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The Inference of Contrast for Probabilistic Theories of Causality
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Abstract. Hitchcock [8] argues that the ternary probabilistic theory of causality alone conveys the
information about complex relations of causal relevance. In this paper, I show that the unanimity
probabilistic theory of causality, which Hitchcock criticizes, also reveals complex relations of causal
relevance. I conclude that the two probabilistic theories of causality carve up the same causal structure in two
formally different and conceptually consistent ways.
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1. Introduction
Several leading philosophers of science (Cartwright [1]) have developed probabilistic theories of
causality in 40 years. The kernel of the probabilistic theories of causality is that the presence of a cause
factor over the absence of the cause factor raises the probability of its effect factor. A formally intriguing but
uneasy criticism has been raised of the probabilistic theories of causality. This criticism, which might be
seemingly devastating to the probabilistic theories of causality, is due to the problem of disjunctive factors.
In order to assess the causal significance of a medicine for patients’ recovery, a medical team divides the
study group of patients into three treatment groups, and in turn provides the first group with placebo A, the
second group with a moderate dose B and the third group with a strong dose C. Suppose that the probability
of recovery Y given each of A, B, C is as follows1: Pr (Y｜A) = 0.2, Pr (Y｜B) = 0.4, Pr (Y｜C) = 0.9. The
medical team wants to know whether the moderate dose B is a positive causal factor for the patients’
recovery Y. According to the probabilistic theories of causality, the medical team compares the probability of
Y in the presence of B, i.e., Pr(Y｜B), with the probability of Y in the absence of B, i.e., Pr(Y｜–B) in which
‘–’ refers to ‘negation’. Since –B, the absence of B, is equivalent to a disjunctive factor A v C (in which ‘v’
refers to ‘or’), the medical team needs to assess the probability of Y in the presence of A v C, i.e., Pr(Y｜A v
C). In computing Pr(Y｜A v C), each disjunct, A and C, of the disjunctive factor A v C confers different
probabilities on the factor Y. The problem then arises of how one identifies a single causally significant
probability of the factor Y in the presence of the disjunctive factor A v C. Hitchcock [9] introduces two
problems due to the problem of disjunctive factors, and argues that the probabilistic theories of causality
cannot meet them.2 Suppose that Pr (A) is equal to Pr(C). Then, Pr(Y｜–B) = [Pr(A) Pr(Y｜A) + Pr(C)
Pr(Y｜C)] / [Pr(A) +Pr(C)] = [(0.5) (0.2) + (0.5) (0.9)] / [(0.5) + (0.5)] = 0.55. So Pr(Y｜B) < Pr(Y｜–B),
which tells us that B is a negative causal factor for Y. Hitchcock (1993, p.341) claims that this casual claim
conflicts with our intuition that the moderate dose has positive causal significance for patients’ recovery.
This is the first problem the probabilistic theories of causality confront. Again, suppose instead that Pr(A) is
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0.6 and Pr(C) is 0.1. Then, contrary to the previous case, B is now a positive causal factor for Y since Pr(Y｜
B) > Pr(Y｜–B). Thus what causal significance B has for Y depends on the ratio of Pr(A) to Pr(C). Hitchcock
[8] (p.341) finds it odd that the objective causal significance of B for Y depends on the ratio of Pr(A) to Pr(C).
This is the second problem he raises for the probabilistic theories of causality. Hitchcock [8] (pp. 350-351)
further argues that the unanimity theory, which is founded on the binary contrast, cannot convey information
about complex relations of causal relevance such that, as doses of medicine change, so does the probability
of patients’ recovery change. Hitchcock claims that ternary contrast instead should be considered not only to
meet the problem of disjunctive factors but also to explicate the complex relations of causal relevance.
Inspired by Holland [9], Hitchcock claims that B is, with regard to Y, contrasted not with –B but with a
specific alternative to B, which is the ternary contrast. He compares Pr(Y｜B) and Pr(Y｜A), and Pr(Y｜B)
and Pr(Y｜C), which are the ternary relations. B is a positive causal factor for Y relative to A, Pr(Y｜B) >
Pr(Y｜A), whereas B is a negative causal factor for Y relative to C, Pr(Y｜B) < Pr(Y｜A). We also see that as
doses of medicine change, so does the probability of patients’ recovery change: Pr(Y｜A) < Pr(Y｜B) <
Pr(Y｜C). Hitchcock formally generalizes these complex relations of causal relevance in terms of a
conditional probability distribution function f(x) = Pr(Y｜X = x) where X is a random variable standing for
doses of medicine.3 The ternary theory4 introduces a conditional probability distribution function fi(x) =
Pr(Y = y｜X = x & Ki), and contrasts different values of the random variable X with regard to values of a
random variable Y. “i ”of fi(x) represents each i of the background contexts Ki, so that the function fi(x)
may have different shapes, depending on what background context it is relative to. Suppose that the values of
the random variable X are doses of medicine determined as the result of a random experiment, values of a
random variable Y are recovery or non-recovery, and the random experiment is relative to, for example, a
background context K2. If the probability of Y given X = 2 (e.g., a moderate dose of medicine) is greater than
the probability of Y given X = 1 (e.g., a placebo), then X = 2 tends to cause Y when compared with X = 1. If
the probability of Y given X = 3 (e.g., a strong dose of medicine) is greater than the probability of Y given X
= 2, then X = 3 tends to cause Y when compared with X = 2. Thus the ternary theory meets the two problems
by showing that the moderate dose of medicine is a positive causal factor for the patients’ recovery without
depending on Pr(X1) and Pr(X3). Hitchcock goes further. The function fi(x) has a shape of probability
increasing relative to the background context K2 such that f2(l) < f2(2) and f2(2) < f2(3), assuming that f2(1) =
Pr(Y｜X = 1 & K2) = 0.2, f2(2) = Pr(Y｜X = 2 & K2) = 0.4 and f2(3) = Pr(Y｜X = 3 & K2) = 0.9.5 If the
above random experiment is relative to another background context, then fi(x) may have a shape of
probability decreasing or a shape of probability not changing. The relations, f2(l) < f2(2) and f2(2) < f2(3),
convey the information about the function fi(x) such that the probability of Y increases from X = 1 through X
= 2 to X = 3. Hitchcock [8] (pp. 350-351) claims that only the ternary theory conveys the information about
the function fi(x), and is superior to the unanimity theory.
In this paper I shall show how the unanimity theory too conveys the information about the complex
relations of causal relevance the ternary theory is intended to do. I conclude that the unanimity theory and the
ternary theory both carve up the same causal structure in two formally different but conceptually consistent
ways, while pointing out that the ternary theory is founded on the unanimity theory.

2. Multiple Ways of Carving up Causal Structure
We should notice that the probabilistic theory of causality, which is called the unanimity theory6 (Eells
[4], Eells and Sober [5]), is also a ternary theory7: it says that a factor X is a causal factor for another factor Y
3
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Strictly speaking, the unanimity theory is a quandary theory which says that a factor X is a causal factor for another factor Y
relative to a population P exemplifying a kind, or type Q. Hitchcock’s ternary theory too is the same as the unanimity theory in that it
too carves up causal structure relative to a population P exemplifying a kind, or type Q. Hitchcock did not notice how versatile the
relativity of causal roles to population would be while I do.
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relative to a population P. The causal significance of X for Y depends on which population we are
considering. This is understood in two ways. First, a population P always exemplifies a population type Q.
The causal significance of X for Y depends on which population type Q the population P is taken to
exemplify.8 For example, smoking may have a positive causal significance for lung cancer in a population of
middle-aged human beings. But smoking may not have positive causal significance for lung cancer in a
population of teen-aged human beings. Second, a population P, in which a factor is a causal factor for
another factor, is basically taken as a homogeneous subpopulation. Causal role may be different, depending
on which subpopulation we are considering. For example, if X is a positive causal factor for Y in a
homogeneous subpopulation, then X may be a negative causal factor for Y in another homogeneous
subpopulation. If this causal information is true, then X is causally mixed for Y in a subpopulation into which
the two subpopulations are combined. Let us see how this feature of the probabilistic theory of causality
conveys information about the function fi(x) the ternary theory alone allegedly does.
Consider, for brevity, only the three cases of the experiment relative to a background context K2 in terms
of Hitchcock’s ternary theory introduced in the previous section, f2(1) = Pr(Y｜X = 1 & K2) = 0.2, f2(2) =
Pr(Y｜X = 2 & K2) = 0.4 and f2(3) = Pr(Y｜X = 3 & K2) = 0.9. Let X = 1, X = 2, X = 3 be in turn X1, X2, X3,
which constitute a partition of doses of medicine. See Figure 1.
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Fig. 1
According to the unanimity theory, the relations between X1, X2, X3 and Y relative to the background
context K2 are Pr(Y｜X1&K2), Pr(Y｜X2&K2), Pr(Y｜X3&K2). These three conditional probabilities are in
turn equivalent to f2(1) = Pr(Y｜X =1 & K2) = 0.2, f2(2) = Pr(Y｜X =2 & K2) = 0.4, f2(3) = Pr(Y｜X =3 &
K2) = 0.9. Consider, relative to K2, a subpopulation whose individuals have the property of X1 or X2. That is, a
population type of the subpopulation is X1 or X2. (The shaded parts in Figure 2 are the relations between X1,
X2 and Y in the subpopulation X1 or X2.)
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Fig. 2
Let the subpopulation relative to K2 be K12. In the subpopulation K12, X2 is not only the absence of
X1 but also only alternative to X1. Therefore, in the subpopulation K12, Pr(Y｜X1) < Pr(Y｜－X1), that is,
Pr(Y｜X1) < Pr(Y｜X2). Again, consider a subpopulation whose individuals have the property of X2 or X3.
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(The shaded parts in Figure 3 are the relations between X1, X2, and Y in the subpopulation X2 or X3.)
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Fig. 3
Let the subpopulation be K22. In the subpopulation K22, X3 is not just the absence of X2 but also only
alternative to X2. Therefore, in the subpopulation K22, Pr(Y｜X2) < Pr(Y｜－X2), that is, Pr(Y｜X2) < Pr(Y｜
X3). Again, consider a subpopulation whose individuals have the property of X1 or X3. (The shaded parts in
Figure 4 are the relations between X1, X3, and Y in the subpopulation X1 or X3.)
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Fig. 4
Let the subpopulation be K32. In the subpopulation K32, X3 is not just the absence of X1 but also only
alternative to X1. In the subpopulation K32, Pr(Y｜X1) < Pr(Y｜－X1), that is, Pr(Y｜X1) < Pr(Y｜X3). Let us
follow the transition of the probability of Y from the subpopulation K12 through the subpopulation K22 to the
subpopulation K32. Then it is easy to see that the probability of Y increases from X1 through X2 to X3. This
conveys the information exactly about f2(x) such that f2(l) < f2(2) and f2(2) < f2(3). By considering each of the
three subpopulations K12, K22, K32 as the third relatum, the unanimity theory shows that the comparison
between Pr(Y｜X) and Pr(Y｜－X) conveys the information about f2(x).

3. Conclusion
Hitchcock9 does not notice that the unanimity theory is developed in the context of a three-place theory
of causality: it says that a factor is a causal factor for another factor relative to a population of a certain type
or kind. Therefore, the theory is, as it should be, sensitive to the mechanism by which subjects are assigned
to the three treatment groups. This sensitivity is not an objection to the theory but rather clearly reveals a
desirable feature of the unanimity theory. Several philosophers (Hausman [6], [7], Schaffer [12]), which
have discussed what should be contrasted as causal relata, argue argue that ternary (or quandary) contrast
meets several crucial problems with theories of causation allegedly due to binary contrast. They at least
implicitly credit their arguments for quandary contrast to Hitchcock’s [8] ternary probabilistic theory of
causality. My discussions in this paper may lead them to reconsider the relation between binary contrast and

9
In the footnote of his paper, Hitchcock too notes Eells’ response to his paper. Eells points out that the unanimity theory is threeplace theory. It is interesting that Hitchcock disregards the desirable feature of the unanimity theory.
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ternary contrast. At least as far as causal relevance is relative to population, the ternary contrast is founded
on the binary contrast.
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