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Introduction



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.

1



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.

1



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.

1



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.

1



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.

1



Basic idea

1. So far we have discussed an agent’s credences in single propositions,

for example, that Nina has pasta for lunch.

1.1 unconditional credence – a degree of belief assigned to a single

proposition, indicating how confident the agent is that that

proposition is true

1.2 We wrote p(P) or c(P) for the unconditional probability or an

agent’s unconditional credence in the proposition P that Nina has

pasta for lunch.

2. We will now discuss an agent’s credences in a proposition given that

another proposition is true, for example, that Nina has pasta for

lunch given that she is a vegetarian.

2.1 conditional credence – a degree of belief assigned to an ordered pair

of propositions, indicating how confident the agent is that the first

proposition is true on the supposition that the second is.

2.2 We will write p(P|V ) or c(P|V ) for the conditional probability or

an agent’s conditional credence in the proposition P that Nina has

pasta for lunch given the supposed truth of the proposition that she

is a vegetarian.
1



Why Ordered pair?

1. conditional credence – a degree of belief assigned to an ordered

pair of propositions, indicating how confident the agent is that the

first proposition is true on the supposition that the second is.

2. The order matters – it makes a difference which proposition is

supposed and which is evaluated.

Example 1

Suppose we roll a fair die. We have two propositions. One is

E that the rolled number is even. The second proposition is

T that the rolled number is equal to 2.

2.1 What is the p(E |T )?

2.2 p(E |T ) = 1

2.3 What is the p(T |E)?

2.4 p(T |E) = 1
3

2
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Ratio Formula

1. We can connect conditional credences (probabilities) with

unconditional credences (probabilities).

Ratio Formula: For any propositions P and Q in language

L, if c(Q) > 0 then

c(P|Q) =
c(P&Q)

c(Q)
(1)

3
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Does RF Defines Conditional Probabilities?

1. We can spot at least two issues with that approach

1) Ratio formula reduces conditional credences to two unconditional

credences in a specific relation. But what if we want conditional

credences to be a genuine (non-reducible) mental states?

1.1 We can interpret the Ratio formula more weakly as a rational

constraint on how an agent’s conditional credences should relate to

her unconditional credences.

2.) Some philosophers argue that conditional probabilities exist even in

the situations when the ratio formula is not defined.

Example - A. Hajek

Imagine throwing an infinitely fine dart at the [0,1] interval.

Suppose that the probability measure for where the dart lands

is uniform over the interval – the so-called ‘Lebesgue measure’.

What is the probability that the dart lands on the point 1/4,

given that it lands on either 1/4 or 3/4? 1/2, surely. But the

probability that the point lands on 1/4 or 3/4 is 0 according

to the uniform measure.
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Consequences of the Ratio Formula

1. Conditional distribution c(−|R) follows the axioms of probability.

For any proposition R in L such that c(R) > 0, the following

will all be true:

• For any proposition P in L, c(P|R) ≥ 0.

• For any tautology T in L, c(T |R) = 1.

• For any mutually exclusive propositions P and Q in L,

c(P ∨ Q|R) = c(P|R) + c(Q|R).

5
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Consequences of the Ratio Formula II

Notice: Conditional credence distribution must satisfy all the

consequences of the probability axioms such as the Negation rule.

Let P, ¬P and R be propositions in L such that c(R) > 0,

• c(¬P|R) = 1− c(P|R),

Notice: For any proposition P in L, conditioning on the tautology

T , credence (probability of) in that P

Let P be a propositions and T the tautology in L,

• c(P|R) = c(P&T )
c(T )

= c(P&T ) = c(P).

6
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Consequences of the Ratio Formula III

Notice: The probability axioms and the Ratio formula give us a

trick how to write credence (probability of) in a proposition X .

Law of Total Probability For any proposition X in L and

finite partition Q1,Q2, . . . ,Qn of the space of possibilities,

c(X ) =
n∑

i=1

c(X&Qi ) (2)

=
n∑

i=1

c(Q1)× c(X |Qi ) (3)

= c(Q1)× c(X |Q1) + · · ·+ c(Qn)× c(X |Qn). (4)
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Law of Total Probability Example

Example 2

Suppose Adam Red wants to buy a hoverboard. Suppose that

there exist only three manufacturers of that gadget. He buys

a hoverboard from his local retailer, but, at home, he realises

that there is no indication who manufactured the board.

He only knows that the market shares of the three companies

(grren, blue, and purple) are 60%, 30%, and 10% respec-

tively. Also, the probabilities that the battery will last less

than an hour are 10%, 20%, and 60% respectively. What is

the probability of the proposition B that the battery in Adam’s

hoverboard will last less than an hour?

8



Law of Total Probability Example – Solution

Law of Total Probability:

c(X ) = c(Q1)× c(X |Q1) + · · ·+ c(Qn)× c(X |Qn).

Example 3

• c(Q1) = 0.6, c(Q2) = 0.3,c(Q3) = 0.1

• c(B|Q1) = 0.1, c(B|Q2) = 0.2,c(B|Q3) = 0.6

• c(B) = 0.6× 0.1 + 0.3× 0.2 + 0.1× 0.6 = 0.18

9
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Dutch Book for the Ratio Formula

Example 3

Suppose that Raj has the following probability distribution

(credence) c in two proposition P and Q:

P Q c

T T 1/4

T F 1/4

F T 1/4

F F 1/4

1. We can read from the table that c(P|Q) = c(P&Q)
c(Q) = 1/4

2/4 = 1
2 .

2. Suppose that Raj does not follow the ratio formula and assigns

c(P|Q) = 0.6.

10
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Dutch Book

1. The first ticket introduces a conditional bet. Conditional bets are priced

using conditional credences. We sell this ticket to Raj.

Ticket 1

If Q is true, this ticket entitles the bearer to 1$ if P is true and

nothing otherwise. If Q is false, this ticket may be returned to the

seller for a full refund of its purchase price.

2. Raj’s c(P&Q) = 1
4
. We buy from Raj (pay Raj) for how much?

Ticket 2

If P&Q is true, this ticket entitles the bearer to 1$ and nothing

otherwise.

3. Raj’s c(¬Q) = 1
2
. We buy from Raj (pay Raj) for how much?

Ticket 3

If ¬Q is true, this ticket entitles the bearer to 0.60$ and nothing

otherwise.

11
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nothing otherwise. If Q is false, this ticket may be returned to the

seller for a full refund of its purchase price.

2. Raj’s c(P&Q) = 1
4
. We buy from Raj (pay Raj) for how much?

Ticket 2

If P&Q is true, this ticket entitles the bearer to 1$ and nothing

otherwise.

3. Raj’s c(¬Q) = 1
2
. We buy from Raj (pay Raj) for how much?

Ticket 3

If ¬Q is true, this ticket entitles the bearer to 0.60$ and nothing

otherwise.
11



Dutch Book – Net Gains

Example 3

How Raj will do when we consider all the bets together (what

is his net gain in $ overall from all the bets)?

P&Q ¬P&Q ¬Q
Ticket 1 0.4 -0.6 0

Ticket 2 -0.75 0.25 0.25

Ticket 3 0.3 0.3 -0.30

Total Net Gain -0.05 -0.05 -0.05

Notice: No matter what happens, Raj’s net gain in $ is negative, so

he always loses money if he accepts all three bets.

12



Dutch Book – Net Gains

Example 3

How Raj will do when we consider all the bets together (what

is his net gain in $ overall from all the bets)?

P&Q ¬P&Q ¬Q
Ticket 1 0.4 -0.6 0

Ticket 2 -0.75 0.25 0.25

Ticket 3 0.3 0.3 -0.30

Total Net Gain -0.05 -0.05 -0.05

Notice: No matter what happens, Raj’s net gain in $ is negative, so

he always loses money if he accepts all three bets.

12



Comments on the Converse Dutch Book Theorem

1. Do you remember the Converse Dutch Book theorem?

2. Converse Dutch Book Theorem We Want: If an agent satisfies

the probability axioms, she is not susceptible to a Dutch Book.

3. Converse Dutch Book Theorem We Can Get: As long as an

agent’s credences satisfy the probability axioms, she can’t be Dutch

Booked with the kind of Book we deployed against agents who

violate the axioms.

4. Notice: Raj is probabilistic (his unconditional credences follow the

probability axioms), but he is susceptible to a Dutch Book.
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Conditionalisation



The Rule

Initially, you can see conditionalisation as an updating rule that says

how to change your current credences to new credences, when you

learn some evidence in the meantime. So it seems that conditionalisation

connects credences at two moments (before learning and after learning) –

it is sometimes called diachronic rule.

Diachronic Conditionalisation: Let B be a set of proposi-

tions that includes possible evidence. Let ct be your current

credence on B. Let E = {E1, . . . ,En} be the partition of ev-

idence that you can learn between t and some later moment

t + 1. Let ct+1 be your credence after learning Ei ∈ E . The

conditionalisation rule says that:

ct+1(−) = ct(−|Ei ) =
ct(−&Ei )

ct(Ei )
, (5)

where ct+1(−) is of course defined only for ct(E1) > 0.
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Conditionalisation – Example

Example 4

Suppose that Fatima and Ayesha play a game. Fatima rolls

a die and gives Ayesha information about the outcome. She

then updates her credences by conditionalisation until she gets

the right answer. Suppose that the coin is fair and Ayesha has

credence 1
6 in the propositions that the outcome is 1, that the

outcome is 2, etc.
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Conditionalisation – Example
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Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is lower

than 5. How Ayeasha updates her credences? She does it in

two steps:

0.1 She assigns credence 0 to all worlds incompatible with her
evidence, that is, to w5 and w6.

0.1.1 Notice that her credences are now not probabilistic

c(w1) = c(w2) = c(w3) = c(w4) =
1
6
and

c(w5) = c(w6) = 0. They do not sum up to 1.

0.2 She normalises her credences: divides the original credence
in each of the still possible worlds by a constant. The
constant is the sum of her credences after the step 1 i.e.
4× 1

6
.

0.2.1 We have
1
6
4
6

= 1
4
. Ayesha has credence 1

4
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.

17



Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is lower

than 5. How Ayeasha updates her credences? She does it in

two steps:
0.1 She assigns credence 0 to all worlds incompatible with her

evidence, that is, to w5 and w6.

0.1.1 Notice that her credences are now not probabilistic

c(w1) = c(w2) = c(w3) = c(w4) =
1
6
and

c(w5) = c(w6) = 0. They do not sum up to 1.

0.2 She normalises her credences: divides the original credence
in each of the still possible worlds by a constant. The
constant is the sum of her credences after the step 1 i.e.
4× 1

6
.

0.2.1 We have
1
6
4
6

= 1
4
. Ayesha has credence 1

4
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.

17



Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is lower

than 5. How Ayeasha updates her credences? She does it in

two steps:
0.1 She assigns credence 0 to all worlds incompatible with her

evidence, that is, to w5 and w6.

0.1.1 Notice that her credences are now not probabilistic

c(w1) = c(w2) = c(w3) = c(w4) =
1
6
and

c(w5) = c(w6) = 0. They do not sum up to 1.

0.2 She normalises her credences: divides the original credence
in each of the still possible worlds by a constant. The
constant is the sum of her credences after the step 1 i.e.
4× 1

6
.

0.2.1 We have
1
6
4
6

= 1
4
. Ayesha has credence 1

4
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.

17



Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is lower

than 5. How Ayeasha updates her credences? She does it in

two steps:
0.1 She assigns credence 0 to all worlds incompatible with her

evidence, that is, to w5 and w6.

0.1.1 Notice that her credences are now not probabilistic

c(w1) = c(w2) = c(w3) = c(w4) =
1
6
and

c(w5) = c(w6) = 0. They do not sum up to 1.

0.2 She normalises her credences: divides the original credence
in each of the still possible worlds by a constant. The
constant is the sum of her credences after the step 1 i.e.
4× 1

6
.

0.2.1 We have
1
6
4
6

= 1
4
. Ayesha has credence 1

4
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.

17



Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is lower

than 5. How Ayeasha updates her credences? She does it in

two steps:
0.1 She assigns credence 0 to all worlds incompatible with her

evidence, that is, to w5 and w6.

0.1.1 Notice that her credences are now not probabilistic

c(w1) = c(w2) = c(w3) = c(w4) =
1
6
and

c(w5) = c(w6) = 0. They do not sum up to 1.

0.2 She normalises her credences: divides the original credence
in each of the still possible worlds by a constant. The
constant is the sum of her credences after the step 1 i.e.
4× 1

6
.

0.2.1 We have
1
6
4
6

= 1
4
. Ayesha has credence 1

4
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.

17



Conditionalisation – Example

18



Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is even.

She does it in two steps:

0.1 Ayeasha assigns credence 0 to all worlds incompatible with
her evidence, that is, to w1 and w3.

0.1.1 Notice again that her credences are now not probabilistic

c(w2) = c(w4) =
1
4
and

c(w1) = c(w3) = c(w5) = c(w6) = 0. They do not sum up

to 1.

0.2 She normalises her credences: divides the original credence in
each of the still possible worlds by a constant. The constant
is the sum of her credences after the step 1 i.e. 2× 1

4
= 1

2
.

0.2.1 We have
1
4
4
2

= 1
2
. Ayesha has credence 1

2
in each proposition

that the toss has a particular outcome has which has not

been ruled out by evidence.
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Conditionalisation – Example

Example 4

Suppose that Fatima tells Ayesha that the number is prime.

She does it in two steps:

0.1 Ayeasha assigns credence 0 to all worlds incompatible with
her evidence, that is, to w4.

0.1.1 Ayesha’s credences are now c(w2) =
1
2
and

c(w1) = c(w3) = c(w5) = c(w6) = w4 = 0

0.2 She normalises her credences with the constant 1
2
.

0.2.1 We have
1
2
1
2

= 1. Ayesha has credence 1 in the proposition

that the die landed on 2.
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Properties of Conditionalisation

1. Conditionalization is cumulative.

1.1 Instead of updating first on evidence that the number is lower than 5

and then on information that the number is even (c(X&E1|E2)), we

Ayesha could conditionalise on both pieces of evidence

(c(X |E1&E2)) at the same time with the same result.

Proof

1.1.1 c(X&E1|E2) =
c((X&E1)&E2)

c(E2)
by the Ratio formula (RF)

1.1.2 c(X&E1|E2) =
c(X&(E1&E2))

c(E2)
associativity of &

1.1.3 c(X&E1|E2)× c(E2) = c(X&(E1&E2)) c(E2) multipli.

1.1.4 c((X&E1)&E2) = c(X |E1&E2)× c(E1&E2) RF

1.1.5 c(X&(E1&E2)) = c(X |E1&E2)× c(E1&E2) assoc. of &

1.1.6 c(X&(E1&E2))
c(E1&E2)

= c(X |E1&E2) divide by c(E1&E2)
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(c(X |E1&E2)) at the same time with the same result.

Proof

1.1.1 c(X&E1|E2) =
c((X&E1)&E2)

c(E2)
by the Ratio formula (RF)

1.1.2 c(X&E1|E2) =
c(X&(E1&E2))

c(E2)
associativity of &

1.1.3 c(X&E1|E2)× c(E2) = c(X&(E1&E2)) c(E2) multipli.

1.1.4 c((X&E1)&E2) = c(X |E1&E2)× c(E1&E2) RF

1.1.5 c(X&(E1&E2)) = c(X |E1&E2)× c(E1&E2) assoc. of &

1.1.6 c(X&(E1&E2))
c(E1&E2)

= c(X |E1&E2) divide by c(E1&E2)
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Properties of Conditionalisation II

1. Conditionalization is commutative – the order of updating does not

matter.

1.1 It doe snot matter whether we first update on the fact that the

number is lower than 5 and then on information that the number is

even or the other way around. The final result after both updates

will be the same.

2. If you conditionalise on E , the new (updated) credence will assign 1

to E .
Proof

2.1 c(E |E) = c(E&E)
c(E)

= c(E)
c(E)

= 1

3. Learning nothing about a proposition X – your credence in X

remains the same – is represented as if you learned the tautology T .

Proof

3.1 c(X |T ) = c(X&T )
c(T )

= c(X )
1

= c(X )
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Conditionalisation – Dutch Book Strategy

Example 4

Suppose that Raj again has the following probability distribu-

tion (credence) c in two proposition P and Q:

P Q ct

T T 1/4

T F 1/4

F T 1/4

F F 1/4

1. He is probabilistic and satisfy the ration formula at his current state,

so ct(P|Q) = 1
2 .

2. But when he learns Q, he will assign new credence to P which will

be, say, ct+1 = 0.6 – Raj does not follow conditionalisation.
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Dutch Strategy against Conditionalisation

1. We first buy the following two tickets (they are the same as before).

2. Raj’s ct(P&Q) = 1
4
, so he sells for that price.

Ticket 2

If P&Q is true, this ticket entitles the bearer to 1$ and nothing

otherwise.

3. Raj’s c(¬Q) = 1
2
, so he sells for that price.

Ticket 3

If ¬Q is true, this ticket entitles the bearer to 0.60$ and nothing

otherwise.
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Dutch Strategy against Conditionalisation

1. The last step is to formulate the following strategy.

1.1 If Raj does not learn Q between t and t + 1, we will not engage in

any transactions beyond Tickets 1 and 2.

1.2 If Raj learns Q between t and t + 1, we will sell him the following

ticket at t + 1

Ticket if Q learned

If P is true, this ticket entitles the bearer to 1$ and nothing

otherwise.

1.3 How much will Raj pay for that ticket at t + 1?

27
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Dutch Strategy against Conditionalisation

Example 3

How Raj will do when we consider all the bets together (what

is his net gain in $ overall from all the bets)?

P&Q ¬P&Q ¬Q
Ticket if Q learned 0.4 -0.6 0

Ticket 1 -0.75 0.25 0.25

Ticket 2 0.3 0.3 -0.30

Total Net Gain -0.05 -0.05 -0.05

Notice: No matter what happens, Raj’s net gain in $ is negative, so

he always loses money if he accepts all three bets.
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Issues with Dutch Book Strategies

1. We usually require Dutch Books to generate a sure loss across the

agent’s entire space of doxastically possible worlds to underpin the

flaw in rationality.

1.1 Compare it wit expected monetary value. You see yourself losing in

some worlds and wining in others but, but it still seems rational to

follow the choice with maximal expected monetary value.

2. We should make sure that the bookie does not know more than the

agent – to construct a sure loss for all epistemically possible worlds.

3. In Dutch Book strategies, the bookie needs to know what the

updated agent’s credence will be to either sell or buy the initial two

bets (Ticket 1 and Ticket 2).

4. To keep the idea that the agent and the bookie know the same

things, the agent needs to know that she will violate

conditionalisation. How is that possible?
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Issues with Dutch Book Strategies - Still Diachronic Rule?

1. One possibility for an agent to know that she will violate

conditionalisation is to have a plan for updating in response to

evidence which might violate conditionalisation.

1.1 Consider an agent who plans at t to conditionalize, but when t + 1

comes around actually violates Conditionalization. No Dutch

Strategy can be implemented against such an agent; since the bookie

won’t at t know the details of the violation.

1.2 Consider an agent who plans at t not to conditionalize, yet does so.

The bookie can start the Booking proccess at t but cannot finish it

after the agent conditionalises at the end.

At t the agent doesn’t know that she ends up conditionalising. From

her point of view at t it looks like she has guaranteed a loss. So the

agent still seems to be doing something irrational at t.

2. If Dutch Strategies reveal any kind of rational tension, it seems to

be one that exists not between an agent’s t and t + 1 credences, but

instead between her t credences and her t plans for updating going

forward.
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Planned Conditionalisation

We can formulate conditionalisation not as a diachronic updating rule

but a rational plan for updating credences upon receiving evidence.

Planned Conditionalisation: Let B be a set of propositions

that includes possible evidence. Let ct be your current cre-

dence on B. Let E = {E1, . . . ,En} be the partition of evidence

that you can learn between t and some later moment t + 1.

Let R be a plan how to update upon receiving evidence from

E ∈ E . If you were to receive evidence Ei and if c(Ei ) > 0,

then R would exhort you to adopt credence function

ct+1(−) = ct(−|Ei ) =
ct(−&Ei )

ct(Ei )
. (6)
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Conditionalisation and Reflection



Original Reflection Principle

Let cc be your current credence function, ct your credence

function at some future time t, and X a proposition. Then, if

you are rational, for any H and t:

cc(X |ct(X ) = x) = x . (7)
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Original Reflection Principle

1. Reflection principle means that your credence in X now is the

expected value of your future credences in X

Proof

1.1 cc(X |ct(X ) = x) = x use the Ratio formula

1.2 cc (X&ct (X )=x)
cc (ct (X )=x)

= x multiply by c(ct(X ) = x)

1.3 cc(X&ct(X ) = x) = x × cc(ct(X ) = x) Total probability

1.4 cc(X ) =
∑

x cc(X&ct(X ) = x) =
∑

x x × cc(ct(X ) = x)

2. Notice: Reflection is a synchronic norm – credences are assigned at

the same (current) time; they just happen to be credences about

some future moment.
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Problems with the Original Reflection Principle

1. The issue with the original Reflection principle is that it is really too

narrow or specific.

Example

Suppose at t1 you remember (S) having spaghetti for dinner

on a particular day, so c1(S) = 0.999. By next year, you will

have no idea what you had for dinner that day. Youll only

know that you eat spaghetti, say, 10 percent of the time, so

P2(S) = 0.1.

1.1 c1(S |c2(S) = 0.1) = 0.1

1.2 c1(X ) =
∑

x x × c1(c2(X ) = 0.1)

1.3 I know that I will only remember that I eat spaghetti, say, 10

percent of the time, so c1(c2(X ) = 0.1) = 1 and the only x

is 0.1.

1.4 c1(X ) =
∑

x x × c1(c2(X ) = 0.1) = 0.1× 1 = 0.1
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Generalized Reflection

Weisberg: For any random variable X and future t, the ex-

pected value of X relative to p must lie in the span of the

foreseeable expected values of X relative to pt .

1. You can always write credence in a proposition X as expected value

of X ’s indicator function – X is treated as a random variable:

Indicator function:

IX (w) =

{
1 w ∈ X

0 w /∈ X

Credence as Expected Value of IX :

c(X ) = E(IX ) = c(X )× 1 + c(¬X )× 0
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Generalized Reflection

Pettigrew: For any random variable X and future t, the ex-

pected value of X relative to you current credence function cc
must lie in the span of the foreseeable expected values of X

relative to cR(E ,E).

cc(X ) =
∑
E∈E

cc(E )cR(E ,E)(X ) (8)
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Thank you!
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