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Introduction



A Road to Induction

1. The physical, biological, and behavioural sciences are all empirical.

2. This means that their assertions must ultimately face the test of

observation.

3. Some scientific statements face the observational evidence directly;

for example, “All swans are white”.

4. Other scientific statements confront the observational evidence in

indirect ways; for instance,“Every proton contains three quarks” can

be checked observationally only by looking at the results of

exceedingly complex experiments.

5. An observation that correctly reveals the features – such as size,

shape, colour, and texture – of what we are observing is called

veridical. Observations that are not veridical are illusory.

6. Philosophical arguments going back to antiquity show that we

cannot be absolutely certain that our direct observations are

veridical.
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A Road to Induction

1. It is generally conceded that scientific knowledge is not confined to

what we have observed.

2. Science provides predictions of future occurrences—such as the

burnout of our sun when all of its hydrogen has been consumed in

the synthesis of helium—that have not yet been observed and that

may never be observed by any human.

3. Science provides knowledge of events in the remote past—such as

the extinction of the dinosaurs—before any human observers existed.

4. This means that much of our scientific knowledge depends upon

inference as well as observation.

5. Since, however, deductive reasoning is nonampliative, observations

plus deduction cannot provide knowledge of the unobserved.

6. Some other mode of inference is required to account for the full

scope of our scientific knowledge.
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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. We want to know what properties confirmation should and can have

without running to paradoxical conclusions.

3. To find such properties has proved to be difficult.

1
Stanford Encyclopedia of Philosophy, Confirmation
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H-D Model

1. Science contains some statements that are reports of direct

observation, and others that are not.

2. When we ask how statements of this latter type are to meet the test

of experience, the answer often given is the hypothetico-deductive

(H-D) method.

3. The idea is to articulate some statement (hypothesis), particular or

general, from which observational consquences can be drawn.

4. An observational consequence is a statement – one that might be

true or might be false – whose truth or falsity can be established by

making observations.

5. These observational consequences are then checked by observation

to determine whether they are true or false.

6. If the observational consequence turns out to be true, that is said to

confirm the hypothesis to some degree.

7. If it turns out to be false, that is said to disconfirm the hypothesis.
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H-D Model Example

1. From the hypothesis alone (e.g. Boyle’s law) it is impossible to

deduce any observational prediction. We need other premises.

1.) At constant temperature, the pressure of a gas is

inversely proportional to its volume (Boyle’s law).

2.) The initial volume of the gas is 1 cubic ft.

3.) The initial pressure is 1 atm.

4.) The pressure is increased to 2 atm.

5.) The temperature remains constant.

——————————————————

6.) The volume decreases to 1/2 cubic ft.

2. The four premises state the initial conditions under which the test is

performed. The conclusion is the observational prediction that is

derived from the hypothesis and the initial conditions.

5
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H-D Schema

1. H (test hypothesis)

2. I (initial conditions)

——————————————————

3. O (observational prediction)
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H-D Schema

1. But we cannot validly conclude that our hypothesis, Boyle’s law, is

true just because the observational prediction turned out to be true.

1.1 The volume decreases to 1/2 cubic ft.

1.2 The initial volume of the gas is 1 cubic ft.

1.3 The initial pressure is 1 atm.

1.4 The pressure is increased to 2 atm.

1.5 The temperature remains constant.

1.6 The volume decreases to 1/2 cubic ft.

——————————————————

1.7 At constant temperature, the pressure of a gas is inversely

proportional to its volume (Boyle’s law).

2. At best, this argument provides a tiny bit of inductive support.

3. If we want to provide solid inductive support for Boyle’s law it is

necessary to make repeated tests of this gas, at the same

temperature, for different pressures and volumes, and to make other

tests at other temperatures.

7
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H-D Schema

1. We have, however, simplified our deductive argument.

2. Notice that we do not directly observe – say by feeling the container

– the initial and final temperatures or pressure.

3. We use gadgets such as thermometer to measure temperature or

pressure.

4. We are therefore relying on an auxiliary hypothesis to the effect that

the thermometer (and other instruments) is a reliable instrument for

the measurement of temperature, etc.

5. We claim that we can observe the temperature/pressure indirectly.
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H-D Schema – Improved Schema

1. H (test hypothesis)

2. I (initial conditions)

3. A (auxiliary hypotheses)

——————————————————

4. O (observational prediction)

5. So far, we have considered the case when prediction is true, but

what happens when it is false?
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H-D Schema – Example

1. At the beginning of the nineteenth century a serious controversy

existed about the nature of light.

2. Two major hypotheses were in contention.

3. According to one theory light consists of tiny particles; according to

the other, light consists of waves.

4. If the corpuscular theory is true, a circular object such as a coin or

ball bearing, if brightly illuminated, will cast a uniformly dark

circular shadow. The following H-D test was performed:

i.) Light consists of corpuscles that travel in straight

lines.

ii.) A circular object is brightly illuminated.

——————————————————

iii.) The object casts a uniform circular shadow.

5. Surprisingly, when the experiment was performed, it turned out that

the shadow had a bright spot in its centre. Thus, the result of the

test was negative; the observational prediction was false.
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H-D Schema – Example

1. Argument is a valid deduction. If its premises are true its conclusion

must also be true. But the conclusion is not true.

2. Hence, at least one of the premises must be false.

3. Since the second premise was known to be true on the basis of

direct observation, the first premise—the corpuscular

hypothesis—must be false.

4. But the negative outcome doe snot always lead to such a clear result.
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H-D Schema – Example

1. For example, astronomers who used Newtonian mechanics to predict

the orbit of the planet Uranus found that their observational

predictions were incorrect.

2. In their calculations they had, of course, taken account only of the

gravitational influences of the planets that were known at the time.

3. Instead of taking the negative result of the H-D test as a refutation

of Newtonian mechanics, they postulated the existence of another

planet that had not previously been observed. That planet, Neptune,

was observed shortly thereafter.

4. An auxiliary hypothesis concerning the constitution of the solar

system was rejected rather than Newtonian mechanics.
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Problems with H-D – the problem of alternative hypotheses

1. Whenever an observational result of an H-D test confirms a given

hypothesis, it also confirms infinitely many other hypotheses that are

incompatible with the given one.
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Problems with H-D – the problem of alternative hypotheses

1. How can we maintain that the test confirms our test hypothesis in

preference to an infinite number of other possible hypotheses?

2. The answer often given is that we should prefer the simplest

hypothesis compatible with the results of the tests.

3. But why does simplicity matter?

4. Also, H-D method has problems to manage statistical hypotheses,

that is, hypotheses that are only probable. Deduction doe snot help

here.
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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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Alternatives to H-D Method



Problems with H-D – the problem of alternative hypotheses

1. The best known alternative to the H-D method is is an account of

qualitative confirmation developed by Carl G. Hempel (1945).

2. The leading idea of Hempel’s approach is that hypotheses are

confirmed by their positive instances.
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Easy Example

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.
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The Problem



1. It is difficult to make precise the idea that hypotheses are confirmed

by their positive instances.

2. If we try to do it, we easily get paradoxical results.

3. Let us do it!
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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.

2. 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 ′.

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

H ′, then E confirms also H ′.

20
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Problem

1. Consider hypothesis H ′: (∀x)(¬Wx → ¬Sx).

2. H ′ is logically equivalent to our hypothesis H that all swans are

white.

3. Sa & Wa confirms H, but it does not confirm H ′.

4. It seems that we using Nicod’s Criterion, it what confirms our

hypothesis depends on its presentation.
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Paradox of Ravens

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

2. By the Nicod’s Criterion a black raven (Ba & Ra) confirms our hypothesis.

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

¬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.

2. We make confirmations with respect to background knowledge k

which may alter the confirmation relation extensively.

3. Hempel says that Nicod’s condition works only against the

tautological background (it contains no contingent proposition).
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Hempel’s Response

1. 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).

2. 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.

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

background knowledge, confirmation works, says Hempel.

4. 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.
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conditions of adequacy for

qualitative confirmation



After rejecting the Nicod account because of these and other

shortcomings, Hempel’s next step was to lay down what he regarded as

conditions of adequacy for qualitative confirmation—that is, conditions

that should be satisfied by any adequate definition of qualitative

confirmation. In addition to the equivalence condition there are (among

others) the following:
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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
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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 ′.

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

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

1. Because of this result, Hemppel rejects Converse consequence condition.

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 ′.

2. Hempel then provides a definition of confirmation that satisfies all of his

adequacy conditions.
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Hempel’s Definition of Confirmation

1. The key idea of his definition is that of the development, devI (H), of a

hypothesis H for a set I of individuals.

2. Let us have a set of individuals {a, b}. Formally, universal quantifiers are

replaced by conjunctions and existential quantifiers are replaced by

disjunctions.

3. For example, let us have hypothesis H : everything is beautiful (∀xBx).

We then say that DevI (H)(Ba ∨ Bb).

4. For example, let us have hypothesis H : something is rotten (∃xRx). We

then say that DevI (H)(Ra ∧ Rb).
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Hempel’s Definition of Confirmation

1. In Hempel’s theory, evidence statement E is said to confirm hypothesis H

just in case it entails, not H in its full extension, but suitable

instantiations of H.

2. Using this notion we can now state the main definitions:

3. Evidence E directly Hempel-confirms hypothesis H if and only if

E =⇒ devE (H)

4. E Hempel-confirms H if and only if, for some s ∈ L, E =⇒ devE (s) and

s =⇒ H.

5. E Hempel-disconfirms H just in case E confirms ¬H.
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Hempel’s Confirmation – Example

1. Let us have a universally quantified material conditional ∀(Fx =⇒ Gx).

Its E-development is Fa =⇒ Ga in case I (E) = {a};

(Fa =⇒ Ga) ∨ (Fb =⇒ Gb)in case I (E) = {a, b}, and so on.

2. By direct Hempelian confirmation, evidence statement E that, say, object

a is a white swan, swan(a)∧white(a), confirms hypothesis H that all

swans are white, ∀x(swan(x) =⇒ white(x)), because the former entails

the E-development of the latter, that is, swan(a) =⇒ white(a).

3. By (indirect) Hempelian confirmation, moreover, swan(a)∧white(a) also

confirms that a particular further object b will be white, if it’s a swan, i.e.,

swan(b) =⇒ white(b)

4. To see this, just set s = (swan(x) =⇒ white(x))).
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Hempel’s Definition of Confirmation

1. Hempel’s definition still faces some problems.

2. For example, take the following formula:

∀x∃yRxy ∧ ∀x¬Rxx ∧ ∀x∀y∀z[(Rxy ∧ Ryz) =⇒ Rxz]

3. Which is true, for example, if we take the quantifiers to range over the

natural numbers and interpret Rxy to mean that y is greater than x .

4. The formula then says that for any number whatever, there exists another

number that is larger.

5. This hypothesis cannot be Hempel-confirmed by any consistent evidence

statement since its development for any finite I is inconsistent.
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statement since its development for any finite I is inconsistent.
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Different Problems with

Confirmation: Evidence of

evidence



Hempel’s Definition of Confirmation

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 .

1. 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?
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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.
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HD-Confirmation and Hempel

and Ravens



Summary

1. Remember that HD-confirmation is 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.;
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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
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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.

42



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.

42



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.

42



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.

42



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.

42



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.

42



Thank you!
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