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Introduction
Are we rational? That we make the conjunction fallacy, i.e. that we
break the laws of probability by judging that it’s more probable that an object
is a member of an intersection than a member of one of the intersected sets,
suggests that we are not. Measures of confirmation have been proposed as
ways to predict peoples’ answers in situations where the conjunction fallacy is
common (Sides et al. 2002; Crupi, Fitelson, and Tentori 2008; Shogenji 2009).
These proposals say that people who make the conjunction fallacy are not
judging probability but confirmation. Thus they can save our rationality by
saying that we don’t actually break the rules of probability. More recently
another fallacy was discovered. That we make the the inverse conjunction
fallacy, i.e. that we judge that it’s more probable that a set, A, is a subset
of another set, B, than that an intersection of A is a subset of B (Jönsson
and Hampton 2006). A way to evaluate if an explanation by measures of
confirmation is a good explanation of the conjunction fallacy is to evaluate if it
extends to the inverse conjunction fallacy. Since both the conjunction fallacy
and the inverse conjunction fallacy are fallacies concerning set membership
such an evaluation seems appropriate.1

In this paper I will focus on Tomoji Shogenji’s measure of justification,
which is a measure of confirmation, and argue that it cannot predict the
inverse conjunction fallacy.2 To apply a measure of confirmation to the
inverse conjunction fallacy requires a probabilistic formulation of the fallacy.
I argue that Shogenji’s measure of justification given either of three different
probabilistic formulations cannot predict the inverse conjunction fallacy, and
I argue that this extends to any measure of confirmation. Finally I argue that
it is likely that there are no other probabilistic formulations.

This paper has the following structure: The first three sections are intro-
ductionary. In section 1 I give a relatively detailed presentation of Shogenji’s
measure of justification. In section 2 I briefly introduce other measures of
confirmation. In section 3 I describe how Shogenji’s measure of justification
can predict the conjunction fallacy. In the final section, section 4, I present
my argument by trying to apply Shogenji measure of justification to the
inverse conjunction fallacy.

1Both fallacies can be characterized in terms of conjunctions instead of intersections.
For the purpose of this paper I found the characterization in terms of intersections more
useful.

2The interesting idea to approach the inverse conjunction fallacy via Shogenji (2009) is
due to my supervisor.
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1 Shogenji’s measure of justification
Shogenji’s measure of justification is constructed to square with his notion of
justification. What’s characteristic for his notion of justification is that he
rejects what he calls the common view; the view that the degree of justification
for a proposition is the conditional probability of that proposition given the
evidence.3 An example of a judgement according to the common view is that
we are more justified in a certain liquid being water given the evidence that
it 1) boils at approximately 100 ◦C and that 2) it’s relatively tasteless and
odorless than given only the evidence that it’s tasteless because the former
has higher conditional probability given its evidence. Shogenji thinks that we
need to distinguish between degree of confidence and degree of justification.
On his view the degree of confidence is determined by purposes such as
calculating the expected utility and this makes it wholly based on conditional
probability. The degree of justification, he explains, is different from the
degree of confidence by being determined by the dual goal of cognition “which
is to increase true beliefs and reduce false beliefs” (Shogenji 2009, p. 2). This
means that if we are considering whether we are justified in accepting a
proposition we should not only consider the potential risk, to increase the
number of false beliefs, but also the potential gain, to increase the number of
true beliefs, because these are the two factors that determine the degree of
justification.

According to Shogenji, potential risk can be understood in terms of
conditional probability. The greater conditional probability of a proposition,
the lower potential risk of the proposition, and conversely, the lower conditional
probability of a proposition, the higher potential risk of the proposition,
i.e. the potential risk of a proposition is inversely related to the proposition’s
conditional probability. Let me give an example. Consider the evidence

e1 All saurischians are carnivorous.

e2 Giganotosaurus and Tyrannotitan are saurischians.
3Probability can be discussed in terms of the probability of events – the probability

that an event occurs – and propositions – the probability of a proposition being true. In
this paper I’ll discuss probability in terms of propositions. Conditional probability for a
proposition, e.g. “I will meet you in the café”, given the evidence is the probability given
some evidence we take for granted. Evidence can increase the probability of a proposition,
e.g. if the evidence is “We’ve planned to have a coffee together”, but also decrease the
probability of a proposition, e.g. if the evidence is “You’re abroad”. Conditional probability
for a proposition, or hypothesis, h given some evidence e can be denoted as P(h | e). For
brevity I will often speak of the conditional probability given the evidence as just the
conditional probability. The prior probability for a proposition is simply the probability
for a proposition (not given any evidence) and it can be denoted as P(h).
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and the proposition

h1 Giganotosaurus are carnivorous.

As long as we’re not dinosaur experts h1 given e1 and e2 will have a higher
conditional probability than h1 given only e1 (because we can’t deduce h1
from only e1). We can denote the dinosaur case as P(h1 | e1∧ e2) > P(h1 | e1).
We thus say that h1 | e1 ∧ e2 has less potential risk than h1 | e1 because if we
begin to believe that h1 | e1 ∧ e2 we are less likely to run the risk of getting
false beliefs than if we begin to believe that h1 | e1.

Potential gain is described in terms of specificity: “The more specifically
the proposition describes the world, the larger amount of information it
carries” (Shogenji 2009, p. 4). A proposition that carries large amounts of
information has potential to produce more true beliefs than a proposition
that carries less amounts of information. Potential gain of a proposition is
related to its prior probability because the more information a proposition
carries, the lower prior probability, and the less information a proposition
carries, the higher prior probability, i.e. the potential gain of a proposition is
inversely related to the proposition’s prior probability. Let me give another
example to illustrate this, another proposition about dinosaurs:

h2 Giganotosaurus and Tyrannotitan are carnivorous.

It must be that P(h1) > P(h2) because h2 expresses something additional
about the world compared to h1 (it expresses something about Tyrannotitan
in addition to Giganotosaurus). We say that h2 is more specific than h1
because h2 carries more information. h2 has more potential gain than h1
because if we begin to believe that h2 and h2 is true we learn more about the
world than if we begin to believe that h1 and h1 is true.

In terms of potential risk and potential gain the common view does not
consider potential gain but only potential risk. Thus the common view cannot
distinguish two propositions of equal potential risk but unequal potential gain.
This is something Shogenji’s notion of justification can do. If two propositions
are of equal potential risk but one of them has a greater potential gain, then
the one with greater potential gain has a higher degree of justification. This
is because the proposition with more potential gain serves the dual goal
of cognition better: even if the propositions have the same potential risk
to produce false beliefs the one with greater potential gain will if it’s true
produce more true beliefs (Shogenji 2009, pp. 2–4).

Shogenji (2009, pp. 4–7) propose six, essentially normative, conditions
that he thinks a measure of justification should satisfy:
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1. Direct relation to conditional probability. A measure has a direct (posi-
tive) relation to P(h | e) if its value increase when P(h | e) increase and
if its value decrease when P(h | e) decrease.

This is motivated by the idea that the degree of justification is inversely related
to potential risk and I’ve mentioned that potential risk can be understood
as being inversely related to conditional probability. Thus the degree of
justification is directly related to conditional probability.

2. Inverse relation to prior probability. A measure has an inverse relation
to P(h) if its value increase when P(h) decrease and its value decrease
when P(h) increase.

This is motivated by the idea that the degree of justification is directly related
to potential gain and I’ve mentioned that potential gain can be understood
as being inversely related to prior probability. Thus the degree of justification
is inversely related to prior probability.

3. Equi-neutrality. A measure is equi-neutral if its value is constant when
P(h | e) = P(h) regardless of the value of P(h).

Equi-neutrality is based on the idea that if the evidence does not effect the
probability of a proposition, i.e. the evidence neither increase nor decrease the
probability of the proposition, then a measure of justification should always
give the same value.

4. Equi-maximality. A measure is equi-maximal if its highest value is
constant when P(h | e) = 1 regardless of the value of P(h).

Equi-maximality is based on the idea that if the evidence makes a proposition
certain, then a measure of justification should always give the same value.

5. The general conjunction requirement (gcr). A measure satisfies gcr
if it satisfies both of the following conditions:

(a) If the probabilistically independent propositions h1, . . . , hn are
justified given the evidence e, then the measure should recognize
that given e their conjunction h1 ∧ . . . ∧ hn is justified.

(b) If the probabilistically independent propositions h1, . . . , hn are not
justified given the evidence e then the measure should recognize
that given e their conjunction h1 ∧ . . . ∧ hn is not justified.
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6. The special conjunction requirement (scr). A measure satisfies scr if
it satisfies the following: If the probabilistically independent propositions
h1, . . . , hn are justified to the same degree j given the evidence e, then
the measure should recognize that given e their conjunction h1∧ . . .∧hn

is justified to j.

gcr and scr can be explained by the intuition that if we are justified in
holding the propositions h1, . . . , hn then we are justified in their conjunction
h1 ∧ . . . ∧ hn. Also, scr follows from gcr.

All of the listed conditions above are according to Shogenji (2009, pp. 7–9)
satisfied by the following measure that he proposes to be a good measure of
justification:4

J(h, e) = log2 P(h | e)− log2 P(h)
− log2 P(h)

Let’s illustrate how J(h, e) works by measuring two propositions of equal
potential risk but unequal potential gain. Consider again the propositions

h1 Giganotosaurus are carnivorous.

h2 Giganotosaurus and Tyrannotitan are carnivorous.

and the evidence

e1 All saurischians are carnivorous.

e2 Giganotosaurus and Tyrannotitan are saurischians.
4See Figure 1 on page 7 for two graphs: the increasing graph is J(h, e) with P(h)

constant, the decreasing graph is J(h, e) with P(h | e) constant. Note that:

• J(h, e) satisfies the first two conditions by increasing when P(h | e) increases and
by decreasing when P(h) increases. Figure 1 shows an example of this.

• J(h, e) is equi-neutral by having a constant value of 0, J(h, e) = 0, when P(h | e) =
P(h). In Figure 1 this is when P(h | e) = P(h) = 1

5 . (Note that P(h | e) = P(h) = 1
5

is just an arbitrarily chosen expression of an absolute value of P(h | e) = P(h).
J(h, e) is equi-neutral by resulting in 0 for every x that satisfies P(h | e) = P(h) = x.)

• J(h, e) is equi-maximal by having a constant value of 1, J(h, e) = 1, when P(h |
e) = 1. Figure 1 also shows an example of this.

If the reader wonders why the graph of f(P(h)) ends before P(h) = 1 it’s because the
result of J(h, e) when P(h) = 1 is an infinitely large negative number, i.e. −∞. Also, the
graph of f(P(h | e)) begins slightly after P(h | e) = 0, even though it barely shows, because
J(h, e) = −∞ when P(h | e) = 0. In sum the minimum result of J(h, e) is −∞ and the
maximum result is 1.
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P(h), P(h | e)

−∞

J(h, e)

0

1

1
5

1

f(P(h | e)) = log2 P(h|e)−log2
1
5

− log2
1
5

f(P(h)) = log2
1
5−log2 P(h)
− log2 P(h)

Figure 1: J(h, e) with either P(h) or P(h | e) constant

Their potential risk is equal because given the evidence e1 ∧ e2 it must be
equally probable that h1 and h2 so

P(h1 | e1 ∧ e2) = P(h2 | e1 ∧ e2)

Their potential gain we already concluded as being unequal because

P(h1) > P(h2)

It is practically impossible to come up with true values for the probability of
these propositions. What we want for this illustration are just probabilities
that satisfy the relations of equal potential risk but unequal potential gain.
So let’s stipulate some values that satisfies the relations without any ambition
of them being true in any absolute sense:

P(h1) = 1
8 P(h1 | e1 ∧ e2) = 1

2
P(h2) = 1

16 P(h2 | e1 ∧ e2) = 1
2

According to Shogenji’s notion of justification we should be more justified in
h2 | e1 ∧ e2 than in h1 | e1 ∧ e2. Let’s see if we get this result from J(h, e). We
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start with the calculation of J(h, e) for h1 | e1 ∧ e2:

J(h1, e1 ∧ e2) = log2 P(h1 | e1 ∧ e2)− log2 P(h1)
− log2 P(h1)

=
log2

1
2 − log2

1
8

− log2
1
8

= log2 2−1 − log2 2−3

− log2 2−3

= (−1)− (−3)
−(−3) = −1 + 3

3 = 3− 1
3

= 2
3

And then we calculate J(h, e) for h2 | e1 ∧ e2:

J(h2, e1 ∧ e2) = log2 P(h2 | e1 ∧ e2)− log2 P(h2)
− log2 P(h2)

=
log2

1
2 − log2

1
16

− log2
1
16

= log2 2−1 − log2 2−4

− log2 2−4

= (−1)− (−4)
−(−4) = −1 + 4

4 = 4− 1
4

= 3
4

Finally we compare the results:

2
3 <

3
4

Thus:
J(h1, e1 ∧ e2) < J(h2, e1 ∧ e2)

So according to Shogenji’s measure of justification we are more justified in
h2 | e1 ∧ e2 than in h1 | e1 ∧ e2 and this is in accordance with his notion of
justification.

Now when we know what Shogenji’s measure of justification is and how it
works it’s time to see how it can predict peoples’ answers in situations where
the conjunction fallacy is common. But first I want to say something about
other measures.
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2 Other measures of confirmation
According to Shogenji (2009, pp. 5, 7) his measure of justification is also a
measure of confirmation because measures of justification satisfies the standard
conditions of measures of confirmation which are the first three conditions
he presents for measures of justification (see page 4), namely: 1. direct
relation to conditional probability, 2. inverse relation to prior probability
and 3. equi-neutrality. But any measure of confirmation is not a measure of
justification because of the additional conditions for measures of justification
(equi-maximality, gcr and scr). What is confirmation? For evidence
to confirm a hypothesis is for the evidence to raise the probability of the
hypothesis. For evidence to disconfirm a hypothesis is for the evidence to
lower the probability of the hypothesis.

To give the reader some examples of other measures of confirmation here
are six different measures of confirmation from Crupi, Fitelson, and Tentori
(2008, p. 184, table 1) that all satisfy the standard conditions of measures of
confirmation:

D(h, e) = P(h | e)− P(h)

R(h, e) = ln
[
P(h | e)
P(h)

]

L(h, e) = ln
[
P(e | h)
P(e | ¬h)

]
= ln

[
P(h | e)/P(¬h | e)

P(h)/P(¬h)

]
C(h, e) = P(h & e)− P(h)× P(e)
S(h, e) = P(h | e)− P(h | ¬e)

Z(h, e) =


P(h|e)−P(h)

1−P(h) if P(h | e) ≥ P(h)
P(h|e)−P(h)

P(h) if P(h | e) < P(h)

I will come back to measures of confirmation in section 4.

3 The conjunction fallacy
Before I can show how Shogenji’s uses his measure of justification to predict
the conjunction fallacy I will have to give a more developed description of
the conjunction fallacy than what I gave in the introduction. I’ll do this by
presenting an example.

Consider this description:

Linda is 31 years old, single, outspoken and very bright. She ma-
jored in philosophy. As a student, she was deeply concerned with
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B

x

Figure 2: Venn diagram of L1 expressing x ∈ B

B F

x

Figure 3: Venn diagram of L2 expressing x ∈ (B ∩ F )

issues of discrimination and social justice, and also participated
in anti-nuclear demonstrations.

Now, is one of the following sentences more likely to be true than the other?

L1 Linda is a bank teller.

L2 Linda is a bank teller and is active in the feminist movement.

I present this famous example to have something concrete to work with.
Tversky and Kahneman (1983, pp. 297–299) have shown that most people
answer that L2 is more likely to be true and that is to make the conjunction
fallacy. The probability that Linda, x, belongs to the intersection of bank
tellers and feminists, B ∩F , cannot be higher than the probability that Linda
belongs to B, ∀x(P(x ∈ (B ∩ F )) 6> P(x ∈ B)). It cannot be more probable
that an object is a member of an intersection than a member of one of the
intersected sets because the probability that an object is a member of an
intersection is always equal or less than the probability that the object is a
member of one of the intersected sets. This is plain if we represent the set
relations of L1 and L2 as venn diagrams, see Figure 2 and Figure 3.

Let us now look at Shogenji’s approach to the conjunction fallacy. He
writes:

The conjunction fallacy is common when the degree of justification
for the conjunction is higher than the degree of justification for
the conjunct, i.e. J(h1 ∧ h2, e) > J(h1, e) [ . . . ] the fallacy occurs
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because we tend to utilize the cognitive process appropriate for
choosing better justified propositions, even when that is not our
task. The justification-oriented process serves the dual goal of
cognition well, so its persistent use is generally a good epistemic
policy. However, it causes trouble in cases where our task is not
to choose better justified propositions but to choose more probable
propositions. (Shogenji 2009, pp. 11–12).

I take Shogenji to mean that the conjunction fallacy is explained by us choosing
the most justified proposition instead of the most probable proposition even if
the latter is what we are explicitly asked to do. For example we given the
description of Linda and the question if L1 or L2 is more likely to be true find
L2 more justified than L1 even though the conditional probability of L2 given
the description of Linda is less than the conditional probability of L1 given
the description of Linda. In Shogenji’s notation h1 is L1 and h2 is

Lf Linda is active in the feminist movement.

Thus h1 ∧ h2 = L1 ∧ Lf is L2. What Shogenji (2009, p. 11) takes to be
characteristic in cases prone to the conjunction fallacy is the conditions:5

C1 P(h2 | e ∧ h1) > P(h2 | h1)

C2 P(h1 | e) < P(h1)

In the Linda case C1 is that the conditional probability of Linda being a
feminist given the description of her and that she’s a bank teller is greater
than the conditional probability of Linda being a feminist given that she’s a
bank teller. C2 is that the conditional probability of Linda being a bank teller
given the description of her is less than the prior probability of her being a
bank teller.

Let me apply Shogenji’s measure of justification to the Linda case. To do
this we first need to formulate the Linda case in terms of probability. We’ll
do this by assigning probabilities to L1 and L2. It’s practically impossible
to come up with true values for the probability of these propositions. But
we want to assign probabilities that are reasonable relative to each others
and we want them to satisfy C1 and C2. Say that we assign the following

5These are formalizations of the characteristics of examples of conjunctions fallacies
found in Crupi, Fitelson, and Tentori (2008, p. 188).
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probabilities:

P(L1) = 1
100 P(L1 | e) = 1

1000 (h1)

P(L2) = 1
10000 P(L2 | e) = 3

10000 (h1 ∧ h2)

P(Lf) = 1
100 P(Lf | e) = 3

10 (h2)

Note that we satisfy C2 by P(L1) > P(L1 | e). Understanding if we satisfy
C1 is a bit more complex. Linda being a feminist should be more or less
independent of her being a bank teller with or without the description of her
being true so P(Lf | e ∧ L1) = P(Lf | e) = 3

10 and P(Lf | L1) = P(Lf) = 1
100 ,

and 3
10 > 1

100 so we satisfy C1 by P(Lf | e ∧ L1) > P(Lf | L1).
Now we’ll measure the justification of L1 and L2 by calculating J(h, e) for

them:

J(L1, e) = log2 P(L1 | e)− log2 P(L1)
− log2 P(L1)

=
log2

1
1000 − log2

1
100

− log2
1

100

≈ −9.97− (−6.64)
−(−6.64) = −9.97 + 6.64

6.64 = 6.64− 9.97
6.64

= −3.33
6.64

≈ −0.50

J(L2, e) = log2 P(L2 | e)− log2 P(L2)
− log2 P(L2)

=
log2

3
10000 − log2

1
10000

− log2
1

10000

≈ −11.70− (−13.29)
−(−13.29) = −11.70 + 13.29

13.29 = 13.29− 11.70
13.29

= 1.59
13.29

≈ 0.12

And we compare the results:

−0.50 < 0.12
J(L1, e) < J(L2, e)
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But:
1

1000 >
3

10000
P(L1 | e) > P(L2 | e)

So according to Shogenji’s measure of justification we are more justified in L2
than in L1 even though the conditional probability of L2 given the description
of Linda is less than the conditional probability of L1 given the description of
Linda. In other words even if the potential risk is lower for L1 we are more
justified in L2. So Shogenji predicts peoples’ answers in situations where the
conjunction fallacy is common, those that satisfy C1 and C2, by saying that
they will answer which sentence is the most justified – and not which sentence
has the highest probability, which is what they are asked to do – and which
is the most justified is shown by his measure of justification.

A relevant question might be how we should think of Shogenji’s measure
of justification. Is it normative – how we should measure justification for
propositions – or descriptive – how we in fact justify propositions – or an
outline of something in between? Shogenji explains by using a distinction from
Marr (1982): “I am more interested in the conditions under which the fallacy
is common [ . . . ] I am more interested in the computation (the input-output
relation) that is accomplished than in the algorithm for the computation”
(Shogenji 2009, p. 11). So I take his explanation of the conjunction fallacy to
be descriptive in that it describes when the fallacy is common and the reason,
but not the reasoning, for the fallacious answers. Thus I take him to answer
two questions:

1. When is the conjunction fallacy common?

2. Why do we make the conjunction fallacy?

His answer to the first question is “when the degree of justification for
the conjunction is higher than the degree of justification for the conjunct”
(Shogenji 2009, p. 11). His answer to the second question is that we choose
the more justified proposition even though we are asked to choose the more
probable. It would be strange if the answer to the second question is true and
it only applies to situations where the conjunction fallacy is common. What
I mean is that it would be strange if the answer does not have a more general
application than the conjunction fallacy – if it’s not a more general feature
of how we reason but specific to situations where the conjunction fallacy is
common. Why is it strange? It’s strange because it would be in conflict
with what a good explanation is. We generally take good explanations to be
such that they should have wide application so that they apply to most cases
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and not only particular cases. If an explanation says something general, in
this case “that we choose the more justified proposition even though we are
asked to choose the more probable”, but only applies to a particular case, like
the conjunction fallacy, it can be accused of being a form of opportunistic
post hoc explanation. Therefore I think it’s appropriate to ask whether other
fallacies than the conjunction fallacy, like the inverse conjunction fallacy,
which also concerns set membership, can be explained in the same way. So
let’s see if the inverse conjunction fallacy can be explained in the same way.

4 The inverse conjunction fallacy
Is one of the following sentences more likely to be true than the other?

S1 All sofas have back rests.

S2 All uncomfortable handmade sofas have back rests.

Jönsson and Hampton (2006) have shown that many people answer that S1 is
more likely to be true than S2. But this is to make the the inverse conjunction
fallacy which they describe as to “think it more likely that a property is
universally true of one of the conjuncts than of a conjunction” (Jönsson and
Hampton 2006, p. 320). Why is this a fallacy? A short answer is: S1 cannot be
more likely to be true than S2 because all uncomfortable handmade sofas are
sofas and what is true of all sofas must be equally true of all uncomfortable
handmade sofas. In terms of sets, as mentioned in the introduction, the
inverse conjunction fallacy is to judge that it’s more probable that a set, A,
is a subset of another set, B, than that an intersection of A is a subset of B.
If all sofas have back rests, S ⊂ B, and all uncomfortable handmade sofas
are sofas, (U ∩ H ∩ S) ⊂ S, then the probability that all sofas have back
rests cannot be higher than the probability that all uncomfortable handmade
sofas have back rests, P(S ⊂ B) 6> P((U ∩H ∩ S) ⊂ B). See Figure 4 and
Figure 5 for venn diagrams of these sets and notice that both S and U ∩H∩S
are wholly inside of B. Can Shogenji’s measure of justification explain that
people make the inverse conjunction fallacy?

Successful formulations
To apply Shogenji’s measure of justification to the inverse conjunction fallacy
we need to formulate it probabilistically. We could formulate it probabilisti-
cally however we want but then we are not in a strong position to say whether
Shogenji’s measure of justification can predict peoples’ answers in situations
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S

Figure 4: Venn diagram of S1 expressing S ⊂ B

where the inverse conjunction fallacy is common. Therefore I propose three
necessary conditions for a successful formulation:

1. Correct. A measure must given the probabilistic formulation give a
higher value to the sentence that many people say is more likely to be
true.

2. Non-fallacious. The probabilistic formulation must not imply the inverse
conjunction fallacy.

3. Appropriate. The probabilistic formulation must be appropriate given
how people understand the sentences.

The first condition is about getting a result in line with the answers of people
making the inverse conjunction fallacy. It’s satisfied if the measure gives a
higher value to the sentence that people commonly say is more likely to be
true. For J(h, e), S1 and S2 the correct result is J(S1, e) > J(S2, e). The
result depends on what probabilities we feed the measure with and what the
probabilities are depends on how we understand the sentences.

The second condition is satisfied if the probabilistic formulation does not
imply the inverse conjunction fallacy. This means that the second condition
is satisfied if the probabilistic formulation does not imply that it’s more
probable that a set, A, is a subset of another set, B, than that an intersection
of A is a subset of B. To allow for differences between natural language and
probability theory I will allow this condition to be satisfied both in terms of
prior and conditional probability. In the sofa case this means that I will take it
to be satisfied by P(S1) 6> P(S2) and also by P(S1 | e) 6> P(S2 | e). Note that
this condition is important if we want to preserve rationality. Given that it’s
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Figure 5: Venn diagram of S2 expressing (U ∩H ∩ S) ⊂ B

rational to treat the sentences as expressions of sets it’s irrational to make the
inverse conjunction fallacy. Also note that this condition cannot be satisfied
by a formulation that makes the inverse conjunction fallacy impossible because
such a formulation would not preserve the meaning of the sentences – we
cannot disregard that people make the inverse conjunction fallacy.

The third condition controls what probabilities we can come up with.
We cannot assign the sentences that are prone to the inverse conjunction
fallacy, like S1 and S2, whichever prior or conditional probabilities we like.
We could assign the sentences any probabilities that would give the correct
results and say: “Look, this explains the inverse conjunction fallacy! See that
S1 has a higher value than S2.” Such an explanation would be inappropriate
because the probabilities we assign need to connect with the meaning of the
sentences given the sentences individual and relative meaning. If we say that
S1 has the prior probability 1 because it’s certain in English and that S2 has
the prior probability 1

1000 because it expresses an uncertain proposition in
another language it would be inappropriate because it would not connect
with how people understand the sentences in a situation in which the inverse
conjunction fallacy is made. This condition can be interpreted strictly so
that barely no probabilistic formulation can satisfy it. I won’t be very strict
with this condition to allow some deviation between natural language and a
probabilistic formulation, otherwise we might not get off the ground at all in
trying to find a probabilistic formulation of the inverse conjunction fallacy.
When all the three conditions are satisfied we have something that might be
a successful formulation. Now we’ll try to find one for the sofa case.
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Formulation 1
This is our first shot at finding a successful formulation. Let’s go about as the
Linda case and start by assigning probabilities to S1 and S2. This is as much
stipulation as in the Linda case. What is the conditional probability of S1 and
S2? Well, frankly, what is supposed to be the evidence for S1 and S2? Shogenji
writes that “to determine the degree of justification for h properly, e must be
the total evidence for h that is not in the background assumption” (Shogenji
2009, p. 7 footnote 8). But there seems to be no evidence like the description
in the Linda case. If there is no evidence, can S1 be evidence for S2, and
S2 evidence for S1? Evidence is something that is taken for granted when
evaluating hypotheses’ conditional probabilities. If we take the hypotheses for
granted we assume that they are true, that is we assume that their probability
is 1. But to assume that something has the probability 1 is to assume that
it’s certain. So this would mean that we assume that S1 is certain and see
how that effects the probability of S2. Then we’ll drop that assumption and
instead assume that S2 is certain and see how that effects the probability of
S1. It is the hypotheses we are evaluating so taking them for granted seems
strange to me – it seems to correspond to a fallacy like begging the question.
However, I’m not going to dwell on this issue because I have a hard time
developing a better argument against it. What I’ll do instead is to investigate
both cases. In this formulation I will not allow S1 and S2 as evidence for each
other. In the next formulation, formulation 2, I will allow them as evidence
for each other.

If S1 and S2 cannot be evidence for each other there seems to be no
evidence. Let’s express this by saying that the evidence for S1 and S2 is the
null proposition, an empty proposition without meaning or truth-value. If the
evidence for a proposition is the null proposition, then its probability won’t be
raised or lowered by the evidence so the proposition’s conditional probability
will be equal to its prior probability. We don’t know the absolute values of
P(S1), P(S1 | e), P(S2) and P(S2 | e), so let’s treat them as variables. But we
know that the evidence is the null proposition, so we know their relations are
as follows:

P(S1) = P(S1 | e)
P(S2) = P(S2 | e)
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We put them in J(h, e) and simplify the expressions:

J(S1, e) = log2 P(S1 | e)− log2 P(S1)
− log2 P(S1)

= log2 P(S1)− log2 P(S1)
− log2 P(S1)

(1)

= 0
− log2 P(S1)

(2)

= 0 (3)

There is no need to do the same with S2 because we treated P(S1) as a
variable, so our result shows that as long as any proposition has equal prior
and conditional probability it will result in J(h, e) = 0. This is due the fact
that when the prior probability is equal to the conditional probability the
numerator of J(h, e) will be a number substracted by itself which equals to 0,
x− x = 0. Line (1) and (2) shows an example of this. And any fraction with
0 as a numerator equals to 0, 0

x
= 0. Line (2) and (3) shows an example of

this. What does this mean for the measurement of justification of S1 and S2?
It means that J(S1, e) = 0 and J(S2, e) = 0, so

J(S1, e) = J(S2, e)

Thus this formulation does not give the correct result and is therefore not a
successful formulation. This is no surprise. We know that J(h, e) satisfies the
equi-neutrality condition and that the prior and conditional probabilities of S1
and S2 are equal. Given this we can conclude that J(h, e) will give an equal
value to S1 and S2. This conclusion extends to any measure of confirmation
because any measure of confirmation satisfies the equi-neutrality condition.
For any measure of confirmation, if the prior and conditional probabilities for
a proposition are equal, it will have a constant value. This means that given
this formulation any measure of confirmation will result in the same value for
S1 and S2 and hence will not give the correct result.6 We do not have to show
that any measure of confirmation given this formulation results in the same
value for S1 and S2. Because if a measure given this formulation does not
result in the same value for S1 and S2 it does not satisfy the equi-neutrality
condition and hence it is not a measure of confirmation. It is relevant to
extend the conclusion to any measure of confirmation because measures of
confirmation has been presented as a way to predict peoples’ answers in
the conjunction fallacy – initially by Sides et al. (2002, pp. 191–192), then
developed by Crupi, Fitelson, and Tentori (2008, pp. 188, 192–193) and also

6This helpful suggestion is due to personal correspondence with Tomoji Shogenji.
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mentioned by Shogenji (2009, p. 11) – and as I stated in the introduction,
the conjunction fallacy and the inverse conjunction fallacy are related in that
both concern set membership. Now it’s time try another formulation of S1
and S2.

Formulation 2
In formulation 1 I did not allow S1 and S2 as evidence for each other. In this
formulation I will allow it. Let’s assume that there are no other evidence for
S1 than S2, and that there are no other evidence for S2 than S1. Given that
all uncomfortable homemade sofas have back rests it is not certain that all
sofas have back rests because all sofas are not uncomfortable handmade sofas,
so P(S1 | S2) < 1. Let’s treat this value as the variable x so that x < 1. Given
that all sofas have back rests it is certain that all uncomfortable handmade
sofas have back rests because all uncomfortable handmade sofas are sofas,
so P(S2 | S1) = 1. What about the prior probability of the sentences? We
cannot infer their values or their values’ relation from what we know of their
conditional probability so let’s treat them as unknown. We have thus decided
the following for this formulation:

P(S1) = ? P(S1 | S2) = x < 1
P(S2) = ? P(S2 | S1) = 1

We calculate S1:

J(S1, S2) = log2 x− log2 P(S2)
− log2 P(S2)

(4)

= . . .

Here we are stuck if we want to know the absolute value for J(S1, S2) because
we don’t know the value of x and P(S2). It’s possible to calculate the absolute
value of S2 though:

J(S2, S1) = log2 1− log2 P(S1)
− log2 P(S1)

= 0− log2 P(S1)
− log2 P(S1)

= − log2 P(S1)
− log2 P(S1)

= 1

Knowing the absolute value of J(S2, S1) is of no help if we want to know the
absolute value of J(S1, S2). However to evaluate if we get the correct result all
we need to know is how J(S1, S2) compares to J(S2, S1). If they are equal it
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is necessary that J(S1, S2) = 1, then it must be that log2 x in line (4) equals
to 0. If log2 x = 0 it follows that x = 1, but x < 1, so x 6= 1. Therefore
J(S1, S2) 6= J(S2, S1). We know that J(h, e) only can result in values between
and including −∞ and 1. So we can conclude that if J(S2, S1) = 1, and if
J(S1, S2) 6= J(S2, S1), then J(S1, S2) 6= 1, then J(S1, S2) < 1. Therefore

J(S1, S2) < J(S2, S1)

Thus this formulation doesn’t give the correct result (the correct result is
a higher value for S1 than S2, not a lower) and is therefore not a successful
formulation. This is no surprise. We know that J(h, e) satisfies the condition
of direct relation to conditional probability and the condition of inverse
relation to prior probability. Given the satisfaction of those conditions and
that the conditional probability of S2 is greater than S1 and that their prior
probability is equal we can conclude that J(h, e) will give a higher value
to S2. This conclusion extends to any measure of justification because any
measure of justification satisfies the condition of direct relation to conditional
probability and the condition of inverse relation to prior probability.

A formulation that is different from the formulations we have considered
so far has been suggested.

Formulation 3
Tomoji Shogenji have suggested another probabilistic formulation.7 He spec-
ulates that we read the sentences that are prone to the inverse conjunction
fallacy conditionally. For S1 such a reading can be

S1
′ Given that the object is a sofa, the object has a back rest.

and for S2

S2
′ Given that the object is an uncomfortable homemade sofa, the object
has a back rest.

The first part of each sentence is the evidence and the last part is the
hypothesis, so they express the same hypothesis given different evidence. If
we separate the evidence and hypothesis we get the following: the evidence
for S1

′ is

eS1′ The object is a sofa.

and the evidence for S2
′ is

7In personal correspondence.
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eS2′ The object is an uncomfortable and homemade sofa.

and the hypothesis for both S1
′ and S2

′ is

hS The object has a back rest.

A relevant remark on this formulation is if it’s appropriate. Do people really
read the sentence conditionally? Another remark is if it’s possible to make the
inverse conjunction fallacy given this reading since the original sentences, S1
and S2, are universally quantified but these are not. I’ll leave these questions
open and proceed to assign probabilities.

S1 and S2 must have the same prior probability because they concern the
same proposition, hS, thus we can treat both sentences’ prior probability as the
same variable, P(hS) = x. If the inverse conjunction fallacy is possible for this
formulation it is by a fallacious judgement of the conditional probability and
not the prior probability, that is the fallacious judgement that the probability
is higher for hS | eS1′ than hS | eS2′ . If someone says that one of the sentences in
this formulation has higher prior probability than the other he would say that
a sentence, hS, has higher probability than an identical sentence, hS. That is a
fallacious judgement, the person seems to not have understood the sentences,
but it’s not to make the inverse conjunction fallacy. So if this formulation
is going to be non-fallacious it must be that P(hS | eS1′) 6> P(hS | eS2′). To
contradict this can be said to make the inverse conjunction fallacy because it
is to assign a higher probability to the proposition that an object has a back
rest given that it’s a sofa than the proposition that the same object has a
back rest given that it’s an uncomfortable handmade sofa (all uncomfortable
handmade sofas are sofas).8 To satisfy P(hS | eS1′) 6> P(hS | eS2′) is equivalent
of satisfying P(hS | eS1′) ≤ P(hS | eS2′). Let’s treat the probability of hS | eS1′

as a variable, y, so that P(hS | eS1′) = y, then P(hS | eS2′) ≥ y. We have thus
the following probabilities:

P(hS) = x P(hS | eS1′) = y (S1
′)

P(hS) = x P(hS | eS2′) ≥ y (S2
′)

Now it’s time to calculate. Starting with S1
′:

J(hS, eS1′) = log2 y − log2 x

− log2 x
= . . .

8This holds as long as we reason extensionally and retain the meaning of the univer-
sal quantification of the original sentences. If we don’t this formulation is not worth
consideration because then the inverse conjunction fallacy will not be possible given it.
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Here we are stuck if we want to know an absolute value and the same goes
for J(hS, eS2′). However to evaluate if we get the correct result all we need
to know is how J(hS, eS1′) compares to J(hS, eS2′). The correct result is
J(hS, eS1′) > J(hS, eS2′). Is this result possible given this formulation? We
know that the prior probability of the sentences is equal and that J(h, e) has
a direct relation to conditional probability and an inverse relation to prior
probability, therefore the conditional probability have to be higher for the
sentence that is going to get the higher result from J(h, e), it will have to be
that P(hS | eS1′) > P(hS | eS2′). But we also know that this is not the case,
P(hS | eS1′) 6> P(hS | eS2′), so this formulation cannot give the correct result
and therefore it cannot be a successful formulation. This conclusion extends
to any measure of justification because any measure of justification satisfies
the condition of direct relation to conditional probability and the condition
inverse relation to prior probability.9

Let’s summarize the conclusions. None of the formulations we’ve consid-
ered have proven to be successful. The question is if this is enough to show
that it is likely that there are no successful formulations.

Other formulations
Are there formulations that we haven’t considered that might be successful?
To investigate this we’ll work backwards compared to how we proceeded in
formulation 1, 2 and 3. In formulation 1, 2 and 3 we started out by asking
how the sentences of the inverse conjunction fallacy given their meaning can
be probabilistically formulated and after that we investigated whether any
suggested formulation could give the correct result. Here we’ll instead start
by investigating what relations of probability there have to be to get the
correct result. And after that we’ll look for meaning that connects to such
relations of probability – whether anyone would understand the sentences as
having such probabilistic relations. So this can be thought of as a kind of
reverse-engineering. We’ll proceed with an undefined measure of confirmation,
Cu(h, e), that satisfies the standard conditions for measures of confirmation.
What we are looking for is a successful formulation of S1 and S2. We’ll
investigate this by using our knowledge of measures of confirmation (see
page 9) and our knowledge of the conditions for successful formulations (see
page 15). So, let’s investigate.

First, what gives the correct result? Cu(h, e) will give the correct result if
it gives a higher value to S1 than S2, that is Cu(S1, e) > (Cu(S1, e). To allow

9The idea for this conclusion and its extension is due to personal correspondence with
Tomoji Shogenji.
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for cases where the evidence of the sentences differ we also treat Cu(S1, e1) >
Cu(S1, e2) when e1 6= e2 as a correct result. Next, we look at the condition of
being non-fallacious. For a formulation to be non-fallacious it must be that
P(S1) 6> P(S2) or P(S1 | e1) 6> P(S2 | e2). These are two alternatives. Let’s
investigate them one by one.10

Alternative 1

In the first alternative we take P(S1) 6> P(S2) to be true and that relation
is equivalent to P(S1) ≤ P(S2) which is satisfied by both P(S1) < P(S2) and
P(S1) = P(S2). These are two different possibilities of relations of prior
probability.11 What relations of conditional probability gives the correct
result given them? First we assume that it’s true that P(S1) < P(S2). Then
since Cu(h, e) has a direct relation to conditional probability and an inverse
relation to prior probability it has to be either that S1 and S2 has equal
conditional probability, P(S1 | e1) = P(S2 | e2), or that S1 has greater
conditional probability than S2, P(S1 | e1) > P(S2 | e2). In the latter case
their conditional probability can only vary as much as we still get the correct
result, that is Cu(S1, e1) > Cu(S2, e2).12 Secondly we instead assume that
it’s true that P(S1) = P(S2). Then since Cu(h, e) has a direct relation to
conditional probability and an inverse relation to prior probability it has to
be that S1 has greater conditional probability than S2, P(S1 | e1) > P(S2 | e2).
To get an overview of the possibilities of this alternative I’ve drawn a tree
diagram, see Figure 6. The top level of the diagram is the assumptions we
started with, the second level from the top is the two possible relations of prior
probability and the rest is the possible relations of conditional probability.
Each line from top to bottom represents a set of possible probabilistic relations
of S1 and S2 that gives the correct results and can be non-fallacious. We have
thus three such sets:

Cu(S1, e1) > Cu(S2, e2)
P(S1) < P(S2) (1a)

P(S1 | e1) > P(S2 | e2)
10I merely treat them one by one in order to keep the complexity of the investigation

down.
11Note that I speak of possibility in terms of what is possible given that the alternative

gives the correct result and is non-fallacious. This is different from what is logically possible
simpliciter.

12If we let the conditional probability of S2 increase while the conditional probability of
S1 is fixed it will eventually, and even though P(S1) < P(S2), have the consequence that
Cu(S1, e1) < Cu(S2, e2) and that is not the correct result.
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Cu(S1, e1) > Cu(S2, e2)
P(S1) ≤ P(S2)

P(S1) < P(S2)

P(S1 | e1) ≥ P(S2 | e2)

P(S1 | e1) > P(S2 | e2)

(1a)

P(S1 | e1) = P(S2 | e2)

(1b)

P(S1) = P(S2)

P(S1 | e1) > P(S2 | e2)

(1c)

Figure 6: Tree diagram of possible probabilistic relations given alternative 1

Cu(S1, e1) > Cu(S2, e2)
P(S1) < P(S2) (1b)

P(S1 | e1) = P(S2 | e2)

Cu(S1, e1) > Cu(S2, e2)
P(S1) = P(S2) (1c)

P(S1 | e1) > P(S2 | e2)

We know that each of (1a), (1b) and (1c) gives the correct result because
they all satisfy Cu(S1, e1) > Cu(S2, e2). We also know that each of them
can be non-fallacious because they all satisfy P(S1) 6> P(S2). What we want
to know now is if any of them is appropriate. Do any of (1a), (1b) or (1c)
correspond to how we understand the sentences S1 and S2? In formulation 1
we concluded that there being no evidence means that the evidence is the
null proposition which has the consequence that the sentences’ prior and
conditional probabilities are equal, P(S1) = P(S1 | e1) and P(S2) = P(S2 | e2),
and that is not the case for (1a), (1b) or (1c). In formulation 2 we concluded
that the sentences being evidence for each other and there being no other
evidence has the consequence that the conditional probability of S1 is less
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than S2, P(S1 | e1) < P(S2 | e2), and that is not the case for (1a), (1b) or
(1c). In formulation 3 we concluded that a conditional reading of the sentence
has the consequence that the sentences’ prior probability is equal and that
the conditional probability of S1 is less or equal than S2, P(S1) = P(S2) and
P(S1 | e1) ≤ P(S2 | e2), and that is not the case (1a), (1b) or (1c). From this
we can conclude that none of (1a), (1b) or (1c) are probabilistically identical
to formulation 1, 2 or 3. If we take formulation 1 and 2 to be the only
possible formulations of when there is no evidence and when the sentences
taken as wholes are evidence for each other, then we can conclude that this
alternative must explain evidence either as something else than the sentences
or as parts of the sentences. We can also conclude that this alternative has
to be something else than the conditional reading of formulation 3. These
two conclusions are steps to the final considerations of this alternative. Can
any of (1a), (1b) or (1c) contribute to an appropriate formulation?

Here I bump into a methodological problem. When we consider whether
there is any way to understand S1 and S2 given (1a), (1b) or (1c) we are
considering meaning of natural language. The constraint we face is if anyone
would understand the sentences in an appropriate way given (1a), (1b) or
(1c)? How do we investigate this if we’re not making empirical investigations?
I’m not sure. The best I can come up with is to proceed by conjectures of ways
the sentences might be understood and argue for or against the conjectures.

I have only one conjecture for this alternative. It’s a conjecture that tries
to satisfy (1c). Given (1c) we have to explain how people understand the
sentences so that S1 has a higher conditional probability than S2 while their
prior probability is equal. The crucial part of the explanation is how S1 and
S2 can have equal prior probability. Why do I say that? It’s not peculiar that
a proposition has more or less prior or conditional probability than another
because they may describe different events that have different probabilities
simply because the world is in a certain way, e.g. the probability of getting wet
from rain when taking a walk is different from the probability of getting hit
by lightning when taking a walk simply because the world is in a certain way.
But it is peculiar how two different propositions can have equal conditional
or prior probability – how a proposition describing an event happens to have
the same probability as a proposition describing another event. How can this
relation be explained?

S1 and S2 are not wholly different. They are similar in that they ascribe the
same predicate, “have back rests”, to their subjects. What differs is only that
they’ve got different subjects. So we can explain their similarity of predicates
by them having equal prior probability. Since the prior probability in a
probabilistic framework is tied to the hypothesis we say that the hypothesis
of the sentences is their predicate so that the hypothesis of S1 and S2 is “The
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object has a back rest”. With evidence S1 would then be read “Given that
the object is a sofa, the object has a back rest”. But that is identical to S1

′

and then we have the same reading as formulation 3 which we concluded
not to give the correct result. There might however be another reading if we
ignore that in a probabilistic framework the hypothesis is tied to the prior
probability. Say that the sentences express the same evidence by ascribing
the same predicate. We thus end up with a reading that is conditional but
reverse compared to formulation 3. S1 is read like the reverse S1

′

S1
′′ Given that the object has a back rest, the object is a sofa.

and S2 like the reverse S2
′

S2
′′ Given that the object has a back rest, the object is an uncomfortable
homemade sofa.

Would any competent language user read the sentences this way? Why even
consider this reading? We could just label this reading inappropriate and
drop it. However I want to make some comments to show some constraints of
natural meaning or, in our case, on what can be an appropriate formulation.
I do it to strengthen my claims on whether there are other formulations
than those we considered that might be successful. For this reading to be
successful the inverse conjunction fallacy must be possible otherwise it would
not be a reading of S1 and S2. The issue of the inverse conjunction fallacy
is not that people given that objects have back rests hesitate whether they
are uncomfortable handmade sofas, but that they given that the objects are
uncomfortable handmade sofas hesitate whether they have back rests. So
this reading cannot be right. Also, like I mentioned in formulation 3, it’s
questionable whether the sentences are read conditionally at all. Another
thing is that this reading does not, after all, connect to (1c). Given this
reading the prior probability, which is tied to the hypothesis, would have to
be greater for S1 than S2, P(S1) > P(S2), because the set of sofas is greater
than the set of uncomfortable handmade sofas but that is not the case for
(1a), (1b) or (1c). I will return to S1

′ and S2
′ in alternative 2.

What has been concluded in this alternative? We’ve concluded that it’s
different from formulation 1, 2 and 3 and that one way to formulate the
alternative, S1

′′ and S2
′′, was unsuccessful by being inappropriate. It can be

considered weak to only consider one conjecture and therefore regard this
whole alternative as inappropriate. But that is what I do. I’ll return to this
point in alternative 2 which we’ll turn to now.
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Cu(S1, e1) > Cu(S2, e2)
P(S1 | e1) ≤ P(S2 | e2)

P(S1 | e1) < P(S2 | e2)

P(S1) ≥ P(S2)

P(S1) > P(S2)

(2a)

P(S1) = P(S2)

(2b)

P(S1 | e1) = P(S2 | e2)

P(S1) > P(S2)

(2c)

Figure 7: Tree diagram of possible probabilistic relations given alternative 2

Alternative 2

In this alternative we take P(S1 | e) 6> P(S2 | e) to be true and that relation is
equivalent to P(S1 | e) ≤ P(S2 | e) which is satisfied by both P(S1 | e) < P(S2 |
e) and P(S1 | e) = P(S2 | e). These are two different possibilities of relations
of conditional probability. What relations of prior probability gives the correct
result given them? First we assume that it’s true that P(S1 | e) < P(S2 | e).
Then since Cu(h, e) has a direct relation to conditional probability and an
inverse relation to prior probability it has to be either that S1 and S2 has equal
prior probability, P(S1) = P(S2), or that S1 has greater prior probability than
S2, P(S1) > P(S2). In the latter case their prior probability can only vary as
much as we still get the correct result, Cu(S1, e1) > Cu(S2, e2). Secondly we
instead assume that it’s true that P(S1 | e) = P(S2 | e). Then since Cu(h, e)
has a direct relation to conditional probability and an inverse relation to
prior probability it has to be that S1 has greater prior probability than S2,
P(S1) > P(S2). I’ve also drawn a tree diagram for this argument, see Figure 7.
We have thus three sets of possible relations that gives the correct result:
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Cu(S1, e1) > Cu(S2, e2)
P(S1) > P(S2) (2a)

P(S1 | e1) < P(S2 | e2)

Cu(S1, e1) > Cu(S2, e2)
P(S1) = P(S2) (2b)

P(S1 | e1) < P(S2 | e2)

Cu(S1, e1) > Cu(S2, e2)
P(S1) > P(S2) (2c)

P(S1 | e1) = P(S2 | e2)

We know that each of (2a), (2b) and (2c) gives the correct result because
they all satisfy Cu(S1, e1) > Cu(S2, e2). We also know that each of them can
be non-fallacious because they all satisfy P(S1) 6> P(S2). What we want to
know now is if any of them can contribute to an appropriate formulation of S1
and S2? In formulation 1 we concluded that there being no evidence means
that the evidence is the null proposition which has the consequence that the
sentences’ prior and conditional probabilities are equal, P(S1) = P(S1 | e1)
and P(S2) = P(S2 | e2), and that is not the case for (2a), (2b) or (2c). In
formulation 2 we concluded that the sentences being evidence for each other
and there being no other evidence has the consequence that the conditional
probability of S1 is less than S2, P(S1 | e1) < P(S2 | e2), and that is not
for (2c), but it is for (2a) and (2b). I’ll return to (2a) and (2b) shortly. In
formulation 3 we concluded that a conditional reading of the sentence has
the consequence that the sentences’ prior probability is equal and that the
conditional probability of S1 is less or equal than S2, P(S1) = P(S2) and
P(S1 | e1) ≤ P(S2 | e2), and that is not the case for (2a) or (2c), but it is
for (2b). As said, I’ll return to (2b) shortly. From this we can conclude that
none of (1a), (1b) or (1c) are probabilistically identical to formulation 1. If
we take formulation 1 to be the only possible formulations of when there is no
evidence, then we can conclude that this alternative must explain evidence
as the sentences being evidence for each other, as something else than the
sentences or as parts of the sentences. Now it’s time to consider if there is an
appropriate formulation of (2a), (2b) or (2c).

As I mentioned in alternative 1 the only way of arguing I can think of at
this stage is by conjectures. We know that the conditional probability in (2a)
and (2b) connect to formulation 2. But formulation 2 was found to not give
the correct result. Is there another way to formulate (2a) and (2b)? The only

28



way I can think of is a formulation like S1
′′ and S2

′′ which we considered in
alternative 1. I’ll discuss them shortly. We know that (2b) can be formulated
conditionally such as in formulation 3. But formulation 3 was found to not
give the correct result. Is there another way to formulate (2b) that is different
from formulation 3? Here too the only way I can think of is a formulation
like S1

′′ and S2
′′ which we considered in alternative 1. Given the meaning

of S1
′′ and S2

′′ the prior probability, which is tied to the hypothesis, would
have to be greater for S1 than S2, P(S1) > P(S2), because the set of sofas is
greater than the set of uncomfortable handmade sofas and that is the case for
(2a) and (2c). However even if (2a) and (2c) can connect to S1

′′ and S2
′′ we

in alternative 1 concluded that they are inappropriate and that the inverse
conjunction fallacy is not possible for S1

′′ and S2
′′ and that applies here too.

Thus we conclude that S1
′′ and S2

′′ are inappropriate given this alternative
too.

Is there any other conjecture? The only conjecture I can come up with is
a way to satisfy any of the alternatives. The conjecture is that some words
of the sentences don’t contribute to their meaning. Take for instance (2b).
How is the prior probabilities equal? We could say that in S2 the words
‘uncomfortable handmade’ does not contribute to its meaning, at least not
probabilistically, so that S2 has the same meaning as S1 and thus their prior
probability is equal. This is both ad hoc and a violation of compositionality,
i.e. that the meaning of a complex expression is determined by the meanings
of its constituent expressions. Why should some words contribute to the
meaning and not others? I’m taking compositionality for granted, especially
for such simple and mundane sentences as S1 and S2. Also there is not
much room for interpretation of S1 and S2 because they are far from typical
metaphorical or idiomatic expressions. So given that this conjecture violates
compositionality I conclude that it’s inappropriate.

I have no more conjectures. When we’ve established what possible rela-
tions of probabilities there are for a successful formulation – (1a), (1b), (1c),
and (2a), (2b), (2c) – there does not seem to be much room for what can
be appropriate given compositionality. Since I, as a more or less competent
language user, cannot come up with any appropriate formulation given alter-
native 1 and 2 I will conclude that it’s not likely that there are a successful
formulation of S1 and S2 given alternative 1 and 2.

Conclusion
Neither of formulation 1, 2 or 3 was found successful nor is it likely that there
are other formulations that might be successful. Can we generalize from S1
and S2 to any other sentences prone to the inverse conjunction fallacy? I think
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we can because the inverse conjunction fallacy is not unique for S1 and S2 but
possible for other sentences and many of these are as mundane and neither
metaphorical nor idiomatic. Therefore I conclude that it is likely that there are
no probabilistic formulation by which a measure of confirmation can predict
peoples’ answers in situations where the inverse conjunction fallacy is common.
Since any prediction by a measure of confirmation requires a probabilistic
formulation it is simply not likely that a measure of confirmation can predict
peoples’ answers in situations where the inverse conjunction fallacy is common.
So the conclusion is: it is not likely that the inverse conjunction fallacy can
be predicted by a measure of confirmation (or a measure of justification).

What can we make of the conclusion? If measures of confirmation cannot
predict the inverse conjunction fallacy then measures of confirmation cannot
contribute to a good explanation of the conjunction fallacy. Shogenji’s
explanation of the conjunction fallacy is general in that it says that we
choose the more justified proposition even though we are asked to choose
the more probable and for this to be a good explanation it should generalize
to other situations than those where the conjunction fallacy is common.
But it does not generalize to the inverse conjunction fallacy which like the
conjunction fallacy concerns set membership. So Shogenji’s explanation of
the conjunction fallacy is not a good explanation, neither are the explanations
by other measures of confirmation. Thus we cannot appeal to measures of
confirmation or justification to save our rationality from the fact that we
make the conjunction fallacy and the inverse conjunction fallacy.13
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