
HPS 1653 / PHIL 1610
Introduction to the Philosophy of Science

Explanation

Adam Caulton
adam.caulton@gmail.com

Monday 1 December 2014

HPS 1653 / PHIL 1610 Lecture 25



Recommended reading

Carl G Hempel Bas van Fraassen Philip Kitcher

(1905–1997) (1941– ) (1947– )

I Godfrey-Smith (2003), Theory & Reality, Ch. 13.

I Lipton (1992), ‘The Seductive-Nomological Model’.

I van Fraassen (1977), ‘The Pragmatics of Explanation’.

I Kitcher (1981), ‘Explanatory Unification’.
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Examples of Explanations

I Why is the sky blue?
Because of Rayleigh scattering.

I Why is ice less dense than liquid water?
Because of the ‘V’ shape of H2O molecules.

I Why do planets sweep out equal areas in equal times?
Because gravity is a central force.

I Why did Smith have a speedy recovery from strep?
Because he took penicillin.

I Why are birds’ bones hollow?
Because hollow bones permit birds to fly.

I Why do show factories operate on a large scale?
Because large-scale production brings economies of scale.
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What is Explanation?

I Explanations as answers to “Why” questions.

I When does a proposition, or an argument, explain another
proposition? I.e. which answers to “why” questions are good
answers?

I Is “explanatory power” a virtue that scientific theories should aim to
have? I.e. is “explanatory power” a cognitive virtue?

I Is explanation more than an “anthropocentric pleasure”?

HPS 1653 / PHIL 1610 Lecture 25



The Covering Law Account

The covering law account has two main components:

I the Deductive-Nomological Model (or DN model);

I the Inductive-Statistical Model (or IS model).

The IS model can be thought of as a generalization of the DN model.

According to the DN model, an argument A explains some proposition P
iff:

(i) A is a deductive argument;

(ii) all the premises of A are true;

(iii) at least one premise of A is the statement of a law of nature; and

(iv) P is the conclusion of A.

N.B. On this account, arguments, not propositions, explain!
Note also that, on the DN model, we explain by appeal to more
controversial claims.
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The Deductive-Nomological Model: Examples

The atmosphere is made of gases.
Visible light is EM radiation with wavelength >> air particles.

The visible light from the Sun comes in roughly equal intensities.
Law: in Rayleigh scattering, the intensity of scattered light ∝ λ−4.

Blue light is the visible light with the shortest wavelength.

Scattered light in the atmosphere is predominantly blue (i.e., the sky is blue).
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The Deductive-Nomological Model: Examples

X ,Y ,Z anatomical traits are heritable, and subject to natural variation.
Law: Organisms evolve by natural selection.

(Some) pre-birds’ environments made flight more favourable to survival.
The only way to achieve flight (under certain conditions) is to have hollow bones.

Birds evolved to have hollow bones.
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The Inductive-Statistical Model

According to the IS model, an argument A explains some proposition P
iff:

(i) A is an argument, containing deductive and/or inductive inference;

(ii) all the premises of A are true;

(iii) at least one premise of A is the statement of a statistical law of
nature; and

(iv) the claim that P is (at least) likely is the conclusion of A.

Smith had strep.
Smith took penicillin.

Law: p(recovery|strep, penicillin) >> 1
2
.

Smith’s speedy recovery from strep was likely.
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Attractions of the Covering Law Account

The covering law account “echoes” five intuitive conceptions related to
explanation (Lipton):

I Reason. The phenomenon is given a reason, put in a context in
which it is “to be expected”.

I Familiarity. The phenomenon is made more familiar, subsumed
under a previously accepted set of phenomena.

I Unification. The explanation unifies, it draws many different
phenomena together (under the same law).

I Necessity. The phenomenon is made inevitable (in some sense);
given the explanation, the phenomenon “had to” happen. (Note the
importance of using laws here.)

I Causation. The explanation cites causes for the phenomenon.
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Three Problems

Three main problems give reason to believe that the covering law
account is too liberal:

1. The Conjunction Problem:
Any law L can be deduced from the conjunction of L with some
other law L′.

2. The Asymmetry Problem:
Explanation seems to be asymmetrical, but the covering law account
exhibits symmetry.

3. The Irrelevance Problem:
The covering law permits explanation by irrelevant factors.
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The Conjunction Problem

Law: F = ma and organisms evolve by natural selection.
Law: F = ma

I Any law can be “explained” in this way.

I Can we deny that conjunctions of laws are laws?
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The Asymmetry Problem

Why is the period of a pendulum of length L0, T = 2π
√

L0

g ?

For a pendulum, F = −mgθ and a = Lθ̈.
Law: F = ma

L = L0

θ(t) = θ0 cos(
√

g
L0

t + φ0), i.e. T = 2π
√

L0

g

Why is the length of a pendulum of period T0, L = g
(
T0

2π

)2
?

For a pendulum, F = −mgθ and a = Lθ̈.
Law: F = ma

T = T0

θ(t) = θ0 cos(
√

g
L t + φ0), i.e. T0 = 2π

√
L
g , i.e. L = g

(
T0

2π

)2

HPS 1653 / PHIL 1610 Lecture 25



The Asymmetry Problem, again

Why is the length of the flagpole’s shadow L0 = h0
tanφ0

?

Height of flagpole = h0

Angle of Sun = φ0

Law: L = h
tanφ

L = h0
tanφ0

= L0

Why is the height of the flagpole h0 = L0 tanφ0?

Length of shadow = L0

Angle of Sun = φ0

Law: h = L tanφ
h0 = L0 tanφ0
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The Irrelevance Problem

Why didn’t John get pregnant?

John (a man) was on birth control.
Law: p(not pregnant|birth control) is close to 1.

John’s not getting pregnant was very likely.

Why did I recover from my cold after a couple days?

I had a cold.
I took vitamin C supplements.

Law: p(recovery|vit C) is close to 1.
My recovery after a couple days was very likely.
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Explanation, a Pragmatic Account

van Fraassen (1977) proposes a pragmatic account of explanation.

N.B. “pragmatic” here means not practical, or conducive to success, but:
sensitive to context.

Three “myths” about explanation, according to van Fraassen:

1. Explanatory power is an overriding theoretical virtue.

2. Explanation is a relation between a theory/hypothesis and some
fact/phenomenon.

3. The explanatory power of a theory cannot be logically separated
from other theoretical virtues, such as truth, empirical adequacy, or
simplicity. (E.g. explanation as prediction.)
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Explanation as an overriding virtue?

If “overriding virtue” means necessary condition for acceptance, then we
would only accept theories that explained everything in their domain. But
we don’t!

If “overriding virtue” means that it is desirable, all other things being
equal, to have an explanation, then we would never accept theories that
are indeterministic. Sometimes our theories provide no explanation!
(E.g. Why did the radioactive atom decay then?)
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Contrastive questions

Explanations are answers to why-questions, but there is always an implied
contrast being sought:

Not just ‘Why P?’, but: ‘Why P rather than Q?’

I ‘Why did the mayor contract paresis, rather than any other of the
townsfolk?’

I ‘Why did the mayor contract paresis, rather than any other of the
syphilitics?’

The target of an explanations is not a proposition, but an aspect of a
proposition.

Explanation is therefore a relation between a theory, a proposition and a
set of contrastive propositions, determined by context.

I The flagpole example again.
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Explanations as “outside science”

Scientific theories are applied in the giving of explanations, but
“explanatory power” is not itself a theoretical virtue, in virtue of which
we accept or reject scientific theories.

‘Scientific theory enters mainly in the evaluation of possibilities and
probabilities, which is only part of the process, and which it has in
common with other applications such as prediction and control.’
(150)

‘Scientific inference is inference to the best explanation. That does
not rule at all for the supremacy of explanation among the virtues of
theories. For we evaluate how good an explanation is given by how
good a theory is used to give it, how close it fits to the empirical
facts, how internally simple and coherent the explanation.’ (150)
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Explanation as unification

Kitcher argues that pragmatics is not enough, since we need some
account of which explanations are good (or better) than others,
independent of context.

‘Which features should a scientific argument have if it is to serve as the
basis for an act of explanation?’

Without an answer to this, we can’t account for the fact that scientific
research programmes are often deemed worthy of further attention,
despite being insufficiently developed to generate predictions.
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Explanation as unification

I Keep the idea (from the DN-model) that an explanation is a
deductive argument.

I Our explanatory store E (K ) is a set of arguments available for
explanatory purposes.

I Our explanatory store is relative to our currently held scientific
knowledge K .

I An argument explains some proposition iff the argument belongs to
E (K ).

I E (K ) is the set of arguments which best unifies K .

I Think of E (K ) as minimising the set of facts that we must accept as
brute.
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Best unification?

A set of arguments best unifies K just in case (roughly):

I the arguments are all acceptable relative to K (i.e. their premises
and conclusions are all consistent with K );

I the arguments are all generated by the fewest possible argument
patterns, which generate the most possible conclusions.

An example argument pattern:

(i) The force on x is F0. (premise)

(ii) The mass of x is m0. (premise)

(iii) F = ma (premise)

(iv) The acceleration of x is a0 = F0
m0

(from (i)-(iii) by deduction)

(v) x ’s trajectory is f (t) (from (v) by calculus)
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Asymmetry and irrelevance, revisited

Arguments that “go in the wrong direction” or appeal to irrelevant
information will be less unifying, because argument patterns which allow
such irrelevant information will either:

I not explain as much as we otherwise could:
I e.g. we will not be able to explain the dimensions of bodies when

shadows are not cast;
I e.g. we will only explain failure of pregnancy when the organism

involved is on contraception;

I or will explain the same amount with a greater number of argument
patterns:

I e.g. argument patterns for objects casting shadows and those not
casting shadows;

I e.g. argument patterns for male organisms on contraception and
those not on contraception.
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