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Introduction to Confirmation



Deductive Reasoning

1. When all premises are true, the conclusion is also true.

Example: Modus Ponens

Premise 1: If I am blushing, I feel guilty.

Premise 2: I am blushing.

Conclusion: I feel guilty.

B (premise 2) G (conclusion) B → G (premise 1)

T T T

T F F

F T T

F F T
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Inductive Reasoning

1. All the premises can be true, but it does not guarantee that the

conclusion is true .

Example: White Swans

For hundreds of years Europeans believed that all swans were

white. However, in 1697 the Dutch explorer Willem de Vlam-

ingh discovered black swans in Australia. Suppose we cata-

logue swans observed in Europe before de Vlamingh discovery.

We might see hundreds, thousands, or even millions of white

swans. Suppose that we number our observations:

Premise (observation) n.1: Swan n. 1 is white. . .

Premise n.1269: Swan n. 1269 is white. . .

Premise n. 5 258 693: Swan n. 5258693 is white. . .

Conclusion: All swans are white.

2
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Basic Idea

1. Confirmation theory can be roughly described as the area where

efforts have been made to take up the challenge of defining plausible

models of non-deductive reasoning1.

2. When we talk about some concepts such as credences, comparative

beliefs, etc. we want to postulate some desirable properties that

such concepts should meet.

3. The same idea applies to confirmation. We want to know what

properties confirmation should and can have without running to

paradoxical conclusions.

4. To find such properties has proved to be difficult. Let us take a look

at some examples.

1
Stanford Encyclopedia of Philosophy, Confirmation
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Paradox of Ravens



1. One of the first attempts to formulate adequate conditions of

confirmation was made by Hempel in 1940’s.

2. Two condition he accepted are Nicod’s Criterion and Equivalence

Condition, but they proved to be difficult to combine.

3. Their combination leads to the Paradox of Ravens.
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Nicod’s Criterion

Nicod’s Criterion: For any predicates F and G and constant

a of L, (∀x)(Fx → Gx) is confirmed by Fa & Ga and discon-

firmed by Fa & ¬Ga.

1. The criterion says that a universal generalisation is confirmed by its

positive instances and disconfirmed by its negative instances.

Example: White Swans

Think of the predicate S as being a swan and W as being

white. Suppose that the constant a stands for a particular

swan.

Nicod’s criterion then says that the hypothesis that “all swans

are white” e.i. (∀x)(Sx →Wx) is confirmed by an instance of

a white swan e.i. Sa & Wa and disconfirmed by an instance

of a black swan e.i. Sa & ¬Wa.
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Paradox of Ravens: Equivalence Condition

1. We don’t want confirmation to depend on the particular way a

hypothesis is formulated; logically equivalent hypotheses say the

same thing, so they should enter equally into confirmation relations.

Equivalence Relation: Suppose H and H ′ in L are logically

equivalent (H ≡ H ′). Then any E in L that confirms H also

confirms H ′.

2. When evidence E confirms a hypothesis H and H is equivalent to

H ′, then E confirms also H ′.
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Paradox of Ravens

1. Let us have a hypothesis that all ravens are black e.i. (∀x)(Rx → Bx).

2. By the Nicod’s Criterion a black raven e.i. Ba & Ra confirms our

hypothesis.

3. Consider the evidence that a particular non-raven is non-black e.i.

¬Ba & ¬Ra.

4. By the Nicod’s Criterion ¬Ba & ¬Ra confirms (∀x)(¬Bx → ¬Rx).

5. But (∀x)(¬Bx → ¬Rx) is equivalent to (∀x)(Rx → Bx) by contraposition.

6. By Equivalence Relation ¬Ba & ¬Ra confirms (∀x)(Rx → Bx).
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Paradox of Ravens

1. We have shown that if we accept Nicod’s Criterion and Equivalence

Relation, then ¬Ba & ¬Ra confirms (∀x)(Rx → Bx).

2. It means that any instance that is not raven and not black confirms the

hypothesis that all ravens are black.

3. For example, a white shoe confirms the hypothesis that all ravens are

black.

4. This result is counterintuitive.
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Hempel’s Response

1. Hempel though that the seeming paradox is a psychological illusion.

1.1 We make confirmations with respect to background knowledge k

which may alter the confirmation relation extensively.

1.2 Hempel says that Nicod’s condition works only against the

tautological background (it contains no contingent proposition).

1.3 When we say that a white shoe confirms that all ravens are black, we

sneak a contingent proposition into our background knowledge. We

already suppose that we pick a non-raven thing and checking its

colour (¬Ra is in our background knowledge).

1.4 Given our k, we know that whatever we will pick will have no

evidential impact on the hypothesis that all ravens are black.

Observing ¬Ba has no evidential impact on our hypothesis.

1.5 But our k should contain no contingent propositions. Against that

background knowledge, confirmation works, says Hempel.

1.6 Suppose that we randomly pick things from the universe one by one

and we know that picking a non-black raven falsifies our hypothesis

that all ravens are black. Picking a thing that is a non-black raven

somewhat confirms our hypothesis that all ravens are black.

9
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Evidence of Evidence



What Are Other Confirmation Conditions

Entailment Condition: For any consistent E , H, and K in L, if

E&K ⇒ H but K ; H, then E confirms H relative to K .

1. Entailing a hypothesis H is a method of supporting or providing evidence

for that hypothesis (given some background knowledge K).

2. It works only if K itself does not imply H

10



What Are Other Confirmation Conditions

Confirmation Transitivity: For any A,B,C and K in L, if A con-

firms B relative to K and B confirms C relative to K , then A

confirms C relative to K .

11



Transitivity + Entailment Causes Problems

Example

1.) Suppose that you enter a house of curiosits. You see a white

swan there.

2.) A: This is a white swan in the house of curiosits.

3.) B: This is a white swan.

4.) C: All swans are white.

5.) A entails B and by Entailment, A confirms B. But B also

confirms C . If we take confirmation to be transitive, then A

should confirm C . But it sounds strange. If a white swan is

a curiosity, it rather disconfirms that all swans are white.

12
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a curiosity, it rather disconfirms that all swans are white.

12



Evidence of Evidence Is Evidence

1. If we reject Transitivity, what happens to the principle that evidence of

evidence is evidence?

2. Imagine I read a police transcript of interrogation. In the transcript, the

interrogate admits commuting the crime (I do not have the actual

evidence – I did not hear him saying that). Does the transcript constitute

an evidence against the perpetrator?

13
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Triviality Result



Hempel’s Original Conditions

Entailment Condition: For any consistent E , H, and K in L, if

E&K ⇒ H but K ; H, then E confirms H relative to K .

Special Consequence Condition: If an evidential proposition E

confirms some hypothesis H, and if H logically implies some hy-

pothesis H ′, then E also confirms H ′.

Converse Consequence Condition: If an evidential proposition E

confirms some hypothesis H, and if H is logically implied by some

hypothesis H ′, then E also confirms H ′.

1. Problem: Any relation of confirmation satisfying 1, 2, and 4 is trivial in

the sense that every evidential proposition E confirms every hypothesis H.

14
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Triviality Result

1. As E logically implies itself, E confirms E according to the entailment

condition.

2. E ∧ H logically implies E , and so the converse consequence condition

entails that E confirms E ∧ H.

3. E ∧ H logically implies H.

4. Thus E confirms H by the special consequence condition

5. Hempel rejects the converse consequence condition as the culprit

rendering the triviality result.
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HD-Confirmation and

Underdetermination



Basic Idea

1. Imagine HD-confirmation as a type of a deductive argument.

2. We say that evidence e confirms a hypothesis h in case h, while not

entailed by e, is able to entail e with the help of suitable auxiliary

hypotheses and assumptions.

Example

hypothesis Light exhibits wavelike behaviour.

assumption (i) A beam of light passes through two slits in an

opaque plate

assumption (ii) The light is recorded on a screen behind the

plate.

assumption (iii) When sent through two slits, waves exhibit

interference patterns.

——————————————————

evidence An interference pattern is displayed on the screen.
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HD-Confirmation

HD-Confirmation: For any h, e, k ∈ L such that h∧k is consistent:

i e HD-confirms h relative to k if and only if h ∧ k ⇒ e and

k ; e;

ii e HD-disconfirms h relative to k if and only if h ∧ k ⇒ ¬e
and k ; ¬e;

iii e is HD-neutral for hypothesis h relative to k otherwise.;

17
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HD-Confirmation Examples

Example 1

Our best theories about the atmospheric system suggest that emis-

sions of greenhouse gases such as CO2 and Methane lead to global

warming. That hypothesis has been vindicated by its successful

(qualitative) predictions, such as shrinking arctic ice sheets, in-

creasing global temperatures, its ability to backtrack temperature

variations in the past, etc.

Example 2

Einstein’s General Theory of Relativity predicted that light would be

bent by massive bodies like the sun. The vindication of Einstein’s

forecasts by Eddington during the 1919 eclipse contributed a lot to

the general acceptance of GTR.
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HD-Confirmation and the Paradox of Ravens

1. HD-confirmation can accommodate the Paradox by using the auxiliary

assumptions.

2. Suppose the object a is assumed to have been taken among ravens, and

so the auxiliary assumption is k = raven(a).

3. a is checked for colour and found to be black, then black(a) HD-confirms

that all ravens are black relative to k

4. Similarly, ¬black(a) HD-disconfirms h relative to the same assumption

k = raven(a).

5. An object that is found not to be a raven HD-confirms h, but only relative

to k = ¬black(a), that is, if a is assumed to have been taken among

non-black objects to begin with

19
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HD-Confirmation vs. Hempel I

Entailment Condition: For any consistent E , H, and K in L, if

E&K ⇒ H but K ; H, then E confirms H relative to K .

HD-confirmation does not meet the entailment condition.

Example

0.1 Take k = T and let e be the observation report that object

a is a black swan e.i. swan(a) ∧ black(a).

0.2 Let h be the hypothesis that black swans exist e.i.

∃x(swan(x) ∧ black(x)).

0.3 Evidence e verifies h conclusively, and yet it does not

HD-confirm it, simply because h ; e.

0.4 The observation of a black swan turns out to be HD-neutral

for the hypothesis that black swans exist
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HD-Confirmation vs. Hempel II

Confirmation Complementarity: For any h, e, k ∈ L, e confirms

h relative to k if and only if e disconfirms ¬h relative to k.

HD-confirmation does not meet the confirmation complementarity.

Example

0.1 Take k = T and let e be the observation report that object

a is a black swan e.i. swan(a) ∧ black(a).

0.2 Let ¬h be the hypothesis that there is no black swan e.i.

∀x(swan(x) ⇒ ¬black(x)).

0.3 Evidence e disconfirms ¬h.

0.4 While HD-neutral for h, e HD-disconfirms ¬h, and thus does

not meet confirmation complementarity.
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The Problem of Irrelevant Conjunctions

1. Suppose that e confirms h relative to (possibly empty) k.

2. Let statement q be logically consistent with e ∧ h ∧ k, but otherwise

entirely irrelevant for all of those conjuncts.

3. Does e confirm h ∧ q (relative to k) as it does with h?

4. One would want to say no.

5. But it is easy to show that, on the conditions specified, if the HD clause

for confirmation is satisfied for e and h (given k), so it is for e and h ∧ q

(given k).

6. This is simply because, if h ∧ k ⇒ e, then h ∧ k ∧ q ⇒ e, too, by the

monotonicity of classical logical entailment.
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2. Let statement q be logically consistent with e ∧ h ∧ k, but otherwise
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Popper’s Falsificationism



Very Basic Idea

1. Popper started by observing that many scientific hypotheses have the

form of universal generalizations.

1.1 For example, “All metals conduct electricity.”

2. There can be no amount of observational data that would verify a

universal generalisation.

3. Universal generalisation can be falsified

3.1 We only need to find a piece of metal that does not conduct

electricity in order to know that our hypothesis is fals.

4. Popper suggested that all science should put forth bold hypotheses, which

are then severely tested (where ’bold’ means to have many observational

consequences). As long as these hypotheses survive their tests, scientists

should stick to them. However, once they are falsified, they should be put

aside if there are competing hypotheses that remain unfalsified.
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Thank you!
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