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1 Preliminaries

1.1 Inductivism and hypothetico-deductivism

Inductivism: Scientific hypotheses are derived from only: (i) accepted observation sentences, by
induction; and (ii) other hypotheses, by deduction.

Inductivism makes science an entirely mechanical procedure, assuming that inductive inference is
mechanical.

Further constraints on inductive inference (see Chalmers 2013, Ch. 4):

1. The number of observations must be large. (How large? Large in all cases?)

2. The observations must be repeated under a wide variety of conditions. (How wide? Relevant
vs. superfluous variation?)

3. No accepted observation statement should conflict with the derived law.

Other problems:

• What about unobservables?

• What about existential claims? (e.g. ‘Positrons exist’, ‘There is cholera in the Broad St. pump’)

• What about exact laws? (e.g. F ∝ 1/d2)

Hypothetico-deductivism: Basic scientific hypotheses are not derived from anything; they are
postulated. Other sentences follow from these—including observation sentences—by deductive entail-
ment. Once postulated or derived, hypotheses are confirmed or disconfirmed by accepted observation
sentences.

(Reichenbach’s distinction between the context of discovery and the context of justification.)

1.2 Justificatory and descriptive projects for inductive inference

• The Justificatory Project. Why is this—but not that—inductive inference a good one?

• The Descriptive Project. What characterises good inductive inference?

(For some modern attempts at the justificatory project, see Earman & Salmon 1992.)

Does the justificatory project collapse into the descriptive project?

‘Now if we strip [Hume’s] account of all extraneous features, the central point is that
to the question “Why one prediction rather than another?”, Hume answers that the
elect prediction is one that accords with a past regularity, because this regularity has
established a habit.

[ . . . ]

‘How satisfactory is this answer? The heaviest criticism has taken the righteous position
that Hume’s account at best pertains only to the source of predictions, not their legiti-
macy; that he sets forth the circumstances under which we make given predictions—and
in this sense explains why we make them—but leaves untouched the question of our
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license for making them. To trace origins, runs the old complaint, is not to establish
validity: the real question is not why a prediction is in fact made but how it can be
justified. Since this seems to point to the awkward conclusion that the greatest of mod-
ern philosophers completely missed the point of his own problem, the idea has developed
that he did not really take his solution very seriously, but regarded the main problem
as unsolved and perhaps as insoluble. Thus we come to speak of ‘Hume’s problem’ as
though he propounded it as a question without answer.

‘All this seems to me quite wrong. I think Hume grasped the central question and
considered his answer to be passably effective. And I think his answer is reasonable and
relevant, even if it is not entirely satisfactory. I shall explain presently.

[ . . . ]

‘[W]hat precisely would constitute the justification we seek? If the problem is to explain
how we know that certain predictions will turn out to be correct, the sufficient answer is
that we don’t know any such thing. If the problem is to find some way of distinguishing
antecedently between true and false predictions, we are asking for prevision rather than
for philosophical explanation. Nor does it help matters much to say that we are merely
trying to show that or why certain predictions are probable. . . . [I]f this means determining
how the prediction is related to actual frequency distributions . . . , surely there is no way
of knowing or proving this in advance. On the other hand, if the judgment that the
prediction is probable has nothing to do with subsequent occurrences, then the question
remains in what sense a probable prediction is any better justified than an improbable
one.

[ . . . ]

A better understanding of our problem can be gained by looking for a moment at what is
involved in justifying non-inductive inferences. How do we justify a deduction? Plainly,
by showing that it conforms to the general rules of deductive inference. . . . Moreover,
when a deductive argument has been shown to conform to the rules of logical inference, we
usually consider it justified without going on to ask what justifies the rules. Analogously,
the basic task in justifying an inductive inference is to show that it conforms to the
general rules of induction. Once we have recognized this, we have gone a long way
towards clarifying our problem.

[ . . . ]

But how is the validity of rules to be determined? Here again we encounter philosophers
who insist that these rules follow from some self-evident axiom, and others who try to show
that the rules are grounded in the very nature of the human mind. I think the answer
lies much nearer the surface. Principles of deductive inference are justified by their
conformity with accepted deductive practice. Their validity depends upon accordance
with the particular deductive inferences we actually make and sanction. If a rule yields
unacceptable inferences, we drop it as invalid. Justification of general rules thus derives
from judgments rejecting or accepting particular deductive inferences.

[ . . . ]

[T]his circle is a virtuous one. The point is that rules and particular inferences alike are
justified by being brought into agreement with each other. A rule is amended if it yields
an inference we are unwilling to accept; an inference is rejected if it violates a rule we
are unwilling to amend. The process of justification is the delicate one of making mutual
adjustments between rules and accepted inferences; and in the agreement achieved lies
the only justification needed for either.’

(Goodman 1955, pp. 60–64)
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2 Hempel’s theory of inductive confirmation

2.1 The rough idea

• Inductive confirmation is a binary relation between sentences.

• The account is purely formal: the relation “doesn’t care” about the meanings of non-logical
primitives.

• This is achieved by defining inductive confirmation in terms of the deductive relationships
between sentences.

‘Thus, of the two problems, [providing an account of binary confirmation and provid-
ing an account of quantitative confirmation], the former appears to be the more basic
one, first, because it does not presuppose the possibility of defining numerical degrees
of confirmation or of comparing different hypotheses as to the extent of their confir-
mation; and second because our considerations indicate that any attempt to solve [the
latter problem]—unless it is to remain in the stage of an axiomatized system without
interpretation—is likely to require a precise definition of the concepts of confirming and
disconfirming instances of a hypothesis before it can proceed to define numerical degrees
of confirmation, or to lay down non-metrical standards of comparison.’ (Hempel 1945,
p. 7)

To define confirmation, Hempel first defines direct confirmation, for which he needs the notion of the
development of a hypothesis for a class of individuals.

Heuristically, the development of H for a class C of individuals is what H would assert if all and
only the individuals in C existed. E.g., if H = ‘∀xΦ(x)’, then the development of H for {a, b, c} is
‘(Φ(a) & Φ(b) & Φ(c))’.

An observation report B (i.e. a set of observation sentences) directly confirms a hypothesis H iff B
entails the development of H for the class of those objects which are mentioned in B.

An observation report B confirms a hypothesis H iff H is entailed by a class of sentences, each of
which is directly confirmed by B. (So if B directly confirms H, then B confirms H.)

2.2 A short note about “Hempel-mindedness”

The Philosophical Lexicon (http://www.philosophicallexicon.com/) defines “Hempel-minded” as:
‘said of one who insists on recasting the problem in first order logic.’

Of course, the logical positivists were not committed to Hilbertian ideal of regimenting all scientific
theories into first-order logic: by the mid-1930s, incompleteness was a well-appreciated phenomenon
of sophisticated first-order theories; and the positivists did not share the view (inherited from Quine)
that only first-order logic is logic proper—Carnap’s account of theoretical terms, for instance, requires
logic that is at least second-order.

But one might well expect (and the positivists did expect) that scientific theories entail simple
universal conditionals expressed in exclusively observational vocabulary (of the form ‘All F s are G’,
where F and G are observational terms).
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3 The “paradox” of the ravens

3.1 The “paradox” framed as a contradiction

1. (Positive confirmation.) Any piece of evidence of the form ‘(Fa & Ga)’ confirms ‘∀x(Fx →
Gx)’, no matter the predicates F and G or the object a. (E.g. a black raven confirms ’All
ravens are black’.)

2. (Equivalence.) Logically equivalent hypotheses are equally well confirmed (or disconfirmed) by
any piece of evidence.

3. (Relevance.) Any non-F non-G—or rather, the sentence ‘(¬Fa & ¬Ga)’—does not confirm
‘∀x(Fx→ Gx)’, no matter the predicates F and G or the object a. (E.g. a non-black non-raven,
such as a red shoe, does not confirm ‘All ravens are black’.)

• The observation of a red shoe, let us call it a, verifies the sentence ‘(¬Ba & ¬Ra)’.

• By Positive confirmation, ‘(¬Ba & ¬Ra)’ confirms ‘∀x(¬Bx→ ¬Rx)’.

• ‘∀x(¬Bx→ ¬Rx)’ is logically equivalent to ‘∀x(Rx→ Bx)’.

• So, by Equivalence, ‘(¬Ba & ¬Ra)’ confirms ‘∀x(Rx→ Bx)’.

• But by Relevance, ‘(¬Ba & ¬Ra)’ does not confirm ‘∀x(Rx→ Bx)’. Contradiction!

3.2 Responses

• Reject Relevance by appeal to the relativity of confirmation to the order in which information
is received. Ravens and non-black things are relevant to the hypothesis; black things and
non-ravens are not.

But this undermines the attempt to make confirmation a relation between sentences, in which
different snippets of information do not come in any plausible order.

• Reject Relevance with recourse to the role of background knowledge in our intuitions. ‘All
ravens are black’ is true iff the universe is exhaustively divided up into three classes: (i) black
ravens; (ii) black non-ravens; and (iii) non-black non-ravens. Independent of any background
knowledge, a non-black non-raven is informative inductive evidence of the hypothesis. But we
happen to know already that the classes (ii) and (iii) are fantastically larger than (i). I’ll return
to this in week 5.

• Reject Relevance with recourse to degrees of confirmation. ‘This is a red shoe’ confirms ‘All
ravens are black’, but only marginally, and certainly less than ‘This is a black raven’. (n.b.
‘This is a red shoe’ must still confirm ‘All ravens are black’ to the same degree as it confirms
‘All non-black things are non-ravens’.) I’ll return to this in week 5.

• Restrict Positive confirmation to “projectible” predicates. ‘is a raven’ and ‘is black’ are ad-
missible predicates for inductive reasoning, but ‘is not a raven’ and ‘is not black’ are not. I’ll
return to this in §4.3.

(See Mackie (1963) for a comprehensive discussion of the responses.)

4 Goodman’s “new riddle of induction”

4.1 The problem caused by “gruesome” predicates

The target: Hempel’s general claim that it is possible to provide a logical (purely formal) character-
ization of good inductive inference.
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Goodman was not an inductive skeptic! His aim was to show that induction is not (like deduction?) a
form of inference which may be characterised purely formally.

Define the strange predicate ‘grue’:

x is grue iff: x is first observed before time t and is green, or x is blue.

Let t = December 31, 2017.

n.b. (i): Grue things do not (have to) change colour at time t.

n.b. (ii): Do not confuse this with Wittgenstein’s “rule following” considerations: Goodman assumes
that ‘green’, ‘blue’, ‘grue’, etc. are all well understood.

Consider the inductive inferences

O: This emerald (observed before t) is green

H: All emeralds are green

O′: This emerald (observed before t) is grue

H ′: All emeralds are grue

Both inferences are of the form:

Ea & Ga

∀x(Ex→ Gx)

and are therefore both instances of inductive confirmation, on Hempel’s account.

Now assume that there are some emeralds that won’t be observed until after t. Take one such
emerald, b. What colour ought we expect b to be?

• According to the first inference, all emeralds are green. So we ought to expect b to be green.

• According to the second inference, all emeralds are grue. So we ought to expect b to be grue.
But b won’t be observed until after t, so (definition of ‘grue’), we ought to expect b to be blue.

So the same evidence (a green emerald observed before t) equally supports mutually incompatible
hypotheses (assuming there are emeralds that won’t be observed until after t). Moreover, the form
of both inductive inferences is the same, so Hempel’s account fails to distinguish them. But one
inference is obviously better than the other (H > H ′).

So inductive strength cannot be a matter of form alone: there’s something special about the content
of ‘green’ that ‘grue’ doesn’t have (or vice versa). In Goodman’s terminology, ‘green’ is a projectible
predicate.

4.2 Initial reactions to ‘grue’

• The ‘grue’ hypothesis is fantastically implausible.

This complaint merely emphasises the problem for Hempel’s account, and the “riddle” for
everyone else.

• Under-determination was to be expected. Inductive inference is ampliative, not demonstrative.
So we should expect the same evidence to confirm rival hypotheses.

But in this case, we do not have two inferences from the same evidence to two plausible
hypotheses. Only one is plausible; the other is not even remotely plausible. And yet Hempel’s
account fails to rule it out.

• This just shows that we don’t know the future.

Remember that Hempel’s project was merely to characterise good inductive inference, not to
justify it. Goodman’s “new riddle” shows that Hempel has failed to do the former.
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4.3 What makes ‘green’ projectible?

• ‘Green’ is entrenched in our historic linguistic usage (Goodman’s own answer).

It follows that which inductions are justified is relative to a linguistic heritage.

• ‘Green’ is simple (or at least: simpler than ‘grue’).

‘Grue’ is a logically complex predicate, if ‘green’ and ‘blue’ are taken as primitive. But now
define:

x is bleen iff x is first observed before t and blue, or green.

Then ‘green’ and ‘blue’ may be defined in terms of ‘grue’ and ‘bleen’:

x is ‘green’ iff x is first observed before t and grue, or bleen.

x is ‘blue’ iff x is first observed before t and bleen, or grue.

n.b. The same moves frustrate attempts to distinguish ‘grue’ from ‘green’ on the grounds
that the ‘grue’ hypothesis, but not the ‘green’ hypothesis, makes reference to specific times or
locations, or makes reference to observation—which, arguably, no good law should do.

• ‘Green’ picks out a natural kind (or at least: a more natural kind than ‘grue’ picks out).

Here the proposal is that predicates are projectible only if they “carve nature at the joints”—
or at least, the better carvers are the more projectible. For more along these lines, see Quine
(1969); Lewis (1983) and Armstrong (1983, §4.5) are also relevant.

This proposal is externalist in the following sense: the warrant for inductive inferences is
proposed to originate (at least in part) from the way the world is, irrespective of our knowledge
or awareness that the world is that way.
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