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20O7a: 2). Similarly, Norton thinks our causal explanations are merely pragmatic. 
Reiss (2012) sees causation as fundamentall subjective, playing a mle in human 

reasoning practices; yet it is partly objective, since predictions and interventions 

based on those inferential practices can be objectively evaluated. Beebee (2007) 
advocates a projectivist account, where we project causation on to the world. """hen 
real]y it comes. from our own hw.nan nature. Menzies' {2007) persp-ecUval reaUsm 
and Pric-e's (2007) causal perspectivalism hav:e similar feature,~. in which causation 

resides on]y in a partirnfar point of view on the world. · ould ]t be that t.he causation 

in p.hysks, and lsewh,e.re,. admits such a deflationary intterpr tation? 
But then wouldn't we be disappointed in the project of sdence if thi.s re.aHy were the 

case? Wouldn't we till be right toque Hon the le el of inv s:tment in experimenta: io.n? 
Suppo .. • we bell e that C R doe n' r really intervene: it doe n''t rea y , oltide 
parti es, it do sn't even ac clera.te th m. Rather, such s ientisls are engaged in a socia] 

1 Thank~ lu Ftt!drik And e,r.~e;11 for- making us 11\vnn: of '1'11. poinl., ,111d ~ume ol lhi'liif!' lrnmcdl tely 
follow;ing. 
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activity, created by us, in whlch, from their point of vie\>\-\ it looks. like they are doing 
something that in rea]ity we all concede they are not If causation. is really not part of 

physics, then that CERN budget looks like a very expensive job-creation scheme to give 
the scientists something to do v.ritl11 their time! an extravagant social wdfare project. 

We do not imagine for one second that t:his is how it i<.. dence and C}rperimen­

tation are worth it precisely be<::ause they involve causal intervcnti.on~ in the world­
Every scientist mu t helieve this. 



2.5 Limits of Empiricism 

Hume's views have shaped the subsequent philosophy of causation in profound ways 
and we think this has not always been helpful. Hume ( 1739, I 748) would not allow as 

legitimate any idea that could not be traced back to some original impression or 
observation. Many believed causation to be some real connection, over and above 

the regular and predictable sequence of events that we see. This was a mistake, he 
insisted. No such connection was perceivable. W c could witness one event followed by 
another but we only believe that the first causes the second because we have seen 
many cases of the first type of event and they have always been followed by the second 
type. To go beyond the observable is to enter into metaphysics, whkh Hllme thought 
ultimately meaningless. Such empiricism is a major motivation behind philosophical 
naturalism, of the type discussed in Chapter I. Indeed, Hume-.in ideas were deeply 
engrained i.n logical positivism (see Hanfling 1981) and its amtck on metaphysics. 

One can see that if such a position is adopted, causation becomes an immediate 
object of suspicion. It can be no more than what is evident from the data, and then the 
business of science should be restricted to the data: for instance, recording correl­

ations. So the empiricist philosophical position has implications for how we discover 
causes in science. But if the later Russell is right, this approach collapses. T here are 
thus limits to empiricism (Russell 1948: VI, x). It requires some non-empirical 

postulates to get started, most of which involve appeal to the reality of a causation 
that cannot be known through experience. Nothing cow1ts as experience of the world, 
after all, unless it has been caused by it. There would be no data without causation. 

2.6 The Tasks of Science 

Causation is inclispensable in science. The avoidance of causal talk seems insincere 
and, we will arg11e, unnecessary. Its role in science is more than merely incidental. We 
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defend the centrality o f causation in science (see also lllari et al. 2011). Scientific 

methodology explains how causal theories are generated, evaluated, and put to use. 
W c argue that the main purpose of science in general is the discovery of causes and use 
of them in explanation, prediction, and technical application. These are all inherently 
causal matters, and without them, science seems to have lost much of its point. 

Once we have discovered a case of causation, it gives us a power to get what we 
want 'Ne spoke of experimentation as involving an intervention in the world but the 
idea of an intervention is even more important once our experiments are complete. 
In medical science, for instance, if we have found that some drug causes allevialion 
from suffering, then it allows us to intervene in a particular case in the expectation of 
achieving that effect. So the finding of causes is one very important task. 

We do not have to say that the whole of science is directly about discovering causal 
connections, however. Science has other tasks, such as identifying what exists: what 
there is. Science tells us that there are electrons, leptons, what is the nwnber of 

married men, or the average age of a population. Futther, science ain1s also to find the 
essence o r structure of something, such as an atom or a gene. It may have other jobs 
besides that are not explicitly part of causal science. But even these, we claim, are 
likely to depend on causation in the end. What exists, for instance, might come down 
to whether something makes a difference to the world. Electrons exist if they can 
cause something else to happen or enter into interaction with other things. And the 
structure of something could be understood as a causal structure involving compo­
nents suitably a rranged. 

We have not yet even discussed the idea Russell developed in his later tninking that 
causation could provide some grounds for inductive inference; from the observed to 
the unobserved. We think we have already said enough, however, to justify a stance 
that we will take forward to the rest of the book. This is that causation is fundamental 

to science and cannot be eliminated from it. Some interpreters may have been 
particularly bad at spotting causation in science, invoking notions such as intervention 
and measurement without understanding them to be dependent on causation. We 
have seen some grounds to argue that the whole practice of science would be worthless 
unless there was causation. This conclusion established, we can, after all, proceed to the 

main purpose of the book, which concerns how science goes about discovering causes. 



3 

Evidence of Causation 
Is Not Causation 

3.1 A Crucial Distinction 

We have argued that ifwe want to discover cau.5es, we first need to know what it is 
we are looking for. A distinction needs to be drawn, therefore, between two related 
issues: what causation is, and how we come to know of iL Although we urge that 
these are two separate matters, tbey are dearly connected: what we say about one will 
affect what we ought to say about the other. The first question- what is causation?­
is an ontological matter concerning the nature of causation itself. To understand the 
nature of causation, it is useful to know, for instance, whether causes necessitate their 
effects. Are causes prior to effects or can they exist simultaneously? Is causation a 

process or a relation? Do effects counterfactually depend upon their causes? To 
understand what causation is, we need to settle these and other ontological issues. 
But the question of what is the best way to discover causation is a matter of 
epistemology or theory oi knowledge. Scientists engage in an epistemological debate 
when tl1ey discuss which research methods are best suited for discovering causes, but 
their answers will be informed by what they think causation is, ontologically. 

\.Vhy is it so important that ontology and epistemology be kept apart when clearly 
they are closely related? We can, however, see that there are good reasons to keep 
knowledge of a thing separate from the thing itself Tne distinction between ontology 
and epistemology is essential in a court of law, for instance. In principle, there could 
be such a thing as a perfect crime: where the crime is committed but there is no 
evidence of it. A murderer could get rid of the body, remove all traces of DNA from 
the crime scene and make sure that there were no witnesses. But that there is no 
evidence of a crime does not mean that no crime was committed. Legally, one cannot 

judge anyone guilty of a crin1e unless there is sufficient evidence that the accused 
actually committed it. So even if the defendant committed the crin1e., one needs 

evidence to gain knowledge of it. 
Science seems no different from law in this respect. A scientist must be careful 

not to make causal claims in their research without evidence to support them. At least 
in this sense, ontological claims depend on some epistemology. What we tl1ink there 



is d pends. ot what evidence we hav,e. The rev r: e is Les ackrwwledged but stiU a 
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rase can be made for it Epistemo]ogy depends on ontology. When we search for 

causation, we do this with a preconception of what we are looking for. This precon­

ception is rardy explicit, or even reflected upon, but it will unavoidably influence 

·what we can find. 

_ nsider the legal ,case again. When . earching for 11 murderer, our focus wiU be 
on finding and interpreting the ,evidence. But wha counts as rel,evant eviden is 

specific; peopl.e seen in the area at the tilne of the murder, witness reports, trace. o 

D , A. foo·tp ints. and o on. In order to k e:p a focu in the earch, it is e sentia] to 
filte ou irreJevan in ormati n. Only in or · tio th · elate to the murde will 
count a.s evi<lence o it, and to know wh.lt counts .as evidence of murder, one must 
kn w wha a murder is. In other 'Words, one am take something as evidence o · 
murder incorrectly. 

Similady. if the scientist is wrong about the real nature of causation, she might 

be looking in the wrong places or even for the 'WTong type of thing. ow it might he 

easier for everyone if some suitable expert could simply let the scientists know the 

ont.oJogic:aJ truth about causation so that they could always be sure they were looking 

for the right s.ort of thing. A problem is tha.t philosophers disagree on the nature of 

causation and thus also di.">agree about what the s.cientii;t should 'be ]ooking for. 

Should it be perfect regularities (Psi.llos 2002), probab.ility raisers (Snppcs 1970), 

countcrfactual depend nces (Lc,,ri 197 3 b ), m n ipufabili.ty (Woodward 200 }, rNU 
conditions (Mackie 1980), processes (Salmon 1984, 1998, Dowe 2000), mechanisnu 

(Glenna i 1996), causal powers (Cart -.right 1999, Mumford and jum 2011), or 
what? Al o \ fi · hi, , uden e there are diverging view.. about causation, and what is 
con ·dere,,1 to be the best evide c,e of ausari n var .. es mm one disc·pl 'ne to another. 
\,\!hat we see, then, is that there is no general agreement over what cau ation is within 
philosophy r ·withjn science. ,evertheles , a number of onto.fogical • ssumptk,n 
about the nahrre of causation are made in science, 'We contend, s:imp]y through the 

chofoe of research method. 



3.2 Evidence Is Restricted by Methods 

How we go about searching for causation reve.a] something about what we expect 

causation to be. One might say that epistemology, in th is sense at ]east, carries with it 

ontological commitments. What counts as evidence of causation ,depen(I on 'l'hat 
types of results can be produced by our med1ods which again depends m1 which 
methods are avaHable, accepted, and promoted by the scientific community. 

Science re-lies hea ily o method of in •e Uga:tion. With the scientific .revolutio , 
8cience became increasingly concerned ,vith methods and methodology as a way of 

ensuring suitabfo rigour in its practkes. [n h is work, Galileo (1632) intr-oduced the 

use of experiments, idealizaUons, models, hypotheses., and mathematical tools. lnis 
methodofogical framework is now seen as an integrated. part of science, and to such a 

degree that it hm; become almost definitive of ft. o separate science strictly from its 
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methods might not be possible,. and perhaps not even desirable, if its methods are in 

pa.rt c..onstiitutive of science. Gower suggests that science and methods must be 

understood as mutually dependent: '[Scientific beHefs] have something in common 

which explains l-vhy we count thern as sdentific, namely the method by which they 

a.re established' (Gower 1997: 6- 7). Unkss the ways in ~which we go abo,ut ooUecting 
data, performing experiments, and generafng results are controlled, it would be 
difficult to separate science from any other form of activity, or what Popper {1'962} 
call d p eudo- de · e. \'Vil out a d -ar met odology, the e ore, scientific evide ce 
e-ems to be up for grabs. 
,v e are, still far from reaching that Mage, Science is trusted primarily because of 

the way in which it arrives at expfanation and predictions, and pseudo-scien,e i 

distrusted for the same reasons. Suppose a psychic predicts a warm and dry summer 
and a meteorologist does the same. nless ,,le accept the psyc:hi.c's methods as 

scientific, we ,vill not ,call hi prediction scientific either, even if it turns out to be 

correct. Likewise, if we accept tbe meteomlogist's methods as scientific we wiU 1mt 

say that h.er prediction was non-scientific even lfit rums out to be wrong. It seems, 



then, that being deemed sdentifi is to a large extent a status bestowed when the right 

methods are used. 

Nok that there is a difference ben'ifeen methods and methodo]ogie.s. Methods are 

the actual proccdur s we und rgo in performing experiment,. They arc what one ha.i; 
to learn alre~dy as an undergraduate student ln statistics, for instance, there are a 

number of different methods (e.g. data coUection, data ununarizatio , statLstka] 
anaJysi ), and not many dentist ·will ma ter an m thods equally well. A meth d· 
ology, on the other hand, is an o era ·ching view of how c'ence should. proceed, such 
as whether the experiments per: ormed are based on inductivist or falsilicationist 
principles. or o,thers. ew rese.archers will ever find them elves concerned with these 

p1indples, although they will undoubtedly be part of a e;dentific practice that favours 

one m ethodolol,,}' over another. One could be a pluralist about methods, arguing that 

there are many methods that are suitab]e for es1abli.shing causation, whil.e advocating 

a single methodology. One could. be a. pluralist about bol:h. methods and method­

o1ogy, or a moni-;t about both (see hapter 27 for this disrnssi.an). 

Sdenti:lic methods are not always treated as eq uaJ, however. Some methods could 

pmvide better causal ev.idence tllan others, and there is a more or less explicit expect­

ation that scientists should choose the mcthods that ran highest ,on the evidential! 

h krarchy. In eoonomks, statistical tools and quantitative mcthod.i. are typically pre­
ferred to exp rimenbl methods, while i.n medicine, randomized controU d triali;; and 

t:a-· nalyses of the e are though't to outrank both correlation data and any typ · of 
qualitative me hod at least when earch · ng for cau . ,tion. In chemistry and physi , 
however, priority is usually given to exp runental methods and lab settings ov,er purely 
quantitative studies, Still, &tatl.stical methods caa be u ed for certain purpose · also in 
phys.its, for ins1:ance to study measurement errors ,of mndom phenomena and for 

approximate result!:i. 

1.2 · VIDENCE Of CAUSATION lS NOI' CAUSA ION 

What ar-e the philosophical implications of the methodological divergences in 

science? First of all, it seems clear that sdeuti.fic evidence of causation doe . not mean 

the same across disciplines. Different methods provide different types, of evidence. 



3.4 Is Causal Evidence Based on Causation? 

We are now ready to look closer at the relationship bet ween the methods we use for 
establishing causation and what we think causation is. We can start with Hume's 
empiricism, which affected his view on how causation is to be understood. Empiri­

cism is the view that all we can legitimately know must ultimately have its origin in 
what is experienced through our senses. An empiricist philosophy of science will then 
urge us to adopt scientific methods that deal only with empirically observable data 
and their analysis. Since Hume thought that camation cannot be known beyond the 
observation of constant conjunction, temporal priority and contigwty, he concluded 
that we have no reason to believe that there is anything to causation over and above 
this (Hwne I 739). Direct observation of causation then becomes a problem for those 
who believe that camation involves something more, such as a ncc.essary connection 
(e.g. Aristotle Metaphysics 19 5: 264, Spinoza 1677: I, axiom Ill: 46, Kant 1781: 11.ii.3 
second analogy, Mill 1843: fll.v.6, Mackie 1980: 62) or causal powers (Harre and 
Madden 1975, Mumford 1998, Mol.nar 2003, Cartwright 1999, Martin 2008, Mumford 
and Anjum 2011). Necessary connections and causal powers are allegedly not observ­
able, whereas constant conjunction, temporal priority, and contiguity supposedly are. 

If causation is someth ing that cannot be immediately observed, it seems that we 
can only know it by inference from something else that is observable, but therefore 

also not the same as causation. Scientific methods might help us find certain features 
from which camation could t.hen be inferred, under specific conditions. Observation 
studies require m to look for robust correlations, while comparative studies suc.h as 
randomized controlled trials are more suitable for finding difference-makers, for 

instance. Experimental methods seem to rely upon the manipulability of causes and 
stat istical methods work well to find raised probabil ities. By searching for cau.~ation 
via any of t.hcse features, we arc essentially accepting them as reliable indications of 
causation. 

Causation should not be identified with the successful outcomes of such studies, 
however, since that would be to mistake causation with evidence of causation (Anjum 
et al. 2015). Instead, if we want to find the best method for establishing causation, we 
should first ask what causation is. Only then will we have a reason to say that one 

method is more suitable for finding causes than another. If causation actually is a 
difference-maker, for instance, then comparative and contrasting methods may be the 

best way to detect it. But if causation is instead a constant conjunction of two types of 
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events, we .seem better justi.fied in using far-ge~scale correfation data. Should causation 

turn out to be something else enti.rely, then what would. be th.e rationale behind 

searching for statistical correlations to find cans s? 

1..v e will argue that none of the pwposed characteristic,5 of causation are imnmne 

to coumerexamples, so they cannot be taken as identical to causation, nor as entirely 

reliable markers. ln the course of this book, we will sec that not all cau e, make a 
di ffer•e nee (Chapter 1 5) and that not aH rau es can be man ipulate:d ('Ch apter 24), 

whid is why , , u t ·ometim use thoug t pcrim nts rn h r than phy ical 
, _periment'. ,1ve ,,rill also see hat som nece ary ondition cannot pfa.ucib], b 
taken as arn ·es. at least nol. w"thout a]so .u.:cep ing the Big Bang · s the ,a.use of 
,e erything that has happened since (Cha.peter 17). And even some of the most tobu ··t 
correlations turn out to be non-causal (Chapter 4). 

As noted by Bridgman with his examp]e of measuring. ]ength with diiffer n t tools, a 

consequence of having plural methods i that they might not ev,en pkk out the same 

thing, The same can be said about causation (Kerry et al 2012). ff we have evidence 

from more than one type of method we might end up with conflicting results: some 

suggesting the p r,e ence of causation and some uggesting no causation. So which 

method should we tru.i;t more? We VlriH argue ( Chapter 10) that many of the observ­

;;i.hle features that scientists can find through their methods are merely symptomatic 

,of causation, rather than con. Ututive of it None of the-se symptorns arc definitive of 

causat ion, meaning that there ca:n be cam,ation without them. What we are left ,i.rith, 
then, · v'dence of exactly what\ ha r _ een lookfog for: correlation , difference­
making. probability rai, er , a· d o on. But wou]d ·we e e be inter sted i these type 
,of evidence if we didn't think that th y were ~omebm., indicative o caHsation? 

3.5 Ontology First 

We started this chapter by proposing that a distinction be drawn between epistem­

ology and ontol.ogy and it should no,,r be dear . r why. Our · 1ethods pick out certain 

features or symptoms of causation, and different methods Iook for different features. 
If we then mistake the syrnptoms of causation (epistemology) for causation (ontol­

,ogy), we wiD get .different notions of causation from using different methods. And 

whi]e some might be happy with a p]uralistic notion of causation (e.g. Hall 199 ). \lire 

will also ·ee that it has some problems and that there are other available interpret­
ations of the same facts. Hence, one po. sibility. ·which we will endori;e, is that there 
are plural evidential .approaches to the causal facts but that causation is one single 

Lhing; that is, an wide tial pJurali m but ontological onism co cernin~ lite nature 
of causation (see ChapteT 27) . 
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