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1 Preliminaries

1.1 Five species of realism

• Metaphysical realism. The world, including unobservable entities, is the way it is independently
of how conscious agents (like us) think or talk about it.

• Semantic realism. Language and thought refer to an autonomous world, including unobservable
entities. Entails metaphysical realism.

• Epistemological realism. It is possible to have knowledge of an autonomous world, including
unobservable entities. Entails semantic realism.

• Aspirational realism. At least one of the goals of science should be the development of theo-
ries about the world—including unobservables—that are true, or at least approximately true.
Entails epistemological realism, if we also assume that any goal that scientists ought to pursue
is in principle achievable.

• Optimistic realism. Our current scientific theories are true, or at least approximately true.
Entails epistemological realism, if we also assume that our current scientific theories were
produced by an appropriate method to constitute knowledge (i.e. a method that is reliable/such
that we “track the truth”/. . . ).

Disclaimer: these terms are mine; your mileage may vary with other authors. (E.g., Laudan calls
what I call optimistic realism “epistemological realism”.) “Scientific realism” is ambiguous in the
literature; one of the above is usually meant, and more recent discussions tend to focus on either
aspirational or optimistic realism.

1.2 Ways to sophisticate or temper optimistic realism

• Selective optimism 1. Different scientific disciplines may warrant different degrees of opti-
mism. (In particular, there are sciences, e.g. physiology, which seem only to study in-principle-
observable entities.)

• Selective optimism 2. It might make sense—and be justified—to be optimistic about certain
aspects of a scientific theory and pessimistic about others. Three important attempts to do
this are: structural realism (see below), explanatory role realism (i.e., realism only about those
aspects of the theory that play an essential explanatory role; see Psillos 1999 and Saatsi 2005)
and entity realism (i.e., realism about entities that can be manipulated: “if you spray them,
they are real”; see Hacking 1983 and Cartwright 1983).

• Approximate truth. It seems implausible to claim that, e.g., general relativity and the standard
model of particle physics are true (they are not consistent with one another!). But there may
be a weakening of truth to “approximate truth”, according to which it may be cogent—even
reasonable—to claim that general relativity and the standard model of particle physics are
both approximately true.

Moreover, one might wish to modify optimism to a diachronic claim: e.g. the historical progress
of science is toward a collection of theories with ever-increasing approximate truth.

But then what is “approximate truth”? It, and the related notion of “verisimilitude”, has been
notoriously slippy in the history of the philosophy of science; see Newton-Smith (1981, Ch. 8).
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2 The “no miracles” argument (for optimistic realism)

‘The positive argument for realism is that it is the only philosophy that doesn’t make
the success of science a miracle. That terms in mature scientific theories typically refer
. . . that the theories accepted in a mature science are typically approximately true, that
the same term can refer to the same thing even when it occurs in different theories—
these statements are viewed . . . as part of the only scientific explanation of the success of
science . . . ’ — Putnam (1975, p. 73).

This is a sort of “meta-” inference to the best explanation, a form of inference often associated with
scientific realism, since it typically permits inference to unobservable entities, or facts about how
they are arranged.

van Fraassen (1980) offers a rival, “evolutionary” argument for the success of science: our current
scientific theories are successful just because we select our theories according to their success. But it
is unclear that Putnam and van Fraassen are providing explanations for the same phenomenon here:
Putnam is offering an explanation for the success of “our current theories” read de re (i.e. general
relativity, evolution by natural selection, organic chemistry), while van Fraassen seems to be offering
an explanation for the success of “our current theories” read de dicto (i.e. whatever they might be).
(To grasp the de re/de dicto distinction, consider the statement: ‘I want a sloop.’ Is there some
particular sloop that you want, or do you only desire relief from slooplessness?)

3 Underdetermination and inference to the best explanation

Inference to the best explanation is often cited as a means to overcome the underdetermination of
theory by data. That is, many hypotheses may predict the same observable phenomena, but only
one will provide the best explanation of those phenomena.

3.1 Underdetermination

We should distinguish between:

• Underdetermination by all current data. Neither of two rival hypotheses or theories may be
preferred by the evidence, since they are equally well supported (up to experimental error, etc.)
by all the evidence we currently have.

The underdetermination of the green vs. grue hypotheses by our current evidence of the colour
of emeralds is an example of this. But these hypotheses make rival claims about future ob-
servations (the next emerald you observe after time t will be green vs. the next emerald you
observe after time t will be blue).

• Underdetermination by all possible data. Neither of two rival hypotheses or theories may be
preferred by the evidence, since they agree on all their claims about all possible observable
data; i.e. they are empirically equivalent.

Examples of this are controversial, since any two such hypotheses/theories may be claimed
to be, in fact, reformulations of the same theory after all (putative examples from geometry
are discussed by Glymour 1970, 1977); or else the original claim of empirical equivalence is at
best “contextual and defeasible”, since it relies on ignoring connections to other (perhaps as
yet unformulated) parts of science, and the shifting boundary between what is observable and
unobservable (see Laudan & Leplin 1991).

The second, stronger, form of underdetermination may be overcome in (at least) two ways:

• Deny that empirically equivalent theories can be rivals. This requires the denial of semantic
realism, and was the route taken by the logical positivists, given the verification criterion of
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meaning.

• Deny that science should aim for anything more than “empirical adequacy”:

‘Science aims to give us theories which are empirically adequate; and acceptance of a
theory involves as belief only that it is empirically adequate.’ — van Fraassen (1980,
p. 12).

This requires the denial of (at least) aspirational realism.

3.2 Inference to the best explanation

What counts as “best”? Following Lipton (2004), for any given phenomenon, we can distinguish be-
tween the likeliest explanation and the loveliest explanation. An explanation may be called “lovely”
if it satisfies certain “theoretical virtues”, such as simplicity, scope, and fruitfulness. However, one
wonders whether: (i) we have reason to think that these virtues are truth-conducive; (ii) we are able
competently to rank hypotheses; and (iii) we may assume that the true hypothesis is among the
rivals under consideration.

If we can only overcome underdetermination by appeal to non-epistemic theoretical virtues, and if
we have no good reason to believe that those virtues “track the truth”, then we cannot charitably
conceive of science as practiced along the lines of aspirational realism. (A position along these lines
is rehearsed by van Fraassen 1980.)

Can IBE be “reduced” to Bayesian reasoning? Suppose we have two hypotheses H1 and H2, some
evidence E and background knowledge K. By Bayes’ Law, if both:

• p(H1|K) > p(H2|K) and

• p(E|H1,K) > p(E|H2,K),

then p(H1|E,K) > p(H2|E,K). (Note: it is not necessary that both conditions above hold to
obtain this conclusion.) For an investigation into this idea, see Okasha (2000) and Lipton (2004,
Ch. 7).

Is realism a better explanation than constructive empiricism for the success of science? Consider the
following argument from van Fraassen (1980). Let H1 = ‘Our current scientific theories are true’,
H2 = ‘Our current scientific theories are empirically adequate’, and E = the empirical success of
those theories. Then

• p(H2|K) > p(H1|K) (since H1 � H2) and

• p(E|H1,K) = p(E|H2,K) (? since E captures only what is observable ?);

so H2 is preferable to H1. (You may say: ‘But what best explains the truth of H2? Surely the truth
of H1!’ But explanations must stop somewhere: why not at H2?)

4 The pessimistic meta-induction (against optimistic realism)

From Laudan (1981):

(P1) Of the theories we have developed, the false/nonreferring successful ones greatly outnumber
the approximately true/genuinely referring successful ones.

(C1) Therefore (by induction), any successful theory is likely to be false/nonreferring.

(C2) Therefore our current theories are likely to be false/nonreferring.

(For those sceptical of (P1): note that it seems to follow from the negation of (C2). We therefore
have an argument from ¬(C2) to (C2); this entails (C2).)
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Laudan’s examples:

• the crystalline spheres of ancient and medieval astronomy;

• the humoral theory of medicine;

• the effluvial theory of static electricity;

• ‘catastrophist’ geology, with its commitment to a universal (Noachian) deluge;

• the phlogiston theory of chemistry;

• the caloric theory of heat;

• the vibratory theory of heat;

• the vital force theories of physiology;

• the electromagnetic aether;

• the optical aether;

• the theory of circular inertia;

• theories of spontaneous generation.

Plausibly, these theories are not only false, they are not even approximately true.

Can Laudan’s inductive argument be undermined?

• Focus on “mature” theories. Good inductive inferences require that the inductive base be
sufficiently similar to the projected cases. Perhaps current “mature” theories are sufficiently
dissimilar from past theories to block the inference. But how to make a notion of “maturity”
non-ad hoc?

• Be selective about truths/reference. We may then deny that previous theories were false/nonreferring
about the things that matter. But what can we be selective about, save empirical success?

5 Structural realism

“Structural” realism is a form of selective optimistic realism: the structural realist is selectively opti-
mistic about the “structural” claims about unobservables in (sufficiently mature) scientific theories.
It comes in two flavours:

• Epistemic structural realism, defended by Worrall (1989).

• Ontic structural realism, defended by Ladyman (1998).

5.1 Epistemic structural realism

According to Worrall, both the “no miracles” argument and the pessimistic meta-induction must be
taken seriously.

Any form of optimistic realism will be implausible unless theory change is “essentially cumulative”—
about what matters. But can we find cumulative success at something beyond just the empirical
level?

Worrall’s strategy:

• Eliminate examples of “immature” science. Science is “mature” only when it begins making
successful novel predictions (in the Lakatosian sense). E.g.: Newtonian cosmology, Fresnel’s
wave theory of light, . . .

• For the remaining entries, seek continuity in the structure of those theories’ central equations.
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‘There was an important element of continuity in the shift from Fresnel to Maxwell—
and this was much more than a simple question of carrying over the successful empirical
content into the new theory. At the same time it was rather less than a carrying over of the
full theoretical content or full theoretical mechanisms (even in “approximate” form). And
what was carried over can be captured without making the very far-fetched assumption
. . . that Fresnel’s theory was “really” about the electromagnetic field all along. There was
continuity or accumulation in the shift, but the continuity is one of form or structure,
not of content.’ — Worrall (1989, p. 117).

The inspiration from Poincaré is clear:

‘The ephemeral nature of scientific theories takes by surprise the man of the world. Their
brief period of prosperity ended, he sees them abandoned, one after the other . . . he
predicts that the theories in fashion today will in a short time succumb in their turn . . .

[But] his scepticism is superficial; he does not take into account the object of scientific
theories and the part they play, or he would understand that the ruins may still be good
for something. No theory seemed established on firmer ground than Fresnel’s, which
attributed light to the movements of the ether. Then if Maxwell’s theory is preferred
today, does it mean Fresnel’s work was in vain? No; for Fresnel’s object was not to know
whether there really is an ether, if it is or is not formed of atoms, if these atoms really
move in this way or that; his object was to predict optical phenomena . . .

It cannot be said that this is reducing physical theories to simple practical recipes; these
equations express relations, and if the equations remain true, it is because the relations
preserve their reality. They teach us now, as they did then that there is such and such a
relation between this thing and that; only the something which we then called motion we
now call electric current. But these are merely names of the images we substituted for
the real objects which Nature will hide forever from our eyes. The true relations between
these real objects are the only reality we can attain.’ — Poincaré, Science and Hypothesis
(1905).

So, in this example, the motion of bits of ether goes over to motion of the electromagnetic field itself.
This involves a discontinuous shift in ontology, but the equations of motion are the same.

More generally, the equations of previously successful theories can be recovered from the equations of
the new theory in some appropriate limit. (Recall Newton and Einstein in Kuhn’s discussion.)

There is now no prospect (or so it is claimed) for a pessimistic induction on the mathematical
structure of theories—since this is preserved over theory change.

What exactly is a theory’s mathematical structure? Worrall flirted with the idea of using a theory’s
“Ramsey sentence” to express its structural claims; but it is now widely recognised that the resulting
account amounts to little more than empiricism (see Ketland 2004).

5.2 Ontic structural realism

Ladyman’s stronger brand of structural realism holds that, when it comes to claims about unobserv-
ables, there is nothing above and beyond a theory’s mathematical structure to believe in.

Ladyman’s own identification of a theory’s structure is tied to the semantic account of theories,
according to which theories are understood, not as sets of partially interpreted sentences in some
formal language, but rather as sets of models (typically, though not exclusively, understood in the
same sense as model theory). Distinct models may admit of isomorphisms (or, more realistically,
partial isomorphisms) between them; structure, according to Ladyman, is what is preserved under
these isomorphisms.
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More recently, these ideas have been cast in a category-theoretic setting by a variety of authors, most
notably Jim Weatherall.
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