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RESEARCH ARTICLE

Hempel’s Dilemma: Not Only for Physicalism*

Erez Firta, Meir Hemmoa and Orly Shenkerb

aThe University of Haifa; bThe Hebrew University of Jerusalem

ABSTRACT
According to the so-called Hempel’s Dilemma, the thesis of
physicalism is either false or empty. Our intention in this paper is
not to propose a solution to the Dilemma, but rather to argue as
follows: to the extent that Hempel’s Dilemma applies to
physicalism it equally applies to any theory that gives a deep-
structure and changeable account of our experience or of high-
level theories. In particular, we will show that it also applies to
mind–body dualistic theories. The scope of Hempel’s Dilemma
turns out to be very wide: it is a special case of a general
sceptical argument against changeable deep-structure theories in
and outside science.
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1. Introduction

Physicalism is the thesis that everything is physical, or as contemporary philosophers some-
times put it, that everything supervenes on the physical.…Of course, physicalists don’t
deny that the world might contain many items that at first glance don’t seem physical —
items of a biological, or psychological, or moral, or social nature. But they insist nevertheless
that at the end of the day such items are either physical or supervene on the physical. (Stoljar
2017)

But what is it for something to be ‘physical’? On the one hand, physicalism is a metaphys-
ical doctrine, in that it is about what there is in the world. On the other hand, it has a close
relation to the physical sciences, expressed by the claim that what exists in the world is
what physics maintains exists.1 This theory-dependence of the physicalist metaphysical
approach troubled Carl Hempel (1980), who in response formulated a claim regarding
the scope of the language of physics. Hempel wrote:

I would add that the physicalistic claim that the language of physics can serve as a unitary
language of science is inherently obscure: The language of what physics is meant? Surely not
that of, say, 18th century physics; for it contains terms like ‘caloric fluid’, whose use is gov-
erned by theoretical assumptions now thought false. Nor can the language of contemporary
physics claim the role of unitary language, since it will no doubt undergo further changes,
too. (Hempel 1980, 194–195)2
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And what about future physics? Hempel, in the above quotation, does not address this
option. It became, however, part of what is now known as ‘Hempel’s Dilemma’, following
the work of Crane and Mellor. In their 1990 paper titled ‘There is no Question of Phy-
sicalism’, Crane and Mellow referred to the reduction of different scientific fields to
physics and famously described the problem that the Dilemma poses as follows:

We must first ask to what physics the RIP [Reduction in Principle] principle is supposed to
be applied: to present physics, or to some hypothetical future physics? This question poses a
dilemma. For applying the principle to present physics entails that any future extensions of
it would not be physical: that physics, the paradigm physical science, is already complete.
But no one believes this. And if we apply the principle to an otherwise unspecified future
physics, we shall not be able to say which sciences are physical until we know which of
them that physics must cover - which is just what the principle was supposed to tell us.
To use RIP to future physics to say what that physics must cover if it is to cover everything
physical is obviously viciously circular. So the physical cannot be defined as what is reduci-
ble in principle to physics, either present or future. (Crane and Mellor 1990, 188)3

Since then the Dilemma has been discussed extensively and described in various ways.4

The differences between the formulations, their merits and demerits, are not the focus of
our argument here (although they are of course important for other matters), and there-
fore for our purpose it is enough to have in mind any of the main proposed formulations
(e.g. Crane and Mellor 1990; Crook and Gillett 2001; Dowell 2006b; Gillett and Witmer
2001; Hellman 1985; Montero 1999; Stoljar 2010; Wilson 2006; we give a brief survey of
the literature in Section 2). Here is a rough convenient formulation for capturing the
main points important for our purposes; it is not identical to any of the formulations
by any of the writers that addressed this Dilemma, but presents the main gist common
to some of them:

On the one hand, there are good reasons to think that contemporary physics (let alone
past physics) is false, at least to some extent; on the other hand, the nature of future
physics is, to a significant extent, unknown. Therefore the reference (or more generally
meaning) of ‘physics’ is either false or so ambiguous as to be, for all practical purposes,
empty. Therefore physicalism is unacceptable.

The two horns of the Dilemma are closely related. The main reason behind both is
this. Problems within contemporary physics lead many to suspect that the current the-
ories of physics will change or be replaced by others. Some thinkers conjecture that
these changes may be radical in a way that is at present unforeseeable (second horn of
the Dilemma). Others think that although current physics may undergo radical
changes in some domains in the future (e.g. high energy physics, quantum gravity),
these changes will most likely be irrelevant to accounting for the mind (e.g. Smart
1978; Bokulich 2011). Still others think that, regardless of the mind, current physics is
on the right track and unlikely to change radically. We tend to agree with the first
view and disagree with the two latter ones (see some examples and discussion in
Section 3.2).

Of course, in addition to the need to solve the known open problems in contemporary
physics, one may employ the ‘pessimistic induction’ line of thinking according to which
the fact that physics underwent considerable changes in the past gives reason to believe,
or at least to remain open to the possibility, that it will undergo considerable changes in
the future.
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In this paper our aim is not to propose a solution to Hemple’s Dilemma, but rather to
argue as follows: to the extent that Hempel’s Dilemma applies to physicalism it equally
applies to any theory that attempts to give a deep-structure and changeable account of
our experience. In particular, we will argue that Hemple’s Dilemma applies not only
to physicalism, but and to the same extent to mind–body dualistic theories, provided
the latter attempt to give a deep-structure account of our experience. Our conclusion
is that the scope of Hempel’s Dilemma turns out to be much wider than usually
thought: the Dilemma is a special case of a general sceptical argument against deep struc-
ture and changeable theories in and outside science.

The paper is structured as follows. In Section 2, we briefly set the context and describe
the main proposals in the literature addressing Hempel’s original Dilemma. Later on we
will see that none of them successfully resolves the generalised version of the Dilemma. In
Section 3, we present two conditions (or requirements) for the applicability of Hempel’s
Dilemma: one (Section 3.1, 3.3) is that the theories it addresses need to be deep structure
theories; and the other (Section 3.2) is that the theories must be subject to possible (rele-
vantly significant) change. Taking these two requirements as by and large sufficient for
the applicability of the Dilemma, we come up with a generalised Hempelian Dilemma
(in Section 3.4). In Section 4, we show that the generalised Hempelian Dilemma
applies not only to physicalism, but also to outright psychophysical dualism (Section
4.1). We also show that the generalised Hempleian Dilemma applies in the same way
to non-reductive physicalism (Section 4.2), and also to non-fundamental theories
(Section 4.3), that is, for example, biology. A consequence is that our generalised
Dilemma applies also to non-foundationalist metaphysics. Finally in Section 5, we
explore the way in which identity statements are related to the generalised Dilemma:
we show which of them are subject to Hempel’s Dilemma and which are not. We con-
clude (Section 6) by pointing out that, following our analysis, Hempel’s Dilemma
ceases to be a threat specifically to physicalism; instead, it turns out to be part of a
general sceptical argument against changeable deep structure theories in and outside
science.

2. A Brief Survey of Some Proposed Solutions to Hempel’s Dilemma

Poland (2003, 30) expresses the worry that many writers share concerning the signifi-
cance of the Dilemma and the need to solve it:

It is of some importance, then, that although physicalism apparently has profound signifi-
cance and has been in the spotlight to a considerable extent, proponents of physicalism have
not adequately responded to a frequently voiced objection, viz., that the theses of physical-
ism are vacuous because the critical concept of the physical has no well-defined content.
Although stated in different ways by different critics (cf. Feigl 1969, 21; Hempel 1980,
194–5; Crane and Mellor 1990, 186–7), the core objection is a deep and rather complicated
one with far-ranging implications for physicalism. If the theses of physicalism are vacuous,
then they cannot properly be conceived of as empirical hypotheses which have a truth value
and which play a role in science and philosophy. And if the theses are vacuous, it is unclear
how physicalism can have any human significance.

Supporters of physicalism proposed various ways to either overcome the original
Dilemma or live with it. Let us describe in outline and very briefly the main proposals
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or directions of responses to the Dilemma in the literature. We shall not go into details or
critical discussions of them here. Our main point is this: since (arguably; see below) there
is a generalised Hempelian Dilemma that is applicable to any changeable deep-structure
account of our experience, not only to an account by physics, the question arises whether
any of the proposals that attempt to resolve the original Dilemma for physicalism may
also successfully resolve the generalised one.

For convenience the main proposals in the literature can be divided into the following
major groups.

One group of proposals claims that it is reasonable to think that the ontology is well
described by contemporary physics, at least approximately (after all, the success of con-
temporary physics is a salient motivation for accepting physicalism in the first place).
According to these views, physics will not change much, so they reject the claim that
we don’t know the nature of future physics, thus rejecting the claim of Horn 2. Some
in this group also reject the claim of Horn 1, believing that current physics does
explain the phenomena satisfactorily, and to the extent that future physics will signifi-
cantly change, these changes will not affect the part of physics that is relevant to those
explanations (see e.g. Smart 1978; Lewis 1994; Bokulich 2011). By contrast, Melnyk
(1997, 2003) who also rejects Horn 1 of the Dilemma makes no claim that current
physics is even approximately true; instead, he argues that current physics is more
likely to be true relative to its rivals, where an as yet unformulated future theory
doesn’t count as a relevant rival.

A second group rejects Horn 2 of the Dilemma and argues that referring to some
future physics, that is yet unknown, is the right move, and it is neither trivial nor
empty or vague. Among the adherents of this view, Poland (1994), for example, conjec-
tures that the integration of the mental into its future-physical place will be carried out in
a similar manner to the incorporation of the electromagnetic theory into fundamental
physics, and therefore although we don’t know anything about future physics, we do
know that current physics will find the place in which the mental can be integrated
into it in this sense.

A third proposal to characterise ‘physics’, called via negativa, was put forward in the
context of psycho-physical reductionism, and characterises the ‘physical’ as non-mental,
thus avoiding the need to address the details of the science of physics, either present or
future (see Montero 1999). These views are based on the idea that physics is causally
complete (or closed), roughly that physical events are preceded by physical causes (see
Spurrett and Papineau 1999; criticism by Gillett and Witmer 2001, and a rebuttal by
Montero and Papineau 2005).

In the above quotations from Hempel and from Crane and Mellor, physicalism is
addressed without saying what kind of facts are to be reduced to physics. Yet,
Hempel’s Dilemma is often discussed in the specific context of mind–body physicalism,
and it is here that the via negativa comes into play. Of course, also when examining the
reduction to physics of biological phenomena or high-level theoretical facts (entities,
properties, etc., from other special sciences), one can employ the via negativa, saying
that ‘physical’ is everything that is not ‘biological’, but that may sound strange. Why is
that so? In the context of the mind–body problem the via negativa seems natural
because the intuitions concerning the mental are still different from those concerning
the biological. To see this, consider the views in previous times, when the option that
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life involves some sort of elan vitalwas still on the table. In those times it would have been
perhaps more natural to characterise the physical as whatever is not life (or living, or
whatever the case may be). Montero (1999) replaces the distinction mental-phyterosical
with the distinction mental-nonmental, and so she does not seem to identify the physical
with nonmental But Worley (2006) defends the via negativa approach via Montero ‘s
revised distinction arguing that our concept of the physical does includes a built-in con-
trast with the mental as one of its components. We briefly discuss Monetro’s view in
Section 4.1.

A fourth approach attempts to find definite characteristics of physics, such as the fact
that physics describes the most fundamental elements of the universe, and perhaps also
the fact that physics is the only kind of scientific theory in which the laws are strict and
have no ill-defined exceptions in the sense that also includes genuine probabilistic laws
(see Dowell 2006a for an approach in this direction). However, it is unclear that such an
approach can avoid the addition of something along the lines of the via negativa
approach in order to block the possibility that facts about the mental are incorporated
into physics as primitives (see Wilson 2006).

A fifth group tries to avoid the Dilemma altogether by denying that physicalism is a
sentence with a truth value (or an expression of a belief about the world that may be
true or false); thus in a sense embracing the Hempelian conclusion and its close relative,
the so-called Chomsky’s challenge (see Chomsky5 1968, 2000, 2003; Poland 2003) that
physicalism is vacuous because the concept of the physical lacks content. Instead, this
approach advances the idea that physicalism means adopting an attitude or a stance to
form one’s theory of the world according to what the best available theories of physics
at the time say exists. Supporters of this view in different versions are Hellman (1985);
van Fraassen (2002)6; Poland (2003); and Ney (2008b). In his criticism of physicalism
and response to Poland (2003), Chomsky (2003, 265) seems to support this view: ‘One
can entertain the idea that “the mental is the neurophysiological at a higher level,” but
for the present, only as a guide to inquiry, without much confidence about what “the neu-
rophysiological” will prove to be’. Here the question arises of what sort of arguments may
justify adopting this stance rationally and non dogmatically; see Stoljar (2017, Sec. 12) for
additional problems.

In this paper, we propose to look at the Dilemma from yet another perspective. Our
proposal is this: Hempel’s Dilemma is not solved nor solvable; and nevertheless it is not a
threat to physicalism. The reason for this is that the domain of application of the gener-
alised Dilemma is much wider: it applies to all the theories that explain the phenomena or
high-level facts by appealing to some underlying deep structure, and that use method-
ologies that allow for a change of these explanations. Physicalism indeed offers a change-
able deep structure account of the high-level facts, and is therefore subject to Hempel’s
Dilemma. But in our view, as we will argue, mind–body dualism also offers changeable
deep structure accounts and is therefore no less subject to Hempel’s Dilemma. Notice
that this is a novel charge which arises in addition to the usual charge against dualism
in the context of Hempel’s Dilemma according to which dualism includes the claim
that some things are physical and fundamentally so (and some aren’t), but then the
Dilemma arises with respect to what ‘physical’ means in more or less the same way
that it arises for physicalism.

An anonymous reviewer of this paper summarised our claim as follows:
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Suppose we make a metaphysical claim (physicalism, dualism, whatever) and the claim uses
a category ‘X’. Either ‘X’ is understood by reference to some theory that is changeable and
hostage to empirical fortune or it’s not. If it is, then a dilemma arises for it, since any current
theory is surely not to be trusted, and any ideal theory is surely unknown. The only alterna-
tive is to appeal to an understanding of “X” that doesn’t depend on such an empirical theory.

So the claim is indeed not complicated to grasp. For one reason or another, however,
this is not the way that Hempel’s Dilemma is seen in the literature: it is taken to be a
threat specifically for physicalism, and is therefore used in comparing between physical-
ism and its rivals. Our aim is to place Hempel’s Dilemma in a different context and show
that it is not a threat to physicalism as opposed to its rivals, but rather the Dilemma is a
way of expressing general sceptical worries. Needless to say, such worries are deep and
extremely significant for the way we understand science (as well as any other account
of the phenomena). But this means that Hempel’s Dilemma should be addressed as
such, which is quite different from the way it is discussed in the literature.

3. Analysis of Hempel’s Dilemma: Requirements for Its Applicability

We now turn to arguing that Hemple’s Dilemma applies to any theory that satisfies two
quite general requirements that, as we shall see, are not specific to physicalism. This will
form the basis for our generalisation of the Dilemma.

3.1. Requirement 1: Deep Structure Theories

The physicalist account of the relation between mind and body is that the mental
phenomena and related high-level theoretical facts (including entities, processes, regu-
larities, properties, etc.) are accounted for by the facts (ditto) of the low-level theories
of physics. We propose to generalise the Dilemma for all the accounts of phenomena
or of theoretical high-level facts (ditto), by theoretical lower-level (purported) facts
(ditto).7 This topic is standardly addressed under headings such as ‘metaphysical
reduction’ and ‘theory reduction’ (see Shapiro 2018; van Riel and Van Gulick 2019).
There are various approaches concerning the relationship between the physical facts
and those that are to be reduced to them, and we stress that our argument holds for
all of them: we propose that for any account of the relationship between physics and the
facts to be reduced to it, there is a corresponding Hempelian Dilemma.

Still, in order to be more precise and less abstract, and for the purpose of our argument
here, in the context of Hempel’s Dilemma, we find it useful to focus on one approach in
this context, and we choose to employ a distinction offered by Einstein (1919) which is
‘Einstein’s most original contribution to twentieth-century philosophy of science’
(Howard and Giovanelli 2019, §6; for the role of this distinction in Einstein’s thinking
about the ‘logic of discovery’, see Giovanelli 2020).8 Einstein tried to explain what
kind of contribution to science his Special Theory of Relativity makes to our knowledge
of the world. To do so he compared the status of this theory to the status of other theories
of science, in particular thermodynamics and statistical mechanics (to which he also
made crucial contributions, e.g. in his 1905b). Reflecting on the relations between
different theories in physics, Einstein proposed to distinguish between what he calls
‘Principle theories’ and ‘Constructive theories’, and offered a non-trivial classification of
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Special Relativity as a case of the former rather than the latter, a classification that is non-
standard even more than a century later.9 Einstein explained this distinction in a short
essay in the 1919 London Times, as follows:

There are several kinds of theory in Physics. Most of them are constructive. These attempt to
build a picture of complex phenomena out of some relatively simple proposition. The
kinetic theory of gases, for instance, attempts to refer to molecular movement the mechan-
ical, thermal and diffusional properties of gases. When we say that we understand a group of
natural phenomena, we mean that we have found a constructive theory which embraces
them. But in addition to this most weighty group of theories there is another group consist-
ing of what I call theories of principle. These employ the analytic, not the synthetic method.
Their starting-point and foundation are not hypothetical constituents, but empirically
observed general properties of phenomena, principles from which mathematical formulae
are deduced of such a kind that they apply to every case which presents itself. Thermodyn-
amics, for instance, starting from the fact that perpetual motion never occurs in ordinary
experience, attempts to deduce from this, by analytic processes, a theory which will apply
in every case. The merit of constructive theories is their comprehensiveness, adaptability,
and clarity, that of the theories of principle, their logical perfection, and the security of
their foundation.

‘Principle theories’, according to Einstein, start off from empirically observed ‘general
properties of phenomena’ and ‘deduce’ from them mathematical formulae. This charac-
terisation is, of course, extremely imprecise, to such an extent that it is patently flawed:
only specific facts can be observed, and the problem of induction prohibits deduction of
mathematical formulae from them. An example that may be central to Einstein’s (1919)
analysis, as well as to our present discussion, is that of the concept of entropy in thermo-
dynamics. First, entropy is not a directly observable magnitude, but is, rather, a complex
function of observable magnitudes. Second, the formulae describing the regularities per-
taining to entropy are not ‘deduced’ from the observed phenomena. The empirical
support of the Second Law of thermodynamics is provided by the fact that perpetual
motion has not been found in nature, in the sense of lawful or lawlike net production
of work from heat for some considerable time interval. This can be generalised to
saying that perpetual motion does not exist in the universe (as famously expressed by
Clausius and Kelvin, see Fermi 1936). But thermodynamics tells us more, namely, that
perpetual motion is impossible (in some appropriate sense of ‘possible’; see Uffink
2001), and this is no longer an empirical generalisation, although it may of course
explain the above generalisation. But Einstein’s imprecision here is not important for
our case: the reader may employ their favourite approach in the philosophy of science,
as long as some sort of strong connection to the observations is maintained. Howard
and Giovanelli (2019, §6), for example, describe ‘principle theories’ as ‘individually
well-confirmed, high-level empirical generalizations’, and this suffices for us here.

‘Constructive theories’, by contrast, are hypotheses concerning theoretical entities, that
are intended to explain the facts described by the principle theories. In Einstein’s view,
since the principle theories are strongly connected to the observations, the constructive
theories must comply with them, rather than vice versa; this compliance is a constraint or
criterion that constructive theories must satisfy. (Adhering too strongly to this constraint
may impair the advancement of science; see Callender 1999).

It is important, for our argument, to notice that Einstein’s distinction between prin-
ciple theories and constructive theories is context dependent: for example, Howard
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and Giovanelli (2019) notice that in one context, e.g. the reduction of thermodynamics to
mechanics, Boltzmann’s statistical mechanics is a constructive theory, while in another
context, i.e. Einstein’s (1905c) photon hypothesis paper, Boltzmnn’s notion of entropy
given by the famous equation S = klogW is treated as part of a principle theory.

We do not wish, in this paper, to commit to any notion of inter-theory relations nor to
any notion of explanation, and therefore we shall not argue for, nor expand any further on,
Einstein’s distinction.Weuse it in order to provide an example ofwhat onemight generally
call a deep structure account of phenomena. We take it as by and large non-controversial
that all the sciences ultimately aim to provide deep structure accounts to some extent. (We
stress: deep structure does not entail deepest structure10). Our point with regard to
Hempel’s Dilemma should be applicable given one preferred notion of deep structure.

We argue in this paper that Hempel’s Dilemma applies to any deep structure account,
that is, in all cases where phenomena or phenomenological generalisation (where ther-
modynamics is the paradigmatic example) are accounted for by a hypothetical deep
structure (and here statistical mechanics would be a paradigmatic example). The deep
structure theories are, as stressed by Einstein (see Giovanelli 2020), constrained by the
phenomenological generalisations; but this, as is well known, leaves them under-deter-
mined, and with ample room for change. This room for change is arguably part of the
strength of science. But it obviously opens the door for Hempel’s Dilemma. Instead of
discussing this in the abstract, we shall present further details and arguments by way
of discussing several cases that illustrate the generalised scope of Hempel’s Dilemma,
emphasising the role of deep structure accounts, and using for convenience Einstein’s
distinction between principle theories and constructive theories.

We repeat and stress that the reader may prefer other approaches concerning the
relationship between the physical facts and the facts that are to be reduced to them,
but our argument should apply for that preferred approach as well: For any account of
the relationship between physics and the facts to be reduced to it, there is a corresponding
Hempelian Dilemma.

3.2. Requirement 2: Theory Change

Hempel’s Dilemma concerns only cases in which the low-level theories can change, or be
replaced by other theories. While opinions vary on these matters, as we have seen above,
one thing is clear: for Hempel’s Dilemma to be applicable, one has to accept that the
deep-structure theory must be changeable. The conjecture that it may change must
have some support in contemporary science, and so must the unknown nature of its
future replacement. Without these, the Dilemma does not apply.

Here it is important to address the view that contemporary physics is unlikely to
undergo radical changes in the future, and moreover, that even if physics would
change significantly in an unforeseen way, nevertheless these changes are unlikely to
be relevant to the account of the mental. If this view were true, it would undermine
requirement 2 of theory change, as being irrelevant to philosophy of mind altogether.
However, it seems to us that there are ample historical examples which are enough to
show that this view is wrong-headed.

There is a widespread belief that the renowned physicist Kelvin in his 1900 lecture
(that appeared in a 1901 paper) titled ‘Nineteenth Century Clouds over the Dynamical
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Theory of Heat and Light’, expressed the conjecture that physics will not change much
after 1900. Reading his paper more carefully one finds that this is not the case; quite
the contrary, Kelvin was aware that these are serious problems for his contemporary
science, and the notion of ‘clouds’ that he used expressed this worry. (It is too much
to expect that he should know how to solve these problems!) However, some contempor-
aries of Kelvin did think that physics will not change much. Michelson, whose famous
experiment was discussed in Kelvin’s (1901) paper, wrote:

The more important fundamental laws and facts of physical science have all been discov-
ered, and these are now so firmly established that the possibility of their ever being sup-
planted in consequence of new discoveries is exceedingly remote. (Michelson 1903, 23)

Michelson famously regretted these comments (see discussion and additional examples
in Badash 1972). But the lesson has not been learned. Here is a famous example:

In these pages I want to discuss the possibility that the goal of theoretical physics might be
achieved in the not-too-distant future: say, by the end of the century. By this I mean that we
might have a complete, consistent and unified theory of the physical interactions that would
describe all possible observations. Of course, one has to be very cautious about making such
predictions.…Nevertheless, we have made a lot of progress in recent years, and as I shall
describe, there are some grounds for cautious optimism that we may see a complete
theory within the lifetime of some of those reading these pages. (Hawking 1980)

This latter writer, too, soon changed his mind, at least to some extent:

Some people will be very disappointed if there is not an ultimate theory that can be formu-
lated as a finite number of principles. I used to belong to that camp, but I have changed my
mind. I’m now glad that our search for understanding will never come to an end, and that
we will always have the challenge of new discovery. Without it, we would stagnate.
(Hawking 2002)

At present, there is a general agreement that the task of science (and specifically that of
physics) is far from being completed, since there are deep problems at the foundations of
all theories in science. Interestingly, however, and relevant for Hempel’s Dilemma(!),
there is no agreement concerning which are the problems at the foundations of
science that are likely to lead to change, let alone their solutions and their implications.
For example, it is telling that the list of such major problems by Peebles (2005) and by
Smolin (2006) are very different.11 So the fact of the matter is that we do not know
which parts of contemporary physics are false and to what degree (first horn of
Hempel’s Dilemma); and moreover we do not have a clue as to the nature of future
physics, or how close or remote it will be to any part of the contemporary theories
(second horn). For example, amongst the interpretations of quantum mechanics we
can find radically different theories such as hidden variables theories (e.g. Bohm 1952)
and stochastic collapse theories (e.g. Ghirardi, Rimini, and Weber 1986), some of
which require deep changes of the fundamental principles and symmetries of standard
quantum mechanics, such as the unitary dynamics, the relativity of simultaneity and
the equivalence of all reference frames. In various approaches to quantum gravity, space-
time, which is taken to be fundamental in contemporary theories, turns out to be emer-
gent, and moreover, some of the fundamental principles of both quantum field theory as
well as relativity theory will have to be revised; e.g. the commutativity of observables

INTERNATIONAL STUDIES IN THE PHILOSOPHY OF SCIENCE 9



pertaining to spacelike separated regions required by quantum field theory may not be
fundamental (for observables in the bulk in Anti-de Sitter space12; see Harlow 2018).
This is so even though quantum field theory is assumed to hold with respect to the
boundaries of the space. In this case, nonlocal signalling is in principle possible and
absolute time order emerges (in the bulk).

Since even the structure of spacetime itself in fundamental physics will presumably
undergo immensely radical changes, which are not yet fully understood, it seems to us
that the view that such changes are unlikely to be relevant to philosophy of mind is like-
wise unfounded and expresses hope rather than known facts. In von Neumann’s (1932)
standard formulation of quantum mechanics, which is our best contemporary funda-
mental framework of quantum field theory, the mental is an indispensable part of the
physical theory: that is, the ‘observer’s mental states’ at the end of the measurement
chain of interactions introduced explicitly by von Neumann are the ultimate empirical
justification as well theoretical justification (according to von Neumann 1932) for the
so-called projection postulate, where the fact of the matter is that without the projection
postulate standard quantum mechanics has no empirical content whatsoever. This is just
part of the so-called quantum measurement problem. Some of the interpretations of
quantum mechanics propose the conjecture that the collapse of the quantum state is trig-
gered by the mind (e.g. Chalmers and McQueen, forthcoming), and that quantum super-
positions in the brain may be relevant for understanding the nature of the mind (e.g.
Hameroff and Penrose 2014). So regardless of whether one seeks a pure physicalist or
a straightforward dualist account of the observer in quantum mechanics, given the
present state of the art, it seems quite immature to say that a deeper understanding of
quantum mechanics is unlikely to be relevant to philosophy of mind. The truth is that
we don’t really know.

Physics is by no means the only theory that underwent radical changes in the twen-
tieth century, and moreover that is conjectured to change further in the future. Yet,
the more the entities and properties (etc.) of a given theory are close to (what many
take to be) directly observable (i.e. non-theory-laden facts, if there are such facts), the
more people may reasonably tend to conjecture that these theories will not undergo sub-
stantial change, and so the less these theories are subject to Hempel’s Dilemma, given
requirement 2. However, one important lesson from the history of science is that also
such relatively robust theories are subject to radical change: consider the history of the
theory of heredity (we do not use the term ‘genetics’ on purpose here!), or of the
origin of species (we do not use the term ‘evolution’ on purpose here!), or of the very
concept of life, or of the nature of the heart, or of the brain, and so on. (Compare
Hoefer 2018 and Hoefer and Marti 2020, who distinguish between fundamental theories
that are more likely to change and other theories, or parts of theories, in which, as they
write, we have more ‘handles’ on reality and hence are less likely (in their view) to
change.). In all of these contexts it is not always easy to disentangle the observations
from the theories to which we have become accustomed and with which we trust our per-
sonal well being; the lesson from the history of science, as well as from the philosophy of
science, is quite clear on this point.

We are not committed to any specific approach concerning theory change and con-
cerning the conditions under which theories ought to change or be replaced, nor the
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criteria by which we should say that a theory has changed or has been replaced.Our claim
is that for any account of theory change, there is a corresponding Hempelian Dilemma.

Finally, two remarks: (i) Note that not only scientific deep-structure theories are subject
to change, but also somenon-scientific ones.As an illustration, consider the appearance of a
new prophet with an updated message concerning the nature of the universe. (ii) To the
extent that Hempel’s Dilemma concerns the account of high-level theories (rather than
primitive facts or phenomena) in terms of low-level or fundamental ones, we here refer
mainly to changes in the latter, although the former may undergo change as well, and
thiswill give rise to a further expansion of the applicability of theDilemma (see Section 4.3).

3.3. Generalised Hempelian Dilemma

Wepropose that requirement 1 and requirement 2 are not only characteristic of the cases for
whichHempel’sDilemmahasbeenapplied in the literature, namely, physicalism, and inpar-
ticular mind–body physicalism, but they give rise to a generalised dilemma, which is this:

Generalised Hempelian Dilemma. For every case in which requirement 1 and require-
ment 2 are satisfied, a Hempelian Dilemma applies with exactly the same structure as in
Hemepl’s original Dilemma.

In other words, give us your favourite account of deep-structure theory and of theory
change, and we shall give you back a suitable Hempelian Dilemma.

Given this generalisation, the Dilemma’s domain of application becomes quite wide,
and includes theories that compete with physicalism in a variety of domains, including
the context of the mind–body problem. We give examples in Section 4. Since our Gen-
eralised Hempelian Dilemma equally challenges physicalism and its rivals, for example
mind–body dualism, it is no longer a threat to physicalism as opposed to its rivals, and
therefore ceases to be an argument against physicalism as opposed to its rivals. It is a
threat to physicalism as well as its rivals, in the sense that it becomes a general sceptical
argument against any theory with a changeable deep-structure account of the phenom-
ena (or of our experience and its generalisation).

Perhaps the approach to Hempel’s Dilemma that may seem at first sight to overcome
this difficulty is the stance view (see e.g. Ney 2008b). This approach is non-cognitivist. It
says that a commitment to theories of physics (or sciencemore generally) is not a commit-
ment to a truth value, but is rather a commitment (in the sense of promise) to act in a certain
way, namely, as if the contemporary theories of science (where ‘contemporary’ is indexi-
cal) were true, but without really believing that they are (for ‘really’ here, see Fine 1984).
Whereas the other attempts to solve Hempel’s Dilemma, mentioned in Section 2, focus
on the case of physicalism and in particular mind–body physicalism, and do not apply
for all of the extended domain of our generalisedDilemma (see examples below), this com-
mitment approach suits the generalised Dilemma as well. Of course, this view has its
demerits as well. It seems to us that this approach repeats the Dilemma in some sense
although it is intended to resolve it: while one is committed to applying contemporary
physics, be its content as it may, this commitment is problematic in case one is aware of
the flaws and lacunae in contemporary physics and in this sense one’s commitment to
applying contemporary physics are weakened. Moreover, as we already said, in contem-
porary quantum mechanics, for example, the mental is part of the physical theory’ e.g.
in von Neumann’s (1932) standard formulation of the theory (as in fact reflected by the

INTERNATIONAL STUDIES IN THE PHILOSOPHY OF SCIENCE 11



measurement problem in quantum mechanics), and this fact significantly amplifies the
Dilemma even if one adopts this approach.13 Our main task in this paper is to point out
the expanded scope of the Dilemma and the implications of this expansion. We now
turn to illustrate our generalised Hempelian Dilemma for some important cases.

4. Hempel’s Dilemma for Psychophysical Dualism

In contemporary literature Hempel’s Dilemma is employed mainly as an argument
against physicalism concerning the mind–body problem, where the ‘mental’ is to be
reduced to the ‘physical’, and the main question is what those are. In this section, we
will see that the Dilemma applies to mind–body dualism as well, since both requirements
(i.e. of deep structure changeable theories) hold for it.

4.1. Explicit Psychophysical Dualism

Psychophysical dualism consists of three elements: (i) a deep structure theory about the
material (e.g. about the facts described in the physics or physiology of the brain), (ii) a
deep structure theory about the mental (e.g. about the facts described in observations
and theories of psychology), and (iii) something that accounts for the correlations
between the facts in these two domains (if they are taken to be correlated, and in
dualist theories they usually are; if they are not we are left with (i) and (ii) only).
Dualism is subject to Hempel’s Dilemma on all three fronts.

It is convenient to begin by asking: What is the mental, about which dualism is to
provide an account?

The via negativa route for characterising the mental is that it is something non-physical.
Often the term via negativa is used in the reverse direction, namely, to characterise the phys-
ical as anythingnon-mental, aswe saw inSection2. Is the idea symmetrical? If it is, wemaybe
able to characterise the mental as non-physical. But then to characterise the mental we shall
needfirst to characterise the physical. And so, on this account, dualism is subject toHempel’s
Dilemma via the criticism concerning the notion of ‘physical’, so that in the context of
Hempel’s Dilemma physicalism and dualism rise and fall together. But the via negativa
may not work for other reasons as well, predominantly because ‘physical’ and ‘mental’ are
not necessarily complementary terms. To see why consider the following.

Montero (1999) shows that ‘physical’ is not the same as ‘non-mental’. She proposes to
replace the mental-physical distinction with the mental-nonmental distinction, writing as
follows:

One advantage, however, is that, arguably, we do have a grasp of one side of the divide - that
is, the mental side. So, perhaps, rather than worrying about whether the mind is fundamen-
tally physical, we should be concerned with whether the mind is fundamentally non-mental.
And this, I should mention, is a concern that has little to do with what current physics,
future physics, or a final physics says about the world. (Montero 1999, 194)

But do we indeed have a direct grasp on the mental side? Let us see.
The direct account of the mental realm requires that there be an account of the mental

irrespective of the physical–chemical-biological (apart from the account of the mental-
physical-etc. correlations). Here are four options for a direct account.
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The first attempt might be a no-theory approach to what counts as mental. One might
begin by considering paradigmatic cases of the mental and generalising a bit from them
without explicitly or implicitly formulating a theory. Montero (1999, 183–184) addresses
the question whether the ‘physical’ can be characterised in this way on the basis of para-
digmatic cases like tables and rocks. She writes:

While there appears to be something correct about the claim that we can identify central
cases of being physical - what could better exemplify the physical than things like rocks
and trees (except, perhaps, quarks and leptons)? - there is an extra wrinkle: rocks and
trees (as well as quarks and leptons) are identified as central cases only on the assumption
that idealism is false. For there is not much point in arguing about whether the mind is phys-
ical if our central examples of physical entities are entities composed entirely of sense-data.
(And to say that rocks are a central example of physical objects or that the properties of
rocks are central examples of physical properties only if rocks are physical, obviously
does not provide us with a useful clarification). (Montero 1999, 184; our underline)

We can apply Montero’s argument to the case of the ‘mental’: to identify ‘pain’, for
example, or ‘feeling the angst of post-industrial man under late capitalism’ (Searle’s
example) as paradigmatic cases of the ‘mental’ is to assume that the mental is, for
example, not physical; otherwise those are cases of the physical. So, following Montero’s
(1999) argument, relying on such intuitively paradigmatic cases is not helpful, and upon
reflection we cannot claim to know what is the mental (or indeed whether some fact is
mental or nonmental!) without relying on some theory.14 For this reason, it seems to us
that Montero’s (1999, 194) proposal for replacing the mental-physical distinction with
mental-nonmental is wanting.15 We know what is mental only on the assumption that
physicalism (or some other deep structure theory) is false; that is, if we deny in
advance that the mental is, for example, physical! After all, according to physicalism,
we don’t actually know what the mental is, this is the whole point of physicalism as a
specific deep-structure approach to the mind. In particular, this point holds with
respect to reductive identity physicalism, but it may also hold for non-reductive physic-
alism. One may say that pain is a paradigmatic case of the mental only if one already
rejects (for example) physicalism. Note that we do not really know whether an
octopus feels pain even though it does exhibit pain behaviour. Also note that there are
views in the literature (e.g. Dennett and Kinsbourne 1992) that are sceptical even
about paradigmatic cases of a first-person beliefs concerning one’s own mental states.

So how else can the mental be characterised? Three other options for direct accounts
spring the mind; for the next two, we need to make use of Einstein’s (1919) distinction
principle vs. constructive theories.

A second option for a direct account that doesn’t go via physics-chemistry-biology is to
treat the mental realm in terms of a principle theory, for which there is no constructive
theory. On this option, the mental is amenable to empirical generalisation, and this is all
that there is to it: there is no deep structure in the world although accounting for the
mental requires some principle theory. Indeed, some thinkers describe the mind this
way (although we are not sure that they would adhere to this characterisation of a prin-
ciple theory or of a no-theory approach). For example:

Consciousness is not an explanatory construct, postulated to help explain behavior or events
in the world. Rather, it is a brute explanandum, a phenomenon in its own right that is in
need of explanation. (Chalmers 1996, 188)
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Where consciousness is concerned the existence of the appearance is the reality. If it seems
to me exactly as if I am having conscious experiences, then I am having conscious experi-
ences. (Searle 1997, 112)

However, as we know from the philosophy of science and other branches of inquiry,
many and arguably all statements about phenomena are theory laden (see considerations
and references in Bogen 2017). This includes statements about the mental realm, and in
particular, statements based on first-person reports about mental experience.

An introspective judgment is just an instance of an acquired habit of conceptual response to
one’s internal states, and the integrity of any particular response is always contingent on the
integrity of the acquired conceptual framework (theory) in which the response is framed.
(Churchland 1996, 70)

It is not something too obvious to need support, however appealing it may at first seem. It is
a first shaky step toward a philosophical theory. I offer a rival theory. (Dennett 2018)

(See further discussion in Shenker 2020.)
A third option of a direct account that doesn’t go via physics-chemistry-biology is to

provide an alternative constructive deep-structure account of the mental. We reiterate
that this deep structure has to be non-physical (where the latter term is not to be under-
stood in the via negativa terms). If a dualist theory is to have some substantial content, it
needs to provide details about the mental realm: a dualist theory with substantial content
is not a version of brute mysterianism, it isn’t a statement concerning a ‘black box’; lab-
elling the black box ‘ectoplasm’, for example, doesn’t count as a deep structure in the
sense we are talking about here, unless details about the nature and behaviour of the ecto-
plasm are provided (see Robinson 2020). If dualism is just a black box theory, then we
grant that it is not subject to Hempel’s Dilemma, but in this case we find it so poor as
to be unworthy of examination; in this case we find it a blunt expression of not
willing to make the effort needed to understand the mental realm. (By ‘black box’
theory we do not include a priori conceptual theories of the mental; see below.) If the
dualist theory of the mental is not a black box theory, then it posits a non-physical
deep-structure theory about the mental realm, satisfying Requirement 1 for the applica-
bility of Hempel’s Dilemma.

To be subject to Hempel’s Dilemma, this non-physical deep-structure theory needs to
satisfy Requirement 2 as well, that is, to be subject to possible change, as a matter of prin-
ciple. The changeability of the non-physical deep-structure theory depends on the meth-
odology or the kind of justification provided for its endorsement. For example, if the
methodology involves relying on revelation, and there is in-principle-openness to the
possibility of some future revelation that may reveal novel and/or details about the
mental realm, then this non-physical deep-structure account is subject to Hempel’s
Dilemma. If, however, the account of the mental is taken to be based on unchangeable
foundations, then this theory will not be subject to Hempel’s Dilemma.

If the methodology that gives rise to the non-physical deep-structure theory of the
mental allows for theory change, then its situation is quite similar to that of physics in
mind–body physicalism (or in the physical account of other high-level theories). Con-
temporary dualist theories do not provide any empirical predictions over and above
those provided by empirical generalisations of the phenomena, or by the deep structure
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physicalist theories. This seems to indicate that contemporary non-physical deep-struc-
ture theories of the mental are either very partial or false—similarly to what is to be said
about physics in this context. This is the first horn of Hempel’s Dilemma now applied to
dualism. The second horn is that those un-successful dualist theories may be replaced by
new and better ones, of which we have no idea at the present.

A fourth option of a direct account of the mental is based on allegedly a priori consider-
ations. In the past, some theories of matter were based on considerations that seemed
obvious or true in virtue of the very concept of matter (e.g. from Descartes’s conception
of matter to Lewis’s Humean supervenience view; see Lewis 1986, and a critical account
in Loewer, forthcoming; Hemmo and Shenker, forthcoming). To the extent that a priori
considerations are subject to change, this kind of account can satisfy Requirement 2 for
Hempel’s Dilemma, and since it also satisfies Requirement 1, it is subject to the Dilemma.
Today, the theories of physics describe phenomena that famously challenge our intui-
tions and our ideas about what is a priori true (for example concerning locality,
quantum superposition and entanglement, and the nature of space and time). Theories
about the mental are to a large extent based on a priori considerations, such as for
example conceptual analyses of the ‘subjective’ and ‘objective’; but even here experimen-
tal results pose serious challenges to our intuitions (for example concerning the way in
which our sense of ‘self’ and the contents of the ‘present experience’ are constructed
and influenced, e.g. Dennett and Kinsbourne 1992; Graziano 2019). Of course, if the
deep-structure nature of the mental is known in a way that is not subject to change,
then this account will not be subject to the Dilemma; but this view is subject to other
serious objections.

Similar considerations apply for (iii) above: the account of the correlations between
the mental and the physical (in case the material realm and the mental realm are
taken to be correlated). Chalmers (1996, 2013) advances an explicit dualist view. In his
view, the physical and the mental are not just accidentally correlated: there are ‘funda-
mental principles connecting physical processes to conscious experience’ (Chalmers
2013, 34). The metaphysical status of these principles is a matter yet to be investigated.
First, the identification of these principles between the physical and the non-physical is
subject to identifying the physical and the mental, that is, to the solution for (i) and (ii)
above. But here the worry that gave rise to Hempel’s Dilemma, concerning deep structure
theory change arises for (iii) above, no less than in the context of physicalism.

In sum, Hempel’s Dilemma is a challenge to mind–body dualism no less than to phy-
sicalism, and therefore it cannot be used as an argument favouring one approach over the
other.

4.2. Non-reductive Physicalism

Non-reductive physicalism (NRP) is the idea that the facts (properties, kinds, etc.)
described in some so-called special science, such as biology or psychology (often called
‘high-level’ facts), are not identical with physical kinds (or ‘low-level facts’), but only
supervene on them, allowing (as a matter of principle) for multiple-realisability (even
if as a matter of contingent fact no case of multiple realisation is found; see for
example Polger, Shapiro, and Lawrence 2016; Maimon and Hemmo, forthcoming).
NRP has become very dominant in contemporary philosophy as well as science (see
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the definition of ‘physicalism’ in e.g. Dowell 2006a, 2006b; Stoljar 2017), since it offers a
combination that many want to endorse: on the one hand, accepting naturalism and even
physicalism,16 through the commitment of supervenience of the high-level facts on the
low-level facts, and on the other hand—and seemingly coherently!—accepting that
there are facts that are not reducible to physics, thus giving place to prevalent intuitions
of two sorts: first, that the special sciences are autonomous from physics (e.g. Fodor 1974,
1997), and second, that there is something about the mental that is not entirely physical
(e.g. Putnam 1967; Davidson 1970). Since supervenience is the logical relations between
the high-level facts and the low-level facts, there is room for explaining how this relation
comes about, and here there is a variety of metaphysical approaches, e.g. realisation,
grounding, emergence and perhaps more; we do not address the (important) differences
between them.

Hempel’s Dilemma applies to NRP with respect to the low-level facts and with respect to
the high-level facts, in different ways. Begin with the low-level facts. NRP is subject to
Hempel’sDilemmawith respect to its physical basis, onwhich the high-level facts supervene:
difference in the physical basis entails difference in the details of the metaphysical relation
with the supervening facts (see e.g. Montero 1999). Of course, one of the appealing features
of NRP is the thought that because of themultiple-realizability of the high-level facts by the
low-level ones, the connection to the physical basis is weaker than in reductive physicalism:
the physical basis which is supposed to account for the higher-level facts is only one such
basis, and hence the question posed by Hempel’s Dilemma (which physical basis, according
to contemporary or future physics?) may be seen as a bit less important for those high-level
facts. So let us look at the high-level facts in NRP and see whether they may be subject to
Hempel’s Dilemma over and above the low-level physics.

Consider the proverbial Demon of Laplace, who knows all the facts at the low-level of
physics and can make all the calculations concerning its evolution. And consider three
tokens (a, b, and c) that belong to three physical kinds (A, B, and C respectively), such
that A and B fall under the high-level kind M but C doesn’t. Given this partition into
kinds with its logical supervenience structure, if we are given a token with its physical
description, Laplace’s Demon can deduce whether or not it belongs to M. In this
sense, the low-level facts determine the high-level facts. The partition of physical kinds
and tokens to high-level kinds is a fact about the world, that is epistemically accessible
even to finite creatures like us, so that we can make meaningful statements about
high-level facts, statements with reference and truth value.

Laplace’s Demon can know all the physical properties, and can therefore partition the
tokens into physical kinds, i.e. into equivalence-sets in which all the tokens share the
same physical property. Given a token, the Demon can know all the physical kinds to
which it belongs. But can the Demon also partition the tokens into high-level kinds,
and know which high-level properties a given token has? This depends on the sort of
fact that the partition to high-level kinds is. What fixes this partition? And why is the
case that the partition satisfies supervenience? Do the metaphysical theories concerning
realisation, grounding, emergence, etc. provide an answer to these questions? (We shall
not go into the details of these different metaphysical approaches.) Let’s explore these
questions a bit more.

If reductive type-type identity physicalism is true, so thatM is just another name of some
given physical kind, then of course the Demon can easily know for every token whether or
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not it is a case ofM. But we are interested inNRP, and therefore by assumption this is not the
case. To rule out reductive physicalism and stick to NRPwemust assume that a and b don’t
share any physical property, or at least don’t share any physical property that is somehow
relevant to their having the high-level property M; we say that a and b are physically hetero-
geneous. Presumably, c (which isn’t M) is also heterogeneous relative to a and to b (both of
which are cases ofM). Let us assume, for simplicity, that the tokens a, b, and c are allmutually
heterogeneous to the same degree: If a and bwere physicallymore similar to each other than
both are to c then we might have had here a case of reduction to physics (since similarity is
coarse-grained identity); but we are interested in genuine NRP cases.

What fact, then, canmake it the case that—among the three tokens that are all mutually
physically heterogeneous to the same degree—a and b are M but c isn’t? Again, this fact
fixes the high-level facts, which are part of the ontology and are epistemically accessible
to us, and therefore they are part of the ontology, which is present in each and every
token, enabling us to describe the high-level kinds to which every given token belongs.
What kind of facts are they? And what are the consequences for Hempel’s Dilemma?
There are various proposals in the literature concerning the nature of the facts that fix
the high-level properties of the tokens. We will not examine all of them here (this is
beyond the scope of this paper), and we shall only comment on what is relevant directly
for Hempel’s Dilemma and the conditions for its applicability (as described in Section 2).

Whether or not the facts that fix the partition of tokens (and of physical kinds) to
high-level kinds, are subject to Hempel’s Dilemma, depends on whether or not those
are theoretical facts that allow for changeable deep structure accounts. Let us very
briefly mention two popular ideas concerning the way that the high-level facts come
about, just to illustrate the point.

One prevalent view concerning the way in which high-level kinds are formed is func-
tionalism. The idea is that—in our above example—although a and b are physically het-
erogeneous to the same degree that c is heterogeneous with respect to them—a and b
share the same functional role, that is not shared by c; and this functional role is associ-
ated with M (or implements M, etc.). The idea is that a and b are each a state within a
sequence called Sa or Sb respectively (e.g. a causal or a computational sequence), such
that Sa and Sb are of (or implement etc.) the same function (causal or computational).
But what makes the two sequences Sa and Sb members of the same functional kind? Pre-
sumably, ‘implementing function M’ is not a physical property, for then we would have a
case of reduction to physics, whereas we are interested in genuine NRP. It turns out that
functionalism doesn’t solve the problem of explaining how high-level partitions come
about, but repeats it (for more details see author reference).

Another prevalent view concerning the partition of physical kinds to high-level kinds is
that this is a brute fact that is not explained, nor does it call for explanation; (see e.g.Vintiadis
and Mekios 2018). These brute facts exist and are epistemically accessible to us, so that we
can make sentences in the special sciences that are about the high- level facts, sentences
that havemeaning and reference and truth value, andwe candeterminewhether a particular
high-level fact obtains in particular (token) cases. Concerning these facts, the main point of
the brute facts approach is that there is no deep structure: they are fundamental (or basic or
elementary, etc.) facts, that—as a matter of principle!—will not undergo theoretical change
and aren’t and needn’t be explained. Since brute facts don’t satisfy the conditions for the
applicability of Hempel’s Dilemma, they are not subject to it.17
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There are other proposals in the literature concerning the formation of high-level
kinds that supervene on physical kinds, for example: the high-level kinds appear in the
regularities described by the laws of the special sciences (see e.g. Fodor 1974; Polger,
Shapiro, and Lawrence 2016); or they are structures that emerge from the fundamental
physical level (e.g. Wallace 2012; see overview of the notion of emergence in O’Connor
2020). We think—but will not argue for this here, since this is not the focus of this paper
—that all the explanations boil down, on deeper examination, to two kinds of expla-
nations: either accounts by reducing the high-level facts to the low-level physical facts;
or accounts that bring into the picture non-physical facts that obtain as part of each
token, which is arguably a case of ontological dualism (see Shenker 2017; Hemmo and
Shenker 2019, 2020). In any case, whether or not a theory or an account or a fact is
subject to Hempel’s Dilemma and its implications depends only on whether Requirement
1 and 2, of a changeable deep structure account, are satisfied.

4.3. A Remark on Hempel’s Dilemma for Non-fundamental Theories

Hempel’s Dilemma applies to sentences of the form ‘A is B’ in which the term ‘is’ is
understood as any kind of reduction that the reader finds relevant in this context. In Sec-
tions 2 and 3, we addressed an expansion of the B term, to anything that satisfies Require-
ment 1 and 2. In this section, we wish to further expand the domain of applicability of
Hempel’s Dilemma, concerning the B term and then the A term.

4.3.1. Expanding the Range of Reducing Theories: Not Only Fundamental Ones
We begin with the B term. Above we focused on cases where the reducing theory is fun-
damental, whether it is physics or some other theory.

That some x is metaphysically fundamental means, roughly, that x is a privileged entity, or
set of entities, playing a special role in determining the structure of reality. (Morganti 2020)

A Hempelian Dilemma can also arise with respect to non-fundamental theories. For
example, if the mental is understood in terms of the physiology of the brain:

(1) The mental is biological.

Hempel’s Dilemma arises in case the current theories of physiology are false and the
future ones unknown, regardless of whether or not the physiological is fundamentally
physical. The theory of physiology might change even without physics changing. The
intuition might be that as the theoretical entities, properties and laws are nearer, in
some appropriate sense of the term, to pre-theoretical ones (to the extent that the
theory ladenness is not substantially misleading), the chances for significant theory
change is smaller. But the history of science teaches us that this is not the case. The con-
siderations here which are well-known in the philosophy and history of science, are put
to work in the particular context in which we are now interested.

To the extent that Hempel’s Dilemma applies to non-fundamental theories, it is appli-
cable in case there is no fundamental theory or realm at all (see Morganti 2020).

In what follows we shall stick to standard examples, in which the reducing theory is
fundamental physics, but everything we say applies also to non-fundamental theories
(as in Section 4.3) and to non-physical theories (as in Sections 4.1 and arguably 4.2).
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4.3.2. Expanding the Range of Reduced Theories or Phenomena
Hempel’s Dilemma is most frequently applied to reducing the mental to some deep-
structure domain, such as in (1) above Sec 4.1, but it applies equally well to the reduction
of other so-called ‘high-level’ domains, for example in

(2) The biological is physical

In the original formulation by Hempel and by Crane and Mellor (see Section 1) there
is no mention of the mental realm, but we think it is clear from the context that this
Dilemma is applicable to any suitable reduction of any ‘high-level’ domain. Perhaps
the most important statement of this form is this:

(3) The facts described by thermodynamics are facts of mechanics.

This statement is perhaps the most important example in science of a project of
reduction (in whatever sense of ‘reduction’). Kripke (1980) took his example ‘heat is mol-
ecular motion’ from this context of the ongoing project of reducing thermodynamics to
mechanics (we discuss Kripke’s ideas in Section 5). In the present section, we focus on the
reduced principle theory of thermodynamics, rather than on its reducing theory statisti-
cal mechanics. Einstein (1919) took thermodynamics to be the paradigm of a principle
theory, and later wrote:

[Classical thermodynamics] is the only theory of universal content concerning which I am
convinced that, within the framework of the applicability of its basic concepts, it will never
be overthrown. (Einstein 1970, 33)

Eddington famously added:

The law that entropy always increases, – the second law of thermodynamics – holds, I think,
the supreme position among the laws of Nature… . [I]f your theory is found to be against
the second law of thermodynamics I can give you no hope; there is nothing for it but to col-
lapse in deepest humiliation. (Eddington 1935, 81)

These thinkers thought that thermodynamics is unshakeable (see Hemmo and
Shenker 2012, 2016 to the contrary) because they took it to describe no more
than generalised observations. It is important to notice that while thermodynamics
is very strongly supported by experience, its entities and properties and laws are
theoretical ones, far richer in their contents than mere generalisation from experi-
ence. As in Section 3.1, we stress here that the history of science teaches us that
all theories can change.

‘High-level’ theories like zoology and physiology and geology have substantially
changed, and we propose that this changeability may bring about a variant on
Hempel’s Dilemma, in so far as the A terms are theoretic or theory laden.

5. The Role of Identity Statements in Hempel’s Dilemma

Hempel’s Dilemma applies to statements that seem to be identity statements, especially in
the case of physicalism. In this section, we (very briefly) address the nature of identity
statements and distinguish between those for which the Dilemma applies and those
for which it doesn’t. The key for this (in)applicability is—as everywhere in our
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Generalised Hempelian Dilemma—the satisfaction of Requirement 1 and 2. Let us begin
with the sentences for which Hempel’s Dilemma is most frequently applied:

(a) Everything is physical,

and a sentence that follows from it:

(b) The mental is physical.

As we saw in Section 4, although sentences (a) and (b) are those for which the
Dilemma is most often applied, its proper domain of application is much wider with
respect to both the reducing and the reduced domains, as long as the reducing theory
is a changeable deep-structure theory, that satisfies Requirement 1 and 2. In the
present section, we shall compare sentences like (a) and (b) with another sort of identity
statements, that in our discussion have an important role in understanding the scope of
Hempel’s Dilemma, but as we shall argue below they are not themselves subject to this
Dilemma.

Assuming that ‘pain’ is a particular case of ‘the mental’ that appears in (b), and that ‘C-
fibres firing’ (following Kripke’s (1980) famous example18) is a particular case of ‘the
physical’ in (b), the following statement is a special case of (b) as well as of (a):

(c) Pain is C-fibers firing.

We think (following Kripke 1980) about sentence (c) as an identity statement. In our
analysis, we do not follow Kripke in all the details and some of the following account is
our own view of the matter.19 The sentence (c) is not entailed by (a) or (b), because it may
turn out that although everything including the mental is physical, pain is identical with
some other kind of brain states or something else altogether.

Is (c) true? Kripke (1980) thinks that (c) is false even if one thinks of ‘C-fibers firing’ as
a placeholder for any physical (or biochemical, neurological, etc.) kind, and this is part of
his (so-called) conceivability argument supporting mind–body dualism. As part of the
argument, Kripke compares sentences like (c) with sentences like (d):

(d) Heat is the motion of molecules,

where by ‘motion of molecules’ Kripke means (we think) some specific function (or
macrovariable) of the microstate of the system to which the property we call ‘heat’ is
assigned; for example, in the case of an ideal gas in equilibrium, ‘heat’ is (or means)
average kinetic energy. Here, our aim is to analyse the nature of sentences like (c) and
(d) in order to connect them to our Generalised Hempelian Dilemma. Like (c), (d) is
an identity statement. Following Kripke, we think of (d) as an identity sentence that
was discovered scientifically and is part of contemporary physics. (d) is not entailed by
(a), because it may turn out that although everything is physical, contemporary
physics is wrong.

To see better what is going on here, consider the following sentence, which in the past
was considered true, but is now believed to be false:

(e) Heat is caloric.

(an idea mentioned by Hempel 1980, as quoted in Section 1). According to current
science (e) is false, whereas (d) may be true.
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Before proceeding to explore the status of (d) and (e) and what they can teach us about
Hempel’sDilemma,weneed todigress (for one paragraph) to say something about the differ-
ence between (a) and (b) on the one hand and (d) and (e) on the other.20 The following ques-
tion arises. Assuming that we can reasonably say (as we just did!) that according to
contemporary science (e) is false but (d) may be true, why can’t we assign truth values
(true or false) to (a) and (b) in the same way? Our answer is that this difference between
these statements is precisely themain point of Hempel’s Dilemma. Let’s see why, beginning
with (d) and (e). Since ‘caloric’ and ‘molecular motion’ are theoretical terms, one may say
that their meaning is only relative to the theory in which they are embedded, and so
deeming statement (e) false essentially means rejecting the relevant theory, and deeming
(d) possibly truemeans that the theory inwhich it appears is acceptable (at least tentatively).
Given the relevant theories, and within their context, (d) and (e) receive reasonably definite
meanings. This is why (d) and (e) are not subject to Hempel’s Dilemma. By contrast,
Hempel’s Dilemma is the claim that the term ‘physical’ in (a) and in (b) does not have a
definite meaning. Whether or not this is the case is the debate around Hempel’s
Dilemma: The attempts to solve Hempel’s Dilemma try to provide a definite meaning to
the term ‘physical’, e.g. by saying that ‘physics’ is the contemporary theories; or that
future physics will be sufficiently similar to the contemporary one; or that ‘physics’ is any
theory that is deemed best at the time in which one is working; etc. These attempts at
making the term ‘physical’ in (a) and (b) definite have met with criticisms. In our view
these criticisms are by and large on the right track, and Hempel and Crane and Mellor
and their followers are correct in accepting that indeed the term ‘physical’ in (a) and (b) is
not definite. We embrace this conclusion, and generalize it, and point out that it is an
expression of a general anti-scientific sceptical argument, with which we need to live (or if
the reader prefers, for which there is some acceptable response), treating science with the
suitable caution and humbleness. Here we end this digression, and from now on we
assume that (d) and (e) can be ascribed meaning and truth value such that (e) is false and
(d) is possibly true, and our focus will be on arguing for the claim that while (a) and (b)
are subject to Hempel’s Dilemma (d) and (e) are not.

Returning to developing our argument, let us now compare (d) and (e) with the fol-
lowing sentence:

(f) Heat is physical.

The term ‘physical’ in (f) refers to a changeable deep-structure account of heat, unlike
the terms ‘caloric’ and ‘molecular motion’: those would be changeable only if we take
them to be mere placeholders; but we take it that this is not how these terms are normally
understood in (d) and (e): they are normally understood to have specific meanings and
references (even if they are false and even if they are understood as fictional terms).
Because of this, (f) is subject to our Hempelian Dilemma, much like the statement (a)
from which it can be derived; whereas (d) and (e) are not directly subject to Hempel’s
Dilemma, since they do not satisfy Requirement 2 of changeability. The same reasoning
holds with respect to (c) which is therefore not directly subject to Hempel’s Dilemma.

Kripke (1980) brings the example of (d) in order to compare its structure and the
relation between ‘heat’ and ‘the motion of molecules’ with sentences like © (‘Pain is
C-fibres firing’). Kripke’s aim is to argue that whereas (d) may be true, (c) is certainly
false. Emphasising the difference between these statements, Kripke (1980) brought to
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our attention that (d) might be understood not as an identity statement but as referring
implicitly to the relationship between two systems: there is a feature of system S (an
aspect, a property, etc.) that we call ‘heat’, and this feature casually21 brings about in
another system U, which is typically us (humans), a certain kind of (mental) state,
that we may call (for lack of a better expression) ‘a sensation of heat’, and following scien-
tific investigation we discover that the feature of system S that causes in U the sensation
of heat is the motion of the molecules of S. And so, (d) can be understood in two ways:

First: If ‘heat’ is the name of the sensation of U, then a replacement of (d) that more
completely describes what is going on here would be something like this:

(h) (1) Heat is the name of the sensation of U; and (2) Heat (that is, U’s sensation) is caused
by the motion of molecules of S.

Second: if ‘heat’ is to be understood as the name of the thing in S that brings about the
sensation of heat in U, then a more complete phrase should be:

(j) (2) Heat is the name of the motion of molecules of S; and (2) Heat (that is, S’s motion of
molecules) causes a certain sensation in U (which for lack of a better name we call U’s sen-
sation ‘the sensation of heat’).

Compare: (h’) ‘Hesperus is the name of a certainmental state, which is a picture in our
mind that has the shape of a star in the evening’, vs. (j’) ‘Hesperus is the name of the
evening star, out there as it were’. We then say: Hesperus in the sense of (h’) is caused
by Hesperus in the sense of (j’) (but if we are dreaming then this causal statement
may be false).

Why speak in terms of names here? Why not stick to a simpler identity sentence as in
(d)? What does (j) add over and above (d)? To see this let us consider the notion of ‘heat’,
and distinguish between several ways of understanding it.

One of the things that thermodynamics says exists in the world is heat: according to
thermodynamics there is something called ‘heat’, that has a certain quantity, and is trans-
ferred in a certain way from one place to another. Thermodynamics doesn’t say much,
however, about the nature of that thing, so that in the past one idea was that the term
‘heat’ refers to a fluid that flows between the particles, and was called ‘caloric’. We
could say, in that context, that people thought that (e) was true: ‘heat is caloric’. They
thought that either

(k) The sensation of heat in U (a sensation that we call Heat) is caused by caloric in S.

Or

(l) Heat is the name of caloric in S.

We are bringing this historical case in order to clarify the status of ‘motion of mol-
ecules’ in (d) and its relation to the thermodynamic notion of heat. In terms of structure,
‘caloric’ in (k) and (l) can be treated as a placeholder, filled today by what current physics
thinks is a better theory. More generally, both ‘caloric’ and ‘motion of molecules’ can be
seen as placeholders, which is the X in the following sentences:

(m) The sensation of heat in U (a sensation that we call Heat) is caused by X in S.

(n) ‘Heat’ is the name of X in S.
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Before we turn to see how Hempel’s Dilemma is significant here, let us remark that
thermodynamics tells us something about the quantity and behaviour of a certain
feature of system S that it calls ‘heat’, without telling us what this ‘heat’ is. This is
because thermodynamics is a principle theory, not a deep-structure constructive
theory. As far as thermodynamics is concerned, it can only say something like this,
using the templates (m) and (n):

(o) The sensation of heat in U (a sensation that we call Heat) is caused by heat in S.

(p) ‘Heat’ is the name of heat in S.

But (o) and (p) are much less informative (if they are informative at all) than (k) and
(l) or their contemporary counterparts which are part of deep-structure constructive
theories.

Let us return to Hempel’s Dilemma. It turns out according to the above analysis that
identity statements like ‘heat is caloric’ and ‘heat is molecular motion’ are not subject to
the generalised Hempelian Dilemma, despite the fact that their truth and meaning
depends on a theory. The reason is that in these cases the theory is fixed! That is, one
may think that the theory is false, but nevertheless, the meaning of these sentences
remains fixed although it depends on the (false) theory. By contrast, statements of the
more general kind such as ‘everything is physical’ (or everything is nonmental) are
subject to the generalised Dilemma precisely because they are not confined to a
specific known theory—regardless of whether the theory is taken to be true or false.

Is (a) (‘Everything is physical’) true? Assuming that (d) (‘Heat is the motion of mol-
ecules’) is false (given that contemporary physics is false, and as we now know that (e) is),
and assuming that this is a typical example of the application of all the particular appli-
cations of the physicalist hypothesis, the truth value of (a) cannot be decided neither now
nor in the future (since the meaning or reference of future physics is unclear). This is the
significant consequence of Hempel’s Dilemma. The same reasoning applies to (f) (‘Heat
is physical’). And since our example here can be easily generalised, it illustrates how
Hempel’s Dilemma is general in the sense that it is applicable to any deep-structure
but changeable account of our experience as well as of the kinds that appear in the
special sciences (such as heat in thermodynamics). In this sense, Hempel’s Dilemma
expresses a general sceptical stance concerning deep structure changeable theories.

6. Conclusion

Hemple’s Dilemma is seen, following the well known argument by Crane and Mellor
(1990), as a challenge to physicalism (see also e.g. Stoljar 2010). It is from this perspective
that it is addressed in the literature what are the attempt is to show that physicalism can
be defended against this Dilemma. We mentioned in the introduction some of the ways
in which this is proposed to be done.

In this paper we do not argue that Hempel’s Dilemma is not a threat to the theory, or
metaphysical framework, to which it is applied: we leave open the question of whether or
not any of the proposed ways to defend physicalism against Hempel’s Dilemma works.
Instead, our point is that, if Hempel’s Dilemma is a threat at all, then the domain to
which this threat applies is much wider than physicalism, and includes all changeable
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deep-structure accounts of phenomena, not only physical (or physicalist) accounts. To
clarify the notion of deep structure accounts we mentioned Einstein’s notion of construc-
tive theories, that has been proposed to explain principle theories; but this is just one
example of deep structure accounts, and our argument applies to all of them.

The consequences of our argument are these. First, as amatter of principle the hypothesis
of physicalism rises (if there is a solution toHempel’s Dilemma) and falls (if there is no good
response to Hempel’s Dilemma) together with all changeable deep structure accounts, both
within science and outside of science. Second, and perhaps more generally, Hempel’s
Dilemma turns out to be part of a general sceptical argument against changeable theories
that seek not only to generalise our experience but also to account for our experience reduc-
tively by means of some deep-structure, and should be dealt with as such.

Notes

1. Stoljar (2017), in his overview of this question, distinguishes between the ‘theory-based con-
ception’, according to which to be physical is to be something that physical theory tells us
about, and the ‘object-based conception’, according to which to be physical is to be some-
thing required by a complete account of the intrinsic nature of paradigmatic physical objects
and their constituents. We address the former conception.

2. Earlier, in his (1969) paper, Hempel already remarked that (what he calls there) the
‘mechanistic’ thesis is obscure—and it seems to us that he would agree to our ‘extended’
Hempelian Dilemma presented in the next section. Hempel writes: ‘Thus, we face a
dilemma. If for the sake of conceptual clarity, we give the thesis of mechanism a linguistic
turn, we fail to express its philosophical intent; and if we try to formulate that intent in onto-
logical terms, or in the “material mode,” the resulting statement proves to be seriously
obscure and elusive. The same difficulty besets all reductionist theses that are conceived
as ontological claims’ (Hempel 1969, 183).

3. Much earlier Feigl (1969) discusses the problem described in the second horn of Hempel’s
Dilemma, and says that others are aware of it as well. He writes: ‘Schlick, Carnap, and Reich-
enbach, who espoused this thesis [of physicalism or the unity of science], were fully aware of
its conjectural and hence precarious character. Essentially it endorses a certain program for
the current and future development of science towards a unitary or monistic set of explana-
tory premises.…As a distant goal of this program of unitary explanation, some future
theoretical physics is fancied.… This thesis is, of course, not only problematic, but also
inevitably vague in that such a theoretical physics may have to be very different from its
current stage. All that can be said at the moment is that the ‘style’ of explanation might
be somewhat similar to that used in the present stage of the theories of relativity,
quantum mechanics, and quantum electrodynamics’ (Feigl 1969, 21).

4. See for example Dowell (2006a), Pineda (2006), Ney (2008a), Stoljar (2010, Ch. 5), Bokulich
(2011) and Prelević (2018).

5. Chomsky (1968, 2000, 2003) also argues that all the theories of physics from Newotonian
mechanics onwards are meaningless in the sense that they carry no meaning for us,
human beings. These theories are, in Chomsky’s view, formalisms accompanied by instruc-
tions for application in empirical predictions. In his view, all these theories make claims that
are incomprehensible by human beings; they exceed our cognitive capacities. The cognitive
capacities of human beings are limited by our biological making, and the nature of the
material world (as well as the nature of the mental realm) is beyond our grasp. He argues
that the last theory that was comprehensible to us was Descartes’s; but it makes false predic-
tions.Dennett, in an interview, responded that while it is by and large non controversial that
we are limited qua biological creatures, Chomsky provides no basis for claiming that our
limitations lie in understanding physics.
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6. van Fraassen (2002) applies this in characterising empiricism.
7. We talk about lower-level theories rather than fundamental theories, avoiding the need to

commit to fundamentalism. See Morganti (2020).
8. There are anticipations of the distinction between principle vs. constructive theories in the

nineteenth-century and early twentieth-century literature; see e.g. Bechler (1993, Ch. 3.7.10;
Howard and Giovanelli 2019). Bechler (1993) argues that Einstein’s idea of a principle
theory is essentially connected to Poincare’s conventionalism. But we set these issues
aside here.

9. For another application of Einstein distinction, see Shenker (2015); Hemmo and Shenker’s
(2021) analyses of Davidson’s (1970) anomalous monism in its terms; and compare between
the structures of the arguments by Einstein (1905a) and Davidson (1970).

10. Hence we need not be committed here to there being a most-fundamental level, that is, to
fundamentalism in this respect.

11. Here are some examples of such problems. One problem in contemporary physics includes
the well-known incompatibility between quantum mechanics and general relativity. There
are ongoing attempts to build a ‘deeper structure’ theory (a notion we discuss below)
from which the main facts described by quantum mechanics and general relativity will
emerge, but those are still work in progress and give rise to debates concerning their
merits and even acceptability. Another problem in contemporary physics is the measure-
ment problem in quantum mechanics: here some people think that the problem has been
solved, but this point is under debate. A third problem is the account of the direction of
time (if there is any) and—even more severely—the flow of time and the notion of the
present. A fourth problem concerns the need to employ mathematical ideas in physics
that some people think are dubious. There are other examples, and the reader may
provide more, from physics as well as from other sciences.

12. Anti-de Sitter (AdS) space is the maximally-symmetric spacetime of constant negative cur-
vature. Our universe (according to the best estimates) has a small positive cosmological con-
stant. Nevertheless, the AdS space presents many of the puzzles associated with quantum
gravity.

13. Also: it seems to us that the stance approach shares the merits and demerits of non-cogni-
tivist approaches in meta-ethics (see van Roojen 2018), but we do not address this issue here.

14. An anonymous reviewer, in suggesting that we are able to know what mental is without
relying on some theory, compared this to knowledge of what a square is, which is allegedly
possible in a way that does not depend on a theory of squareness. People use the word
‘square’ in daily contexts, sometimes correctly and sometimes incorrectly. How can we
say which is which? Do we not rely on theory? Famously, rich contents were added to
the notions of Euclidean geometry when Hilbert offered his 20 axioms of Euclidean
geometry.

15. The case of ghosts that Montero (1999) brings in invites a different sort of consideration,
since here: (i) With regard to the mental vs. physical distinction, although it seems clear
that ghosts are nonmental, it is harder to say whether or in what sense they are physical;
(ii) Another issue concerns existence (e.g., of ghosts): one needs to consider what are the
criteria for existence and whether there are different sorts of existence in the first place
and what are they.

16. For an argument that physics is fundamental, see (Morganti 2020).
17. Although this is not our main subject here, let us make two very brief comments about the

brute facts option. (1) We doubt that in any particular example the brute facts idea is taken
seriously: we doubt whether anyone seriously thinks that the fact that my pain is not realised
by, say, my cup of coffee, is a mere brute fact. (2) We vehemently object to the idea that brute
facts accounts are even legitimately acceptable in science and philosophy, since we see them
as forms of mysterianism, that merely prohibit the search for explanation and are therefore
detrimental to progress.

18. This statement is false to a large extent according to contemporary science; we have learned
a lot about the physiology of pain since Kripke came up with this example in the 1970s.
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However this falsity doesn’t matter for our present argument (especially in the context of
discussing Hempel’s Dilemma), and therefore we choose to stick with this famous example.

19. Here we assume that all names in the above sentences are what Kripke (1980) calls ‘rigid
designators’.

20. We consider (c) below: it is easier to make our point without the difficulties surrounding
mental terms.

21. Or otherwise, given any appropriate understanding of the notion of cause, including a defla-
tionary notion. See Ben-Menahem (2018) on causation in physics.
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