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This paper deals with Hans Reichenbach's common cause principle. It was pro-
pounded by him in (1956, ch. 19), and has been developed and widdy applied by Wesley
Sdmon, e.g. in (1978) and (1984, ch. 8). Thus, it has become one of the foca points of
the continuing discussion of causation.

The paper addresses five questions. Section 1 asks: What does the principle say?
And section 2 asks: What is its philosophica significance? The most important question,
of coursg, is this: Is the principle true? To answer that question, however, one must first
consider how one might one argue about it a al. One can do so by way of examples, the
subject of section 3, or more theoretically, which isthe goa of section 4. Based on an ex-
plication of probabilistic causation proposed by me in (1980), (1983), and (1990), section
4 shows that a variant of the principle is provable within a classcal framework. The
guestion naturally arises whether the proved variant is adequate, or too weak. This is pur-
sued in section 5.

My main conclusion will be that some version of Reichenbach's principle is prov-
ably true, and others may be. This may seem overly ambitious, but it is not. The paper
does not make any progress on essential worries about the common cause principle aris-
ing in the quantum domain; it only establishes more rigorously what has been thought to

be plausible at least within aclassica framework.
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1. What doesthe principle say?

The principle of the common cause specifies an important relation between probabi-
lity and causality. Though requiring some explanation, its statement is straightforward: Let

A and B be two positively correlated events, i.e. events which satisfy the condition
1) P(AnB)>P(A)P(B).

Then one of the events causes the other or there is a further event C which is a common

cause of A and of B such that

(20 PA|C)>P(A),and P(B|C) > P(B), i.e. Cispositively relevant to A and to B, and
3) P(ANB|C)=PA|C)P(B|C),andP(AnB| C)=P(A| C)P(B| C), ie A

and B are independent conditional on Candon C.

(2) and (3) indeed imply (1); and given the independencies in (3), (2), with the in-
equalities reversed, would aso imply (1), whereas (2), with only one inequality reversed,
would imply the reversal of (1).

This formulation dightly generalizes Reichenbach's origina statement in a way
suggested by Salmon (1980, 61). The original principle is obtained by assuming addi-
tionally that A and B occur smultaneously in which case the principle leaves no dternative
to acommon cause of A and B because there cannot be a causal influence running from A
to B or the other way around. But what does al of thisreally mean?

Since the common cause principle seems to be about events (though | shall argue in
section 5 that it should rather be viewed as being about (random) variables), something
must to be said about what an event is. Obvioudly it must be something which serves as an
object of probability and as a causal relatum. By definition, objects of probability are
eventsin the mathematical sense; that's just mathematical usage, and perhaps inappropriate
from aphilosophical point of view. There is, however, no common positive philosophical

view. The predominant one seems to be that an event is a concrete particular located in



gpace and time, which isin fact individuated by its spatio-temporal boundaries, and which
could not have been redlized in any other way." However, such concrete particulars cannot
be objects of probability, smply because logical operations like negation, digunction, €c.,
can be applied to objects of probability, but not to concrete particulars.? This entails in
particular that eventsin the latter sense cannot be relata of probabilistic causation.

This negative conclusion is important, | think, and raises an issue about how realy
to understand events. Since it cannot be fully addressed here, let me say only that
throughout the paper events are taken to be a kind of propositions or states of affairs,
namely singular, temporally located propositions which typically consist in a certain object
having a certain property at a certain time. Events in this sense seem suited as objects of
probability and as causal relata. This, in fact, is how Kim (1973), for ingtance, explicates
events.®

However, this is not quite how Reichenbach understood events. The deviation is
related to the next point of clarification: What is probability? This is an even bigger issue
which I would like to leave open here. An objective interpretation of probability may seem
preferable in the given context. But a subjective interpretation seems to me to be
entertainable as wdl, athough the common cause principle should then be taken as
speaking about the causal conception of the subject a hand.” If probabilities are taken
objectively, there is again an dternative. It is preferable to view them as some kind of
propensities because these apply to singular events. Reichenbach, however, adopted a
frequentistic conception of objective probability, and a peculiar one at that. Hence, his
formulation of the principle referred rather to generic events or event types. | want to leave
aside this specific part of Reichenbach's doctrine. Therefore | will stick to singular events
instead of event types as objects of probability; this is to be the only constraint on the
interpretation of probability.

Isthe principle to be viewed as implicitly containing a definition of common causes?
That is, is C acommon cause of Aand B if and only if (2) and (3) hold true? Reichenbach

is somewhat vague on that point®, and by introducing so-caled interactive forks Salmon



(1978) argues that there may be other kinds of common causes. In any casg, it is more
cautious to take (2) and (3) not as a definition, but just as a necessary condition on the
common cause.

But even on that weaker interpretation the demand arises: Why (2) and (3) and not
any other conditions? Concerning the positive relevance conditions in (2), the answer is
that the positive probabilistic relevance of a causeto its effect has almost without exception
been taken as the minimal core of any probabilistic treatment of causation.® Indeed, this
justifies also the first dternative of the common cause principle: the postive relevance
expressed by (1) may also be directly dueto acausal relationship between A and B.

Concerning the conditional independence conditions in (3), footnote 6 quotes a
reason actualy given by Reichenbach; but it is more fully stated by van Fraassen. It is
simply that when the correlation between A and B is also conditional on C or on C, there
remains the need of explaining that residual correlation and thus of finding further com-
mon causes, and this continues to be so until an event (or rather a partition of events) is
found which renders A and B conditionaly independent.” Hence, what Reichenbach's
principle in effect postulates is the existence of a total common cause (which, by the way,
isvery different from a deterministic or even sufficient common cause). Common causes
in generd, it seems, need not satisfy the condition (3); but if they are to be totd, (3) is ob-
ligatory.

This may suffice as an explanation of what the principle says. But it aso has philo-

sophical implications which should be made a bit clearer before proceeding any further.

2.  What is the philosophical significance of the principle?

The most important thing to note is that the common cause principle is a descendent
of the principle of causality which says that each event has a cause. Both principles clam
the existence of a cause. One might say that the one claims the existence of causes for

events and the other does so for correlations. This is mideading, however, because



correlations may be said to have causes & most in a derivative sense. The difference is
more accurately, that the principle of causality postulates causes in full generality, whereas
the common cause principle, though postulating common causes, does so only in the
restricted case of a positive correlation between two causally unrelated events.

Inview of this kinship it is not surprising that both principles are subject to nearly
the same variation in attitudes. Both principles have been taken not as making any clams
a al, but as having a practica function in guiding research and in encouraging scientists
not to give up hope in their search for causes. Both principles have been taken as making
empirical assertions which are presumably wrong. However, both principles have aso
been thought to have some kind of a necessary status. Perhaps they turn out to be ana
Iytically true on the basis of an adequate definition of events and/or of causation; indeed,
this is my attitude toward the common cause principle, as | will explain below.?2 Or per-
haps they have another kind of necessity; e.g., they may be knowable a priori, a view |
think in away to be the case with the principle of causality.®

Besides the kinship there is a further remarkable difference between the principles.
The old principle of causality has always been conceived in a deterministic way; causes
tended to be taken as sufficient causes. By way of contrast, the common cause principle
emphasizes a probabilistic conception of causation. Doubtlessly, this latter was a pioneer-
ing insight of Reichenbach.

How important this emphasis is may best be seen by looking at statistics. Statistic-
ianstypically are ambivalent. On the one hand, the desire to discover causa relationships
has always been an essential motivein doing statistics; but on the other hand, statiticians
have always been unsure about how to infer causal from statistical relations. The common
cause principle in itself does not tell which datistical correlations to interpret as causa
ones. Nevertheless, it certainly serves a crucia bridging function by specifying a connec-
tion between probability and causality.

However, thiswas not theimmediate interest of Hans Reichenbach. His concern was

about a different and deeply philosophical issue, namely the causal theory of time. His



ideawasthefollowing: If A, B, and C satisfy (1) - (3), let's say that they form a conjunctive
fork whichisclosed at C and which may be open or closed a the other side according to
whether there is an event D on the other side standing to A and B in the same probabilistic
relation as C. Reichenbach's ingenious contention was that any two conjunctive forks
which are not closed on both sides are open on the same side. Then we may define the
direction of timein a purely probabilistic way by stipulating that the open forks are open
towards the future. Of course, it's easy to find purely numerical counter-examples. But as
far as | know, no convincing physical counterexample has turned up in the literature. So
Reichenbach's contention still stands.

| shall add only one skeptical remark here. The idea looks circular because objective
probability makes reference not only to time, but also to the direction of time. On a pro-
pensity view, the chance of an event may change over time until it reaches the event's "end-
point chance”, as Lewis (1980, 271) puts it; afterwards it's 1 or 0. That is how chance is
relative to time. Moreover, the chance of an event a a certain time depends only on dl of
its past, but not at all on its future, as has been made clear by Lewis (1980, 272f.). That's
how chance refers to the direction of time, and, thus, the reduction of time to chance seems
spurious.

This argument starts from a propensity interpretation of probability. But it may have
an echo in the frequentist account. On such an account we have to count relative frequen-
cies, and we must start counting somewhere in the middle of the world's tota time span.
Whether or not one or both directions of time are infinite, the relative frequency or its limit
obvioudy depends on the direction in which we count. Thus it seems that even such a
concept as limiting relative frequency presupposes the direction of time.

A further philosophical use of the common cause principle should finally be mentio-
ned. Severa philosophers have argued that another important principle, the inferenceto the
best explanation, supports a redidtic atitude as opposed to attitudes of an idedlist or
empiricist brand. The argument is simply that realism is the best explanation of our sen-

sations, beliefs and similar things of which we areimmediately aware.™® If this is true, then



the common cause principle seemsto provide even stronger support for scientific realism,
because it starts not only from one, but from two givens: it does not infer an explanans
from one explanandum as does the inference to the best explanation; rather it proceeds
from two supposed effects and infers the existence of a usually hidden common cause,
one which need not be located at the same leve of observationdity as the effects. To
paraphrase a trigonometrica metaphor of Donald Davidson, with a twist towards phi-
losophy of language: The members of a speech community triangulate redlity from their
very parale behavior which would otherwise be a most surprising coincidence; and the
triangulation proceeds precisely via the common cause principle.

In fact, this issue is the deeper motive of the debate between Wesley Salmon and
Bas van Fraassen; the one defends a weakened version of the common cause principle in
support of his redidtic attitude (most expressly in Salmon (1984, ch. 8)), whereas the
other criticizes it in order to promote his empiricistic project (started in van Fraassen
1980). I will not attempt to comment on that debate or on the argument from the common
cause principleto realism. But it isimportant to keep in mind the philosophical fundamen-

talswhich are here at stake.

3. How might one argue about the principle?

Having exposed the content and the significance of the common cause principle, |
now want to take it at face vaue, namely as making a clam. Usually the most interesting
guestion concerning aclaim iswhether it istrue. In the present case it's hard to say yes or
no; and it's even hard to know how to go about establishing or refuting the claim. So the
initial question concerns how one might argue about the principle at all.

There are essentially two ways. One may either study particular examples and appli-
cations and see whether they confirm or disconfirm the principle. Or one may go more
deeply into the theory of causation and see whether illumination of a more theoretical kind

isforthcoming. | prefer the second way and shall ultimately stake my case there. But let's



briefly look at thefirst aternative.

There are many instantiations of the common cause principle. But because of mixed
guantifiersit is much more difficult to find good counter-examples. What one would have
to show somehow isthat there is no common cause in a given case. Surprisingly, at least
one striking counter-example has been found. | refer to the situations as they are conceiv-
ed in the Einstein-Podol ski-Rosen paradox and as developed by D. Bohm and J.S. Bell.

In these situations, apair of eementary particles, say an electron and a positron, are
prepared in the so-called singlet spin state. From their common source, one is emitted to
the right and the other to the left. After some time, they smultaneously meet two Stern-
Gerlach magnets which deflect them downwards or upwards and thus measure their spin
in the direction of the magnets. What exactly happens either on the left or on the right is
up to chance; in either case, the chance of the particle being deflected downwards or up-
wards is, respectively, 1/2. But nevertheless, a correlation between the left and the right
particle being deflected into different directions may be observed. If the magnets are par-
ald, thiscorrelation is perfectly positive, i.e. 1; whenever one particle goes down, the other
goes up. If the magnets are not parald, there is still a positive correlation depending on
the angle at which the magnets have been rotated; and that dependence is precisey
described by quantum mechanics.

So, the common cause principle should apply to such situations. And since the right
and the left event are smultaneous, one should find a common cause for them satisfying
the conditions (2) and (3) above. Now, whenever the joint distribution for the left and the
right side is generated by a distribution for a third variable conditional on which the left
and the right side are independent, then that joint distribution must satisfy a certain in-
equdity named after J.S. Bell. However, and this is the upshat, this inequality is demon-
strably violated by the joint distribution derivable from quantum theory. Hence, if quantum
theory isright, there is demonstrably no hidden variable, no common cause accounting for
the correlations obtaining in such situations. This is, very briefly, the most powerful

argument against Reichenbach's common cause principle.t*



The quantum phenomena, thus, seem to provide the centra test in which the com-
mon cause principle fails. On the basis of this set-up, van Fraassen (1982b) and Salmon
(1978) and (1984, ch. 6) have devised a number of further counter-examples, with di-
verging intentions. Salmon wants to save the common cause principle by weakening it to
the effect that the common cause and its two effects may form either a conjunctive fork, as
required by Reichenbach, or a so-called interactive fork, where "=" is replaced by ">" in
the first equation of (3); this liberaization is, however, not intended to cope with the
original EPR phenomena. Van Fraassen, on the contrary, wants to generaly discredit the
common cause principle, degrading it to "a tactica maxim of scientific inquiry and theory
construction. ... its acceptance does not make one irrationa; but its rejection is rationaly
warranted aswell" (1982b, 209).

However thismay be, in the sequel | shall consider the common cause principle only
within a classical framework. For, in this domain, there seem to be no convincing counter-
examplesto the principle. But is lack of convincing counter-examples sufficient evidence
for accepting the principle on classca terms? What is redly needed is a kind of

explanation why the principleis or should be true.

4. How else might one argue about the principle?

So let us try to get a more theoretical perspective on probabilistic causation and
hence on the common cause principle. More specificaly, | want to determine the status of
the principle within the theory of causation | proposed in (1980), (1983), and (1990) and
to work up to the variant of it which is provable on the basis of that theory. This theory
keeps within the mainstream of the relevant literature, but differs from other accounts in
some respects.

Each discussion of probabilistic causation must proceed from an explicitly given
probability space: So let | be anon-empty set of variables or factors; | call it a frame. Each

variablei € | isassociated with aset Q; of at least two possible values i may take. Q is to
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be the cross product of al the Q;, i.e. the set of al functions ® defined on | such that for
echiel, o)e Q; intuitivey, each o represents a possible course of events - a
possible world in philosophers talk, or a possible path in the mathematicians terminology.

To give just one example: In meteorology, one is interested in severd items. temp-
erature, atmospheric pressure, humidity, precipitation, cloudiness, velocity, direction of the
wind, etc. For each place and time considered these items constitute separate variables. A
possible world, asfar as the meteorologist is concerned, consists then in a specification of
the values of all these variables.

Essentially for the sake of mathematicad simplicity | assume that |, each Q;, and
hence Q arefinite. In particular thisimplies that questions of measurability can be neglect-
ed because each subset of QQ can be taken to represent an event in the mathematicians
sense, or a proposition in the philosophers sense. Further, | assume a probability measure
P assigning a probability to each proposition, i.e. to each subset of Q. This completes the
description of the underlying probability space.

| shall assume that the probability measure P is strictly positive, i.e. that P{w}) > 0
for al m € Q; hence, the conditional probability P(B | A) is defined for each A # @. Since
Q isfinite, this assumption is unproblematic. The reason isthat al probabilistic theories of
causation run into serious problems with the limiting probabilities 0 and 1; and since these
problems are not germane to the present topic, they can be excluded without prejudice.

Next, the possible worlds must be provided with a tempora structure. For this pur-
pose, | assume a wesk, i.e. trandtive and connected order relation < on the set | of vari-
ables which represents the order of the times a which the variables are redized; < is to
denote the corresponding irreflexive order relation. Some abbreviationswill be useful: For
jelandKclweput{<j} ={ke I|k<j} and {<]- K} = {<]} - Ki {<]} and {<] -
K} are defined correspondingly.

The tempora order may be partially extended to propositions in the following way.
Forany Jc | define a proposition A to be J-measurable or a J-proposition iff for dl w,

o'e Qagreeingon J, we Aif and only if ®' e A; intuitively, a J-proposition refers a
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most to the variables in J and not to any variable outside J. In particular, there are pro-
positions about single variables, and it is them to which the tempora order can be imme-
diately carried over. | shal take only such propositions referring to single variables as
events, i.e. as causal relata; thereis no need to consider logically complex propositions as
causes or effects.

For m € Q and J c | we shal haveto consider the proposition { o' | ®'(i ) = w(i) for
al i € J} which says that the variables in J behave as they do in the world w; it will be
denoted by ©J . Obvioudly, this proposition is a J-proposition. In fact, it is an atom of the
algebraof J-propositions. | cal it a J-state.

Finaly, we need anotation for (conditional) probabilistic independence. A L B says
that the propositions A and B are probabilistically independent, i.e. that P(A " B) = P(A)
P(B); and AL B/C says that A and B are independent conditional on C, i.e. that
P(ANB|C)=P(A|C) P(B|C). These notions can be extended to variables and sets of
them. For K, L, Mcl KLL/M means that ALB/C for dl K-propositions A, L-
propositions B, and M-states C; and it will be clear what mixed formulae like K L A or
KL L/Caretomean.

The basic notion may now beintroduced in full rigour. Informally, we may say that
Aisacause of Bif and only if A and B both obtain, if A precedes B, and if A raises the
epistemic or metaphysical rank of B under the obtaining circumstances. This is the basic
conception of causation on which most can agree. In the deterministic case, it covers re-
gularity theories, counterfactual approaches, and analyses in terms of necessary and/or
sufficient conditions; the difference is only on the relevant meaning of "raises the epis-
temic or metaphysical rank”. In the probabilistic case, this can only mean one thing,
namely that A raises the probability of B, where, however, probabilities can be interpreted
subjectively or objectively.

The condition that causes and effects have to obtain makes the notion of causation
world-rdative; in our framework we may obvioudy say that A and B obtain in o iff

o € AN B. The condition that A precedes B is expressed by the clause that there are
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variablesi and j such that Aisan i-proposition, B a j-proposition, and i <j; but a bit more
needs to be said about this later on. The condition that A raises the probability of B sounds
as if A would do something; but it just means that the probability of B given A is larger
than given A. Finally, the phrase "under the obtaining circumstances' is beset with great
difficulties. But if we restrict ourselves to direct unmediated causation, there is a
particularly simple explanation. As | have argued in the papers referred to, each fact
preceding the direct effect B and differing from the direct cause A is to count among the
obtaining circumstances of the direct causal relation between A and B; whenever judg-ment
about that relation is based on less, it may be just the neglected facts which would change
the judgment. This means that in the world o the obtaining circumstances consist of the
whole past of B in o with the exception of A; in the above notation this is just the
proposition ®{<j - i}. So we arrive at the following explication:

Aisadirect causeof Bin o iff e A Bandtherearevariablesi, j € | suchthat A
isani -proposition, B aj -proposition, i <j,andP (B|AN®{<j-i})>P(B| An ®{<]j
-1}). It is natura to add the definition that A is a direct counter-cause of B in o iff
€ AN Band there are variables i, j € | such that A is an i-proposition, B a j-proposition,
i<j,and PB|AN®{<j-i}) < PB| An®{<j - i}). Thus A is directly causally
relevant to B in o iff A is a direct cause or counter-cause of B in o, i.e. iff not
ALB/o{<j-i}.

How isthisto be extended to a general account of causation? This is a complicated
story. Theview which | arrive a in (1990), and which | ssimply assume here, is that cau-
sation in general should be defined as the transitive closure of direct causation. This had
already been suggested by Lewis (1973) in his counterfactua explication of deterministic
causation.

It may be illuminating to pause here and make some brief remarks comparing this
explication with accounts of probabilistic causation given by Suppes (1970), Good (1961-
63), and Cartwright (1979).

Starting from his definition of primafacie causes which does not refer to any given
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background Suppes (1970) considers the circumstances of causal relationships for distin-
guishing spurious versus genuine and direct versus indirect causes. On pp.41f. he ac-
knowledges the legitimacy and usefulness of reativizing al his definitions to some back-
ground information. However, one has moreover to distinguish between overt and hidden
causes, and as | have argued in (1980) and (1983), the interplay of these three distinctions
forces one to consider much richer backgrounds, and indeed different backgrounds for
different causal relationships. Thus| arrived at the above definition which explicitly refers
to the richest possible circumstances of direct causal relationships.

The theory of Good (1961-63) differs from my explication in several ways, but the
crucial point is that in defining the tendency of A to cause B Good considers different
conditional probabilities. In (1961, 308f.) he conditiondizes on the whole past of the
cause and on al laws of nature, whereas | conditionalize on the whole past of the direct
effect. | have not found a clear argument for the appeal to the laws. In fact, | think it dimi-
nishes the philosophical interest of the project, since one may hope that an analysis of
singular causation will further our understanding of laws of nature.*? The main question,
however, iswhether to conditionalize on the past of the cause or on the past of the effect.
If one wants to have one explication of both, direct and indirect causation, then Good's
conditionalization policy seems certainly more plausible. But, as | argued in (1990,
128ff.), Good's account is an inadequate account of direct causes. This was one of the
reasonswhy | split up the explication into a more adequate definition of direct causation
and its extension to indirect causation.

Cartwright (1979) isinterested rather in causal laws than in singular causation. Still,
it isinstructive to compare her views with my explication. In away, she explains forcefully
why Simpson's paradox isacrucia problem for probabilistic theories of causation. And in
away, my explication proposes aradical solution; if one conditionalizes on the whole past
of the effect, then there is no further subdivison of that past which could change the
conditional probabilities, a least within the descriptive frame given by the set | of

variables. But this is not her solution. She argues that dl the variables influencing B but
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not influenced by A constitute the obtaining circumstances of the causal relation between A
and B and that it is conditionalization with respect to these variables which indicates
whether Aisacause of B.

The disagreement is less substantial than it seems, however. Cartwright rightly in-
sists that one must not conditionaize with respect to variables mediating between cause
and effect; indeed, if their values are given, the cause can no longer be expected to be po-
stively relevant to the effect. But in the specia case of direct causation there are no
mediating variables; and the difference then reduces to the fact that 1 conditionalize aso
with respect to al variables which precede, but do not influence the effect, whereas she
does not. | believe the more extensive conditionalization proposal to be harmless, but she
does not. She says that "partitioning on an irrelevancy can make a genuine cause look
irrelevant, or make an irrelevant factor look like a cause" (1979, 432) and goes on to illu-
strate this aleged possibility. But | do not think that thisillustration supports her restricted
form of conditionaization, as Eells and Sober (1983, 42), who aso conditionaize on
irrdlevant factors, have already argued.

In one respect, however, the disagreement is deeper. Cartwright's conclusion is that
there is no non-circular characterization of causation in probabilistic terms. My con-
clusion, on the contrary, is again that direct and indirect causation should be considered
separately. My explication of direct causation is in line with her ideas and not threatened
by circularity. From this fact one can proceed to deal with the circularity involved in the
explication of indirect causation; and if my 1990) account of causation in generd is
tenable, this circularity can also be dissolved.

The preceding may suffice as a setting of the above explication within a family of
related views. A final remark is necessary concerning the requirement that the cause tem-
porally precedes the effect.

Though some philosophers and physicists would like to make sense of the possibi-
lity that the effect is later than the cause, | am utterly skeptical. In any case it should be

clear that this possibility is very foreign to the present approach. But there remains the
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guestion whether to take precedence strictly or loosely so as to include smultaneity. Here
we have choice. One dternative isto adapt my approach to the possibility of simultaneous
causation. Thisiseasily done; smply replace strict precedence by precedence or smulta-
neity throughout the above explication. Such was my choice in (1980). The mathematics
then yields many desired theorems and a so the one to be proved below. The disadvantage,
of course, is that the only causal relation between simultaneous events is interaction; for
them thereis no way to tell cause and effect apart.

The other dternative is to stick to a strict interpretation of precedence. Then, how-
ever, we run into mathematica problems. The desired theorems no longer follow in full
generality; special assumptions are required. Only two such assumptions are sufficient, as
far as| can see. Oneisto assume that there are no simultaneous variables so that the tem-
poral order is turned from a wesk into a linear order. When spatia considerations are
added within a reativigtic framework, this dternative may be attractive because the signa
relation yields a strict order relation between space-time points and thus between variables
realized at these points. But within the present framework, which is intended to be much
more widely applicable, this assumption is a severe limitation. The alternative assumption
isakind of locdity condition, namely that al simultaneous variables are independent given
all of their past. If {=i - i} denotesthe set of al variablesin | simultaneous with i except i

itsdlf, the condition is, formally:

(L) iLl{=i-i}/(<i}foraliel

This assumption (L) may be interpreted as a condition on probabilities or as govern-
ing our understanding of what counts as asingle variable. It seemsto be characteristic of a
classical framework that in each case aframe | violates (L) the suspicion arises that that
frameisincomplete and should be completable so as to satisfy (L). Indeed, a sdient fea-
ture of the quantum theoretical description of the EPR situations isthat they violate (L).

Notethat if there are no simultaneous variables, (L) isvacuoudy true. Thus, in ether

case (L) will suffice to prove my version of the common cause principle. This is not
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guestion-begging. True, (L) says that simultaneous events are independent under certain
conditions; but (L) by itself does not say that there exist common causes or that they form
such conditions.

What is the version of the common cause principle to be proved? To state it, the
causal notions so far introduced have to be extended to variables. This is straightforward.
For two variablesi and j, i is directly causally relevant to j in o iff some i-proposition is
directly causaly relevant in ® to some j-proposition, that is, iff noti Lj/®{<j - i};1i is
potentially directly causally relevant to j iff i is directly causally relevant to j in some
world, i.e. iff noti Lj/{<]j-i}; generd, i.e. direct or indirect causal relevance in o is
again just the trangtive closure of direct causal relevance in o; and likewise for potential
causal relevance. Here, "potential” refers roughly to the causal relations within possible
courses of events which need not be the actual one. This is not merely alogica or some
other vacuous possibility; it is substantially restricted by the given frame | and the given
probability measure P. This point will be of some importance later on.

Now the theorem to be proved says. Let i and j be any two variables in |, K =
{ke I| k=i or k is potentialy causaly relevant to i}, and L = {lel|I=j or | is
potentialy causally relevant to j}. Then, given condition (L), K-L LL-K/KnL and, a
fortiori,i Lj/ KN L holdtrue.

The proof of this theorem relies crucialy on the laws of conditional independence;
indeed, they lie at the very heart of any probabilistic theory of causation. | state the most

important ones (there are more) without proof.™* For all J, K, L, M | we have:
() ifKLL/M,thenL LK/ M,;
(I ifKeM,thenK LL/M;

any ifKecKuM,L'cLuM,McM cKuLuUM,andK LL/M, then
K LL'/M;

(v) ifJLK/LuMandJ LL/M,thenJ LK UL/ M;



17

(V) ifKandL aredigoint,J L K/LuUM,andJ L L/KuM,then

J1LKuL/M,provided Pisdtrictly positive (as was assumed here).

Proof of Theorem:
Leti, j, K, and L be asin the theorem; we may assumethat i <j. Let <" be any linear
order on | agreeing with the temporal order <; i.e. k< | entailsk <" I. The notation {<* K},

{<" K}, etc. isexplained as before. We now show inductively that for each m <" j
4 KNnLn{<mlLKALn{<"m/KnLn{<" m}.

If misthefirst variable relativeto <*, (4) is trividly true. For the induction step we

assume that
BG) KNLn{<"mLKALA{<" M /KnLn{<" m}

and shall show that (4) follows. For this purpose four cases must be distinguished:
Firgt, if mg Ku L, then (4) immediately reducesto (5) because dl the terms in (4)
areidentical with thosein (5).

Secondly, assumethat me K n L. Thenwehaveforal ke Kn{<m}
6 mik/{<m-K,

because each such k is not potentially directly causaly relevant to m. (6) entails, with the
help of (V),

(7) mL Kn{<m}/Kn{<m}.

(7) and (L) entail, with the help of (1) and (111),
8 mL Kn{<"m}/Kn{<" m}.

(I11) allows to weaken (8) to

9 mLKNnLn{<"m/Kn{<" m}.
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According to (1V), (5) and (9) entail
(10) KN Ln{<"m L KnLn{<"m}/KnLn{<" m}.

And (10) isequivaent to (4), since their second and third terms are identical .
Thethird casethat me K L is symmetrically similar to the second case.

In the final casewhen me K N L (6) - (10) hold aswell; with (I1) (10) implies
1) KN Ln{<"m L KnLn{<" m/KnLn{<" m};

and now (11) isequivaent to (4).

Hence (4) holds for all m<" j ; and for m=j (4) is the assertion to be proved.

As to the final assertionthati Lj /KN L:Ifie Kn Landje KnL, it follows
immediately from what has just been proved; and if i or j isin KN L, itis trividly true.

This completes the proof.**

Thistheorem is surely avariant of the common cause principle because it entails two
facts. Fird, if the i-proposition A is pogtively or negatively correlated with the j-
proposition B, theni L j does not hold. This entails according to the theorem that K N L is
not empty; that is, either the earlier of i and j isin K n L and hence potentialy causally
relevant to the later one, or there is a least one variable potentidly causaly relevant to
both. Thisis one part of the common cause principle.

Secondly, though the theorem does not confirm that i and j are independent given
some common cause, it says that they are independent given the set of dl the variables
potentially causally relevant to both, i and j, which may well be said to form a tota com-
mon cause in each world; and this is, in a way, the other part of the common cause prin-
ciple

This apparently is a close approximation to Reichenbach's common cause principle
given the above explication of probabilistic causation. If so, then if one is convinced of the
common cause principle anyway, the basis on which it is reconstructed is thereby rendered

more plausible. And if the basisis plausible, the derivation presents a good explanation of
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the validity of the common cause principle. Thisis surely true in a classica framework as
characterized at least by the condition (L); concerning the quantum theoretical context our
understanding of causation and of the role of the common cause principle is certainly not
enhanced.

However, it is too early to summarize because the theorem aso diverges from Rei-
chenbach's original principle. The question arises, therefore, to what extent is the presented

approximation really satisfactory?

5. Istheproved variant too weak?

There are four points of divergence from the origina. First, condition (2) does not
seem to find acounterpart in the proved variant. Secondly, whereas the origind claims the
existence of some common cause, the variant refers to the total common causal ancestry.
Thirdly, the variant assumes two correlated variables instead of two positively correlated
events, and the common causeis also replaced by a set of variables. Finadly, wherever the
original talks of causation, the variant talks of potential causa relevance. | shal take up
these pointsin that order.

First, concerning condition (2), their counterparts in the terminology of the above
theorem are given by the assertion that neither i nor j is independent of KN L. This
should be provable, it might seem, but it is not; lucky averaging may create surprising
independencies. The theorems 14 and 16 of my (1990) state assumptions under which
also an indirect cause is conditionally positively relevant to its effects (thiswas assumed in
the above explication only for direct causes), or rather assumptions under which proba-
bilistic dependence spreads through chains of causa relevance. With their help one may
specify when i and j are aso probabilistically dependent on their common causal ancestry.

Secondly, the fact that the theorem requires reference to the total common causal
ancestry of the correlated variables confirms the conjecture at the end of section 1 that in

his principle Reichenbach thinks of a common cause as a total one; otherwise the condi-
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tional independence of the correlated variables might well fail.* Still, the reference to the
total common ancestry, however remote, is not really necessary; what is required is only a
complete cross-section, so to speak, of that total ancestry. Thus, the above proof can easily
be adapted for showing that in the theorem KL can be replaced by the subset
{ke KnL|thereisanle (KuUL)-(KnL) such that k is potentially directly causaly
relevant to 1}, i.e. the most proximate part of the total common causal ancestry. Thisis a
dightly more satisfying resullt.

Thirdly, why should one refer to variables rather than to events? This is related with
the switch from causation to causal relevance. Both changes seem to be required:

If there are positively correlated events, there a'so are negatively correlated events.
Surely, wewould like to have a causal explanation of that negative correlation as well and
expect there to be one, if not necessarily in terms of common causes, at least in terms of
common causally relevant factors.

Or consider again (1) - (3). | have mentioned that (2) and (3) imply (1) also when
theinequalitiesin (2) are reversed. In that case C would be rather acommon counter-cause
than a common cause of A and B. And this may certainly happen within a probabilistic
context where one must reckon for counter-causation no less than for causation (cf.
footnote 7). Probable events may occur or not; and a cause makes its effect only more
likely, not necessary, and its counter-effect only less likely, not impossible. Thus, the
common cause principle should be taken not as excluding situations with the inequalities
in (2) reversed, but as covering them as well.

Or consider a variation of the theme. Suppose that the events A, C, and B, thus
temporally ordered, occur and form aMarkov chain, i.e. B is probabilisticaly independent
of A given C as well as given C. Suppose further that A is in fact a counter-cause of C
and C a counter-cause of B. Thus, the probabilistic side of the situation is again descri-bed
by (3) and the reversed (2) Hence, (1) holds as well, i.e. A and B are positively correlated.
The point is that this Situation violates the origina principle, since A clearly is not a cause

of B (counter-cause plus counter-cause does not add to a cause) and since we may assume
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that there is no third event causing A and B. Again, the conclusion is, | think, that we
should take the principle so liberaly as to include that Situation; and if we retreat to causal
relevance, we do so, since A, though not causing B, is causally relevant to it.

The general lesson is this: Within the probabilistic realm, counter-causation or nega
tive causal relevance is as ubiquitous as causation or positive causal relevance; things d-
most always happen because of some circumstances and despite of other circumstances.
Moreover, in complex causa nets postive and negative causal influences may mix in
countlessways. If we want to take account of al this, we haveto attend to causal relevance
simpliciter. Of course, it isimportant to disentangle the various kinds of causa relevance,
but not in the present context where we have to consider al of them.

Now the natural relata of causal relevance are variables (and sets of them). The rea-
sonisthis: If one event is positively relevant to another, that relation is turned negative by
negating one of the events and positive again by negating both (this holds for causa as
well asfor probabilistic relevance). Thus, positive and negative relevance pertains to events
and only to them. But if we are concerned with relevance only, it does not matter whether
we take events or their negations. But then, in effect, we consider binary variables, and if
we do s0, the natural step isto generalize and to consider arbitrary variables.

Thisanswers dready part of the final point; the principle should indeed talk not of
causation, i.e. podtive causa relevance, but of causa relevance smpliciter. However,
causal relevance may be actual or potentia. Above, both kinds of relevance have been
defined, but the theorem focused on the less plausible dterndive, i.e. on potentid rele-
vance. Thereisamathematical reason: it is open whether something smilar can be proved
on the basis of actua relevance. And there isaconceptual reason: if we really want to turn
to variables, we aso have to turn to potentia relevance, because only that relation refers
only to variables; actua causa relevance is conditioned on a proposition, i.e. the actua
past. Indeed, in many contexts only variables and sets of them are considered when dis-
cussing causal matters, as is exemplified, eg., in Granger (1980), Kiiveri et d. (1984),
Glymour et al. (1987), and Pearl (1988).'°
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However, the switch to potential relevance may seem to reduce the impact of my
variant of the common cause principle. In particular, it may seem that it is vacuoudy true
because for any two variables i and j, whether they are correlated or not, there is a third
variablek whichis potentially causally relevant to both, i.e. which is causaly relevant to i
in some world and to j in some other world."” This is easily imaginable since one can
invent arbitrary causal connections in possible worlds. Surely Reichenbach cannot have
meant thistrividity.

One must observe, however, what potentia causal relevance means. Possibility is
here constrained in two ways. Firgt, it is constrained by the given frame I. A possible
world istaken here, and el sawhere, just as aredlization of the variablesin|; | do not alude
to the understanding of worlds as spatio-temporaly (and causally) maximaly inclusive
things. Hence, possible causal connections cannot simply be invented by assuming new
variables and suitable realizations of them.

Now one may wonder about the frame-relativity of the given explication of causa-
tion. The question whether this contains an important truth about causation or whether it
renders the explication inadequate, is a degp one which | shall not fully discuss here.*® But
| will say this: The only way to eliminate that relativization in the present framework is to
refer to afictitious universal frame I* just rich enough to completely describe our actua
world. But even I* is not large enough to generate al possible worlds whatsoever. The
generated possible worlds are strictly made out of the materia of the present world, so to
speak; no completely different or even alien things, properties, events, or processes exist in
them. So, what | said above is true of I* as well; even rdlative to 1* causal connections
cannot be invented by assuming new variables.

Secondly, possihility is here restricted by the given probability measure. The con-
ception is not that each world carries with it its own probabilities (or its own laws of
nature, etc.); worlds are taken here just as large conjunctions of singular facts. Hence,
thereisno way of inventing suitable causal connections by assuming probabilistic depen-

dencies where there are none according to the given measure (or by referring to queer laws
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of nature, etc.).

This shows my variant of Reichenbach's principle to be nontrivia despite the fact
that it considers potential relevance only. Still, | think that it would be more adequate and
more interesting to refer to actua relevance. Hopefully closer variants can be proved as
well on the basis of the above explication. For instance, suppose that i and | are two cor-
related variables, that o isaworld in which the actual circumstances of causal relationships
are ideal in the sense explained in my (1990, sect. 4), and that K is the set of variables
identical with or actually causally relevant toi in ® and L the set of variables identical with
or actuadly causdly relevant to | in . Then the independence @(K-L L (L -
K) / (K n L) follows; indeed the proof is completely analogous to the one given above;
the only differenceisthat the step from (6) to (7) now requires the additional assumption
that circumstances are ideal in ®, an assumption which | have argued in (1990, sect. 6) to
be important for characterizing causally well-behaved worlds. However, this result is not
yet satisfying because that independence does not entaill the desired independence
o] | o) /o(K N L). Perhaps further assumptions of causal well-orderedness help. As |

say, there is hope, and there is space to be explored.

Notes

"I am indebted to my commentator André Fuhrmann. The discussions with him led to a
considerable improvement of the theorem in section 4, and his comments made clear to me in
which respects this theorem may still be weak. Again, I am very grateful to Karel Lambert
for rich advice in grammar, style, and content.

See, e.g., the variety of opinions presented in Bennett (1988).

! This characterization, or at least its non-modal part, is Quine's, reinforced in Quine
(1985, 167). In (1969), Davidson thought it to be the second best view; and according to his
assent to Quine in (1985, 175) it even is his present favorite.

> Of course, there are ways to get around this difficulty. For instance, one may associate
with each event the proposition that that event exists or occurs, as does Lewis (1973). But
even then it is doubtful whether the predominant view is appropriate. Lewis (1986, 241-269),
in any case, prefers to say, at least for the present purpose, that an event is whatever engages
in reasonable causal relations according to our best theory of causation.

> However, Kim's events rather behave like facts, as is critically remarked by Bennett
(1988, ch. V).
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*Indeed, in (1991, sect. 3) I have explained why I take the subjective interpretation as
primary even in dealing with causation, and my (1992) is an attempt to do justice to the
tendency to conceive causation objectively.

°In (1956, 159) he calls (2) and (3) assumptions. But later on on that page he says that
"when we say that the common cause C explains the frequent coincidence, we refer ... also to
the fact that relative to the cause C the events A and B are mutually independent." Hence,
the conditional independence is indeed essential for C to explain the correlation and thus
presumably also for C to be a cause, since causes are meant to explain.

® One exception is, of course, Salmon who has insisted, in (1970) and later writings, that
within a probabilistic context negative relevance is explanative as well. I think he is right,
but I also think there is not really a conflict. The reason is simply this: Within a
deterministic context there seem to be only causes; counter-causes are quite strange or even
impossible (though in my view the problem is not their impossibility, but their non-
objectifiability in the sense explained in my (1992).) The case is different, however, with a
probabilistic setting. Indeed, there it is not so clear how to disentangle causes and counter-
causes; causal relevance as such, be it positive, negative, or mixed, is the much clearer notion.
If others take positive relevance as a mark of causation, then negative probabilistic
relevance certainly expresses causal relevance as well. And as Salmon insists, any
explanation must attempt to state the causally relevant factors as completely as possible.

7 Cf. van Fraassen (1980, 30); the point is repeated in his (1982b, 205). Indeed, the point is
intended as a criticism of Salmon's interactive forks in which a residual positive correlation
conditional on the common cause is assumed. In conversation Salmon has admitted that this
remains a poorly understood, if controversial point in his discussions with van Fraassen.

8 Of course, provability within a classical framework is not the same as analyticity. A
nice example of this attitude is Davidson's individuation of events in (1969) which
surprisingly entails a kind of causality prinicple, namely that each event with the exception
of at most one has a cause or an effect.

° Cf. my (1991, sect. 4). The two principles do not have the same status in my view because
the common cause principle starts from an assumption which will allow for a derivation of its
conclusion, whereas the principle of causality makes an unconditional existence claim.

' Cf., e.g., Putnam (1987, 3-8), and Ben-Menahem (1990).

"' For more details cf., e.g., Bell (1981), van Fraassen (1982a); and Skyrms (1984).
2 My (1992) is an attempt to substantiate this hope within my framework.

B For proof see Dawid (1979), Spohn (1980), or Pearl (1988), sect. 3.1.

* The theorem may also be proved within the theory of Bayesian networks with the help
the so-called criterion of d -separation and its relation to probabilistic independence; cf.
Pearl (1988, 116ff.). This is so because K - L and L - K are clearly d-separated by K N L.

15 At that time, "cause" often meant "total cause'", because "total cause" was taken as the
primary object of analysis and "partial cause" was hoped to be an easily derivable notion.
This hope was not realized. So, nowadays "partial cause" has moved to the center of the
analytic attempts, and "total cause" is the derivative notion. In the above explication
"cause" clearly means only "partial cause".
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16 Salmon (1970, 220ff.) does so as well when he conceives explanation as the specification
of causally relevant factors or of an explanatory partition. There, Salmon also requires that
the members of an explanatory partition be homogeneous with respect to the explanandum.
This has a counterpart in the present theory, namely in the fact that a variable is
independent from its entire past given the set of all variables potentially directly causally
relevant to it (this is, roughly, expressed in line (9) of the above proof); this set is maximally
specific in Hempel's terminology.

7'In a way it's worse. I defined direct potential causal relevance to be direct causal
relevance in some world. Thus the transitive closure of the first is even weaker than the
transitive closure of the second in some world; transitive closure and existential
quantification do no commute.

¥ Cf., however, my (1991, sect. 4).
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