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1 The general idea

From Conjectures & Refutations (1963):

1. ‘It is easy to obtain confirmations, or verifications, for nearly every theory — if we look for
confirmations.

2. Confirmations should count only if they are the result of risky predictions; that is to say,
if, unenlightened by the theory in question, we should have expected an event which was
incompatible with the theory — an event which would have refuted the theory.

3. Every “good” scientific theory is a prohibition: it forbids certain things to happen. The more
a theory forbids, the better it is.

4. A theory which is not refutable by any conceivable event is non-scientific. Irrefutability is not
a virtue of a theory (as people often think) but a vice.

5. Every genuine test of a theory is an attempt to falsify it, or to refute it. Testability is falsifi-
ability; but there are degrees of testability: some theories are more testable, more exposed to
refutation, than others; they take, as it were, greater risks.

6. Confirming evidence should not count except when it is the result of a genuine test of the
theory; and this means that it can be presented as a serious but unsuccessful attempt to falsify
the theory. (I now speak in such cases of “corroborating evidence.”)

7. Some genuinely testable theories, when found to be false, are still upheld by their admirers —
for example by introducing ad hoc some auxiliary assumption, or by reinterpreting the theory
ad hoc in such a way that it escapes refutation. Such a procedure is always possible, but
it rescues the theory from refutation only at the price of destroying, or at least lowering, its
scientific status.’

According to falsificationism, science proceeds by trial and error, or “conjectures and refutations”.
(Phenotypic variation and natural selection?—Godfrey-Smith)

(Contexts of discovery and justification again)

2 The demarcation problem

Popper proposed using falsifiability as a criterion for a hypothesis or theory’s being scientific, as
opposed to pseudo-scientific. So we have 3 categories:

• scientific theories that have been falsified;

• scientific theories that have not (yet!) been falsified (corroborated theories);

• pseudo-scientific theories, which cannot be falsified.

According to Popper, science seeks true improbabilities. This is counter-intuitive: improbable
hypthoses are (by definition) less likely to be true. It follows that, for Popper, science is not just
interested in truth; it is interested in making risky claims.

n.b. (i) ‘Unfalsifiable’ need not mean ‘trivially or necessarily true’. It need only involve immunity to
recalcitrant evidence. A theory might attempt to avoid falsification by making perfectly non-trivial
claims. Myth and metaphysics were not meaningless for Popper, just unscientific. And Popper was
sanguine about statements about unobservables—so long as they led to testable claims!
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(Is the relevant distinction between scientific and pseudo-scientific theories or scientific and pseudo-
scientific conduct?—Godfrey-Smith)

n.b. (ii) Relatedly, whereas logical positivism is a philosophy of everything, falsificationism is a
philosophy of science alone: it is an account of scientific method.

2.1 Ceteris paribus “laws”

Ceteris paribus laws are laws with exceptions (ceteris paribus = ‘all else being equal’).

E.g. Snell’s Law: ‘At the interface between two dialectric media, the angle of incidence θi and angle
of refraction θr’ for a passing light ray are related by

sin θi
sin θr

=
nr
ni
,

where ni (resp. nr) is the refractive index of the medium for which the ray is incident (resp. re-
fracted).’

This law applies only to isotropic media; but almost all media are anisotropic. For Snell’s Law to be
falsifiable, we’d better have some understanding of ‘isotropic’ that does not deductively entail ‘obeys
Snell’s Law’.

More generally, for a ceteris paribus law to be falsifiable, we need a specification for the special
circumstances that is independent of the law holding. This is especially hard to achieve in the social
sciences!

2.2 Comparative falsifiability

Falsifiability is quite easy to achieve—just one possibility has to be ruled out! So we might resort to
comparative evaluations:

H1 is better (i.e. more scientific) than H2 iff H1 is more falsifiable than H2.

How do we quantify falsifiability? The sentences or possibilities ruled out or in by any realistic
example are infinite!

But: If H1 deductively entails H2, then anything that falsifies H2 will also falsify H1. This sug-
gests:

H1 is at least as falsifiable as H2 iff H1 � H2.

But this makes ‘at least as falsifiable’ a partial order, which, in realistic cases, rarely holds in either
direction. (E.g. on this definition, is the general theory of relativity more or less falsifiable than
Freudian psychoanalysis?)

2.3 Recalcitrant evidence and scientific progress

Popper’s demand upon the falsification of a hypothesis: Formulate a new hypothesis, which is no
less falsifiable than the old one.

This, thought Popper, ensured a form of scientific progress—though one without any guarantee
of truth. Here, “progress” was intended to capture increasing precision and scope, but also the
more slippery idea of increasing approximate truth, or verisimilitude. However, it is unclear how
verisimilitude is to be quantified (for one doomed proposal, and the reason for which it is doomed,
see Newton-Smith 1981).
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Ad hoc modifications to any theory are forbidden, where ad hoc = a modification associated with
no new testable claims. To be clear: modifications are permitted—we need not reject the entire
theory—just so long as the modification leads to new testable claims.

Ad hoc modifications:

• Restrictions on domains (e.g. Newtonian mechanics restricted to the large and slow).

• The “God of the gaps” in Intelligent Design.

• Negative weight of phlogiston?

Non-ad hoc modifications:

• Le Verrier’s (1846) postulation of Neptune (and, presumably, Vulcan)

3 Problems for falsificationism

1. The historical record

2. Creeping conventionalism 1: Statistical/probabilistic claims—when are they falsified?

3. Creeping conventionalism 2: Confirmational holism

4. The problem of positive knowledge: why trust the “best tested” theory?

3.1 The historical record

Theories are often “kept on the books” despite having been falsified (theoretical “anomalies”) or
having been protected from falsifiability by ad hoc modifications.

E.g.: The ultra-violet catastrophe in classical electromagnetism; the instability of the classical atom;
the cosmological constant problem.

Feyerabend: New theories make ad hoc assumptions to give themsleves “breathing room”.

The Copernican Revolution (see Chalmers 2013):

• faced apparently falsifying evidence early on (e.g. tower argument);

• achieved the same empirical successes as its Ptolemaic rival;

• relied on favouring telescopic observations over “naked eye” observations;

• was a very long and slow process (there was no “crucial experiment”).

3.2 Creeping conventionalism 1: statistical claims

‘The half-life of Iridium-192 is 73.83 days.’
(This means the same as: ‘After 73.83 days, the probability that any given atom of Iridium-192 will
have decayed is 0.5.’)

‘The statistical significance (“p-value”) of this data set is p.’
(This means the same as: ‘The chance that the correlation displayed in the observed data—or any
correlation at least as extreme as that observed—came about by coincidence is p.’)

How are claims like these falsified?

A proposal: the observation of an event, deemed sufficiently improbable by theory T , counts as
falsifying evidence against T .

But how improbable is “sufficiently improbable”? Can this be given a non-conventional answer?
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3.3 Creeping conventionalism 2: confirmational holism

If observation O is falsifying evidence against theory T , why reject T? Why not reject O?

The reliability of O relies on a network of auxiliary assumptions, e.g. theories of perception; theories of
the operation of measurement devices; assumptions that this is not an “unfavourable” instance.

Well then why not reject (one of) the auxiliary assumptions? Can this be given a non-conventional
answer?

Consider, for example: the case of OPERA and the faster-than-light neutrinos, in 2011.

n.b. The creep of conventionalism threatens Popper’s claim that scientific method—understood ac-
cording to falsificationism—is rational for his scientific methodology, since it introduces arbitrariness
into the making of decisions in scientific practice.

3.4 The problem of positive knowledge

If evidence only gives us negative knowledge (i.e. what doesn’t work), what reason do we have to
trust our “corroborated” or “best tested” theories or hypotheses?

Consider again the case of RCTs. Why do we perform these trials? What justifies using the data from
these trials to justify, e.g. the efficacy of a given treatment? What justification could a falsificationist
give?

Theoretical under-determination: haven’t “gruesome” theories been corroborated too?

Is corroboration a historical, or a logical, notion?

• If logical, then how do we rule out “gruesome” hypotheses?

• If historical, then why does corroboration transmit warrant for belief?

It seems that we cannot do without trust in certain theories and hypotheses. How could such trust
be understood as rational without appeal to inductive inference?
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