C). For the relation between C aniw Be causal however,
Hendry requiresuper-exogeneity?(E|C) must be invariant across the
envisaged policy changes. So Hendry stipulateés@heauses E’ is not to be
counted as a causal law unless P(E|C) remains &gexbs the manipulations
envisaged to change C.

This is an example of what | call add-onaccount of causality par
excellencé? A criterion that is sufficient to guarantee a aduaw on its own
is provided — as | indicated, the probabilisticatyeis provably sufficient for
a causal law to obtain. Then invariance is addetbpras a second demand
before the label ‘causal’ is allowed. One can afree quarrel with my
account of what a causal law says, insisting taticcount is not complete
until invariance is added on. This is essentialhaiwHendry does (and also
James Woodward as we shall see shortly). But regaltlaims to a
connection between the content of a causal lawoanthest methods of
testing for causal laws. The additional invariareguirement is not part of
most standard methods, not just for those baseleoprobabilistic theory
but also for a host of conventional methods foalgsthing causal laws, from
the mark method to randomised controlled trials.

James Woodwardiso has an add-on accodhtWhen it comes to causality
Woodward focuses on systems of linear equationiseokind | described in
Section 1. For Woodward two demands must be ledfibefore equations

like these can properly be labelled ‘causal’. First

» Level invariancethe equation must remain invariant under any
changes on right-hand-side variables ‘by intenagiti

‘Intervention’ is hard to define properly; it isrsething like a ‘miracle’ from
the Lewis account of counterfactuals, a changhercause at the last stage
that affects nothing other than the cause and shtagsally downstream
from it.

Woodward defends this as a condition on causalitly &number of
examples in which it is violated by relations knoterbe spurious. What we
would like to know is whether all spurious relasoriolate it; that is, is level
invariance a sufficient condition for causalityffave a kind of representation

4 See Cartwright (2006) and Cartwright (2007).

!> Though some methodologists, especially in econsmiow frequently add on tests of
invariance.

8 Woodward (2003). See also Sandra Mitchell (2008) stresses the need for
invariance without a detour through causality.
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theorem to show that it #$.I begin with some axioms that a set of causal
laws should satisfy — like asymmetry, irreflexivapd the assumption that
any functional relations that hold are generateddyine causal relatioh’s.
The theorem shows that any functional relation ggrd by a set of causal
laws will be one of those causal laws if and oflyis level invariant.

So | am happy with level invariance as criteriortafisality. But Woodward
is not. He demands in addition

» Modularity: there must be at least one way to change the ctlusal
relations in a system that leaves any genuine teslstion invariant.

The effect of this requirement is that each vagabla systefi can be
changed (by changing the law that governs it) witltelhanging anything else
except the effects of that variable. This agam ‘imiracle’-like change.
What justifies this as a condition on causality?ddtsard is cleaf® this
addition allows us to use the relation in quest@mmmanipulation. That | take
it is why Woodward calls his account of causalitglifferently an

‘invariance’ account and a ‘manipulability’ account

As an answer to my worries it is far less satigfgcthan Hendry’s condition
however. For it underwrites the use of causal fwpredicting the
outcomes of manipulations not for the manipulatimesmight be
envisaging, as with Hendry, but only for the vepgaal kinds of ‘surgical
incisions’. These are the kinds of manipulatioret tire demanded in a
controlled experiment. That, | believe, is how tlveyne to play such a
special role in Woodward’s account. They are gawdafvery special way of
testing for causal laws. But they are no good fmveng why knowledge of
causal laws is useful for policy predictions.

7 See Cartwright (2003) reprinted in Cartwright (20

18| take these axioms to be fairly innocuous anbetdrue of causal laws even if my
singular-causings account of causation is mistaksmould note that there has been some
objection that the axioms are not so innocuoususeea transitivity axiom is included.

But the transitivity axiom assumes only that ifppaars as a cause of y in a linear
deterministic causal system, we still have a calasafor y if we substitute for x the right-
hand side of any causal law that has x as effélink this is necessary unless we are
willing to assume that causation in nature is mottinuous in time, so that there is a
notion of direct causal law (the ‘last’ law in opgon before the effect is produced) that is
not representation relative and that it is thisorobf direct causal law that we are trying
to characterize.

19 See Woodward'’s definition of modularity in Woodwd2003), p. 329.

?| e., any variable that appears as an effectiamvan the system of laws.

L Actually, he gives the same reason — causes reussdble to manipulate their effects —
for both level invariance and for modularity. lecit only for modularity because level
invariance does not provide manipulability unlessdoarity is added and | at any rate
have an alternative defence of level invariance.
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Woodward’s account also shares the central defddendry’s when it
comes to addressing my worries. Modularity, just he requirement of
supeexogeneity, is an add-on. Level invariance alrgadyides a sufficient
condition for licensing causal laws. But if we wamuse those laws for
predicting what happens as we manipulate the cates#snk of causes laws
as useful for policy prediction, we musdd on invariance??

To reinforce this, turn to an account of causaiifgred by macroeconomist
and methodologig€evin Hoovetthat is not an add-on accoudfitioover
defines causality directly in term of the effedtattcan be achieved by
manipulation.

Hoover: C causes E iff anything we can do to fix C pastifikes E
but not the reverse.

Although this definition secures a connection bemveausation and
manipulation and does so with no add-ons, the kiridelations it calls
‘causal’ would not count as causal in everybodyeks — like probabilistic
theories of causation, causal process theoriegwig:-style counterfactual
accounts. Figure 1 provides an example of a simglehanism to illustrate,
where the u’s are ‘policy levers’ — quantities ves enanipulate, and the solid
lines with arrows depict pure ‘mechanical’ causatitke pushing on a lever
at one end to trip a switch at the other. The ddttee depicts ‘Hoover’

causation.
/Lk

Figure 1 — Mechanical and Hoover-Causation {5335?’7“ [TH1]: Please

%2 Though note that Woodward's condition doesn’tlgead the trick since we are
guaranteed by him just that there is at least cmete change the cause that leaves the
causal law invariant and this may well not be amamyg of the ways we envisage
implementing policy. Moreover for Woodward the amay that is guaranteed could be
just an ‘in principle’ way to change the cause, aotay that is at all accessible to us. If
S0, no connection at all with policy predictiorsecured. What the ‘in principle’
manipulation is good for is an ‘in principle’ tabit the causal law obtains.

% See Hoover (2001). | should note that the desariptgive here of Hoover's account is
not one he is happy with. | claim it is what hididiéions say and take the kind of causal
relation described by the definitions as a veryangmnt one different from more
‘mechanical’ kinds of causal relations. He mairgaimat he intends his account to cover
the more conventional notion of ‘mechanical causatind that various caveats he offers
allow his definitions to do so. For further disdoss see Cartwright (2007), section Il.4.
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So Hoover does not need add-ons. If he is rightialwbat causation is, we
can see why causes by their very nature can previhlictions about
strategies for manipulating the world. But manyl wdt want to allow that
Hoover's is an account of causation at all.

Where then is the expected connection between laugel of causal laws
and our ability to predict the consequences of maating causes? It seems
it is not there. The requisite predictive capatstyot provided by a causal
law. It is achieved by adding on a further assuamptan assumption whose
sole motivation seems to be to achieve this comrect

4. What then is special about knowledge of causes?

So, what's wrong with adding on a Hendry-like ineace assumption? We
can add it on as an additional requirement fouthenf knowledge of a
causal law. ‘Warning: do not use this product firdictions about the
consequences of manipulations without ensuringitliginvariant under
those manipulations.’ But it would be a bad ideadd it on as a requirement
on the truth of causal laws for a number of reasons

* As | have already stressed, this would break tmaection between the
metaphysics of causal laws and our standard mefoodssting them.

« It relativises the concept to the manipulationsarnhich it is supposed
to be invariant. We could perhaps suppress thévisktion if the set
contained only one kind of member, like Woodwardisacle-like
manipulations. But this does not go very far irabkshing the usefulness
of causal knowledge for predictions about the tesefl manipulating
causes.

It breaks with standard usage of the concept asaldaw that we put to
other purposes. We want to know about the causal far systems that
are shaky, where attempts to manipulate the canagaindermine the
laws: snowflakes and spider webs, undefusable bemé®ld-fashioned
children’s toys that break if wound up too tightiy)d also for systems
that we never intend to manipulate or never coudahipulate, like the
processes in the sun that produce light and Heaplanetary system and
the innards of my car engine and computer, whérely intend never to

go.

We want to know because we want ways to ascrilmnssbility about
what is happening in the system, because what haghere may be
analogous to what happens elsewhere, because veonzmable to
repair the system or dismantle it, because hovwsyltem operates may
have side effects, because is a central featunarofin nature to be
consumed with curiosity about how the world arousdperates, etc etc
etc.
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Knowledge of causal laws is thus valuable in dozdrdifferent ways,
even if it does not provide direct predictabilityoaut how we can achieve
effects by manipulating causes, as we might havefiectively supposed.
So forsaking it would be foolish and relabellindpyt demanding the add-
on requirement of invariance under some set of pudaiions leaves us in
need of another label for what seems to me to éetiginal concept.

All this leads me to conclude that adding-on isad lwea. But knowledge of
causal laws without adding on invariance does e tvith policy
predictions in the desired way. But the situat®far worse even than this
for causal knowledge. Once we allow invarianced@tided on, causal
knowledge seems to have no special role afal.claim that is invariant
under a proposed manipulation of some factor witiyide correct
predictions about the results of manipulating tfzattor.

Look again for instance at a law from a linear deteistic causal system,
where for years many of us have been keen to iasgnnbol like “c=" not
just an equality sign:yc= " & + W, If we insist that the functional
relation be invariant under a particular manipolatisay of x the fact that
the equation expresses a causal law is irreleeanhat we can predict about
Xn. If we insist on invariance of the relation, aejation is as good as a
causal relation for predictions about results efrianipulation. And if we do
not insist on invariance of the relation, causkdtiens have no guarantee to
do the job. So we return to my central worry — wikato special vis-a-vis
policy prediction about knowledge of causal laws?

Perhaps it is an empirical fact that causal lawsadways stable under
manipulations, even if this is no part of the cqnagf causal law and no part
of what the causal law says. This is clearly falskink even Woodward’s
far weaker — and far less useful — claim that thesways some
manipulation that leaves the causal law invariaffidise. Moreover, if true it
goes a long way to showing that exactly the sarnng tis true of certain
spurious relations that then have the same clainséfulness as genuine
causal laws.

Consider again the Hoover diagram, Figure 1, wathsal laws x c=,y c=

axX and z c= gx + u. Then the ‘spurious’ relation z Z&y/ay) + u.is also
functionally true. According to Woodward’s modutgirihesis, there is some
manipulation that can change x and leave the twsaldaws between x and

y and between x and z unchanged. In the Hooverataghat manipulation
could be by manipulating,uBut then the very same manipulation is also a
way of changing y whilst leaving the spurious relatetween y and z
unchanged. So if the manipulation)(is accessible to us and provides a way
to change x without threatening the power of thesablaw z c= gx + u, to
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predict what happens to z as we change X, it ialgga relation that is
accessible to us and that provides a way to chamgthout threatening the
power of the spurious relation z %(§/ay) + U, to predict what happens to z
as we changey.

This manipulation does not of course satisfy Woadigadefinition of an
intervention on y. It is not a miracle-like chargfey since it also involves a
change of a cause, x, of another variable, z,arsyfstem that is not an effect
of y. That means it is not good for testing whethes a cause of z. But
testing is not our issue. We are here interestéldeiusefulness of causal
knowledge not in the testing of it. And if the mamiiation (4) makes the
causal law z c=z + u, useful for policy predictions about the effectszon
of changing x (via 4), it does exactly the same for the spurious @tati =
ax(y/ax) + u, for predicting the effects on z of changing y (Mg So even if
we disregard the facts that Woodward’s modularégnend may well be
false as an empirical assumption and that the arepulation it claims to
exist may well not be one we can — or wish to -J@kpghe modularity
requirement provides no special role vis-a-visgoprediction for
knowledge of causal laws over knowledge of spurrelstions. Yet again we
have failed in our hunt for what is special abauisal knowledge.

There is further reason to be suspicious aboutiaspread difference in
stability of causal laws over spurious relationshid kind. Nature is rife with
what | callnomological maching¥ from clocks and vending machines to
seeds and caterpillars. The machines of interestineolve a relatively
stable arrangement of parts which gives rise toralrer of interconnected
causal processes inside the machine plus someksidn or shield that
limits access to the internal variables under &waof common
circumstances. We put the coins in and get outkqiaf crisps; we do not
perform key-hole surgery on the vending machin@tge the levers and
chutes inside. We water the seed and plant itarritiht kind of soil at the
right time; we do not reach in and shift aboutititernal make-up that will
produce the seedlirfg.In these cases the causal processes inside aambe
stable. But then all the spurious relations arblstas well, and for the very
same reasons.

Often even our efforts to achieve a desired reseldirected by our
recognition of a spurious relation in total ignararof the causal laws. For
instance, | was paid to keep the needle centreddial at the cyclotron lab
in Pittsburgh. The point was to keep the beam ayetawWhen the beam
drifted so did the needle; and what one did to stdjue needle adjusted the

24 See Cartwright (1989) and Cartwright (2000).
5 Though my recent gardening experiences suggesivtiat | am doing with sweet pea
seeds must be like taking a sledgehammer to thdimgmachine.
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angle of the particle gun producing the beam. Ne+was expected to
manipulate the particle gun in the right way dieatve just had to keep the
needle centred. The relation we relied on tolyefjdb done was entirely
spurious. There are a vast number of other exanaglegell. Medicine
provides many: we frequently successfully treatild symptom in order to
relieve a severe symptom of the basic malfunctidhout understanding the
causal processes involved. The structure is likecbommon cause structure
from the Hoover diagram | considered a few pardggdyack in discussing
modularity. We rely not on causal knowledge buknowledge of a stable
correlation, a correlation that is stable presumalcause within a
reasonable range whatever we do to relieve the syifgptom passes through
the basic malfunction that causes the more seyenptem.

| take it then that causal laws are not universstiiple and that a great many
situations that guarantee the stability of caumaklalso guarantee the
stability — and sometimes the equal usefulnespdbcy prediction — of non-
causal relations. Perhaps instead the answer wwany is just that causal
laws are more frequently stable than other relatidaybe so, but without
more ado this does not provide much predictiveagast, especially if there
are no markers to indicate which are stable andwaie not. | think we can
do better if we focus instead, not on the frequesitly which causal laws are
stable, but rather on what kinds of situations nfaketability and, very
centrally, on whether we can recognize them.

Now that | have become gripped with despair abloeigeneral uselessness
of our hard-won causal knowledge but have come¢ossme hope in the
idea of recognizable markers, | realize that | hstuelied two different kinds
of situations that can relieve the problem: situadiin which capacities are at
work and nomological machines. Nomological machexesnot my central
concern here so | will turn to them later and digfly, concentrating
instead on capacities.

5. Capacities

Capacities | claim, are a source of stable causal laws. Wheapacity is
properly triggered it will regularly exercise itéel a canonical way. For
example, | anirritable; | have the capacity to be angered easily: ifd fimy
daughter has piled the dishes in the kitchen andvashed up, | am apt to
lose my temper. Triggering may not be essentiahfoapacity however. For
example, the capacity of one massive object ta@tanother seems to act
continuously. Nor does the capacity described em¢um mechanics for an
atom in an excited state to emit a photon seeneed triggering even though
it is exercised only sporadically.
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As | use the termaapacity the connection between a capacity and its exarcis
or the potential for its exercise is analyfidzor many capacities we do not
need the second phrase, ‘potential for its exer@gee they are universally
exercised when properly triggered; the gravitati@apacity to attract a
massive object is a case in point — and it doegwen need triggering.

But the exercise of a capacity need not occur usally upon triggering

even when nothing interferes. Some capacities rateapilistic, like the
(quantum) capacity of an excited atom to emit ai@mo(As with causal laws
themselves, what we say about probabilistic cajgaocits-a-vis their exercise
depends on our views about probabilities. Do wetwfan instance, to say
that these capaciti@dgll be exercised with the relevant limiting relevant
frequencies in some mythical infinite sequence?) ome may just be
exercised by hap, without even fixed probabilitiasthese cases the analytic
connection is only with the potential for exercés®l to talk about them we
use a modal form familiar in daily life but not wetudied by philosophers:
triggering my irritabilitycan produce anger butihay not and perhaps there
is nothing more to be said. There may be no reddgdilities for the
irritability to be exercised nor further reasonattivork in a systematic,
reliable way to pick out when it is exercised arftew not. It may even
happen that the capacity is there all my life aedem exercised: | have moral
luck; I am irritable and occasions arise that caygér the irritability but this
chancy capacity happens never to be exercised.

The important point is that the presence of a dapguoarantees that the
matching causal law obtains, whatever be the fdrthai law: triggering the
capacity causes (or causes with some fixed pratabil can cause) the
exercise of the capacity; and sometimes, as wakity; just the presence of
the capacity can cause it to be exercised.

This is not enough to allow us to predict what heaygpunder manipulations,
however. To do that we need to have some way @ir@seing when a
capacity obtains and when it does not. But for mzapacities we do have
just this kind of informationMassis associated with the capacity to attract
massive objectsiegative chargevith the capacity to attract positive charges

%6 \What then of what have come to be called ‘finkidispositions (see Martin, C.B.
(1994))- those that are thwarted the instant theey ®0 work? From my point of view we
can treat these in at least three different wayleast the first two of which have long
been available in the philosophy of science liteat1) The disposition is not really there
although its putative marker is. The marker is Hygpetative; a more correct description
of it would exclude the possibility of interferengtough there may be no way to
characterize the exclusion other than ‘nothingrfetes with the operation of the
disposition’. 2) Finkish dispositions are reallysea where one and the same factor or
arrangement has mixed dispositions that cancetach other’s effects. 3) The finkish
disposition is indeed exercised; what fails isr@nifest result.
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and with the capacity to repel negative charges;@&pacities can be useful
to us just because in many cases Nature suppbeses@ays to recognize
them: there are features that we have independesmsrof identifying that
guarantee (or make probable or pos$iblie presence of the capacity.
Unlike the connection between a capacity and iterd@l for exercise, | take
it that this connection is not analytic.

There are a number of important metaphysical isthagaultimately need to
be resolved but that we can sidestep for many giyilby of science purposes
and especially for the purposes for which | introeleapacities here. These
include

1. What is a capaciy A property? A second-order property? A material
mode concept that expresses only a formal modedisin about how
we identify properties? ...?

2. What is the connection between the capacity antbteairrent *
property with which it may be associatedfust there be such an
occurrent property for every capacity? Must theaisgion be
universal or can it beeteris paribusprobabilistic or chancy?

What is central for my purposes here are the twtsfbhave described:
» Capacities are analytically connected with causasl|
» For a vast number of capacities we have learnedtbdell when they are
present and when not. They are associated in arsgit way that we
know about with features we know how to identifdépendently.
Together these two facts guarantee that we can metikble predictions
about the results when we manipulate the capaciiesmanipulate the
presence or absence (or the degree) of the assbtaturrent’ feature. The
presence of the feature guarantees (or makes peoledb.) the presence of
the capacity and that in turn guarantees a caamsetd the effect that the
capacity will be exercised if present or if properiggered (or that it will
with some designated probability or that it carekercised). So capacities
make knowledge of causal laws useful for predictiregresults of
manipulations.

So too, | have claimed, do nomological machines.d@ware: it is not the
relations inside the machine that matter. Althonghological machines
support the stability of both causal and non-caredations inside the
machine, these, as | have stressed, are not ggrardlrect use to us. Many

%" For instance, “Eating Shredded Wheat can improwe fieart health”. Just as the
connection between the triggering of a capacityitmexercise might be chancy, | see
nothing to rule out the possibility that the contiwt between the more readily identifiable
markers and the capacity might also be chancy. BEvdrancy the connection can still be
important to know, especially if we do not know angre reliable connections.
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however also support input-output relations thatafrconsiderable uséWe
water the seed in the right temperature and lightlitions and that causes a
seedling to grow. We put a pound coin in the vegaimachine and that
causes a packet of crisps to come out. In thesestion | shall review in
more detail what is in common about capacitiesramological machines
that makes for usable causal-law knowledge.

6. What makes knowledge of causal laws useful?

Capacities and nomological machines share sevepalriant features that
allow them to serve as guarantors of the predisttbat causal laws suggest
about the results of manipulations, some of whibbJe already talked about
with respect to capacities:

1. Characterizability.There are available reasonably good
characterizations of what a capacity and a nomoédgnachine are. A
philosophical account of capacities piggybacksma@count of
dispositions and, despite the fact that we knowetlage many
outstanding problems about dispositions the nasamell enough
developed that we can have confidence that someareof it holds
in reality. Similarly with nomological machines. @6e may not be
well enough characterized in my work but we cao diaw on
discussions of mechanisms by philosophers likeigwilBechtel and
Jan Elstée? for reassurance that it is not an empty notion.

2. Underwriting of causal lawsBoth guarantee that specific kinds of
causal laws obtain and continue to obtain so l@aay are in place.
So long as a capacity obtains, so too will the ablasv that connects
the obtaining or triggering of the capacity witk éxercise. So long as
a nomological machine is intact, not only are #latrons inside
maintained, both causal and non-causal, but sar®the input-output
relations.

3. Identifiability. In many cases there are markers by which the pcese
of the capacity or the nomological machine candeatified.

%8 Recall that on my account causal laws are popuatnd situation relative. Many
causal laws, | argue, arise from the operationmafraological machine; the input-output
laws that many machines give rise to are an exarhptéis case the relativisation of the
causal laws is to the proper operation of the nogioal machine. For capacities the
situation is more complicated. Since | take thenemtion between the capacity and the
related causal law to be analytic, the causal ket tonnects the obtaining or triggering of
a capacity with its exercise cannot be populatiositoation relative. In this case the laws
that are population or situation relative are thpigical laws that hold in many cases,
linking the presence of a capacity with some othdependently identifiable feature.
These are indeed very often population or situatidsitive even if a few (like the
examples | cite from basic physics) may be thouglhioldtout court

29 Others views of ‘mechanism’, like Stuart Glennaf2802) or Woodward’s (2002) may
not be close enough to help here.
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4. RecognizabilityVery often both the markers and the conditions for
safe use — use that leaves the relevant causalri&aes — can be
recognized independently. | have argued extensimalydiscovering
these markers in the case of capacities is ongeatentral
achievements of science. (Recall as an exampledugitive electric
charge brings with it the capacity to repel othegative charges and
the capacity to attract positive charges.) For nogioal machines the
case is more complicated. Some — seeds and cktes@ihd the
planetary system for instance — are given by Natuedearn to
recognize them, and to recognize what can and td&endone to them
without harm, both by experience and by theory e@thve build
ourselves and for many, identification is made pagyput labels on
them and even instructions for proper use. (‘Doavatr wind’, ‘Keep
in a cool place’.)

5. Usability of associated causal laws. many cases the causes of the
causal laws guaranteed by a capacity or a nom@bygiachine are
ones we can recognize and know how to manipulateowi
undermining the existence of the capacity or thehime that gives
rise to the law that we will use for predicting thetcomes of our
manipulations.

So both these categories provide simultaneouslgtaphysical and an

epistemological basis for the usability of causal-knowledge.

« When a capacity or a nomological machine obtalrexetwill not only be
a stable causal law, but there will also lreasonwhy the law is stable
and in many cases we can recognize when this réedds and when not
and what kinds of manipulations will jeopardizéiite do not learn just
that this law seems stable under this set of méatipas but not that; that
another law has been observed stable under aydartioanipulation but
we have no basis to speculate about others; thainggher seems not very
stable at all. Where capacities or nomological nreshobtain, our
knowledge about the stability of this or that law we have it at all — is
not haphazard and inexplicable. It becomes systentiatis easier to
remember, to understand and to generalize from.

* When there are recognizable markers we can comearo when this
system of knowledge applies and when not.

* With some understanding of the sources of stabiliycan come to learn
and to respect the ways in which our manipulationst be carried out.
(For instance, we do not rely so confidently ondesumption that
striking the key labelled ‘" on a computer keylaarill produce a ‘t’ on
the screen if when we strike the key we inadvelgdatock over a cup of
coffee onto the keyboard.)

* When there are understood sources of a causaiawan often repair
the causal law when it breaks down or removeiitiecomes undesirable.
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Still, life is not easy. Nomological machines mnet be breached if they are
to do their job and sometimes it is difficult tdl iethey have been damaged.
That's my trouble with sweet pea seeds. | think\énkept them dry, not too
hot, not too cold, have not mashed them nor irtadithem nor...Yet when |
put them in soil of the right temperature at tlghtitime and water them in
the right way, they still do not germinate. Someghinas gone wrong inside
but I have no clue what.

The difficulty of recognizing when the support focausal law has been
breached can be considerably less problematicaajpiacities. Nature seems
to have provided many with sure markers that weehearned to identify
reliably — consider again the negative chargertraaks the capacity to repel
other negative charges, or mass, which marks th&cds to attract other
massive bodies. But capacities introduce their raubles, which |
mentioned in the Introduction, at least for thos®welieve in some robust
notion of occurrent properties. | do not know wtinegse are really supposed
to be but if they are anything at all, the exerafa capacity should not be
among them — and it is the exercise of the cap#udiyappears as the effect
in the causal law that the capacity underwriteirn to this issue in the next
section.

7. Capacities as powéPs

Return now to my warning in Section 1. Why do | Hagt the notion of
capacity necessary to understand how scientifievieaige supports policy
and planning is a metaphysically heavy power nGtidnme taught that it
makes no sense to distinguish between the obtaafiagpower and its
exercise. But this is just what is required to eleterize the facts we need
about capacities. By ‘metaphysically heavy’ hemeelan that the notion of
capacity and the use to which | put it requirestkinee-fold distinction
between

» The obtaining of the capacity

» Its exercise

* The manifest (‘occurrent’) results.

30 A lot of the material in this section repeats ieamvork. But | think it is worth repeating
here for two reasons. First, many readers will plyp not be familiar with it. Second, and
more important for my theses in this paper, | haeeer before seen or described
explicitly how capacities serve as the guarantbth@usability of causal laws. Indeed |
have not seen before how useless causal-law knge/isdn and of itself. My earlier

work on capacities stressed instead how capaeitiglsin how we can export knowledge
from special ‘experimental’ situations to ones witw settings (not particularly the same
settings with new methods for introducing causes)) lzow we can deploy knowledge of
what happens in these ‘experimental’ settings ttstract totally new situations in which
totally new laws emerge.
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Gravity has the capacity to make heavy objects Talé attraction of a heavy
body constitutes the exercise of the capacitynmbéon of the heavy body is
the actually manifested result when the capacigxercised.

What matters here is that the canonical behavitber which the capacity is
named may be seldom if ever the manifest resultlaméctually manifested
result may have no systematic connection with tiesgnce of the capacity.
The systematic connection is between the obtaioirige capacity and its
exercise. Massive objects — that is, objects wighgravitational capacity —
always attract other bodies even should the otbeiels never move closer.

We should not be misled by this over familiar exéanm the case of gravity
the Humean is apt to retort that the effect produmethe presence of a
massive body is that other massive bodies becohbjectuo a gravitational
force. | agree. Indeed that is my point. What es¢husal law at stake? Not
that the gravitational capacity in an object, whiglguaranteed by empirical
law to be there whenever the object has a massesadhis or that specific
motion in another object — the manifest or ‘occaotreesult. Rather the
presence of the gravitational capacity is enougtatese that capacity to be
exercised, that is, to cause a ‘force’ to be cotatdat motions occur depend
on the environment in which the capacity is exeuatis

Irritability is the same. What my being irritablaagantees is that if triggered
| can get angry easily. That is the causal law. Vdhathe manifest results
when the capacity is exercised, that is when | &ygry’ — my feelings, my
behaviour, my words, my body language, my faciaregsions — all depend
on the environment in which the capacity is exeatisGetting angry’ here is
like ‘force’. It does not name some inner feelimgsome spectrum of outer
behaviours. Rather it labels the exercise of tipacigy of irritability, which
exercise combines with other facts about the enuient to account for the
manifest results, my feelings and behaviours, winiely differ dramatically
from one occasion of exercise to another.

Perhaps we can think of force as the ‘exercisepuveer’, it might be
argued, but if we do, it does not violate Humetggires since being subject
to a gravitational force is an ordinary occurrentmanifest result, like having
a mass or moving with a certain velocity. Thiseaithe sticky issue of what
an occurrent property is supposed to be, whichihtam has no interesting
answer. Of course the force ‘occurs’ in many seon$é&sccur’. (It is, for
example, certainly factual as opposed to counterédg¢ Most notable
perhaps is the fact that it can be measured, arydovecisely. But we
measure it ‘indirectly’, as we do in science, bgKmg for its causes — yes,
the massive body was there to produce it, or bifmpfor its effects — the
second body moves differently from how it would raawvere the first body
not there (unless something tricky is substitutedtj. We do not, though,
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ever measure it by inspecting the impressionsdtes in us. So | am keen to
admit that the exercise of a capacity is a geneimpirical ‘occurrence’. But
then | do not think there are any cogent argumagdsnst admitting all sorts
of ‘non-Humean’ features into the knowable empinearld in the first

place, features like causings and powers, and isgsrof powers and
interferences with those exercises.

| do not think, however, that those who find ‘oqemt’ an interesting
category — let’s call them ‘Humeans’ here for thkesof a label — should be
so glib about sweeping all these exercisings o&ciigs into that category.
Recall that Gilbert Ryle ifhe Concept of Mind/arned against positing a
single thing — say ‘grocing’ — that occurs wherracgr performs any of the
myriad jobs (the manifest results) that she do@asgyacer — weighing coffee,
wrapping cheese, stocking shelves. We do thisaltime in science,
however. And | think we do it just because it alkoan accurate statement of
the causal laws we have discovered. That though Koemake these
happenings ‘occurrent’ in the right sense for tHarhean’, | expect,
whatever that sense is. To see the source of nitaties, look at two more
cases in science, one where the exercise doesemtt® be occurrent in
whatever is the intended sense and one in whish it

In the case of force, what it seems reasonabla fdumean’ to count as an
occurrent or manifest result in terms of forcehistotal force. That after all
is linked by well-understood laws with the actualtions. What then of the
force of gravity or the Coulomb force, which | takebe the exercisings of
the gravitational and electromagnetic capacitispeaetively? These are
called ‘component’ forces and many ‘Humeans’ tdie &s a justification for
the claim that they are occurrent in the approprs&nse: they are there
because they are the parts that make up the tota.fBut are they there in
the right sense? Let us look at some capacitiesdnitry that seem to be
exactly analogous but where to answer ‘yes’ tastmae question would be a
real stretch.

Capacitors have the capacity to affect the flowlettricity in a circuit; it is
called the ‘capacitance’ and is given in a welbbsshed formula.

Inductors too have a capacity to affect the floalled the ‘inductance’, and
resistors, the ‘resistance’, both with their chéggstic formulae. When these
act together in a complicated circuit there is ingpge way to ‘add’ their
effects, no analogue of the ‘total’ force in whitle separate ‘effects’ can be
naturally seen as parts that make up the wholéadr#hhe net effect on the
current is calculated from the structure of thewis and the formulae for
inductance, capacitance and resistance by a sdniakes that reduce
complex circuits to simple ones; then a final reedculates the net effect in
the simple circuit. This is a case where thereaaramber of distinct
capacities at work. The formulae give the causasltnat connect the
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triggering of the capacity with its exercising. Tiudes give a way to
calculate what the current will be when all thereiséngs occur together. Of
course the exercisings occur in some sense or Waarkl not be the same
final effect. But there is no sensible way in whiel can see them as part of
that effect. Nor can | imagine any other way torddhem as ‘occurrent’ in
some restricted ‘Humean’ sense.

Contrast a case where the exercisings really dorosdche same sense and
same way as the overall effect, that is, as thiogna of the motions in the
case of force or the final characteristics of thgent in the case of circuitry.
Many economic models describe economic processestbyof simultaneous
equations. Each is said to represent a separathanasm’. For instance
consider a simple, familiar supply-demand equilibrimodel:

Q=aP +y
Qi=bP +uy
Qs=Q

whereQs is quantity suppliedQq is quantity demande®, is price;a is
positive,b negative; andis anduy represent other factors than price that
affect the quantity supplied and quantity demanésgectively.

| take it that the first equation describes thereiseng of a supply capacity.
This is a particular capacity that obtains in (sfiekinds of) equilibrium
situations whenever the priceRslt tells us that the exercise of this capacity
is a quantity effect of sizaP. Similarly for the second equation. It tells us
that the effect of the demand capacity that obtaimsnever the price Bis

a gquantity effect of sizbP. Here the ‘Humean’ is perfectly entitled to infer
that both effects are occurrent in almost any stisense of ‘occurrent’ that
might be intended. That's because the model imal&neous-equations
model. The rules for what happens when a numbeadcities are exercised
at once is that all the separate equations musatisfied together. What
happens overall must be consistent with the actot@ining of each of the
separate effects.

Notice how different this is from the vector adalitiof forces. Say we have
two negatively charged masses, with the gravitatiand Coulomb forces
just balanced. Motions, which are the overall ootepthe manifest result, in
this case, are uncontroversially occurrent in aey@hooks. The
gravitational capacity should produce a motionhef tivo towards each
other; the Coulomb, motion away from each othefatt the two are

31 Exactly what the causal laws are relativised wgeiserally not discussed, which gives
rise to a standard problem in philosophy of ecomsmito what situations in the real
world is a given economic model supposed to apply?
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motionless. Are we prepared to say the two sepamat®ns exist in the
motionlessness? If they do, it is certainly in acimweaker sense than the
two quantity effects exist in the equilibrium modéhd for the circuits, the
claim that the separate effects are ‘occurrensame restrictive ‘Humean’
sense is even more farfetched.

8. Conclusion

Work by economists like Robert Lucas and David Hgrathd more recently
by philosophers like James Woodward and Sandrahlitaceminds us that
for policy and planning we need something invatiantnething that can be
relied on across the policies to be implemeritdut the idea that causes, or
casual laws, are linked to strategy directs usdé in the wrong place for the
desired invariance. There is nothing about thetfedtone thing makes
another happen in a situation that means thatlicemtinue to do so if we
start changing the methods by which the causdrisdaced. Stability is nice
when it happens and it is useful to know. But gslaot follow from the
causal relation itself and that is reflected inféoa that standard accounts of
causality need to add it on if they want to get it.

Yet we do succeed in prediction and planning —landsing our knowledge
of causal laws. Other people grow glorious sweasgmom sweet pea seeds,
all of us rightly expect our lights to turn on whee flip the switch, it is
surely correct to expect that the magnet may radribe metal earring from
between the floorboards and even I, despite myrfsl at gardening, can
generally succeed in getting a packet of crispsfeovending machine.
Causal laws — but causal laws with very speciatcasi— vouchsafe these
predictions. Nomological machines generate caasa between inputs and
predictable outputs. Capacities guarantee causalda well, though in this
case we shall have to adopt some metaphysicahclistns that Hume
abjured. In both cases, happily, there are fretiypeecognizable markers by
which we can tell that the causal law in questian be relied on for the
manipulations we propose to make.

So — causal-law knowledge is not in general udefupolicy and planning,
despite our huge investments in obtaining it. it,dteowever, be useful if the
causal laws are generated in the right way. Butt Wien about the link
between methodology and metaphysics? If we thindaaal laws as | do,
then there is a clear link between what a causatkys and how we go
about justifying causal-law claims. But | have aduhat knowledge of
causal laws is not then of immediate use in the waygenerally suppose
unless the laws are generated in very special Walgre is this reflected in
our methodology?

32 sandra Mitchell (2003).
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Econometricians like Hendry who insist on add-@igdor invariance, or
social scientists who worry about the ‘externaldig}’ of claims from the
environments in which they are established to thdsere they may be used,
worry about just this question. But the effortsenare thin and unsystematic.
In methodology we have manuals and courses on b@stablish causal
laws. The US government with respect to its ‘Nol€heft Behind’
legislation is firm in its policing of what will ahwill allow to count as
evidence for a causal claim; so too is the UK gorent, for instance in
NICE’s manuals of best medical practice. Philosopl@o are right in the
centre of the fray. We have at least a dozen @iffeaccounts of causal laws
on offer, most of which are read off from some onanother methodology
for licensing causal laws. But where is the methogp for determining if

the laws are generated in the right ways to magm tbtable and usable for
policy predictions? And what can we philosophegs-saeyond the handful
of sketchy suggestions here — about when causatlkdge will be stable —
and recognizably so — and when not?
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Essay 11

In Favour of Lawsthat arenot Ceteris Paribus After All*
Abstract

Opponents oteteris paribusaws are apt to complain that the laws are vague
and untestable. Indeed, claims to this effect adenby Earman, Roberts and
Smith (2002). | argue that these kinds of clainhg 0@ too narrow a view
about what kinds of concepts we can and do regules in successful
sciences and on too optimistic a view about therexaf application of even
our most successful nareteris paribudaws. When it comes to testing, we
testceteris paribusawsin exactly the same wdlyat we test laws without the
ceteris paribusantecedent. But at least when teteris paribuantecedent is
there we have an explicit acknowledgment of impurgaocedures we must
take in the design of the experiments — i.e., ptooes to control for “all
interferences”, even those we cannot identify unllerconcepts of any
known theory.

1. Introduction

| am generally taken to be an advocateaiéris paribusaws throughout the
sciences, even in physics. But what @teris paribusaws? According to
John Earman, John Roberts, and Sheldon Smith (20@2jlistinctive
feature ofceteris paribusaws is that they do not entail any strict or
statistical regularities in the course of eventst tb they entail any
predictions, categorical or probabilistic. EarmBnperts, and Smith also
suppose that eeteris paribugaw is not explicit about what precise
conditions have to obtain for the regularity attezceteris paribuslause to
hold; alternatively that theeteris paribuglause is vague and cannot be
stated in a precise form or a precise and closeu. fo

If that's what it takes, then what | have defendeglnoftceteris paribus
laws 2 The laws | talk about either can be stated inipeeand closed form
or they entail strict or statistical regularitiesthe course of events or both.
The matter hinges, of course, on what we take nstdote a “precise and
closed” description. This returns us to the oldiéssf how we should police
the language of science. | suspect that | am $srd&ict about what is
admissible as a description than are Earman, Rylaart Smith. My reason
is that | find that the less restrictive languagée kind of language that is

" Research for this paper was conducted under & fyoan the Latsis Foundation, for
which | am very grateful. Thanks also to Christ&@athmidt-Petri for help.

33| do not mean to imply that | am opposed to thsimply that they are not the kinds of
laws | have been thinking about and defending tivetast decade.
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regularly employed in exact science; and that giteno reconstruct this
language away produce scientific claims that amlds both with the ways
we test our scientific theories and with the waysput them to use.

There are two kinds of formulation that | use toomstruct scientific laws
that | think Earman, Roberts, and Smith would rgjeé first because of the
language it uses, the second because of the liomsait supposes on the
descriptive power of theory. | shall discuss eaxcturn in sections 2. and 3.
In section 4. | shall take up the issue of testipat | say about testing will
not only defend the kinds of laws | discuss bub akseris paribudaws as
more generally conceived. Section 5. answers soiti@sins that Earman,
Roberts, and Smith make against a connection ¢ tobabween induction and
capacity.

2. Powers vCeteris Paribud.aws

The language | use in reconstructing a numberiehsfic laws in the exact
sciences (most notably physics and economicskitatiguage gbowers
capacitiesor naturesand related concepts suchi@grfere, inhibit, facilitate,
andtrigger. Those of us raised in the joint shadow of thenv&Circle and
British Empiricism were taught that these kindsofcepts must not appear
in science. | was puzzled about this from earl\sinige it seemed to me that
many of the most important concepts | learned yss are power or
capacity concepts$orce being the first, simple example.

A big obstacle to debate here is the problem ofaxttarization: what criteria
distinguish capacity concepts from OK concepts2Bwe do not want to
adopt the characterization of the early British Hiojsts that OK concepts
are those built out of ideas that are copied frompressions.
Operationalization was on offer for a while, buséems to cut too narrowly
since it rules out many central theoretical coneedbr do | think we can be
content with Carnap’s similarity circles and #efbau.

In my own early attempts to understand these eangtistrictures, |
proceeded differently, in a way that generally vedoest for ‘trouser’ words
(that is, for concepts whose primary meaning cofmes what they rule
out): figure out what is supposed to be wrong whehillicit concepts; the
OK ones are those that don’t have those problenmatWien is supposed to
be wrong with power concepts? One central worryefrom the fact that
power concepts seem to be tied either too clogalgaloosely to their
related effects. This in turn is thought to leagtoblems in testing claims
about powers. | shall discuss these latter in cedi
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That powers and their effects are tied too clos&lg the complaint of the old
Mechanical Philosophers against Scholastic concép#hat makes heavy
bodies fall? Gravity. What is gravity? That whiclakes heavy bodies fall.
For those like Ernst Machiwho wished to provide explicit measurement
procedures for the concepts of physics, Newtorcsmse law seems to suffer
the same difficultyF = ma What is it for a body of mass to be subject to a
total force of sizé-? A mass of sizenis subject to forcé iff its acceleration
is a.

On the other hand, when the power is not definddrims of the occurrence
of its effects, there seems to be no fixed conardietween the existence of
the power and the occurrence of its effects, negtrect (i.e., universal) nor
statistical. Aspirins have the power to relievedshes; that is surely
consistent with the fact that they do not alwaysd@nd perhaps there is no
fixed statistical relation either. This objectiangowers echoes an objection
that Earman, Roberts, and Smith makedteris paribusaws.

There is a familiar way to fix this problem: insikat the effect is there after
all whenever the power .0ne well known case of this arises in discussions
of the problem of evil. God is omnipotent: He ki@ power to create any
kind of world at all. Couple this with the auxijaassumption that He is all
good. The effect to expect is a benign world, ddltelights. Instead we see
plagues and poverty and vice. One stock resporthatishe world is all good
despite appearances. We simply fail to see or psrttaunderstand the
situation properly. | take it that this kind of iclamust be judged
unacceptable by standards employed in successémcsc The world does
not appear good; it does not pass any of the stdnests for being good; and
its effects are not the effects we are entitledrealict from a world of virtue
and perfection.

Or consider Freudian claims, which we know disedsmnany followers of
the Vienna Circle. Consider a crude version of Breudian example. Freud
maintained that the childhood experiences thaRidienan sustained have the
power to make one desire the death of one’s fablreud says: “... he [the
Ratman] was quite certain that his father’s deatliccnever have been an
object of his desire but only of his fear ... Aatiog to psychoanalytic
theory, | [Freud] told him, every fear correspotals: former wish which

was now repressed; we were therefore obliged fevmethe exact contrary

of what he had asserted ... He wondered how hel gmdsibly have had such
a wish, considering that he loved his father mbemtany one else in the
world.”” But the Ratman did not recognize this desirdrimsklf, he

3 Cf. Glanvill (1661).

% Mach (1893).

3% Or, to be more fair to the proponent of powerd)éwever the power obtains and the
circumstances are propitious for its exercise.’

3" Freud (1909), p. 39.
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appeared to others as a loyal and loving son aftdehaved just like
someone concerned to ensure the welfare and sHfbty father. But that's
alright on Freud'’s view. The desire is really therés just unconscious and
thus does not manifest itself in the usual ways.

Turn now to what Earman, Roberts, and Smith cakktsal force laws”, like
the law of universal gravitation (A system of mdsgxerts a force of size
GMm/F on another system of massa distance away) or Coulomb’s law
(A system with chargg, exerts a force of sizg.0/r*on another system of
chargeg, a distance away)® These are not strict regularities. Any system
that is both massive and charged presents a cedataple. Special forces
behave in this respect just like powers. This flecéed in the language we
use to present these laws: one nasactsanother; two negative charges
repeleach otherAttraction andrepulsionare not among what Ryle called
‘success’ verbd? Their truth conditions do not demand succ#ssan truly
attractY despite the fact thatis not moved towardx.

But perhaps, as with the delights of our univensthe Ratman’s desire for
the death of his father, the requisite effectsraadly there after all. Earman,
Roberts, and Smith feel that the arguments agtirssposition are not
compelling. | think they are: the force of si@®m/r* does not appear to be
there; it is not what standard measurements gayneeakal; and the effects
we are entitled to expect — principally an acceienain a system of mass a
distance away of siz&5M/r® — are not there either.

Contrast a different cad®In simultaneous equations models in economics
each equation is the analogue of a special fomedach describes the
operation of a single cause. When more than ongedatpresent, all the
equations must be satisfied at once. So the paitdyahavior that occurs is
one consistent with each equation separately. gmlikchanics, the ‘special
force laws’ in economics really are strict regulas (if true at all). The
effects demanded by each law separately are rthalhg — and they meet
standard requirements for doing so: the effecesach appear to be there;
standard measurements reveal them; and the efietttsse effects are the
ones we are entitled to expect.

The price level in economics is a contrast. Itakalated by summing the
‘contributions’ of a variety of different causesutBve do not want to think of
the price level as literally composed of a lot stidguishable parts as a wall
is composed of its stones — the level frarto x is that due to the stock of

3 Note that throughout | take the special force lawascribeforcesand nomotionsto
situations.

39 Ryle (1949).

40 See Cartwight (1989), ch. 4.
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money; fromx toy, that due to the velocity of money; etc. This seem
highly unnatural reading to me. And it seems evenenso when we move to
engineering examples — say the construction of texnpachines from
simple ones or of circuits from combinations ofisew's, capacitors and
impedances — where the rules for how to calculdt&t\Wwappens when the
parts act together are not by simple addition ag #re in the case &frceor
price level

Kevin Hoover in his extended stu@ausality in Macroeconomidsacks up
my point by criticizing the assumption of lineardfcausal influences; that
is, the assumption that “the influenceYodan be added to the influencehdf
and so forth* in calculating their effect when operating joint{in Hoover's
example)Y is income M, money and the effect is the interest rate.) Hoove
complains, “But linearity is unduly restrictivé“Hoover is particularly
concerned with the non-linearities arising fromaadl expectations theory,
which imply that the influences of macroeconomiasss cannot be
calculated just by addition. He illustrates witmachanical example:
A gear that forms a part of the differential ina transmission may have
the capacity to transmit rotary motion from onesaxi another
perpendicular to it... The capacity of the differahtd transmit the
rotation of the engine to the rotation of the wkealpossibly different
speeds is a consequence of the capacities of #teagd other parts of the
differential. The organization of the different@lnnot be represented as
an adding up of influences nor is the manner ircvtihe gear manifests
its capacity in the context of the differential assarily the same as the
m%nner in which it manifests it in the drill premsin some other machine
Does all this matter? Pretty clearly it does notterao the economics or to
the physics under discussion. But it does matténeéanetaphysics,
particularly to the topic under discussion hexeteris paribudaws. To see
why let me explain how | see the difference betwggysics and many of the
human sciences.

We study capacities throughout the sciences. Mattyeocentral principles
we learn are principles that ascribe specific céigado specific features that
we can independently identify, from the capacitgohassive object to
attract other masses to the capacity of maltreatofeanchild to cause that
child to maltreat its own children, or, to mentibie example that Earman,
Roberts, and Smith discuss in their 2002 papercapacity of smoking to
cause lung cancer.

“I Hoover (2001), p. 55.
“2|bid., p. 55.
3 |bid, p. 55f.
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What is special about physics then? Not that isdu# offer knowledge
about powers or capacities but rather that it le@mlable to establish other
kinds of knowledge as well, knowledge that we caumpde with our
knowledge of capacities to make exact predictidhss additional
knowledge is primarily of two kinds: 1) We know fibre powers of physics
when they will be exercised (e.g., a massive olgkehysattracts other
masses); and 2) we have rules for how to calcwast happens when
different capacities operate together (e.g., tletoreaddition law for forces).
This kind of knowledge is missing for many othebjsgats. That is why they
cannot make exact predictioffs.

Now for ceteris paribugaws. Consider Earman, Roberts, and Smith’s
example

(S) CP, smoking causes lung cancer
of which they say, “If some oncologist claims t&@} is a law, then, we
maintain, there is no proposition that she couléxgressing...* | disagree.
| take it that the proposition she is expressing is

(S") Smoking has the capacity to cause lung cancer.
a claim exactly analogous to the special force laiyghysics. This is a
precise claim: it states a matter of fact thaitisee true or not; it is not
vague; and it has neteris paribuslause that needs filling in. So it does not
suffer from those faults Earman, Roberts, and Sastitibe taeteris
paribuslaws. More central to their objections, it is &dde, it makes
predictions, and it entails regularities in the rsguof events, in this case
statistical regularities. This is the topic of sect4.

3. The Limits of Scientific Languages

In the discussion so far | have been more liberahy reconstruction of the
language of science than most modern empiricistbow it to cover more,
to talk about powers and capacities. Now | shappse a way in which |
think the languages of the different sciences aatiibe les&

Consider Newton’s second law,= ma. What does it say? Many, probably
including Earman, Roberts, and Smith, take it tecdbe a strict regularity. |
think that it does so only conditionally. The claive are entitled to believe
from the vast evidence in its favor is thfsnothing that affects the motion
operates that cannot be represented as a fahss ... The two views

4 But they often can make rough predictions or gjved advice.
> Earman et. al, (2002), p.295.
6 For a more detailed discussion see Cartwright@00
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collapse together if all causes of motion can Ipeagented as forces. Why do
| think many might not be?

Newtonian mechanics, like many other theories ysps, has, | believe,
very much the structure that C. G. Hempel taugtihasries havé’ It

consists of internal principles, such as Newtohiee laws of motion, which
give relations among the central concepts of teerh and bridge principles,
which constrain how some of the concepts of therthare applied. Many
early logical positivists hoped that the bridgenpiples would lay out direct
measurement procedures for all the concepts dhtwmy. They had to settle
for less. The bridge principles match some thecaetioncepts with concepts
‘antecedently understood'.

In the case of Newtonian mechanics the primarygeririnciples are the
special force laws. These license a particularréteal description — e. g.

is subject to a forcE = GMm/F or ‘... is subject to a forcE = goqu/r? —

given a description in the vocabulary of massestadces, times and charges
—e.g. ‘... iIs a mass located at distanaefrom a mas$/, or ‘... is a charge

o located at distanaefrom chargay,’.*®

Bridge principles provide strong constraints. Tieotretical descriptions —
our example the individual force functions from pecial force laws — are
allowedonly if the corresponding descriptions in ‘antecedentlyeustood’
terms are satisfietf.(For example, “The force on a mass of sizis GMm/F
if andonly ifmis a distance from a body of maskl”.) The same thing is
true of quantum mechanics and its bridge principkewell as quantum field
theory, quantum electrodynamics, classical elecugmetic theory and
statistical mechanics.

It is because of the issue of evidence that | thigethe bridge principles of
these theories are so strongly constraining. | h@veed at scores of
applications and tests of the theories in my #ipplications and tests of the
kind that we take to argue most strongly for thhtiof these theories. In
these cases the theoretical terms that have bpidgeple are invariably
applied via the bridge principles. This interprigiatof the demands of bridge

“"Hempel (1966).

“8 For purposes of this section we can remain neabralit my claim in Section 2. It does
not matter for the points here whether we takespiexial force laws to ascribe capacities
of a certain types or instead to ascribe an agteaikting force.

“d There are two caveats here. First, it can hapmrexactly the same vectorial quantity
F that normally is associated with one force lawliggpto a situation ‘by accident’ even
when it does not satisfy the requisite descriptienause of the particular values of the
force properly ascribed to the situation by othpcsal force laws. Second, | would like to
remain neutral about how strict we need to be aen ‘the description offered in the
bridge principle is satisfied.’
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principles in turn puts a strong constraint ondbecriptive power of the
theory. Force functions can be legitimately appbety to situations that are
described in bridge principles. Similarly for quamt Hamiltonians, classic
electric and magnetic field vectors, and so on.

Can all causes of motion be correctly describedgugist the descriptions
that appear in the bridge principles of Newtoniathanics? To all
appearances, not. We have millions of examplesatioms that we do not
know how to describe in this way. Consider one edsere we eventually
were successful. For centuries we knew about @#gtand magnetism: e.g.
rubbing a glass rod against cat fur can cause hinaiano move; loadstones
can move iron filings; and so forth. But we coutt add these in as forces in
Newton’s second law. Eventually we evolved the f@kmrecise concepts of
electric and magnetic charge as well as the broeiples that assign them
force functions. In so doing we came to ringfen¢®st of macroscopic
situations from all the rest of those that couldseamotion but that we could
not describe in Newtonian theomjreseare ones involving attraction or
repulsion between electrically or magnetically ¢jeak objects. But what of
the vast remainder?

We have succeeded in applying Newton’s seconddaawtast, vast number
of cases — but always of the same kinds: the drva&sappear in our bridge
principles. And there are still not many bridgenpiples included in
Newtonian mechanics, even after 300 yéaWe are not constantly
expanding the theory, regularly producing new leiggnciples to meet
either new cases or the old familiar ones. Nor ddvave continuous success
in bringing these cases in under the old bridgegples. This suggests that
these cases may well not fall under any descriptionwhich there are force
functions. And a handful of striking successes aa#gliscount this worry.

My conclusion from these kinds of considerationth&t we need to add to
the basic ‘equations of motion’, like= maor Schroedinger’s equation, a
special constraining condition: The equation haldl$ong as everything that
can affect the targeted effect is describable éntlieory. This is the

% paul Teller (personal communication) has objettety claim that in quantum
mechanics there are only a small number of bridgeiples by pointing out that, as |
myself urge, there are a good many ‘derivativedei principles. These, however, almost
never expand the scope of the theory, but rath&ract it. For they are in fact, as their
name saygjerived We start with a situation modeled with a comboraof descriptions
available from our basic bridge principles. Thenademorefacts about the situation to
derive a new force function for it, Biyniting the original force function. The derived
bridge principle then provides force functions doty a subset of cases that the original
did. Of course sometimes we make approximationgseago along. But that, if anything,
narrows the scope of the force function even meoenow it is no longer true even of the
originally described situation but only of some apgimation to it.
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formulation of the law that we have strong evidefareNotice that it is in
‘precise and closed form’ and hence does not likekdceteris paribusaw
on one of the criteria of Earman, Roberts, and IsrBitit how do we test it?

4. Testing

How do we test my version of Newton’s second lather Schroedinger
equation? Irexactly the same wdlat we would test them if they had no
condition attached. The same is troetatis mutandigor capacity ascriptions
and for certain kinds of more conventionally remdireteris paribusaws.
Although there are important differences, let ustti@ sake of brevity lump
all these together and consider them to be ofdhm,f'If nothing interferes,
then ... (some strict or statistical regularit).’

Suppose we wish to telt= main its unconditional form. We set up a
number of different kinds of situations to whiclsjng our bridge principles,
we would naturally assign some specific force fiorctFor instance we
arrange two bodies of charggs g, and massesy, m, a known distance
apart so that we can assign the force fundBamm,/r® + goqlqzlr2 directed
between them. We ensure as best we can that tiadicit does not explicitly
meet any of the other descriptions to which we kihow to assign force
functions. Then we also ensure as best we carnhibia is nothing else about
the situation that might be assignable a forcetfane- there is no significant
wind, no trucks rumbling by, no bright lights, .. ngily we look to see if the
motions that occur in all these situations mataséhpredicted from the
equation.

Suppose instead that we wish to test ‘If nothirtgrieres with the operation
of the forceF = ma’ Everything in the description of what we do vk
identical to the previous description except feefivords. We substitute for
the sentence ‘Then we also ensure ...’

a new one: ‘Then we also ensure as best we cathtiratis nothing else
about the situation that migimterfere with the force’s operationAnd what
we actually do to ensure this is the same in baties.

‘But,” one may ask, ‘how do we know what to elintieén the second case?’
| think the question is more appropriately ‘Howwe know what to
eliminate in the first case?’ We do not look foatigres that figure in our
bridge principles as we did in setting up the basit of the experiment. Of
course people who believe in the unconditional fofrthe law will assume

*1|n the case of the equations of motion, as we kaee, the caveat really refers to
factors not describable in the language of therthe®etting aside some niceties, we can
assume that capacity claims of the fonHas the capacity t@’ imply that if nothing
interferesA will @, and probabilistic ascription®\*has capacity of strengthto @, to
imply roughly that if nothing interferes the proldai that A will @isr. But, as | have
argued in Cartwright (1999) capacity ascriptions say a lot more as well.
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that the features we are looking for are exacttydther things in the
situation that can be assigned force functions.tBattdoes not supply them
with a method for picking these features out.

Here’s what | think happens. We have seen a vasbauof cases of forces
at work to which we have tried to fit Newton’s seddaw and over time we
have established very strong rules of thumb abdatt \wwan make trouble for
it. That is, we have learned from a lot of expeseewhat kinds of things
mightinterferewith the operation of the force. That's what watcol for.

Earman, Roberts, and Smith might think my testingtsgy lets in too much.
They consider what might seem an analogous readiogteris paribus
laws:
It has also been suggested that we can confirmythethesis that CP,
all F’'s are G's if we find an independent, non-ait-kvay to explain
away every apparent counterinstance... But this cbatdly be
sufficient. Many substances that are safe for huoagsumption are
white; for every substance that is white and issadé¢ for human
consumption, there presumably exists some exptamatfiits
dangerousness ... but none of this constitutes ev@trat CP, white
substances are safe for human consumpfion.
The reading that Earman, Roberts, and Smith offiecdteris paribudaws is
an excellent attempt at the logical positivist perg of substituting
acceptable formal-mode concepts for dicey mateniadle ones. For
exampleX causes Yecomes explains Ywhich in turn become¥ can be
derived from X given the claims of our thedfgre we have analogousk:
interferes with (x)(Fx2 Gx)becomesX explains why a, which is F, is not G
which presumably in turn become&acan be derived from X given the
claims of our theory (and perhaps Fa as well).

The rendering is a good try, but it does not waskywe can see from Earman,
Roberts, and Smith’s own example. It does not viorkery much the same
reason that the analogous formal-mode renderimgugation does not work.
You can’t get causality and its associated familgancepts out of laws
unless the laws themselves are causal laws, ndajus of association, in
which case the program of replacement fails anyway.

Moreover, the program is misguided to begin withefe is nothing
unacceptable about the conceptsaisationandinterference They are well
understood, claims about them are testable ard,Ea$1. Anscombe
argues?’ some causal relations are directly observablanore guardedly,

2 Earman et. al. (2002), p. 294.
53:
in her (1971).
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causal concepts do not systematically fare worsmynof these respects than
other concepts.

We have, | maintain, ample reason to think thatetli®as much a fact of the
matter about whether it is a causal law that foozese motions as there is
about whether it is a law thRt= ma; that there is as much a fact of the
matter about singular causal claims as there igtaitber relational claims;
and as much a fact of the matter about whexhaterferes with some
process as about whether the process itself obtains

The drawback tinterferences not that there is something wrong with it
ontologically; it is rather that we often have épimsic problems. First, we
often cannot tell just by looking thitis interfering with@®, though even this
is not always the case. (Sometimes, for exampie giaisier to tell that you
are, for example, interfering with someone’s wdrért to tell that they are
working. My friends Anne and Sandy, for exampléasitheir computers
typing just as | do novior fun) Usually to make judgements about
interference, we need to have a lot of specialkrenivledge and a lot of
experience; you can't just tell by looking.

Second, it seems that in most cases there arestenstic rules linking(
interferes with@ to other descriptions in some special vocabulaay we
prefer epistemically (unless the vocabulary idfitseavily laden with
concepts that already imply facts about causaitgh agpushing, attracting,
shielding ..). We almost never have ‘special interference lawsell us in,
say the language of masses, charges, distancésres] when something
interferes with something else in the way that weehspecial force laws to
tell us when a particular force function obtains.

We should note though that the absence of ‘spett&iference laws’ is not
so epistemically damaging as many suggest. Thaatperce laws do tell us
when a particular force function obtains, but diolyvery specific
descriptions — the descriptions that appear inboidige principles. For other
descriptions that may be applied far more immebjiageich as truck
passing byr the press of the windve are just as much on our own without
the help of a system of rules as we are in decidivwwg can label the truck
passing by as anterference

There are four facts | would like to underline:

1) The lack of systematic rules does not mean thatameot have
knowledge about whether a certain kind of occureranstitutes an
interference. Galileo after all knew to use smaa#nes for his rolling-
ball experiments because he knew he should elimihat interference of
friction with the pull of the earth. Similarly hen&w to drop small
compact masses and not feathers from the Leanm@iT@nd that was
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long before he could have had any idea whethdidnor the wind
exerted dorcein the technical Newtonian sense.

2) The fact that we cannot identify what counts asrietence with respect
to a claim® does not mean that we cannot test whe@ertrue or not.
ConsiderAspirins relieve headaches, if nothing interfena& regularly
test claims like this in randomized treatment/colngxperiments.

3) Nor does it mean that is it is too easy to disrdissonfirmations: When
the predicted result fails to transpire, one cavagssaythat something
interfered. But saying does not make it true. As@pistemologists are
always reminding us, saying, even when it is tdo®s not constitute
knowledge, or even reasonable belief. We need d ggason for
claiming that something is an interference. Wherdev@ot have any idea
whether a nominated factor is an interference arthen we equally have
no idea how to classify the case. Our intendeddest test at all.

4) It follows that one needs a great deal of inforora&bout what might and
might not interfere with a process before we carnyaaut serious tests on
the process and that in turn means that we needdyito have a great
deal of information about the process itself. That means that science is
difficult, as we already knew, and that it is htvdjet started in a vacuum
of knowledge.

5. Capacities and Induction

In Nature’s Capacities and their Measurent@miffer a number of defenses

of capacities:

a) Once we have rejected Hume’s associationist viesontept formation,
there is no good argument against the family otepts connected with
causes and capacities.

b) Strengths of capaciti¥sare measurable, just as is the strength of the
electromagnetic field vectors or the energy of steay>’

c) We commonly use the analytic method in science pdféorm an
experiment in ‘ideal’ conditiond, to uncover the ‘natural’ effe& of
some quantityQ). We then suppose th@twill in some senséend’ or
‘try’ to produce the same effect in other very elifint kinds of
circumstances. (What | mean by ‘in some sensdiasthe rules for
calculating what happens when a number of factas aifferent
‘natural’ effects operate together will differ acdimg to subject matter.

>4 For a recent example of this kind of claim speaifly in the context of the capacity

laws | defend see Winsberg et al. (2000).

% Cartwright (1989).

*% This includes their presence or absence.

" We cannot, of course, tell by the measuremerif itsa what we are measuring is a real
capacity, anymore than we can tell by the procegiimemeasuring the electric field
strength that what we are measuring is a real guaht both cases that requires a lot of
theory.
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Recall the examples of such rules in sectid® Zhis procedure is not
justified by the regularity law we establish in #sgeriment, namely ‘In
I, Q = E; to adopt the procedure is to commit oneselhi® ¢laim Q has
the capacity td'.

In The Dappled Worfi | add another. With the use of capacity language w
can provide a criterion for when induction is rbl& This, | maintain, cannot
be done with the use of OK properties and strigul&ities alone. Earman,
Roberts, and Smith object to this claim. This isswrprising because they
also reject one of its major premises.

Imagine we set up a very complex and delicate deBigan ideal

experiment, to observe the precession of a gyr@suooprder to test
relativistic predictions about the effects of spoee curvature on
precession. The resultis To the extent that we believe our design is algoo
one and that we have implemented it properly, weeekthat that result
should be repeatable in just that experimentalipet-e. we believe thé@ 2
Ris a strict regularity.

What does it mean that ‘our design is a good omb&t is, what criteria must
D satisfy if R, which occurs on one occasion®fis to occur wheneved
occurs? The crude answer is tBatust control for all factors relevant o |
read this asD is an arrangement in which the capacity of thesfane
coupling to produce precessiBoperates unimpeded.” Those who do not
like capacities will try other ways to explain ned@ce. | imagine they look to
strict regularities and consider two levels at \aiticey might look.

First, at a concrete level. Look through all thecstegularities involving
very concrete features that haRas a consequent. All and only factors that
occur in the antecedents of these are relevanstaoald be controlled for.
My objection to this strategy is not that the isstoo long but rather that it
will not provide the information we need. Almastythingcan appear in one
of these laws, depending on the arrangement afttier factors; we could
design our experiment in indefinitely many ways atilil expect the resuR.
Any feature that was essential to any of thesegdegjets counted as
relevant. Moreover, the long list of regularity Ewith R in the consequent
will not fix howa relevant factor should be controlled for. Thdk depend

on the actual desigi).®® So lists of strict regularities at a very concreteel

%8 |n Cartwright (1999) | argued that nature might have always provided such rules.
Even in that case there is a cash value to knowlethgut the capacity. The associated
effects are more likely to occur when a featurenwilie appropriate capacity is present
than when no such feature obtains. (Consider wsimggnet to pull a pin from between
the floorboards. It is a good idea to try the magwven should there be no fixed rules for
what happens to the pin in just exactly that comtdm of circumstances.)

% Cartwright (1999).

% 1n my (1988) and (1989) | give examples where different laws employ the same
factor in different ways.
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cannot provide a criterion that D must satisfytsfriesults are to be
repeatable.

A more plausible proposal is to look at a more r@ostievel, as Earman,
Roberts, and Smith propose. The abstract formulariecession is

Precessiond(n’,)/dt = " ng /o

This formula suggests that an adequate criteridilisninate all sources of
torque (") except that arising from the space-time coupdiagvell as all
sources of variation in the gyroscope’s momennheftia () and in its spin
angular velocity @)'. Let us concentrate on the torque, as EarmabgeRs,
and Smith do. They suggest that we couple the flarfion precession with
‘the laws relating force to precession and vargpecial force laws’ to fix
whatD must be like. What is wrong with that from my piowf view? Two
things — the first familiar from section 2. and gexond from section 3.
1) The special force laws are not strict regulariiesong OK feature¥.

2) As with Newton’s second law, we do not have sudfitievidence to
ensure that the precession law can be read astastyularity. (A more
cautious rendering includes a condition: “If noththat cannot be
described as a torque (or a variatiot or ) interferes, then ....")

In their discussion Earman, Roberts, and Smith dgngs we have seen. |
suspect they would also deny 2). | have explainiked Mdisagree with them.
But if we grant either of these assumptions, wetlsaethe job cannot be
done with strict regularities alone. We need cajeci The generalizatiorD*
- R’ is reliable becausP is a kind of situation in which a stable capacity
(the capacity of space-time curvature to affectg@ssion) operates without
interference?

®1 This is the assumption that figured in the argumienmy (1999), p. 95, where |
concluded, “The regularity theorist is thus facdthva dilemma. In low-level highly
concrete generalizations, the factors are tootimieed to teach us what will and what
will not be relevant in a new design. That jobiisgerly done in physics using more
abstract characterizations. The trouble is thaeame have climbed up into this abstract
level of law, we have no device within a pure ragity account to climb back down
again”. The device we need includes the speciakftaws, which, | maintain, can not be
rendered as statements of regularity.

%21n my (1999) | dubbed situations like this ‘nomgilcal machines’. This is to highlight
both the need to eliminate interference, whichvehstressed in this discussion, and the
need to have the right kind of internal structunee(for which there are rules about how
the contributions of the parts combine), which Ini discuss here.

44



References

Anscombe, G. E. M. (1971¢ausality and DeterminatigrtCambridge
University Press, Cambridge.

Cartwright, N. (1988), ‘Capacities and AbstractiansP. Kitcher and W.
Salmon (eds)Minnesota Studies in the Philosophy of Science, Xidt
Scientific ExplanationUniversity of Minnesota Press, Minneapolis (1989)
349-355.

Cartwright, N. (1989)Nature's Capacities and their Measurement
Clarendon Press, Oxford.

Cartwright, N. (1999)The Dappled WorldCambridge University Press,
Cambridge.

Cartwright, N. (2000), ‘Against the Completabilwy Science’, in M. W. F.
Stone and J. Wolff (edsJhe Proper Ambition of Sciendeoutledge,
London.

Earman, J., J. Roberts, and S. Smith (20@Xteris Paribud.ost’,
Erkenntnis 57, 281-301.

Freud, S. (1909), ‘Notes Upon a Case of Obseddisarosis’, in P. Rieff
(ed), 1963 Three Case Historied/ol. 7 of The Collected Papers of Sigmund
Freud Collier Books, New York.

Glanvill, J. (1661)The Vanity of Dogmatizindg.ondon.

Hempel. C. G. (1966Rhilosophy of Natural SciencBrentice Hall,
Englewood Cliffs.

Hoover, K. D. (2001)Causality in Macroeconomic€ambridge University
Press, Cambridge.

Mach, E. (1893)The Science of Mechanj&pen Court, La Salle.
Ryle, G. (1949)The Concept of MindHutchinson, London.

Winsberg, E., M. Frisch, K. M. Darling, and A. Fir{2000), ‘Review of
Cartwright (1999)’ Journal of Philosophy97, 403-408.

45



Essay |11
What makes a capacity a disposition?

1. Introduction

Many, if not most, of our highly prized ‘laws’ ohpgsics cannot be
adequately rendered as statements of regular aisacamong the values of
‘categorical’ quantities, | have argu&dThis is true even if we do not balk at
the concept of natural necessity and are willingdd that the associations
hold ‘by law’. They are rather ascriptions of cafias. They tell us what
capacities a system will have by virtue of havingj\aen property. The law of
gravity is one example. A system of mass M has#pacity of strength
GMm/r* to move another object of mass m a distance r aovegrds itself. |
call thisthe gravitational capacity My second thesis is a commonly shared
one. Ascriptions of capacities do not reduce tadd@@nals involving only
categorical properties.

| shall here discuss two questions about theseshé&3$ Why think of
capacities as akin to dispositions or powers; gndizy allow them in
science? Before tackling the first question, | it try to figure out what
features we expect to be characteristic of dispositand powers themselves.

2. What makes a disposition a disposition?

There are a number of features on account of wiiemight call something
a disposition or a causal power. | shall discussesthat | think are
particularly promising; that is, | think they areagl starting candidates for
characterizing a feature of the world that we hasry good evidence for,
especially in the overwhelming evidence of everydayerienc&” The list |
shall discuss here includes some characteris@tthnot figure centrally in
current philosophical discussion. That is becaukek my irascibility is a
paradigm disposition and | look for characterigagithat are sure to include
it. There is of course the alternative paradigmploiiosophy of science—
water-solubility; we may suppose that we also lgn@d reason to accept
dispositions of this kind because of their sciégntifedentials. My focus
here, however, is on what | have caltagacitiesand my aim is to
understand why | and others should have assimithta to dispositions.
Are capacities—like the gravitational capacity—geely like dispositions
in significant ways, or was the assimilation a akst, generated perhaps by

63 Cf. Cartwright (1989).
% Though of course we should not be wedded to thpasition that there is exactly one
such feature we are aiming to characterize.
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unthinkingly lumping all non-categorical featuregéther? For this
enterprise we may miss important aspects of siitidarand differences if we
focus our account of dispositions too narrowly.

Here then is my list of promising candidates folatvs special about
dispositions:

a. Substance causatiomhe causal relata are not events but rather the
cause is an enduring substance and the effectrgeha another
substance. This was Aristotle’s view; so too Ksaiccording to Eric
Watkins®® On account of this Watkins ascribes to Kant a abpswer
view. But this does not seem to be true of whatJehcalled
‘capacities’. It seems, rather, that it is the hgwof a mass by the first
object at a given time that causes the motion ofteer at that time;
and this looks far more like event causation tlikeadausation by an
enduring substance.

b. Latency.Dispositions are not always on display. If thatas the
capacity of one mass to move another is not a sispo.

c. Conditionality. Dispositions are generally thought to be closely
connected with conditionals. The simplest connedsolf C, then
systems with disposition D will M’ where C is a dgption of some
specific conditions, including perhaps somethirag thggers the
disposition, and M is a manifestation. Stuart Hammges however, has
argued the contrary. Hampshire maintains thatdbimnection with
conditionals holds for what he calls ‘causal prdpst but not for
descriptions of human character and disposition¢hvhave
mistakenly been assimilated to causal properties.

He argues, “Such causal properties of things, emlbmeagnetized and
being soluble in aqua regia, manifest themselVved,all, in specific

and definitely statable reactions, which can belpeced in specific and
statable conditions. The incidents which may casnanifestations

of human dispositions — of intelligence, ambitigenerosity, and
honesty — aressentiallyvarious and these words are vague, summary,
interpretive and indeterminaté® It may seem that the gravitational
capacity is a paradigm causal property and hertcdisa Hampshire’s
conditionality conditionl think not and shall return to this topic.

d. Malleability. There are a number of things that can usually e do
dispositions to affect their manifestatiofitiere are three that seem

% See Watkins (2005), ch. 6.
% See ‘Dispositions’ in Hampshire (1972).
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most central: interfering, triggering, and enhagain retarding. The
gravitational capacity does not need triggeringseems to operate all
the time. Nor, it seems, can it be enhanced ordeta But it can be
interfered with. This is a central feature of aktthings I call
‘capacities’.

e. Two-sidednesd here is a distinction between the occurrence of a
disposition and its being manifested. There isuahglistinction for
categorical properties. Of course to use this@saacterization of a
disposition we must at the same time also recoghzeoncept of a
manifestation and manifestations themselves maiiffieult to
characterize. Consider: having the minimal uniglectric charge is a
categorical property of an electron. But it is oftkescribed as
‘hidden’. We have to do something very specialde that it is there.
One might say that in the right kind of experimtirg charge ‘makes
itself manifest’ in certain experimental resulibatis not the sense of
manifestation intended when we contrast dispostiproperties, that
have manifestations, with categorical properties tto not. Capacities
are like dispositions in being two-sided in thisywa

f. Missing from logbookddampshire says of a statement that refers to a
disposition, “It could not be entered into a loghad the day’s events
opposite some time of the day, or in the annaloaieone’s life
opposite some definite dat&.”This | take it is in large part what it
means to say that the disposition is not categlotisappose it is tied
up with the Aristotelian idea that the power iseaaluring
characteristic of a substance, not one that oaspecific times.

g. Constancy of tendencyhis is the reason | introduced the idea of
‘capacities’ into my discussion of scientific lawsthe first place. The
outcomes that occur when the gravitational capagrates are
indefinitely various, but there is something fixd&the first mass is
alwaystrying to bring other masses closer to it; we say thaassm
alwaysattractsother masses no matter how the other masseslgctual
move. Capacities are modelled on John Stuart Méfslencie$? |
used the word ‘capacity’ to underline that the saes | was
discussing are tendenciesctusethings to happen, not just more
general tendencies to behave in some particular(e:gy always to
move in a straight line).

The first question that | am addressing in thisgpap why assimilate
capacities to dispositions | certainly did so batrl not alone. Here are

®7bid., p. 34.
%8 Mill (1843).
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just some recent examples from Australia, a hotfbedispositional
analysis. Alan Chalmers says that the appealgadtes, which we
both endorse, “serves to capture what is implictammon sense
usage of utterances such as ‘glass is brittleaocorns grow into
trees’.® A more thorough attempt to give an ontology of posy
dispositions and capacities appears in Brian Blligok,Scientific
Essentialisni® Peter Menzies in a commentary on my vi€wvedfers
the same analysis for capacities, in terms of ¢ardils relating
categorical properties, that he uses for dispastio

Still, what have capacities, as | discuss thendgtavith dispositions or
powers? | suppose the connection has to do witiréa not being
entirely defeating conditions. One can exercisésopewer even
though the result is not achieved. But that sedites donnected with
the central ideas defining power: control, influenascendancy,
authority. Where is the authority? The sway oveecd? Nor does it
have to do with what | isolated as the centraluiesbf capacities —
that the system always tries to do the same thieg # the results
differ.

This leaves me with a puzzle. Mass indeed hasethieife under
discussion — constancy of tendency — but | do ngtlanger see what
constancy of tendency has to do with either digjwos or powers.
This puzzle is exacerbated by returning to Hamp&hjpiece on
dispositions. One may not agree with all Hampshireguirements but
| think he is fairly well attuned to the featurbat characterize human
dispositions and character traits, many of whi@hraot part of our
current philosophical discourse — and after alinan dispositions are
paradigms of dispositions. Some of these are stgréie
gravitational capacity and some are not, leaving>aed verdict. Here
are the other characteristics on his list thatviehaot already
mentioned. (The titles and summary are mine.)

h. Non-episodic‘There are short-term and long-term dispositions,sb
disposition cannot come into being, then pass amaythen come into
being again very rapidly’® The gravitational capacity shares this
feature with dispositions.

i. Necessity of displayA disposition must be manifested and must show
itself in actual incidents!® Again, the gravitational capacity is like a

%9 Chalmers (2002), p.3.
O Ellis (2001).

I Menzies (2002).

2 Loc. cit., p. 34.

3 bid., p.35.
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disposition by this criterion. Indeed recall my lgarworry that it is
perhaps disqualified because it overfulfills thtgm — it seems always
to be on display.

j. Need for scrutiny in ascriptio.o be confident in ascribing a
disposition one must review actual incidents, logkespecially for
counter indications. One must thus have the oppitytéor “prolonged
and continuous study of the conduct and calculatadrthe person in
guestion. When one has surveyed many incident$oamd virtually
no contrary evidence, one can say, for examplejsttertainly and
indisputably generous.” What is claimed as cerdéaid beyond
dispute,” according to Hampshire, “is that the wigreherous’ is so far
the right word to summarise the general trend mideéeacy of his
conduct and calculation$”The gravitational capacity satisfies this
requirement, but the requirement does not realiyrselevant to it in
the right way.

k. Manifestations not necessarily behavioufdost ordinary character
descriptions refer compendiously to a tendencyedisble equally in
the behaviour, and in the thought and in the fesliof the subject’®
This is clearly a feature relevant for human chigrazaits and not for
my capacities.

I. Wide-scope negatioffhe opposite 0f has the disposition toiX not
S has the disposition to notbxit ratheiX does not have the disposition
to X This is true of capacities like the gravitationapacity.

m. Possibility of opposite behaviouiTo attribute a disposition to
someone is never to preclude that he may on son@sion act...in
some way contrary to his general tendency or digpos..It is typical
of human behaviour...that it allows of lapses? I'take it that
Hampshire means we are capable of lapses evenuvgbmething
actively interfering with the disposition in questi Sometimes we
simply do not act in character but for no spea@alson. | am irascible
and given to nagging, but | do not always expldoeua my daughters’
messy rooms — and the days | don’t need not eves leen
particularly good ones. The gravitational capaistgot like this; it
never lapses. Without positive interference theooaral behaviour
will always be displayed in the attracted objeetrHaps though it is
misleading to focus on the gravitational capacdhy.atom in an
excited state has the capacity to deexcite butlidpay is chancy.

"“ibid., p. 35.
5 |bid., p. 36.
8 |bid., p. 36.
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Should we then count a failure of the atom to diexe any particular
case as a lapse?

Hampshire concludes from his list that statemehtsiman disposition or
character are “summarizing statements”. | am na U agree. What |
conclude from reflecting on my list and my worrasout whether capacities
are dispositions or causal powers is

Not everything that is not categorical is the same.

This is a familiar kind of lesson, but one | thiwk need to be reminded of
since we have a tendency to look fioe account of dispositions. There are
character traits, dispositions, habits, capacipesvers; they are in humans or
in non-humans; they usually derive from some unydaylstructure, but some
may be fundamental. We could hardly expect thatthee very many
features that all these share.

If we wish to fix on one criterion as central ieses to me from studying my
list that what must be common is

Two-sidednessthere is a distinction between the occurrence of a
disposition and its being manifested.

| take it, though, that this is not the standdrdice. The primary focus is
generally on conditionality. That | think is a naike. The reasons are
Hampshire’s. Human character traits and disposstere certainly as central
a member of this family as anything else. Yet, @aatgues, “The incidents
which may count as manifestations of human disjposit... are essentially
various and these words are vague, summary, ietarprand

indeterminate.” So no conditional (or set of coiaditls) will capture the
content of a dispositional ascription.

3. How much like other dispositions is a capacity?

If we taketwo-sidednesas the central criterion, capacities like the
gravitational capacity do fall into the same fanakydispositions, habits,
character traits and the like. But how many ofdtteer features associated
with this family do capacities share? | want heréotus on two features
from our list. The first is conditionality; this tee usual candidate for being
the feature that, after two-sidedness, most fircolgnects capacities with the
other members of the disposition family. The sedsndalleability; this is

my choice.

Conditionality.Many take this to be the central feature of theacdies that
science studies. Peter Menzies for instance irudssieg my notion of
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capacity offers just such a conditional accdititlooks as if Hampshire too
would count the capacity due to gravity as what#les a causal property —
satisfying conditionality — rather than assimilgtibto a disposition. On the
other hand, it does not satisfy his stringent getéor the causal properties.

First, the incidents that count as manifestatidrth® gravitational capacity
are indefinitely various. What actually happensa second object when the
capacity operates depends on the setting; the d@@mmove anyway
whatsoever. If we follow Gilbert Ryle’s usage, tigbuthis will make them
not dispositions as opposed to causal propertiggakher ‘highly generic’ or
‘determinable’ dispositions. Ryle explains thatbeefor highly generic
dispositions

... are apt to differ from the verbs with which wemeathe
dispositions, while the episodic verbs correspogdinthe highly
specific disposition verbs are apt to be the saxigker can be
described as baking now, but a grocer is not desdras ‘grocing’
now, but only as selling sugar now or weightingrieav, or wrapping
up butter now®

Second, all conditional claims linking what happemany categorical
description of the setting are, | maintaieteris paribusaws. For many
philosophers this immediately makes them vagueirfsdance, John Earman,
John Roberts and Sheldon Smith maintain thatéhteris paribuslause is
vague and cannot be stated in a precise fdiralaim on the contrary that it
can be stated in a precise forif:riothing interferesthen...” This claim is

not vague, | argue, because the antecedent refarsgecific state of affairs
that either obtains or does not obtain on a givarasior’

This brings us, though, to a third possible reasby the gravitational
capacity resembles Hampshire’s dispositions mae His causal properties.
Though not a vague word, ‘interference’ is an austword, like ‘good’ or
‘work’. Whenever it truly describes a situationjrs®other more concrete
descriptions will always apply as well. But whasdeption that is depends
entirely on context, and there are no rules thatbeastated using entirely
categorical expressions for setting which categbdescriptions will do in
which contexts. For any context there is a fadhefmatter about whether
something is an interference or not; but there @dbis no list—even for that
context—of what are interferences. Interferencisonly multiply

realizable; as many philosophers stress, theflisadizations is open ended.

" Loc cit.

8 Ryle (1949), p. 118.

"9 Earman et al. (2002).

8 See Essay Il in this volume.
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Conditionality, | conclude, is not then a widesprézature of capacities, at
least not in any sense in which conditionality gbegond two-sidedness.
Capacities and their manifestations are differastwo-sidedness demands.
But there need be no set of conditionals that cotsree capacity with specific
manifestations.

Malleability. The central feature that locates capacities irighaly of
dispositions, | claim, is not conditionality but heability. All other members
of the family of dispositions, habits and charatteits seem to have at least
one of the three central features of malleabilityentioned: They need
triggering, they can be enhanced or weakened grrttagy produce different
manifestations, or no manifestations at all, ifythee interfered with.

So too with capacities. They are all malleabletileast the last way. They
can all be interfered with, and when they are fated with, there is no
guarantee that the canonical manifestations wdbiocWhat does occur, if
anything at all, will depend on the type and metbbuhterference and there
may be no system to either the possible interfer®c the possible affect
they have on the capacity’s manifestations. Thdeéd, as we have seen, is
one of the chief reasons that conditionality fdilss also why, according to
many, capacities can have no place in sciencalll igiurn to this claim at
the end. For now let us consider capacities vissahe two other ways in
which dispositions are commonly malleable.

With respect to the other features of malleability gravitational capacity
that has been my focus seems to sit at the farAentisaid, it does not seem
to need triggering and we have no evidence tlantbe strengthened or
weakened. Can other capacities? First, we shoulgider what this means. It
does not mean that the mass of an object, whicly®mvith it this capacity,
can be increased or decreased but rather thafféoe ef a given mass can be
changed.

This kind of change, which may seem strange indnmehtal physics, is
commonplace to economists. Economic relations eneaimost universally
expressed in equations and the equations tendliodae in their variables
(though perhaps not in their parameters). For mt&tahere are some
equations used by Kevin HooVeto relate government spending at a time t
(Gy to taxes at a time T) and the rate of interesR)

Gt+1: Y + S[Gt - 'Y] + Et+1

Tw1= T+ [(R=1)/(R -9)][Gus1 —0G; + (6 — 1)].

81 Hoover (2001).
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The Greek letters are parameters. Look for instab&elt represents the
strength of the capacity of,@ influence G. It is typically supposed that
the size ob can change. In fact the important point for Hoavewriting this
as a parameter rather than as a variable (sinasdugnes that it can vary) is
thatwehave it in our power to change it. Other economisdy not be so
sanguine about our powers to affect things, buidba that parameters shift
is universal. What that means is that the capaditieolved can be enhanced
or retarded for givenvalue of the quantity that brings the capacity vitith

For a less formal example, you might want to trabkut the familiar
‘crossed-sticks’ supply and demand curves. Whaabmomists do with
these? Typical questions are like this: What happerprice if the demand
curve shifts upward or downward? If the supply eushifts? Shifts in these
curves are just shifts in the slope of the lineichtare represented by the
parameters in front of the variables representimpply and demand in the
quantity equations; that is, they represent enlraanés and retardations of
the capacities of demand and supply to affect dygmtoduced.

The natural thought about the difference betweenrbst fundamental
capacities studied in physics and the capacitigfiedd in economics is that
the economic capacities are derived whereas tHdsadamental physics
are basic. Economic features have the capaciw@gsdb because of some
underlying social, institutional, legal and psyagital arrangements that
give rise to them. So the strengths of economiaciéips can be changed,
unlike many in physics, because the underlyingctiines from which they
derive can be altered.

Surely that is in some sense true. But there iszalp — at least if current
economics practices are well-grounded. It is comma@atonomics to
assume that, for the most part, the parametersdependent of each other.
Each can be altered leaving the others fixed. Homvtact takes this to be
part of the characterization of a parameter. |'&aythe most part’, but not
‘always’. When two parameters are not independetitis sense, however,
there is a tendency (which is explicit in Hooverstppose that the two that
are not independent can be written as functiorsaiverlapping set of
parameters, each of which is independent of therstim the set. So tfcan
not be altered independently @then there is a set.,y,...,x} such thatd =

f (a,B,y,...,x) ande = g(@,B,y,-..,x), and every member of this set can be
altered independently of every other.

How is this possible if the alterations of the paeters involve alterations of
the underlying structure? Why is it typical rathiean untypical, that we
should be able to change the parameters oneratamhen such changes
involve us in mucking about with the underlyingusture? We usually know
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virtually nothing about this structure or how itavptes. One would expect
our interventions to be more like those with a geelammer than like
surgical incisions. | shall leave this issue faadission elsewhere since it
seems more happily situated in a volume on philbgas economics than in
one on dispositions and powers.

There is one fact, however, that has come to treeifoour brief discussion
of the malleability of economic capacities thathsracteristic of dispositions
in general. We see here in the economics caseeftid distinction that is
typical for dispositions once they reside in evieghsly complex systems and
that is often conflated. There is i) the dispositii) the property in virtue of
which the system has the disposition and iii) théaxlying structure that
ensures that that property is associated withdisgbsition.

4. In defense of interference

| claim that it is characteristic of the capacitibat science studies that they
can all be interfered with. More strongly, the onlgty to state a true
conditional with the canonical manifestation assemuent is roughly thf§:

If the capacity is triggered properly aischot interfered withthen the
canonical manifestation will result.

We are often told that in science we are not altbteeuse terms like
interference Abstract or umbrella terms of this sort are adihig, but they
must be accompanied byidge principlesthat link them with more concrete
terms which already have strict standards of apfio. The so-called
‘special force laws’ are the paradigm of bridgenpiples. The abstract force
function F = GMm/f obtains when a mass m is situated a distance fro

another mass M; the abstract force functionel%)qfqzlr2 obtains when a
charge gis located a distance r from a second chaggetqg. We are also
told that claims with the general rider ‘if nothigerferes’ in front are
untestable, indeed vacuous — they allow anythimgldsing | would like to
make a number of remarks about these chdrges.

» The absence of ‘special interference laws’ is nog@istemically
damaging as many suggest. The special force lavalldss when a
particular force function obtains, but only for yepecific descriptions
— the descriptions that appear in our bridge ppiesi. For other
descriptions that may be applied far more immetjiateich as truck
passing byr the press of the winave are just as much on our own

82 My formulation here is similar to that of Josei9§0).
8 For more detailed discussions see Cartwright (1888 Cartwright (1999).
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without the help of a system of rules as we ameiciding if we can
label the truck passing by asiaterference

The lack of systematic rules does not mean thatameot have
knowledge about whether a certain kind of occureesanstitutes an
interference. Galileo after all knew to use smqu#mnes for his
rolling-ball experiments because he knew he shelidinate the
interference of friction with the pull of the ear@®imilarly he knew to
drop small compact masses and not feathers frorbgring Tower.
And that was long before he could have had anywdesther friction
or the wind exerted forcein the technical Newtonian sense.

The fact that we cannot identify what counts asrfetence with
respect to a claim does not mean that we canrtowtether that claim
is true or not. Consideékspirins relieve headaches, if nothing
interferes We regularly test claims like this in randomized
treatment/control experiments.

Nor does it mean that is it is too easy to disrdissonfirmations.
When the predicted result fails to transpire, cae @wayssaythat
something interfered. But saying does not makeié.tAnd as
epistemologists are always reminding us, sayingnevhen it is true,
does not constitute knowledge, or even reasonaief bWe need a
good reason for claiming that something is an fatence. When we
do not have any idea whether a nominated factan isterference or
not, then we equally have no idea how to classiéydase. Our
intended test is no test at all.

It follows that one needs a great deal of inforora@bout what might
and might not interfere with a process before weaary out serious
tests on the process and that in turn impliesvileabeed already to
have a great deal of information about the proitesl. That just
means that science is difficult, as we already kreewd that it is hard
to get started in a vacuum of knowledge.

5. Conclusion

What makes everything in the disposition familydoej there is, if anything,
two-sidedness. Within this family ‘capacity’ seeespecially like a power
word. Nevertheless, | think that is the wrong weyuad to look at it. What
marks out all capacities as capacities is not pilyntihat theyenablesystems
to do things, but rather that thegin be stopped they can be interfered with.
That does not rule them out of science, thus, vdresbmething is an
interference in a given situation is a matter ef;fand it is a fact we can
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know about — though not in any mechanical way.iBistat any rate a big
mistake to think that science could or should behaaical.
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Essay 1V
AreRCTsthegold standard?’

Abstract

The claims of RCTs to be the gold standard resheract that the ideal
RCT is adeductivamethod: if the assumptions of the test are metsitipe
resultimpliesthe appropriate causal conclusion. This is a feahat RCTs
share with a variety of other methods, which tharsehequal claim to being
a gold standard. This paper describes some of tithee deductive methods
and also some useful non-deductive methods, inojuttie hypothetico-
deductive method. It argues that with all deducthethods, the benefit that
the conclusions follow deductively in the idealeasmes with a great cost:
narrowness of scope. This is an instance of thdifartrade-off between
internal and external validity. RCTs have high inte validity but the

formal methodology puts severe constraints on $isaraptions a target
population must meet to justify exporting a conagrom the test
population to the target. The paper reviews oné set of assumptions to
show the kind of knowledge required. The overafiatosion is that to draw
causal inferences about a target population, wimiethod is best depends
case-by-case on what background knowledge we hras@nocome to

obtain. There is no gold standard.

1. Introduction

The answer to the title question, | shall argu&as. There is no gold
standard; no universally best method. Gold metlaodsvhatever methods
will provide a) the information you need, b) relglx) from what you can
do and from what you can know on the occasion.rORendomised
Controlled Trials (RCTs) are very bad at this atiteo methods very good.
What method best provides the information you walwbly will differ
from case to case, depending primarily on whataloeady know or can
come to know.

Since | have no expertise in psychiatry, | shatdss methods in general
use in the human sciences without trying to apgrepecial problems of
psychiatry. The paper will have six parts:

l. Clinchers v Vouchers: A distinction and its implicas
Il. A Straddler: The hypothetico-deductive method
I1. Examples of methods that clinch conclusions

" I would like to thank participants of the BIOS &ehing for Gold Standards
Conference’ June 2006 for their comments.
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V. RCTs: Ideal RCTs, real RCTs and the scope of an RCT
V. The vanity of rigor in RCTs
VI. Closing remarks

Bits of part IV will rely on some formal resultsathl will present informally.
| hope to convey a sense of the kind of informattaat is required to justify
the claims of RCTs to be a gold standard as a bastsution and for
comparison with other methods that have an eqaahdb this status
(because they are what | shall call ‘clinchers’).

2. Clinchers v Vouchers: A distinction and its imptions

Methods for warranting causal claims fall into thh@ad categories:

1. Those thatlinch the conclusion but argarrow in their range of
application, for example RCTSs, derivation from theor certain
econometric methods.

2. Those that merelyouch forthe conclusion but at&oadin their
range of application, for example qualitative conapise analysis, or
looking for quantity and variety of evidence.

What is characteristic of methods in the first gatg is that they are
deductiveif all the assumptions for their correct applicatoe met, then if
evidence claims of the appropriate form are tragps will the conclusions
be true. But these methods are concomitantly namaegope. The
assumptions necessary for their successful applicaill have to be
extremely restrictive and they can take only a \&gcialized type of
evidence as input and special forms of conclussoowdput. That is because
it takes strong premises to deduce interestinglasimns and strong
premises tend not to be widely true.

Methods in the second category are more wide-ragnigin it cannot be
proved that the conclusion is assured by the ecelegither because the
method cannot be laid out in a way that lendsfiteetuch a proof or
because, by lights of the method itself, the ewiges symptomatic of the
conclusion but not sufficient for it. What thenti$o vouch for?That is hard
to say since the relation between evidence andusioa in these cases is
not deductive and there are no general good padidiclogics’ of non-
deductive confirmation, especially ones that makese for the great variety
of methods we use to provide warrant.

The fact that RCTs are a deductive method undessvtiteir claims to be the
gold standard. But RCTs suffer, as do all deductie¢hods, from
narrowness of scope. Their results are formallydval the group enrolled
in the study, but only for that group. The methisélf does not underwrite
any strong claims for external validity, that is é&xtending whatever results
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are supposed to be established in the test populatiother ‘target’
populations. This is important to keep in cleahsig comparing RCTs with
other methods.

Compare then the costs and benefits of the twgosdts.Clinchers are
deductiveif they are correctly applieahdtheir assumptions are met, thén
our evidence claims are true, so too will be ourobasions -- a huge benefit.
But there is an equally huge cost. These methasarcomitantly narrow
in scope. The assumptions necessary for their sgftdeapplication a) tend
to be extremely restrictive, b) can only take ay\srecialized type of
evidence as input, and c) have only special forht®clusion as output. In
consequence we face a familiar

kind of trade-off We can ask for methods that clinch their conclusiout

the conclusions are likely to be very limited ieittrange of application.

3. A Straddler: The hypothetico-deductive method

The hypothetico-deductive method is a straddleeddsme way — the way
Karl Popper advocated — it is purely deductive smds in the same category
as the RCT. The method works, as all methods dprésupposing a variety
of auxiliary assumptions, otherwise nothing reéijows from the
hypothesis of interest.

Popper:

Hypothesis> outcome
-outcome

Therefore, —hypothesis

This is a clincher.

Positivists:

Hypothesis> outcome

outcome

probability of the hypothesis increases (ceterribpa)

This is a voucher.

Popper argued that the only correct use of the tinghico-deductive method
is as a clincher, to deduce that hypotheses ae.fahe argument accepted
by the Positivists, he pointed out, is a dedudalacy — the fallacy of
affirming the consequent. And deductive logic, hentained, is all the
logic there is. This is borne out by centuriesaitietd efforts to establish
some reasonable relatively uncontroversial thebmgductive confirmation.
On the other hand, philosophers of physics mairtteahthe hypothetico-
deductive method is the method by which physiceriks are established.

60



Nevertheless, medical science — and most of cuengdence-based policy
rhetoric — will not allow it.

Perhaps an example related to topics of intergssyohiatry will help.
Consider the widespread correlation between lomeeic status and poor
health and look at two opposing accounts of haaviges. (For a discussion
and references see Cartwright (2007).) Epidemistdgichael Marmot
from University College London argues that the ehgtory looks like this:

Marmot:
Low status> ‘stress’-> too much ‘fight or flight’ response® poor health

In contrast, Princeton University economist Angusaidn suggests this:

Deaton:
Poor health> loss of work=> low income—> low status

Deaton confirms his hypothesis in the National Liardjnal Mortality
Study (NLMS) data. He reasons: If the income-maytaborrelation is due
primarily to loss of income from poor health, theshould weaken
dramatically in the retired population where healtt not affect income. It
should also be weaker among women than men, betaifermer have
weaker attachment to the labour force over thiggein both cases these
predictions are borne out by the data. Even mgié,tee data between
diseases that something can be done about andthiaseothing can be
done about. Then income is correlated with moytditim both — just as it
would be if causality runs from health to incomésdeducation is weaker
or uncorrelated for the ones that nothing can bedout. Deaton argues
that it is hard to see how this would follow if omoe and education are both
markers for a single concept of socio-economiaistttiat is causal for
health.

Thus Deaton’s hypothesis implies a number of spe@tults that are borne
out in NLMS data and would not be expected on damtilternative
hypotheses. So the hypothesis seems to receivievpasanfirmation, at
least if we share the Positivists’ intuition. Ma@&refully, it seems to receive
some confirmation for the population sampled fer HLMS data. But what
about other populations, i.e. what abexternal validity The arguments |
have just described that seem contra Popper tadeg@ome evidence for
Deaton’s hypothesis in the population sampled dhing as they stand to
support any claims about alternative populationsrdvpremises and more
and different arguments are needed to do thateEowe are reminded how
badly even a non-clinching method can suffer fraobfems of external
validity.
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4. Examples of methods that clinch conclusions

| list just a few other kinds of methods that wdeductively.

Econometric methods

Galilean experiments
Probabilistic/Granger causality
Derivation from established theory
Tracing the causal process

Ideal RCTs

ogkwnE

These are clinchers: It can be proved that if theliary assumptions are
true, the methods are applied correctly and theoonés are true and have
the right form, then the hypothesis must be trueerBhough | do not have
the space to discuss them here, | mention therdier @o stress that when it
comes to clinchers — to methods from which the byggis can be
rigorously derived from the evidence — RCTs aretine only game in

town. There are lots of methods that can clinctchaions.

It is important to keep in mind one caution, howev® buy the benefits of
a clinching method we must be able to ensure tlishighly probable that
all the requisite premises are obtained. That's beaaiube weakest link
principle for deductive reasoning. The probabitifithe conclusion can be
no higher than that of the weakest premise.

[1 Suppose you have 10 premises, 9 of them almosticeone dicey.
Your conclusion is highly insecure, not 90% proleabl
O In a deductive argument P(conclusien(conjunction of premises)

| belabour this because of the benefits of clinghitethods — clinchers are
rigorous. It is transparemthy the results are evidence: Given the
background assumptions the hypothesis follows dedkhg from the
results. And it is transparewhenthe results are evidence: When the
background assumptions are met. This contrastsatlitmographic methods
and expert judgment, for example. These can praaxtemely reliable
evidence. But there is no specific non-trivial b$tassumptions that tell
when they have done so. But if you want credities benefit of a clinching
method, you must be able to show thatabljunctionof your premises has
high probabilityin the case at hand
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5. Randomised Controlled Trials

Ideal RCTs

| have claimed that ideal RCTs are clinchers. Ohaburse depends on how
they are defined. But there are perfectly natuedinttions from which it can
be proved that RCTs, as thus defined, allow catlaahs about the
population in the study to be deduced from prolaghiifferences between
the treatment and control grodpsThe one | have worked with extensively
is the probabilistic theory of causality, formalilzey Patrick Suppes (1970)
but widely adopted throughout the human sciences) & not consciously
so under that title. Suppes’s concept of probdlalsausality is similar to

the concept of Granger causality (Granger, 196&)ighfrequently used in
econometrics.

The root idea of the probabilistic theory of caugas that if the probability
of an ‘outcome’ O is greater with a putative catighan without T once all
‘confounders’ are controlled for in some particulay, that is sufficient for
the claim ‘T causes O’ in that particular settifiggonfounding factors. So,
in a population where ‘all other’ causes of O asklHixed, any difference

in probability of O with T present versus with Tsant shows that T causes
O in that population. The rationale supposes tifrdnces in probability
need a causal explanation and if all explanatiehlysng on confounders are
eliminated, then T causes O is the only expland&finT must be causing O
in at least some members of the population in ai@leccount for the
difference in probability. | should note that whestlone wishes to adopt the
theory in exactly this form, some such assumptomecessary to connect
causes and probabilities if we are to supposethiegbrobabilistic
observations in RCTs can yield causal conclusions.

The definition so far only tells us when we careaisthat T causes O for
populations that have some fixed arrangement bbther’ causal factors.
To get a more general conclusion we may accepeddhat if T causes O
in a subpopulation of a given populationthen T causes O in This is
consistent with my suggestion in the last paragthphon the probabilistic
theory of causality when we say T causes O in alladipn we mean that T
causes O in at least some members of that popuilatio

The proof that positive results in an ideal RCTw#tvely imply that the
treatment causes the outcome would go somethiagHik: To test ‘T
causes O’ ip via an RCT, we suppose that we study a test ptpuia all

of whose members are governed by the same causatuse, CS, for O and
which is described by a probability distributionRPis defined over the event

8 Cf. Cartwright (1989), Holland and Rubin (198&)daHeckman (2001).
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space {O,T,K,K»,...,K.}, where each Kis a state description over ‘all
other’ causes of O except®TThe K are thus maximally causally
homogeneous subpopulationspofRoughly,

[0 ‘K is a state description over other causes’;fholds fixedall causes
of O other than T.

[0 ‘Causal structure’ = the network of causal patysMay which O can
be produced, with their related strengths of effjca

Then assume

1. Probabilistic theory of causalityl causes O ip if P(O/T&K;) >
P(O/-T&K;) for some subpopulation; ith P(K;) > 0.

2. ldealization.In anideal RCTfor ‘T causes O i, the K; are
distributed identically between the treatment amatiol groups.

From 1 and 2 it follows that ideal RCTs are clinshd P(O) in treatment
group > P(O) in the control group in an ideal R@ign trivially by
probability theory P(O/T&K > P(O/-T&K)) for some K Therefore: if
P(O) in treatment group > P(O) in control groumalises O i relative to
CS,P.

What is going on here? We suppose that increggebability of O with T
does not show that T causes O in an arbitrary jadjpul But it does in a
maximally causally homogenous population. We ofrselare almost never
in a position to identify what makes for a maximdbmogeneous
population, so how can we tell whether T incredsegrobability of O in
some one of these? The RCT is a clever way todutdThe RCT tells us
that in some one or another maximally causally hpeneous subpopulation
of the population in the study, T does increasetibability of O. Given
the probabilistic theory of causality that tellstbat T causes O in that
subpopulation. So, what is established in the iB&Al' according to the
account based on probabilistic theory of causaithat T causes O in at
least one maximally causally homogeneous subpapulaf . We may say
we have established ‘T causes irand that is a fine way to talk, so long
as we recall that this means that T causes O ire Sutppopulation af.

It is important to notice that on this account duses O i’ is consistent
with ‘T causes -0 i’. This lines up with what we know of RCTs:

- RCTs deliver population-average resultdsitiveresult shows that T {Formattem Bullets and

causes O in at least one subpopulation. It coddyme exactly opposite Numbering
results in other subpopulations.

8 This must include ‘spontaneous generation’. Morenilly, K; holds fixed one variable
on each pathway that does not go through T, agplitly the causal structure CS.
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- Positive results are conclusive but negativenate Equal probability for
O in the treatment and control groups does not ghatwT does not cause
O ing. It shows that if T causes O ¢n(because it does so in somgK

@) it must also cause -O (because it does so in stinee K = o).
Real RCTs

So, from positive results in an ideal RCT for “Tusas O inp’ we can deduce
that the causal hypothesis is true. But we canobmare certain of our casual
conclusion than we are of our premises, to wit; tha RCT is ideal and that
the probability of O is indeed higher with T thartheut in the test
population. What do we do to ensure the premises@ Hre just some of the
principal precautions we take: careful use of stias to move from
frequencies to probabilities, ‘random’ assignmentréatment and control
groups, quadruple blinding, careful attention topdouts and non-
compliance, and so on.

| mention them just to point out that the practicethodology must match
and be matched with the kind of formal treatmemve outlined. RCT
advocates claim that RCTs are extremely reliabtauified out properly.
That claim can be justified by an account of thelki have outlined. But
then — what is justified is that positive resassdefined by the accouim,
an ideal RCTas defined by the accouimmply a causal conclusioof the
kind defined by the accourithe practical methodology then must be geared
to ensuring that the premises required by the fbaoeount are very likely
to be true; and the conclusions drawn can onlyflileeokind admitted by
the account. Of course the converse holds as &vétirmal account that
does not match well with our most careful, mostl wedught-out practical
methodology should be viewed with at least a Igtlspicion.

The scope of an RCT

Starting as | have from the probabilistic theorcatisality there are two
kinds of causal conclusions we might naturallytergxport from an RCT to
some target populatidh

1. T causes O if. That is, T causes O in at least some member§°f

2. Some measure of ‘average improvement’ that holdlsarexperiment
will hold in the target population. | shall considbe simple case of
P(O/T) > P(O/-T).

Both conclusions need strong auxiliary assumpttorize warranted, well
beyond those supported by the structure of the G the first, the RCT

% In the ‘long run’ of course since all results prebabilistic.
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shows that T causes O in at least some membewsraf §xed causally
homogeneous subpopulations. So to draw conclusiiend causes O in at
least some members @fwe need at least these kinds of assumptions:

[0 Auxiliary 1.a. At least one of the subpopulationstlf its particular
fixed arrangement of ‘other’ causal factors) in @vhil causes O i
is a subpopulation df.

0 Auxiliary 1.b. The causal structure and the proligloneasure is the
same in that subpopulation ®fs it is in that subpopulation of

For the second we need to show that the outcomerie probable with T
than without ind.®” The simplest guarantee for this is

0 Auxiliary 2. The causal structure (CS) and the piuolity (P) are the
same iro as ing.

There are an indefinite number of other ways thairgntee

P(O/T)>P(O/=T) iro given it holds inp, depending on the exact strengths of
efficacy and the exact probabilities involved. Bus is the only rule that
does not require explicit statement of the speaifimbers, most (if not all)
of which are unknown to us. To get a sense for jhst imagine a case
where there are only two relevant subpopulatiansnie of which T is
strongly positive for O and in the other it is ellyiatrongly negative. The
results will be positive in the RCT if the firsttgaopulation is more probable
than the second, but will be reversed in targetsrevthe second outweighs
the first even if the new population has the samesal structure as the test
population. Clearly if the causal structure differstters will depend on just
how, just as the net result will depend on justwtha probabilities are if the
probabilities of the relevant subpopulations differ

The central question for external validity then'litpw do we come to be
justified in the assumptions required for export@ngausal claim from the
experimental to a target population?’ Here rigmegiout. This is not to say
that we do not have procedures or that we do romtged in an intelligent
way. We could aim to draw the test population ‘@md,’ from the target.
We know that this is almost never possible. Moreowe must not be
deluded about sampling methods: You cannot sarapligomly without any
idea what factors are to be equally representetielws just the issue that
drives us to RCTs to begin with. One thing we éelyacan do is to try to
take into account all possible sources of diffeesbetween the test and
target populations that we can identify. This st pvhat we do in matched
observational studies. When it comes to internhdiiyg, however,

87 Or as near enough as matters for our purposésill here ignore these niceties and
how to treat them in order to focus on the maimpoi
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advocates of the exclusive use of RCTs do nottlsikdo be good enough —
matching studies are not allowed just becauseunlgrgments about possible
sources of difference are fallible. Yet exactly siaene kinds of ‘non-
rigorous’ judgements are required if RCTs are teehany bearing outside
the test population. For an RCT the reliabilitytloé claims in the target
population is only as good as our estimates that demanding auxiliaries
like those above are met. The question then istaheurade-off between
internal and external validity.

Lesson.We experiment on a population of individuals whemtake to
have the samfixed causal structurdalbeit unknown) anéixed probability
measurgalbeit unknown). Our deductive conclusions depaemdhat very
causal structure and probabilitfow do we know what individuals beyond
those in our experiment this applies to? We haea seme typical auxiliary
assumptions about target populations that allote @xport conclusions
from the experimental population to a target pojpateand we have seen
that these assumptions are very demanding, dengotlinformation that

is not supplied by the RCT and that is hard to cbsneBut our conclusions
about the target can be no more certain than gnegbary assumptions.
The RCT, with its vaunted rigor, takes us only sy\amall part of the way
we need to go for practical knowledge. This is wdigposes me to warn
about the vanity of rigor in RCTs.

6. The vanity of rigor in RCTs

The title is borrowed from my paper ‘The VanityRigor in Economic
Models’ (Cartwright (forthcoming)). In both cases see identical
problems: that of internal versus external validi#égonomists make a huge
investment to achieve rigarsidetheir models, that is to achieve internal
validity. But how do they decide what lessons tawdabout target situations
outside from conclusions rigorously derived indide model? That is, how
do they establish external validity? We find: thbygliscussion, debate;
relatively secure knowledge; past practice; godd.#gut not rules, check
lists, detailed practicable procedures; nothindnhe rigor demanded inside
the models.

And RCTs? If we compare them with economic modalsternal validity,
economic models have the advantage: we can reseklyvhen the results
are internally valid in an economic model just bgpecting the derivation.
This is clearly not so with RCTs. Consider the églistribution of ‘other’
causal factors. Once we check the causes we knowt,ake have no further
evidence that our precautions, our quadruple bim@ind random
assignment and so forth, indeed result in an egu@ligh distribution. And
we know lots of things can go wrong. The best wedais for people
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expert at what could go wrong to have a very closk at what actually
happens in the experiment.

It is important though that these are not peojie e (or independent
experimental-design firms) who know only about neelitiogy, but rather
people withsubject-specific knowledgeho can spot relevant differences
that come up. But this introducegpert judgemerinto the assessment of
internal validity, which RCT advocates tend to despWithout expert
judgement, however, the claims that the requisisaiaptions for the RCT
to be internally valid are met depend on fallibleamanical procedures.
Expert judgements are naturally fallible too, lutely on mechanics
without experts to watch for where failures occukes the entire
proceeding unnecessarily dicey.

This brief mention of economic models versus RCghlights the
conventional trade-off | recalled at the start kestw internal and external
validity. Despite the claims of RCTs to be the gstiahdard, economic
models have all the advantages when it comes ¢onial validity. As |
remarked, we need just mathematics and logic taldeicthe conclusions
are internally valid, whereas RCTs need a numbeeofanding
assumptions beyond valid reasoning. But it seeaisRETs have the
advantage over economic models with respect tareadtgalidity. Surely no
matter what the target population, people in expents are more like
people in the target population than people in riwdee. Even here there is
a caution, however, for of course this claim depgemnl exactly what kind of
knowledge about people in the target populatiorbuitd into the
construction of our experiments versus how muctbwikel into our models,
and how we do so.

7. Closing remarks

| close with some reminders for those who advoBa&ids as the gold
standard:

The method of our most successful science — thenletiod — is not a
clincher at all. (And we do have some biomedicabtiy!)

There are many other clinching methods. Which nettirovides the most
secure conclusions in a given case depends entipely which kinds of
premises we can be most secure about and thei@itwathand.

An argument that certain procedures achieve a gesmt much of the time
may not be a good argument that they do so on aeyocasion.
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External validity for RCTs is hard to justify. Othmethods, less rigorous at
the front end, on internal validity, can have fatter warrant at the back
end, on external validity. We must be careful alibattrade-offs. There is
no a priori reason to favour a method that is vgsrpart of the way and
very iffy thereafter over one that reverses theeoat one that is less
rigorous but fairly well reasoned throughout.
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Essay V

Economic Models: No Capacities, No Inductions
Abstract

This paper argues that even when models are takgiottire parallel worlds,
they still serve as isolating tools, but theresgrecial problems in seeing
them as isolating tools. These are common probthatdbeset any model
that functions as a thought experiment. Theselpnabare especially
pressing for economic models however, becauseegbdhlicity of economic
principles economic models are rich in structussiumptions. Without
these, no interesting conclusions can be drawrs Mhkes a pressing
problem for exporting conclusions from the modethe world. One
uncontroversial constraint on induction from splec#ses is to beware of
extending conclusions to situations we know ariedght in relevant
respects. In the case of economic models, ieiarddy inspection that the
unrealistic structural assumptions of the modelensely relevant to the
conclusion. Any inductive leap to a real situatsems a bad bet.

1. Introduction

The topic of our symposium is ‘Economics Modelsldsing Tools or
Credible Parallel Worlds?’ In this discussion kieds of models | have in
mind are ones that picture simple analogue ecormnli@ey take over from
the real world specific features we are interegiede., but the features are
not pictured in any real world setting and the agaé economies of the
models are fantastically sparse compared to redtlveaonomies. They
have few agents and few features, and few underiytocesses are at work.
We sometimes say that they are hugely ‘idealizddiiis might though
suggest that there is some specific target sitaditam which they are
idealized, or to which they are intended to bedgslized. | think that most
often there is no such specific target in view.theg with our simple
analogue economies we aim to study a specific aglyuhppearing aspect of
a specific kind of phenomenon, not a specific tasgaation. So | prefer to
say the models are ‘simple’ not ‘simplified’, orttee: ‘sparse’.

‘Isolating Tools’ are meant to discover how cagasibperate. Theapacity
associated with a feature is a power that systeithstiaat feature have to
produce a specific result characteristic of theacép. An important feature
of capacities, as | use the term, is the threeddtinction between the
obtainingof the capacity, itexerciseand themanifest results Consider
gravity, i.e., the capacity to attract massive otg@n object of mass M
attractsanother object of mass a distance away with force GMmft A
well established empirical law describveisenthis capacity obtains — it
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obtains in any system that has mass M. The pramuof the gravitational
force, F= GMm/P, constitutes thexerciseof the capacity. Some capacities
need triggering before they are excercised bugrentity. It is excercised
whenever it is present. That of course does mdh8manifest results- the
motions. What motions result when the capacigxisercised will depend on
what other forces are at play and on what theainasitions and velocities
are.

The laws describe what other features (e.g., haviags M) are universally
or probabilistically associated with the obtainofghe capacity are
empirical, but the connection between the capaaityits exercise is
analytic: so long as the capacity really obtaihis bound to be excercised
whenever appropriately triggered. This is what esaik so valuable to learn
what the capacities empirically associated witfed&nt economic factors
are. Models that are simple in just the right wayhall argue, can be good
for exhibiting characteristic effects of a capadiyyshowing what the
capacity does ‘on its own’, without effects of atheonfounding’ factors.

A credible world as | understand it, is a world that containsufiesst that
occur in the real world in arrangements consisiéttit constraints of certain
real world institutional structures, behaving inywalictated by principles
that are at least sometimes true in those strigtu@ensider as an example,
Thomas Schelling’s famous (1978) checkerboard motde¢gregation.
Black and white checkers are distributed randomlya doard, with spaces
left empty. The dynamics of the model allow theaters to move in a
certain way in accord with their preferences conicgy the colour make-up
of neighborhoods they live in. As two London catiees of mine (Romans
Pancs and Nicolaas Vriend) report in a recent¥ollp study, the model
shows how an integrated boambtildunravel” (Pancs and Vriend 2007, p.
1) into a segregated one, not withstanding thetfattno one prefers to live
in a segregated neighborhood. Indeed to the agnttee only preference of
the agents is not to live in a neighborhood whiee& town colour is heavily
underrepresented. The checkerboard model describelieve, aredible
world, as | have characterized it, albeit an inibydspecial one with
essentially no probability of ever being actual.

In the debate, ‘Economics Models: Isolating Toal€oedible Parallel
Worlds?’ | am supposed to be on the ‘isolatinggbside. In a sense that is
true, for | think that even for Robert Sugden’sdiioée worlds account,
models must be studying something about capacites.all of his
exemplars focus on one or at most a handful obfaaiperating ‘in
isolation’. This is precisely why | remarked abti Schelling model that
the only preference operating for the checkerseg tesire not to live in a
neighborhood where they are badly outhumbered.ugeve know that in
the real world this would never be the only prefieeaffecting choice of
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neighborhoods in a move, nevertheless we suppas&écan learn
something of importance about the real world frbmn thodel that sutdies the
effects of this single preference. But to makeassumption that looking at
how a factor behaves ‘in isolation’ (i.e., whersithe only cause of its type
at work), whether in a model or in a real experitnean help us understand
non-experimental outcomes where a large numbeauses are at play
together, is to rely on the logic of capacities.

On the other hand, | am going to argue, we careaoh much about
capacities from analogue-economy models. Thisdcbeltrue even of the
analogous kinds of models in physics and evenalfexgperiments. But it is
especially troubling in economics for two reasoshadll describe. The first |
have raised before (Cartwright 2007 and 1999%. ihe paucity of acceptable
economic principles to import into the models. Beeond is the special way
in which economic capacities work.

Early work by me and others about what | call ‘capes’ in economics was
heavily based on Mill on tendency laws, both froni’M System of Logic
and from hiDefinition of Political Econonyi think especially of my 1989
Nature’s Capacities and their Measuremantd Hausman’s 199The

Inexact but Separate Science of Econoningw think that at the time | paid
too much attention to these theoretical works df'$4and not enough to his
more practical discussion of tendencies, wheretBxatyy newer problem is
central, especially in his work on the subjugatidmomen.

2. Analogue-economy models and Galilean experiments

How are analogue-economy models supposed to teaghaut capacities?
Answer: by mimicking Galilean experiments. By ‘Gadin experiment’ |
mean one which isolates the cause under studyasd thperates ‘without
impediment’. What happens in the experiment tisghe exercise of that
capacity and of that capacity alone.

In many cases we can think of models as thoughgrarpnts designed to
capture the requisite features of a real Galileggeement. The cause under
study and only that cause is written into the motted cause operates ‘on its
own’ or ‘without impediment’. In a real experimeXature produces the
effects of this cause in accord with systematicgiples she adopts for the
situation. In the model we produce the effects éguttion from the
principles we adopt in the model. The result @l Bxperiments is the
exercise of the capacity associated with the casshctated by Nature’s
principles; what results in the model is the exer@f the capacity as dictated
by our principles. The results in the model regtkcthose of Nature if our
principles are close enough to hers.
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Example, physics: the orbit of the earth due tosine.

Using Newton'’s laws we calculate the orbit of a Bnteody in the vicinity of

a larger, where the initial velocity of the smaikeorthogonal to the line
connecting them. We conclude that the capacitheiarger to attract the
smaller moves the smaller in an elliptical orbaward the larger. We read
this as a capacity conclusion: we expect the alaporbit to contribute to the
final trajectory in any real case but not to dugtecit since in real cases other
factors will affect the trajectory as well.

Example, economics: the effect of skill loss dutingmployment on future
unemployment.

Using the principle that agents maximize theilitytin the face of the
decisions of others, Pissarides (2000) calcul&tasfor an entrepreneur
whose utility consists in profits and workers wdave about wages and
leisure, loss of skill by unemployed workers widlrpetuate high levels of
unemployment. We read this as a capacity claimdavaot expect that this
necessarily happens in real cases since otherdaaffect unemployment
levels as well.

Real experiments give wrong results if we do natsed in eliminating all
confounding factors. This shouldn’t happen in th@ught experiment where
confounding factors can only appear if we put then®©n the other hand, in
the real experiment the result is bound to be Wadtire dictates whereas
that will only be true in the thought experimentvié have our principles
right. This is a trade-off between real and thowgggeriments.

What | want to talk about today is a problem treat beset real and thought
experiments alike and in both physics and in ecacmrBut it is a particular
plague for thought experiments in economics, llsdrgue, so much so that it
regularly undermines the use of models to estabbglacity claims. That is
the problem obverconstraint

3. Overconstraint

Economics has very few uncontroversial principleigsadisposal. Its models
must do a lot with a little. In both Pissaridesillsloss model and Schelling’s
segregation model the only principle at work ig tigents maximize their
utility in the face of the options and the decisiaf others. Contrast physics
where a rich network of laws is available to imgatb models. Look at the
sun/earth example where the combination of Newtori#gavs isenough By
themselves they imply that the smaller body wiitidhvelocity orthogonal
to the line between the two bodies will executelipse.

The Pissarides model is different. The desire fofipor for wages and
leisure results in nothing without the additioraajreat deal of structure.
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Notably we need some kind of matching technologgubworkers into jobs.
But also there are just two generations of workatsworkers become
unemployed at the end of the first period, etc. &tal these assumptions
play a role in the derivations that Pissaridesasakn a real experiment
there will of course always be an infinitude of ls@alditional factors; but in
a real experiment they do not play a role. Thewiobbut they exert no
influence on the outcome. The opposite is the tas@st economic models.
We can tell by inspection that thaye relevant to the derivation of the
results.

In consequence the results of these models arecomstrained. So long as
the models satisfy all the conditions of a Galileaperiment, the results that
obtain in the model will be results that would vedquced ina Galilean
experiment. But they are not the general resuttwioauld be produced iany
Galilean experiment. We see a genuine exercideeofdpacity but a very
special case of it. In the Pissarides model skd§lcauses unemployment
levels to stay up. ktould bethat the general result is that they either sfay u
or go down.

This seems to be just what happens in the Schetimgdel. Mere preferences
about colour mix in neighborhoods cause absolutetiting by themselves.
Some structure for the neighborhoods is requirdide-the checkerboard — to
execute moves as well as some dynamics to allaarach the preferences.

Economists like Pissarides or Schelling and sucoes$isinkers are of course
not blind to the possible effects of what | (but tiwey) call ‘over
constraining’ assumptions, and this is a case intpPancs and Vriend
investigate what happens with different moving tedtbgies, different
neighborhood structures and different specificatiohpreferences. They
show that on a checkerboard segregation resulbsservariety of other
differences so long as agents favor their own gtmter others, but
segregation disappears when agents have preferdeas inverted V: they
prefer totally integrated neighborhoods and thesfgrence decrease equally
as level of integration decreases in either dioectBut the same is not true
on a torus, given the neighborhood structure Pandsvriend construct
there: strict preference for integration leadsréorarkably extreme
segregation in finite time’. (p 36)

It is important to stress that in all cases wesaing the exercise of the
preferences but the manifest results depend irgisnah ‘extraneous’ factors
-- factors beyond those that define a Galilearedrgent. The problem is
that we cannot eliminate these; in contrast tantbeel for the sun and the
earth, without the over constraining factors no ieshresults follow at all.
But with them, the results differ from case to case
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4. What is special about economics?

The need for overconstraining factors is widespieaonomic thought
experiments but not in those of physics. | haveaaly explained one reason
why: the paucity of acceptable principles in ecoismif you want to
deduce conclusions, you need premises. Ideallyilbeshe specific
description of the cause whose capacities we sthdypnly premises in use
should be general principles and assumptions thatagtee that the
experiment is indeed Galilean. But we do not haaeyrprinciples in
economics to include, so we make do with overcairgtrg structural
assumptions. But then we can read out only speaisd-conclusions, not
general claims about the manifest results of tipaciy.

A second reason is the peculiar nature of the cagmeat work in economics.
The first is a reason | have stressed for a lang.tiThe second is one | have
overlooked, in part due to Mill himself. Mill likeneconomics to mechanics.
There are a variety @auses- like gravity, electromagnetic attraction and
repulsion, etc. --and each cause has its ¢tsvrdency lavdescribing what
capacity will be exercised when it obtains: the Gvgravity, Coulomb’s law
and the like. Then there islaw of compositionhat dictates what manifest
results occur when capacities associated with eoeuwf different causes
are all exercised at once.

The trouble for economics with the mechanics anaisdghat it supposes that
everything that affects the manifest result in goess a cause of the same
kind: each is an independent cause that has itsendency law whose
result will get treated in the law of compositidinis seems to work in
mechanics, where we make the assumption that énegybesides initial
position and velocity that affects a motion is ecéoand all the forces have
their own tendency laws and all their consequence$andled by the law of
composition. In this case the notion of a Galileaperiment makes perfect
sense: in the experiment the force under study letintroduced and all
other forces are to be eliminated.

This idea falls apart in typical economics casestdPences to live in
neighborhoods of given colour mixes can have figa@gacities. Trivially
these preferences are exercised when they are@ct@ilit the manifest
results do not depend only on other causes wiiih o tendency laws
dictating their own consequences that can be tteata law of composition,
and this is so no matter how sophisticated we lgetitalaws of composition.
In reality the manifest results depend on strutttiraumstances and not just
on the exercise of other capacities, even in gulaciSo it is not a surprise
that the same should be true in the model.

| think this point is behind Anna Alexandrova’stm@isms of the attempt to
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draw capacity conclusions from ideal models buavdn’t seen it so clearly
before now. It is also apparent in Mill's own wark psychology and his
quarrels with August Comte, about which | haveredra great deal from
Vincent Guillin. Women, Mill argues, naturally hasecapacity for
independent and imaginative thought. But the capadll not display itself
in the ‘expected’ manifestations unless it is nigtl) trained and allowed to
display itself freely, as it is with middle clasadlishmen.

In the Schelling models, | argued that total segfieg is just as much a
manifest result of the preference for integratisnsaotal integration. Mill
argues the same with respect to the subjugatisoofen. His opponents
claimed that women through the ages have lackadsity;, independence of
thought, intellectual drive, etc. If so, Mill clagd, that is how their natural
capacities play out in the uninviting structuresvimch they were set and is
in no way indicative of what can result in moradigbus circumstances.
Women cannot be independent of mind without thanaatapacity. But our
failure to exhibit independent thought -- even@nfcary to fact) universal
failure ever to do so -- would not show that thpazaty is lacking.

5. Credible Worlds

Models’ results, | have argued, are frequently ocoastrained by structural
assumptions, and often necessarily so. | havedr#iig as an objection to the
view that models can act as Galilean thought ermants, thought
experiments to investigate the ‘natural’ manifestat of capacities, that is,
the manifestations that result purely from the eiserof that capacity alone.
But the problem is equally pressing for the usé Swgden wants to put his
account of models as images of credible worlds. idowve learn about the
real world from the models under the two viewsay that we hypothesize
on other groundshat the factor in the model has a (relativelygdl capacity.
That means that what we see when the factor adts own is what it will
‘contribute’ (given the relevant law of composit)omhen it acts in consort
with other factors. Then we use the model to assbss this contribution is.
So on this account the license for moving fromrémilts in the model to
some claims about the world rests on two assungatibat the factor in
question has a (relatively) fixed capacity and thatmodel has the right
characteristics to count as a Galilean thought raxeait that can reveal the
natural manifestation — the ‘contribution’ — of tltapacity. My worry that in
very many cases purely structural constraintsjustified by the demands
for a Galilean experiment, matter to the outcomedtens the second
assumption.

Sugden proceeds differently. As | indicated, | khire is still looking only for
‘contributions’ since he surely does not think théiat results in models that
isolate a single factor or single complex of fastisrwhat will happen when
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lots of other causally potent factors are at warkvall. But the logic does not
start with the assumption — which must be deferid®ed elsewhere — that
the factor in question has a (relatively) stabletdbution. Rather he
imagines a cautious induction from one clear cise.model describes a
perfectly credible world: it could be real. Then dean induction from that
either to what contribution the factor makes ingrahor to what contribution
it will make in a targeted application. The licerisemoving from the model
to other cases is not the assumption that therfaet®a capacity but rather
induction from a carefully thought about exemplar.

The inductive base is slim but let us lay this as{@®erhaps this is like what
Peter Galison describes as ‘the golden event’ ysiph; as soon as we see it
we rightly feel confident without the need of a bugimber of further
instances.) The license to make the inductive ie#ipreatened in exactly the
same way that the inference to the ‘natural’ madfiion of the capacity is.
One thing we know about induction, which Till GréWanoff stresses in this
symposium, is that we should not do it when we lgoad reason to think
there are differences that matter between the ihaubase and the target.
And that is just what | have been worrying abouthé&é many models we
knowby inspection that assumptions about the struchatter. Not only do
they play a necessary role in the derivations vieadly do in the models, in
many cases — as in the Pancs and Vriend discusk®chelling segregation
models — we know that with different structuresgee different results.
Induction then is a very bad idea.

But what about robustness results? Economists oftdee great efforts to
show that ‘the same’ results obtain under diffessgumptions. This is a
complicated issue that deserves a great deal g than it receives. From
a logical point of view it seems to me that it does make sense in the cases
at issue — cases where the extra overconstraissungtions are necessary
in the proofs on offer. In these cases robustrassslilike this:

C&X~> R

C&Y >R

C&Z~-> R

Therefore C& 2R, for alla? Somex? Somex in some specific but perhaps
unspecified range? ...?

What kind of logic is this?

From the point of view of some ‘inductive’ logicehaps it looks less
problematic. 17-year old boys with red hair arerested in sex, 17-year old
boys with brown are interested in sex, 17-yearbolgs with black hair are
interested in sex. Therefore, more or less all &3rpld boys are interested
in sex. Or: therefore, ginger-haired boys are edtd in sex. Maybe this
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inference is not too suspect. But that's becausthim& hair colour is
irrelevant to the result. Exactly the oppositehis tase in our examples. |
repeat, in analogue-economy models we can telhgyection that the
overconstraining factors are relevant to the re3uiis is the feature that |
have urged to be fairly typical of model derivasostructural factors beyond
those demanded to ensure a Galilean experimeneasssary to derive the
results. This is the case whether or not the resué always ‘the same’, as in
successful robustness explorations, or highly dffe as in cases like the
Pancs and Vriend study of the Schelling model lthatve been stressing
here.

So...without robustness results it is hard to see Suogden can be entitled to
an induction since we caeethat the extra assumptions matter. But even
with a great many robustness results, the logjuiestionable. And we
should keep firmly in mind that, though each wdidgliring in the robustness
investigation may be credible, they are all hugkfierent from almost all

real cases, and in each case different in waysnoe knatter, unlike the
relevance of hair colour to the interest in sex tfevelops among 17-year
old boys.

6. Conclusion

Analogue-economy models may picture Galilean thbegperiments or they
may describe credible worlds. In either case weslagroblem in taking
lessons from the model to the world. The problethésvenerable one of
unrealistic assumptions, exacerbated in econonyiteebfact that the paucity
of economic principles with serious empirical coritanakes it difficult to do
without detailed assumptions. But the worry is joet that the assumptions
are unrealistic; rather, they are unrealistic st jhe wrong way. In the case
of Galilean thought experiments they are overcairstrg; so the models
reveal not the true contribution but a far narroasee that can be extremely
misleading. In the case of credible worlds the eggions provide good
reason not to make the very kinds of inductionsd@aghopes for; we know
just by inspection of the derivation that therefagures that matter to what
result obtains in the model world that will notdleared by real target
applications.

Where does that leave us? Anna Alexandrova takesianalist view: the
model shows thahere are(or perhaps, can really be) situations where the
factor investigated makes the contribution thauogan the model. Clearly
(if the principles of the model are correct) sitoas where all the relevant
factors are the same as in the model are amone. thkesy other different
situations may be as well, but typically this i2 mformation one can read
out from the model itself.
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| close with a proposal for how we might do bettext grows out of the
concerns | have raised. We can, as Mary Morgarmsumgebe the models and
we often do. We change the models, experiment em tsee what results as
assumptions are varied in relevant ways. Much isflobing gets described,
as | mentioned, as ‘robustness testing’. This ssigglat we are aiming to
establish that the same contribution results aaossiety of structural
changes. But as | have urged, the logic of robgstneasoning does not seem
to hold water. | suggest that instead we probe fsaka means to
understandhowstructure affects the outcomes. This leaves uUs avitew
research problem in methodology. We can extrap&iate models to the
world if probing the models leads us to understama circumstances shape
the contributions that economic factors make. Voatiderations should
guide this kind of probing and what forms will theneral results take?
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