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Abstract Over the past years, a number of probabilistic measures of coherence have
been proposed. As shown in the paper, however, many of them do not conform to the
intuitition that equivalent testimonies are highly coherent, regardless of their prior
probability.
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1 A test case

A bankrobbery has occurred. Detective Jones asks the witnesses Susan and Tom
about the robbers’ height and colour of hair. Susan says: ‘Both of them were at least
six feet tall. One had blonde and the other one red hair.” Tom answers: ‘None of them
was smaller than six feet. Both had dark brown hair.” Back in the police department,
Jones tells his colleagues that, although Susan’s and Tom’s testimonies on the robbers’
colour of hair do not fit together, they cohere perfectly with respect to their height.

Jones’s judgement is quite reasonable. After all, what Susan said about the robbers’
height is logically equivalent to what Tom claimed: if the proposition put forward by
Susan is true, the proposition put forward by Tom must be true as well, and conversely.
Jones is therefore right in reporting that, in this respect, their testimonies are coherent
to an outstanding degree.
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The same holds for equivalent results of measurements. Consider a physicist who
needs to know the air pressure in her laboratory. She makes two measurements, one
with a barometer measuring in bars and one with a barometer displaying hectoPascals.
The readings are ‘0.985bars’ and ‘985 hectoPascals’. Since bars are converted into
hectoPascals by multiplying them by 1,000, these results are equivalent and thus
cohere perfectly.

We take it that intuitions are very strong here, so that examples of this kind may
be used as a touchstone for theories of coherence.! The theories we want to expose
to this test are the probabilistic measures of coherence which have been proposed
over the last years (plus some variants of one of them).” These measures consist in
functions taking as input certain probabilities relating to the propositions in ques-
tion to calculate from them a number which is supposed to represent their degree of
coherence. We will show which probabilistic measures conform to the intuition that
equivalent testimonies (results of measurements . ..) are highly coherent and which
do not, thereby adding, as we hope, a substantial piece to the ongoing discussion on
the pros and cons of these measures.> (For the sake of brevity, we shall often refrain
from providing a motivation for the proposed functions.)

To avoid misunderstandings, let us mention two points before we start. First, there
is an act/content ambiguity in words like ‘testimony’ (or ‘report’) which may easily
be overlooked. When Susan says that the robbers were at least six feet tall, then both
the particular speech act she performs—an event in space and time —and the content
of this act—the proposition she puts forward —may be called Susan’s testimony. Our
claim that equivalent testimonies are coherent is bound to the latter sense. That is,
although we take the contents of testimonial acts to fit together if they are equivalent,
we do not state that the same holds for the corresponding acts. Assume, for example,
that Susan displays a psychotic aversion to Tom which is so strong that everything he
says provokes vehement protest from her. Assume furthermore that she knows what
Tom has reported about the robbers’ height. Against this background, her testifying
that they were at least six feet tall might not dovetail with Tom’s testifying that none
of them was smaller than six feet. But this does not alter the fact that the propositions
they claim to be true are coherent.

Second, that equivalent testimonies fit together well does not mean that one is
always justified in believing witnesses who put forward equivalent claims. The good
fit may come about by an arrangement of the witnesses which was carried out in
order to shield the real culprit. Or suppose one of the subjects was not at the scene
of the crime actually but just parrots what the other witness has said. Roughly, if the
reports fail to be independent, their coherence is of little consequence.* But we are
not concerned here with the question of what to conclude from coherent testimonies.
The assumption that equivalent witness reports are highly coherent does not entail

1 Cf. Fitelson (2003, p. 194); Bovens and Hartmann (2003b, p. 32). An equally strong test is provided
by two contradictory witness reports, which are intuitively highly incoherent. However, this case does
not enable one to sort out further measures from the ones to be examined because none of them
passes the equivalency test without also scoring well with respect to contradictions.

2 For a different type of mathematical approach to coherence, cf. Thagard (1992, Ch. 4); Thagard and
Verbeurgt (1998); Siebel (2005b).

3 For further cons, see Bovens and Hartmann (2003b); Douven and Meijs (2007); Fitelson (2003);
Moretti and Akiba (2007); Siebel (2005a).

4 More on the independence of witnesses in Bovens and Olsson (2002, p. 143f.); Bovens and Hartmann
(2003b, 15f.). Cf. also Lewis (1946, p. 352).
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that one should, come what may, put one’s trust in them. There is, at most, a default
rule stating that one is warranted in believing them unless there is reason for taking
them to be dependent.

Something analogous holds for situations where the equivalent testimonies do not
fit into the wider picture of what is known already about the crime. Then it might
be unwise to trust the witnesses because their claims would lower global coherence.
Nonetheless, the propositions put forward are still locally coherent: although they are
not in harmony with the given background, they dovetail with each other.

Closely connected with these topics is the question of whether coherence is truth-
conducive,i.e. whether a more coherent system has (at least in fortunate circumstances
and in a ceteris paribus sense) a higher probability of being true.® This is surely an
important question, but it is hard to see how it could be answered without first spelling
out in more detail what is meant by ‘coherence’ in this context. After all, a standard
objection to coherence theories is that they offer only vague characterisations of their
central notion instead of assigning a definitive meaning to the term ‘coherence’. The
probabilistic accounts discussed in this paper try to meet this challenge by giving a
formal explication of the concept of coherence; and we are interested in whether they
succeed. Like Carnap (1950, pp. 5-7), we assume that an explication should respect
fundamental intuitions associated with the concept in question; and it seems to us that
what we said about equivalent testimonies is among these intuitions when it comes to
coherence.

2 Shogenji’s measure

According to Shogenji (1999, p. 240), the coherence of a set of propositions
{A1,...,A,} is to be determined as follows:

PAL & - &A))
P(Ay) x -+ x P(Ay)

P(A1) x - -+ x P(A,) is the probability the conjunction A & - - - & A,, would have if its
constituents were statistically independent. Shogenji’s formula thus tells us to which
extent the actual probability that the propositions are true together deviates from the
probability they would have if they were statistically independent.” If the Cgp,-value
is 1, the set is taken to be neither coherent nor incoherent because the statements
are independent. If it is greater than 1, the set is coherent; if it is smaller than 1, the
statements do not fit together.

As to equivalent testimonies, Shogenji’s measure has a startling consequence. If A
is logically equivalent to B, then P(A & B) = P(B). Hence:

P(A & B) 1

Csn(A, B) = P(A) x P(B) _ P(A)

Csn(A1,...,Ay) =

5 On local versus global coherence, cf. Bartelborth (1996, Ch. IV.C).

6 For arguments against the truth-conducivity of coherence, see Bovens and Hartmann (2003b, Ch.
1.4); Klein and Warfield (1994); Olsson (2005, Ch. 7).

7 P(A & B)/[P(A) x P(B)] = P(A|B)/P(A) = P(B|A)/P(B). According to one of the accounts to
be introduced in Sect. 3, the latter formulas represent B’s degree of support for A and A’s degree
of support for B. Hence, in two-member cases, Shogenji’s proposal may be interpreted as identifying
coherence with the support the propositions provide for each other.
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Given that P(A) is smaller than 1, our witness reports are of course coherent because
Csh(A, B) will be above the threshold 1. However, how much they cohere would
depend on how likely the propositions put forward are: the more probable it is that
they are true, the less they dovetail. Applied to our test case, if the probability of
the bankrobbers’ being at least six feet tall is 0.1, then Susan’s and Tom’s testimonies
show a coherence of 10. But if it was already likely to degree 0.9 that the bankrob-
bers are that tall, then their reports would be close to being neither coherent nor
incoherent because Csp =~ 1. In other words, their testimonies would be only slightly
(or minimally) coherent.

Expressions such as ‘close’, ‘slight’ and ‘minimal’ are always a bit tricky because
they are vague. To make the difficulty with Shogenji’s formula more precise, let us
say that a pair of propositions is only slightly coherent on a measure if the difference
between the pair’s coherence and the measure’s neutral point does not go beyond a
positive number ¢ which may be as small as you like. In the case of Shogenji’s mea-
sure, whose neutral point is 1, this means that Cs,(A,B) < 1 + . Since for our set
Csh(A,B) = 1/P(A), it follows that this set is only minimally coherent if and only if
P(A) =1/ +¢).

The problem then is that it does not matter how close you want the coherence
to come to 1 in order to call the testimonies only slightly coherent. For any small
difference ¢ you choose, there is a probability for A, namely 1/(1 + ¢), leading to the
result that Cg, (A, B) is close enough to 1. For example, take ¢ to be 0.01. Then Susan’s
and Tom’s reports fit together only to a minimum degree if the probability that the
robbers’ are at least six feet tall is greater than or equal to approximately 0.99. Sho-
genji’s formula thus does not respect the intuition that equivalent testimonies always
cohere perfectly.

A possible objection should be considered. Bovens and Olsson comment on a
different example:®

One could argue that coherence is an ambiguous notion. One can think of coher-
ence as a measure of agreement or as a measure of striking agreement. Coherence
is sensitive to the specificity [and therefore to the probability] of the information
on the latter but not on the former notion. (Bovens and Olsson, 2000, p. 688f.,
fn. 1)

The idea here is that there is a concept of coherence according to which propositions
cohere more the less probable they are, ceteris paribus. If this was true, then our test
case would not be as clear-cut as we considered it to be. In this sense of ‘coherent’,
equivalent witness reports would not necessarily be highly coherent because their
coherence would depend on how likely it is that the claims put forward are true.
Shogenji’s formula could then be viewed as measuring coherence in this sense.

However, we do not see why ‘coherence’ (as it is used by detectives, scientists
...) should be ambiguous in the way described by Bovens and Olsson. Just imagine
Detective Jones saying to his colleagues: ‘If we have had no prior evidence for the
robbers’ being at least six feet tall, I would have said that Susan’s and Tom’s testi-
monies fit together very well. But it was already quite probable that the robbers are
that tall because another credible witness assured us of this before we asked Susan
and Tom. I must therefore admit that the latters’ reports cohere only slightly’. If there
was Bovens and Olsson’s sense of ‘cohere’, this should be a reasonable remark. But,
obviously, it will cause general disapproval among Jones’s colleagues.

8 Cf. also Olsson (2002, p. 250f.); and Olsson & Shogenji (2004, p. 28).
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Perhaps it makes sense to say that the agreement between Susan’s and Tom’s
reports is not really striking if there is already strong evidence for the robbers’ being
at least six feet tall. For, given that Susan and Tom are reliable, it is to be expected that
both of them provide true information about the robbers’ height. And if it is already
quite probable that the robbers are at least six feet tall, it is thus to be expected that
Susan’s and Tom’s descriptions agree in this respect. But this does not mean that what
they say is less coherent. It only means that it is less striking that their reports cohere.
Briefly, equivalent testimonies are highly coherent, no matter whether such a strong
coherence was to be expected or not.

3 Douven and Meijs’s measure

Douven and Meijs (2007, Sects. 2f.) do not only advocate a specific account but also
present a general recipe for generating probabilistic measures of coherence. Their
starting point is simple and appealing: a system’s degree of coherence depends on the
degree of confirmation (alias support) its elements provide for each other. This idea
is implemented as follows.

Choose a probabilistic measure of support S. Calculate the extent to which each
proposition and each conjunction of propositions in the set is supported by each
remaining proposition and each conjunction of them. Then take the straight average
of the results. For example, if we are confronted with a pair {A, B}, its coherence is

C(A,B) =[S(A,B) +S(B,A)]/2,

that is, the average of the degree to which B confirms A and the degree to which A
confirms B. For a trio we get a more complicated formula:

C(A,B,C) = [S(A,B) + S(A,C) + S(B, A) + S(B,C) + S(C,A) + S(C,B)
+S(A,B&C)+SB,A &C) +S(C,A &B) + S(A & B,C)
+S(A & C,B) + S(B & C,A)]/12

More formally, let A" and A” be non-empty and disjoint subsets of {A1,...,A,}, and
let CA’ stand for the conjunction of the elements in A’ while CA” is the conjunction
of the members of A” (in the case of singletons, we allow the single element to be
the corresponding ‘conjunction’). Furthermore, take an ordering (PCAy,...,PCA,;)
including all of the ordered pairs (CA’, CA”), where m is the number of elements
in this ordering. Then the degree of coherence of {Aq,...,A,} relative to a support
measure S is given by:

Cs(Aq,...,Ap) = [ZS(PCA,»)} /m
i=1

Intuitively, coherence is thus identified with average confirmation.

To convert this general schema into a measure of coherence, a specific measure of
confirmation is required. Friends of probabilistic (or Bayesian) epistemology agree
on how to answer the qualitative question under which conditions B provides any
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confirmation for A at all. Evidence supports a hypothesis, so they claim, if it raises its
probability. This is laid down in the so-called relevance criterion:’

B confirms A iff P(A|B) > P(A); B disconfirms A iff P(A|B) < P(A); and B is
confirmationally irrelevant to A iff P(A|B) = P(A).

There is, however, substantial disagreement on the quantitative question of how to
measure the degree to which evidence supports a hypothesis. Many people rely on the
difference between P(A|B) and P(A), others prefer the ratio of these probabilities
or a logarithm thereof, and there is a significant number of further proposals on the
agenda.'?

Note that it really matters from which support measure one starts because different
choices may entail significantly different outcomes. For example, consider the differ-
ence measure Sq— the favourite of Gillies (1986), Jeffrey (1992, p. 72) and Rosenkrantz
(1994) —, the ratio measure S, — which is advocated by Horwich (1998) and Schlesinger
(1995) —and the log-likelihood account—for which Good (1984) and Fitelson (2001,
Ch. 3.2) plead. According to these proposals, B’s support for A is to be calculated as
follows:

S4(A,B) = P(A|B) — P(A)
P(A|B)
P(A)
P(B|A)
P(B|—A)

Sr(A,B) =

Si(A,B) = log

Now let there be 100 suspects for a murder, where it is sure that one of them committed
it. The assumptions at issue are:

(A) The murderer is male.
(B) The murderer has blonde hair.

In case 1, 63 of the subjects are both male and blonde, 7 are males and not blonde, 7 are
females with blonde hair, and the remaining 23 suspects are neither male nor blonde.
In case 2, there are 8 male and blonde persons, 12 males who are not blonde, 12 females
with blonde hair and 68 suspects who are neither male nor blonde. That is, in situation
1, P(A|B) = P(BJA) = 0.9, P(A) = P(B) = 0.7, P(A|-B) = P(B|-A) ~ 0.23. And
in situation 2, P(A|B) = P(B|A) = 0.4, P(A) = P(B) = 0.2, P(A|-B) = P(B|—A) =
0.15.

Thus, in both cases, the propositions confirm each other on the relevance criterion
because P(A|B) > P(A) and P(B|A) > P(B). When it comes to the degree of sup-
port, however, the three measures differ considerably. The difference measure gives
identical degrees of confirmation:

SL(A,B) = SL(B,A) =0.9-0.7=02
S3(A,B) = S3(B,A) = 0.4 — 02 =02

9 Strictly speaking, the relevance criterion specifies incremental confirmation, in contrast to absolute
confirmation. B is taken to support A in the absolute sense iff P(A|B) > k, where the threshold k
should be 0.5 at least so that P(A|B) > P(—=A|B).

10" For overviews and the pros and cons of different measures, see Eells and Fitelson (2002); Fitelson
(1999, 2001); Kyburg (1983, Sect. IV).
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The ratio account states the support is higher in situation 2:

SH(A,B) = S!(B,A) =0.9/0.7~ 1.3
S2(A,B) = S?(B,A) = 0.4/02 =2
And the log-likelihood measure tells us that it is greater in case 1:
SL(A,B) = SL(B, A) ~ 10g(0.9/0.23) ~ log 3.9
S2(A,B) = S2(B, A) ~ log(0.4/0.15) ~ log 2.7

Hence, by choosing the difference measure, one is committed to the claim that the
assumptions in question own the same coherence in these situations:

CL(A,B) = [SL(A,B) + S} (B,A)1/2 = [S3(A,B) + S3(B,A)]/2 = C5(A,B)

In contrast, the ratio measure rules that the coherence is higher in the second set-
ting, whereas using the log-likelihood measure leads to the opposite result. The given
example thus shows that, depending on the involved support measures, the coherence
theories which are generated after Douven and Meijs’s recipe may provide substan-
tially different outcomes.

Back to Douven and Meijs’s specific theory of coherence. They choose the differ-
ence measure, thereby taking the coherence of a two-member set to be given by:

Ca(A,B) =[P(A|B) — P(A) + P(B|A) — P(B)]/2

The values of this function range from —1 to 1. Unlike Shogenji, Douven and Meijs do
not explicitly distinguish a threshold above which coherence begins. But their account
suggests that they have 0in mind. For it appears that they consider pairs of propositions
which speak neither for nor against each other to be neither coherent nor incoherent.
Now, in terms of the relevance criterion, A and B are confirmationally irrelevant to
each other just in case P(A|B) = P(A), which entails that P(B|A) = P(B). But then
P(A|B) — P(A) = P(B|A) — P(B) = 0; and thus C4(A, B) is also 0. It is therefore
reasonable to assume that Douven and Meijs interpret a value of 0 as meaning that
the pair is neither coherent nor incoherent. Analogously, if there is mutual support
between the propositions—viz., P(A|B) > P(A) so that also P(B|A) > P(B)—then
Cq(A,B) > 1, suggesting that a value greater than 0 stands for coherence.

To be fair, it should be pointed out that Douven and Meijs (2007, Sect. 5.1) restrict
their measure to sets of pairwise logically independent propositions. Although they
wish to get rid of a different problem thereby, this constraint also concerns our test
case because equivalent statements are logically dependent. However, such a scope
restriction in view of counter-examples smacks of an ‘easy way out’. We therefore take
the liberty of subjecting their proposal in its unqualified form to our ‘experimentum
crucis’.

Given that A and B are logically equivalent, P(A|B) = P(B|A) = 1 and P(A) =
P(B). Therefore:

Ca(A,B) =[1-PA)+1-PA)]/2=1-PA)

In agreement with Shogenji’s function, the account of Douven and Meijs thus rules
that equivalent testimonies are the less coherent the more likely the propositions are.
What Susan says about the height of the robbers would be far from fitting perfectly
what Tom claims when it is already highly probable that the robbers are at least six
feet tall.
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To be more precise again, let there be a small positive number ¢ such that {A,
B} is only slightly coherent if its coherence differs from Douven and Meijs’s neutral
point 0 at most by ¢, i.e. C4(A,B) < &. Since C4(A, B) is in our example equal to
1 — P(A), this entails that our set is only slightly coherent if P(A) > 1 — ¢. But this
means that, however small ¢ is, it is always possible to assign the propositions put
forward by Susan and Tom a probability which makes them coherent to a very low
degree. For instance, if you want ¢ to be 0.01, then Susan’s and Tom’s testimonies are
only minimally coherent just in case the probability that the robbers’ are at least six
feet tall is greater than or equal to 0.99. Like Shogenji’s formula, Douven and Meijs’s
proposal does not pass our test because it permits equivalent witness reports to be
close to being neither coherent nor incoherent.

4 Further measures after Douven and Meijs’s recipe

Cq is only one of the coherence functions which may be generated on the basis of
Douven and Meijs’s pattern. Let us see what happens if we insert further probabilis-
tic measures of confirmation into their schema. Besides the already mentioned ratio
measure Sy, there is a normalised variant of it, the log-ratio measure S;, —which Milne
(1996) takes to be ‘the one true measure of confirmation’—, Finch’s (1960) proposal
Sri, Popper’s (1954) Spo, Levi’s (1962) Sie, Rescher’s (1958) Sre and Carnap’s (1950,
Sect. 67) Sca:

S{AB) = L I(’?zlx]?)
Si.(A.B) = log = ;?/LI)S)
Sr(A,B) = w
Sou(Ap) = PBIA PB)

~ P(BJA) + P(B)

SLe(A,B) = P(A|B) x P(—=A) — P(=A|B) x P(A)
_ P(AB) — P(A)

Sre(A,B) = 1A x P(B)

Sca(A,B) = P(A&B) — P(A) x P(B)

If we put the ratio measure to use, we get the same erroneous result for our test case
as on Shogenji’s account of coherence:!!

_ P(A|B) PB|A) _ 1 1 _ 1
GAB) _( P(A) | PB) )/ 2= (P(A) * P(A))/ 2= P

Inserting the log-ratio measure leads to:
P(A|B) P(B|A) 1
A,B) = (1 1 2=1log ——
Ci(A,B) (og PA) 8 T ¢ A

Thus, again, the higher the probability of the robbers’ being at least six feet tall is, the
lower the coherence of Susan’s and Tom’s equivalent testimonies would be. The same

1 This should come as no surprise. As said in footnote 7, for pairs of propositions Shogenji’s for-
mula may be rewritten as P(A|B)/P(A), which is identical with P(B|A)/P(B). Therefore, Cr(A,B) =
Csn(A,B).
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holds for the coherence measures which rest on Finch’s, Popper’s and Levi’s accounts
of confirmation (in the latter cases the results equal the one for Douven and Meijs’s
formula):

, _ (P(BJA)—P(B) | P(A|B) — P(A)
CF‘(A’B)_( P(B) P(A) )/ 2

_ (1—P(A) N 1—P(A))/2:L_1
P(A) P(A) P(A)

P(BIA) — P(B)
(P(B|A) P(B)
P(A[B) — P(A)
P(A|B) + P(A)
1— P(A) 1 P(A)
= (1 TP <P R
Cre(A,B) = [P(A|B) x P(=A) — P(—A|B) x P(A)
+P(B|A) x P(—=B) — P(-B|A) x P(B)]/2
[P(=A) + P(=A)]/2=1-P(A)

Cpo(A,B) = x [1+4 P(A) x P(A|B)]
x [1+ P(B) x P(B|A)]) /2

x [1 +P(A)]) /2 —1-P(A)

By employing Rescher’s proposal, we are led to the opposite claim that the coherence
of equivalent witness reports goes up with their probability because the former boils
down to the latter:

_ (P(AIB) — P(A) P(BJA) — P(B)
_(1-PA) 1— P(B) ~
= (71—P(A) XP(A)+71—P(B) XP(A)) /Z—P(A)

A coherence measure a la Douven and Meijs making use of Carnap’s support measure
leads to an even stranger result:

Cca(A,B) = [P(A&B) — P(A) x P(B) + P(B&A) — P(B) x P(A)]/2
— P(A) — P(A) x P(A) = P(A) x (1 — P(A))

The graph of this function looks as follows:

a L 1 L L P(A)
@ 8.2 G.4 @.6 8.8 1
Hence, in the light of this measure, the coherence of equivalent witness reports
depends on their probability in a rather odd way. In the range from 0 to 0.5, the
more likely it is that the bankrobbers are at least six feet tall, the more coherent

@ Springer



176 Synthese (2008) 161:167-182

Susan’s and Tom’s reports would be; and for P(A) > 0.5, the degree of coherence
goes down in a symmetrical way. This is a behaviour for which we see no justification.

Why do all of these coherence measures fail? Let us go one step back and have
a closer look at the measures of confirmation involved. In his landmark Studies in
Bayesian Confirmation Theory, Fitelson directs our attention to conclusive evidence,
viz., cases where the evidence B deductively implies the hypothesis A. Fitelson (2001,
p- 42) holds that “the strength of the support [B] provides for [A] in this case should
not depend on how probable [A] is (a priori). [...] After all, evidential support is
supposed to be a measure of how strong the evidential relationship between [B] and
[A] is, and deductive entailment is the strongest that such a relationship can possibly
get.” If B implies A, then, so Fitelson claims, a measure of confirmation is to tell us
that B speaks for A to the maximal extent. It must not permit the support to vary with
the prior probability of A (or the one of B).

We are not sure whether this is tenable. What does Fitelson mean by ‘evidential
relationship’? Actually, probabilistic measures of support rest on the relevance crite-
rion, which states that B confirms A if B raises A’s probability. It thus appears that
these measures are meant to give the degree to which P(A|B) goes beyond P(A). But
consider an analogous case. Two plants are fertilised with a newly developed manure.
After some weeks, both of them have a height of ten inches, but one of them was only
two inches tall before the fertilisation whereas the other one measured six inches. It
is natural to say that the first plant has grown more rapidly under the influence of the
manure than the second because it started from a smaller height. In other words, its
posterior height surpasses its prior height to a greater extent.

Now, doesn’t the same hold for the extent to which P(A|B) goes beyond P(A)? If
Aj starts from a smaller prior probability than Ay, but ends with the same posterior,
it also seems natural to claim that A’s probability was raised more than Aj’s. It is
thus far from obvious that a hypothesis’ prior plays no role for the degree to which its
probability is increased by conclusive evidence. To be sure, there is nothing to be said
against the idea that the support should be maximal in the case of conclusive evidence
if this is taken to mean that the elbowroom left on account of the hypothesis’ prior
must be entirely exhausted. But this merely entails that the posterior probability of
the hypothesis goes up to the maximum of 1. It does not entail that its prior is irrel-
evant. The previous considerations rather suggest that the increase in probability is
the higher the less likely the hypothesis was.

Hence, Fitelson might be right in claiming that “deductive entailment is the stron-
gest that [the evidential] relationship [between B and A] can possibly get”. But this
may simply be understood as meaning that P(A|B) is 1 if B implies A. And from this
it does not follow that “the strength of the support [B] provides for [A] in this case
should not depend on how probable [A] is (a priori)”. For if, in conformity with the
relevance criterion, strength of support is equated with increase in probability, then
there is reason for assuming that A’s prior has an influence indeed.

However, whether we agree with Fitelson or not, the accounts in question do not
meet his desideratum. They do not assign maximal confirmation in Fitelson’s sense if
A is a consequence of B, but let the degree of support be sensitive to the probability
of A and/or the one of B:
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Sr(A,B)

~ P(A)
1
Sir(A,B) = log PA)
P(B)xP(A|B) PB)
Sk(A.B) — P(A)*_P(B): W—P(B): (.
P(B) P(B) P(A)
P — P(B) 1-P(A)
Spo(AB) = £~ 14 PA) = —— 2 x[1+PA)]=1-PA
Pol( ) %-ﬁ-P(B)X[ (A)] 1+P(A)X[ (A)] (A)
Ste(A,B) = P(-A) —0=1-P(A)
1 PA) B
Sre(AB) = 75 A P(B) = P(B)

Sca(A,B) = P(B) — P(A) x P(B) = P(B) x [1 — P(A)]

It is tempting, now, to put down the failure of the coherence measures in question to
this behaviour of the support measures they are based on. A and B are equivalent just
in case they imply each other. In order for the given measures of coherence to grant
maximal coherence to pairs of equivalent propositions, it therefore appears necessary
that the corresponding accounts of confirmation let an assumption maximally support
its logical consequences. Since the above-mentioned accounts do not conform to this
principle, we seem to have found the reason for why the theories of coherence built
on them do not pass our test.

However, this diagnosis is too simplistic. The fact that a measure of confirmation
refrains from giving maximal support for cases of conclusive evidence does not auto-
matically make the corresponding coherence measure deficient. Consider
Christensen’s (1999) and Nozick’s (1981, p. 252) proposals for capturing support
in terms of probability:

Scn(A,B) = P(A|B) — P(A|=B)
SNo(A, B) = P(B|A) — P(B|—-A)
These measures are also prior-sensitive. Given that B implies A, P(B|—A) is 0;

and so:

Scn(A.B) = 1 — P(A|-B) = 1 - DA X PCBIA)

P(—B)
_ P(B)xPAB)  P(B)
oA B) =5 T A

Hence, the fact that B entails A does not guarantee that its confirmatory power
is at a maximum. For example, if P(A) = 0.4,P(B) = 0.3 and P(—B|A) = 0.25,
then Scp(A,B) ~ 0.14 and Sxo(A,B) = 0.75. But if P(A) = 0.2, P(B) = 0.1 and
P(—B|A) = 0.5, then Scp (A, B) ~ 0.11 and Sno (A, B) = 0.5. These measures provide
different values, depending on the probabilities the premise B and the conclusion A
possess. Like the previously discussed accounts, they do not accord with Fitelson’s
intuition that the extent of support is maximal, and thus constant, in the case of
conclusive evidence.

However, the measures of coherence resulting from Christensen’s and Nozick’s
proposals are immune to the problem of equivalent testimonies. If A and B are
equivalent, then:
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Ccn(A,B) = [P(A[B) — P(A|=B) + P(B|A) — P(B|—=A)]/2
= [1-0+1-0]2=1

The same holds if we use Nozick’s formula because this just means interchanging the
first and the last two addends. Since 1 is the highest possible value for both measures,
they pass our test: these formulas rule that equivalent witness reports are coherent to
an outstanding degree.

The reason is that the underlying accounts of confirmation, although they do not
automatically let B confirm A maximally if B implies A, at least provide this result
in the case of mutual entailment, i.e., if A implies B, too. One could argue that this
does not make sense. Why should it matter for the strength to which an assumption
speaks for one of its logical consequences whether the latter also entails the former
or not? However, the crucial point here is that, for a Douven/Meijs-style measure of
coherence to assign maximal fit to equivalent propositions, the measure of support
on which it rests need not give the maximum value for all cases of conclusive evi-
dence. It suffices that it honours propositions with maximally confirming each other
if both of them are conclusive evidence for the other. Equivalent testimonies cause
trouble for the accounts generated with the help of Sq, St, Sir, SFi, SPo, SLe, SRe and
Sca because these measures do not even concede maximum support in the case of
mutual implication.

What about Good’s (1984) and Fitelson’s (2001, Ch. 3.2) favourite, the log-like-
lihood measure of confirmation? Since log (a/b) = log a — log b, the coherence of
equivalent testimonies is to be calculated as follows:

PB|A P(A|B
Cu(A,B) = (10g p(](3|L,Az) +log P(EXILB))) /2
= llog P(B|A) — log P(B|=A) + log P(A|B) — log P(A|-B)]/2
=0—1og0

Although —log a goes against oo if a approaches 0, logarithm functions are only
defined for numbers above 0. So, strictly speaking, the log-likelihood account results
in a coherence measure which remains silent on equivalent witness reports. This could
be one of the reasons for why Fitelson’s own theory of coherence does not make use
of the account of confirmation he has advocated but an ordinally equivalent variant
of it. This leads us to the next section.

5 Fitelson’s measure

In his article ‘A Probabilistic Theory of Coherence’ (2003), Fitelson offered a measure
which he revised a bit in the online-paper “Two Technical Corrections to My Coher-
ence Measure’ (2004). Although developed independently of Douven and Meijs’s
recipe, it is a cake which can be baked after it.

Unlike Douven and Meijs, Fitelson does not employ the difference measure of
confirmation, but adopts a slight modification of Kemeny and Oppenheim’s (1952)
proposal. The values of Fitelson’s support measure range from —1 to 1, where a num-
ber greater than O represents confirmation of A by B and a number smaller than 0
disconfirmation. If B implies A (and is not logically false), then Fitelson takes B to
support A to the maximum degree: Sr(A, B) = 1. If B implies —A, the support is as
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small as it can be: Sp(A, B) = —1.12 And if neither A nor its negation follows from B,
the extent to which B speaks for A arises from Kemeny and Oppenheim’s function:

P(BI|A) — P(B|—A)
P(B|A) + P(B|-A)

The coherence of a set is then defined in accordance with Douven and Mejis’s pattern.
For a pair {A, B} it is simply [SF(A, B) + Sr(B, A)]/2. Like the values of the support
function Sf, the numbers provided by this coherence measure lie in the range from
—1 to 1. A value above 0 means that the set is coherent, a value below O that it is
incoherent.

The result for our test case is obvious. Since what Susan says implies what Tom
says, and conversely, their reports confirm each other to the highest possible degree 1.
Therefore, they also cohere maximally: Cr(A,B) = (1 +1)/2 = 1. That is, equivalent
testimonies fit together perfectly on Fitelson’s measure, regardless of how likely the
propositions put forward are.

6 Olsson’s measure

The same holds for the formula which Olsson (2002, p. 250) tentatively suggested.
It is quite similar to Shogenji’s:

PA1 & - &Ay)

PA{Vv---V Ay

The idea here is: the closer the probability that each proposition is true comes to
the probability that at least one of them is true, the more they cohere. Since the
probability of a conjunction cannot exceed the probability of the corresponding dis-
junction, the values of this function range from 0 to 1. (There is no universal threshold
here where incoherence passes into coherence, but this is irrelevant to the following
argumentation.)

Itis easy to see that Olsson’s measure scores a hit if we subject it to our test. If A and
B entail each other, then A & B is equivalent to A v B, so that P(A & B) = P(AV B).
Hence, Cpi(A,B) is in such a case 1. Olsson’s account rules that the reports of two
witnesses cohere to the highest degree when they are logically equivalent.

Coi(Aq,...,Ap) =

7 Conclusion

Our touchstone allows us to throw a significant number of probabilistic coherence
measures overboard. Neither Shogenji’s proposal nor Douven and Meijs’s nor the
ones which result from supplementing Douven and Meijs’s general schema by the
ratio, the log-ratio, the log-likelihood, Finch’s, Popper’s, Levi’s, Rescher’s or Carnap’s
measure of support pass this test. The winners are the coherence theories of Fitelson,
Olsson and the two accounts which are generated after Douven and Meijs’s recipe
from Christensen’s and Nozick’s measures of confirmation, respectively. They are
in the semi-final because they let equivalent testimonies be maximally coherent, no
matter how likely it is that they are true.

12 These additions make sure that you get maximal values for all of these deductive cases.
The Kemeny/Oppenheim measure is undefined if P(B) is 0 or P(A) is 0 or 1.
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Further considerations may pick out two of these measures as the participants in
the final; and perhaps it is possible to distinguish one of them as the final winner. On
the other hand, it might turn out that none of our semi-finalists, but only a measure still
to be developed, has the makings of adequately capturing coherence. Or even that no
purely probabilistic account will ever be able to get a grip on this notion.'? We would
be quite happy, however, with having the reader convinced that the above-mentioned
measures are definitively out of play.

Appendix: Bovens and Hartmann’s quasi-ordering

We were concerned with probabilistic measures of coherence. For reasons which do
not matter here, Bovens and Hartmann think that it is merely possible to construct
a so-called quasi-ordering. An ordering does not enable absolute but only relative
judgements, which means that it does not give degrees of coherence but tells us only
whether one set is more (equally or less) coherent than another set. Moreover, a
quasi-ordering is not complete insofar as the relative coherence of some sets is not
defined by it.
In a nutshell, Bovens and Hartmann argue that the following formula may be used
to compare systems of statements with respect to coherence:!*
n
Fr(Ap....A,) = ag +”(1 ag) X (1 —1) ’
Z(:)[ai x (1 —r1)]
=l

where a; is the probability that i of the n statements are false (e.g., ag is P(A & B) for
a two-member set) and r is the reliability of the statements’ sources. The sources are
supposed to be independent in a certain way; and they are partially reliable, so that,
according to the definition of 7,0 < r < 1.

F; is functionally dependent on the credibility of the sources. Since, intuitively, the
coherence of a set of propositions is not sensitive to how reliable their sources are,!
F; must not be viewed as a measure of coherence. Bovens and Hartmann’s claim is
rather that supplementing this formula with a simple assumption makes it possible to
determine the relative coherence of two sets of propositions:

S is at least as coherent as S iff for all values of r, F(51) > F:(52)

Analogously, if the F;-values for S are, for all degrees of partial reliability, greater
(smaller) than the corresponding values for S,, then §; is more (less) coherent
than S,.

What happens in the case of logically equivalent testimonies? If one of them is
false, the other one must be false as well. Hence aj, the probability that one, and only
one, of them is false, equals 0, entailing that 1 — ag is identical with a;. Therefore:

a0+a2><(1—r)2

F:(A,B) = =1
H(A.B) a+0x(1—1)+ayx (1—1)?

13 For some general arguments against probabilistic measures of coherence, cf. Siebel (2005a).
14 Cf. Bovens and Hartmann (2003a, Sects. 4f.); Bovens and Hartmann (2003b, Chs. 1.4,2.2).

15 One could wonder why Bovens rejects a sense of coherence in which it is sensitive to the reliability
of the information’s sources (Bovens and Hartmann, 2003b, p. 34) while allowing a sense according
to which the probability of the information has an influence (Bovens and Olsson, 2000, p. 688f., fn. 1).
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That is, regardless of how credible the witnesses are, the F;-value for a pair of equiv-
alent claim will always be at least as high as the value for any other set of statements
whose sources are reliable to the same extent. The reason for this is that the nomina-
tor of the given fraction, the sum of ap and a, x (1 — r)”, cannot be greater than the
denominator, the sum of ag and a, x (1 —r)” plus the further addends a; x (1 — ). For
any system {A1,...,A,} and any value of the reliability parameter r, Fr(Aq,...,A,)
cannot exceed 1. Bovens and Hartmann’s quasi-ordering thus passes our test by entail-
ing that a pair of equivalent witness reports is at least as coherent as every other set
of propositions.'®
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