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Abstract

We undertake a detailed analysis of three ‘epistemic” approaches to symme-
tries, due, respectively, to Ismael and van Fraassen, Caulton, and Dasgupta. Find-
ing faults with each, we proceed to develop our own epistemic approach to sym-
metries. Having done so, we present a concern regarding all epistemic accounts:
they render the notion of a symmetry transformation redundant as a tool for

metaphysical theorising about scientific theories.
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1 Introduction

In recent years, there has arisen an explosion of literature on the nature and inter-
pretation of symmetry transformations in scientific theories. On the one hand, authors
have sought to provide a precise definition of such transformations; in light of the
apparent failure of what Dasgupta [10, §5] calls formal and ontic definitions (a large
number of the latter being presented in [2]), several (e.g. [8,10,17]) have moved to
an alternative, epistemic conception of such transformations. (Very roughly, epistemic
definitions of symmetry transformations involve conditions regarding the observa-
tional indistinguishability of symmetry-related solutions; not so for formal and ontic
definitions.) On the other hand, there exists a debate regarding the interpretation of
symmetry transformations: should symmetry-related models invariably be regarded

as being physically equivalent, i.e. as representing the same possible world? [12,20]

In this paper, our principal concern is with the definition of symmetry transfor-
mations. In §§3-5, we assess, respectively, the proposals for epistemic approaches
to symmetry transformations due to Ismael and van Fraassen [17], Caulton [8], and
Dasgupta [10], identifying problems with each. We then proceed in §6 to advance our
own proposal for an epistemic definition of a symmetry transformation. This done, in
§7, we arrive at the central concern of this paper: having constructed a general epis-
temic definition of a symmetry transformation, the notion of a symmetry becomes,
in an important sense, redundant as a tool for metaphysical theorising about scientific

theories. The reason for this is that, on such an epistemic approach, any claim that
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symmetry-related models should be regarded as being physically equivalent reduces
simply to a mandate not to introduce undetectable structure into one’s ontology, in
line with Ockham’s razor. In other words, without an antecedent notion of a symmetry
transformation such that symmetry-related models are then discovered to be empiri-
cally equivalent, the notion of a symmetry has no novel interpretative role to play. Of
course, whether one regards this as being a problematic feature of epistemic defini-
tions of symmetry transformations is open for question—but what we wish to register
in this paper is that the analogous issue does not arise for formal and ontic definitions
of symmetries. While those approaches face problems of their own—in particular,
what Dasgupta calls the “problem of inferential circularity” [10, p. 864]—they do not
face this charge of conceptual redundancy. (Moreover, as we will discuss in §§6 and
7, it is not obvious to us that these alleged problems for non-epistemic definitions of

symmetries cannot be avoided.)

Before we begin, it is worth flagging that in this paper we are not neutral on the
question of the interpretation of symmetry transformations: we endorse a so-called
motivational approach to symmetry transformations (cf. [20,26]), according to which
models of a given theory related by a symmetry transformation may not invariably
be regarded ab initio as being physically equivalent; rather, such transformations at
most motivate us to seek a clear (‘metaphysically perspicuous’) conception of physical
reality according to which such models may indeed be so regarded. This is situated
against the so-called interpretational approach, according to which models related by
a symmetry transformation may invariably be regarded as physically equivalent (ad-
vocates of this interpretational approach include Dewar [12] and Saunders [28]). This

distinction will be discussed further in due course.

2 Symmetries

In this section, we introduce three preliminary topics regarding symmetry transfor-
mations. In §2.1, we discuss the model-theoretic, or semantic, conception of scientific
theories. In §2.2, we follow Dasgupta [10, §§5-6] in distinguishing formal, ontic, and

epistemic definitions of symmetry transformations. In §2.3, we consider the invari-

3



ance principle, which states that only structure which is invariant between symmetry-

related models of a given theory should be interpreted as having ontological import.

2.1 The Semantic Approach

On the semantic conception of scientific theories (see e.g. [32,34, 35]), a theory is asso-
ciated with a class of models. For a given theory 7, we take the most general class
of associated models to be that of kinematically possible models (KPMs) K, which con-
sists in tuples of specified geometrical objects. For example, the KPMs of general
relativity (GR) are picked out by all triples of the form (M, g,, ), where M is a four-
dimensional differentiable manifold, g, is a Lorentzian metric field on M, and ® is a

placeholder for the matter fields of the theory.

Classically, a theory 7, with KPMs (M, Oy, ...0O,,) (where the O; are geometrical
objects), comes with a set of dynamical equations for the O;. The KPMs of T in which
the O, obey those dynamical equations form a subspace D C K, the dynamically possi-
ble models (DPMs) of T. For example, in the case of GR, only those triples (M, gup, D)

the geometrical objects of which satisfy the Einstein equation
Gab = 87TTab (21)

—the dynamical equation of the theory, which relates g, to the stress-energy tensor
Ty of the ®—in addition to the dynamical equations of the ®, are DPMs. Quantum
mechanically, the story changes: some of the O; in the KPMs of 7 are understood
to be operator-valued; DPMs are picked out as those KPMs the geometrical objects of

which satisfy certain correlation functions (for details, see [25, ch. 5]).

Models of a theory 7 may be interpreted as representing possible worlds. Some-
times, however, we may wish to interpret two or more distinct models as representing
the same world. In that case, the space of KPMs K of 7 is partitioned into classes of
gauge-equivalent models—which are interpreted as representing the same world—and
the multiplicity of models representing the same world is an example of a gauge re-

dundancy. In the case in which the interpretation of 7 leads to gauge redundancy,



we may (but are not mandated to—see §4) construct a reduced space of models K,
in which gauge-related models are mathematically identified. This in turn induces a
reduced space of DPMs, D C K.

2.2 Ontic versus Epistemic Definitions

The above is purely formal; there remains an outstanding question concerning when
two models of a given theory 7 should be interpreted as representing the same pos-
sible world—i.e. be interpreted as manifesting a gauge redundancy, in the sense of
§2.1. One ongoing debate—the subject of §2.3—regards the claim that two models of
any given 7 may be regarded as physically equivalent (i.e. as representing the same
possible world) when they are related by a symmetry transformation. In order for such
a claim—and the surrounding debate—to have content, a definition of ‘symmetry’
in the context of scientific theories must first be provided. It is the purpose of this

subsection to address some preliminary issues on this matter.

When considering the most appropriate definition of a symmetry transformation,
it is valuable to distinguish—following Dasgupta [10, §§5-6]—formal, ontic, and epis-
temic definitions. Formal definitions “define [the notion of symmetry] in purely for-
mal, set-theoretic terms” [10, p. 861]. Dasgupta goes on to criticise formal approaches,
for two reasons. The first is that no candidate formal definition appears to be exten-
sionally adequate: some such candidate definitions would appear to map observa-
tionally distinguishable (and hence patently not physically equivalent) solutions to
one another; other such candidate definitions would seem to rule out what appear
to be bona fide symmetry transformations as constituting ‘genuine” symmetry trans-
formations (e.g. absolute velocity boosts in Newtonian gravitation theory). The sec-
ond, more general problem that Dasgupta raises for formal definitions is that any
such definition “must imply that given any set of laws, any two systems related by
a symmetry of those laws will be observationally equivalent. And it is (to put it
mildly) extremely hard to see how any purely formal definition could have this con-

sequence” [10, p. 861].

We do not wish to dwell on these criticisms of formal definitions of symmetry
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transformations—though, anticipating some of our results to be presented later in
this paper, we should say that it is possible that the approach to empirical equiva-
lence delineated in §6 may be applied in order to overcome Dasgupta’s second above
concern; moreovetr, it is questionable whether Dasgupa’s concern that some candi-
date formal definitions of symmetries map observationally distinguishable solutions
to one another truly need be considered problematic, in light of §7. Given this, turn
now to ontic definitions of symmetry transformations. Taking as given that “The gen-
eral idea is to define a symmetry of a law to be a function that preserves the law and
also preserves ... features F” [10, p. 862], according to ontic definitions of symmetries,
we are to “restrict our attention to physical features like distance, mass, charge, spin,
and so on. ... The result is a definition of ‘symmetry’ that requires a symmetry to

preserve the laws and preserve certain privileged physical features” [10, p. 862].!

One particularly popular ontic definition of a symmetry transformation (found in
e.g. [13,27]) is the following: A symmetry transformation is a map from KPMs of a
theory T to KPMs, such that DPMs are always mapped to DPMs.? As Belot makes
clear, there are profound difficulties with this definition. To bring this out, he lays out

the following two principles: [2, p. 3]

D1: The symmetries of a theory are those transformations that map solutions of the

theory to solutions.

D2: Two solutions of a theory are related by a symmetry transformation only if they

are physically equivalent.

(D2 will be discussed in depth in §2.3.) Belot argues—in our view correctly—that
D1 is too broad as a definition of a symmetry transformation: “Ordinarily, symme-

tries of theories are hard to come by. But some remarkable theories have atypically

'We are somewhat sceptical that the distinction between formal and ontic approaches to symme-
tries is as precise as Dasgupta suggests. For instance, are Lagrangian symmetries purely formal—given
that they can be given an entirely precise, mathematical definition—or are they ontic—given that such
symmetries will also tend to leave invariant certain privileged features of a given physical system?

2Dasgupta [10, p. 863] takes this definition to count as ontic rather than formal, for in this case the
physical laws are preserved. However, since a symmetry transformation typically is supposed to be
cashed out in terms of some map effected on the space of KPMs of the theory in question, such that
DPMs are taken to DPMs, we question whether ‘preserving the laws’ is sufficient for a definition of
a symmetry transformation to qualify as ontic, rather than formal. Nevertheless, nothing will hinge
upon this issue, and in the remainder of this paper such concerns are set aside.
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large symmetry groups. The definition above effaces this sort of distinction between
theories. For if we allow arbitrary permutations of the solutions of a theory to count
as symmetries, then the size of a theory’s group of symmetries depends only on the
size of its space of solutions” [2, p. 6]. In light of this problem, Belot then proceeds
to consider more nuanced definitions of symmetry transformations [2, §§3-4] (for ex-
ample, ‘classical symmetries’ [2, p. 8], ‘generalised (Noether) symmetries’ [2, p. 10],
‘nonlocal symmetries’ [2, p. 11], “variational symmetries’ [2, p. 12], and ‘Hamiltonian
symmetries” [2, p. 13]), but argues that all such ontic definitions come into conflict
with D2. Ultimately, Belot takes this as reason to reject D2, rather than these defini-
tions of symmetry transformations; as will become apparent over the course of this

paper, we concur with this verdict.

For Dasgupta [10, §5.2], there are certain important reasons to be wary of ontic

definitions of symmetries:

The objection is that they get the order of justification backwards: we of-
ten use premises about symmetries in order to work out which physical
features fix the data, so we cannot at the same time define symmetries to

be those operations that preserve features that fix the data. [10, p. 865]

The implicit ingredient ... is that symmetries must preserve the appearances—
in some sense to be made clear. If we build this into our definition of sym-
metry, it will follow by definition that given any set of laws, any two situa-
tions related by a symmetry of those laws are observationally equivalent.
This (remember) is what we need in order to underwrite the argument
that variant features are undetectable. This is the epistemic approach to

defining ‘symmetry’. [10, p. 866]

Given this problem of “inferential circularity” with ontic definitions of symmetries—
a problem which we will consider more explicitly in §§6 and 7—Dasgupta concludes

that symmetry must, in fact, be an epistemic notion.> According to epistemic defini-

3In fact, Dasgupta argues that symmetry is an epistemic notion ‘twice over’. The first sense in which
this is so is that above: for Dasgupta, the definition of a symmetry transformation proceeds (in part)
in terms of epistemic criteria. The second sense in which this is so is that, for Dasgupta, symmetry
transformations are related to the Ockhamist norm that undetectable structure should be excised from
our scientific theories.



tions of symmetries, “we allow [features preserved between symmetry-related mod-
els] F to include epistemic or observational features such as ‘looking red to me’ or
‘appearing from my perspective to be two feet away’ ” [10, p. 862]. We appraise the
problem of inferential circularity in §§6 and 7; in the meantime, we discuss in §§3-5

some specific proposals for epistemic definitions of symmetry transformations.

2.3 The Invariance Principle

We turn now to matters regarding the interpretation of symmetry-related models of
a given theory. The most important thesis in this regard, from the point of view of
contemporary literature on this topic, is D2: that two solutions of a theory related by
a symmetry transformation may legitimately be regarded as physically equivalent.
Such a claim embodies what we follow [20,26] in calling the interpretational approach
to symmetry transformations (cf. §4); contemporary advocates of (some suitably close
version of) D2 include Dewar [12] and Saunders [28,29]. Sometimes, D2 is packaged
alongside what Saunders [29, p. 453] calls the Invariance Principle (IP):

IP: Only quantities invariant under all symmetries of the theory in question should

be regarded as being ‘real’—i.e. be interpreted as having ontological import.

Note, however, that D2 and IP are logically independent: two models of a given
theory being related by a symmetry transformation—and therefore, by D2, being
regarded as physically equivalent—does not imply that the interpretation of those
models should proceed in terms of their invariant structure; on the other hand, two
symmetry-related models being afforded an interpretation proceeding exclusively in
terms of their invariant structure does not imply that those symmetry-related models
must be regarded as being physically equivalent, for the invariant quantities between

those models may be afforded a different interpretation in each case.

Having introduced the model-theoretic framework used in this paper; distinguished
between formal, ontic, and epistemic definitions of symmetry transformations; and

presented D2 and IP, we turn now to the first of three prominent epistemic approach
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to symmetry transformations found in the literature—this due to Ismael and van
Fraassen [17]. After evaluating this approach, we then consider other epistemic ap-
proaches to symmetries (§§3-5); advocate the motivational approach to symmetries
(introduced above) (§4); present our own epistemic approach to symmetries (§6); and

raise some general concerns regarding epistemic approaches to symmetries (§7).

3 Approach I: Ismael and van Fraassen

Ismael and van Fraassen’s central concern is to provide an account of how and why
drawing symmetry-based ontological inferences is justifiable. They argue that the
‘qualitative indiscernibility” of a theory’s solutions should play a crucial role in any
such account, construing ‘qualitative properties” as those that are “directly observa-
tionally accessible to the observer,” and are “distinguishable by ... a gross discrimi-
nation of colour, texture, smell, and so on” [17, p. 376]. It is worth noting that Ismael
and van Fraassen are careful to contrast qualitative properties with those that are
merely “measurable’ in their sense: such measurable properties are those that are able
to “make some discernible impact on gross discrimination of colour, texture, smell
and so on ... [no] matter how attenuated the connection is, how esoteric the impact,

or how special the conditions under which it can be discerned” [17, p. 376].

Ismael and van Fraassen summarise their proposal regarding symmetry transfor-

mations as follows: [17, p. 380]

...[Wle submit that it is precisely the qualitative-structure-preserving symmetries
of the laws that are indicative of the presence of superfluous theoretical structure

and should always be interpreted as trivial. (Emphasis in original)

The thought would seem to be this. Take the space of DPMs D of a given the-
ory 7T ; determine which solutions are qualitatively indiscernible in the sense of their
involving the exact same distribution of ‘directly observable” quantities; take the rel-
evant set of solution-preserving transformations on the space of KPMs IC of T to be

just those that map qualitatively indiscernible solutions to one another; and then take
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solutions related to one another in this way to represent the same physical state of

affairs.*

In assessing this account, the first obvious question to ask is this: why are Ismael
and van Fraassen so careful to stress the distinction between quantities or properties
that are ‘qualitative’ or directly observable, and those that are merely ‘measurable’?
Moreover, why do they think that this is a distinction that is relevant to the IP (in
the sense of being indicative of “the presence of superfluous theoretical structure”)?
Unfortunately, the answer to both of these questions is rather difficult to discern from
what Ismael and van Fraassen write; indeed, they often write as if it is the measur-
able/unmeasurable distinction, rather than the qualitative/nonqualitative distinc-
tion, that is relevant here. (E.g., “..[OJur main topic: superfluous structure will
align with the presence of unmeasurable quantities in the theory’s world picture. [...]
To sum up: we are going to connect superfluous structure with the presence of un-
measurable quantities.” ( [17, pp. 376, 378], our emphasis).) They do on occasion
(e.g. [17, pp. 376, 378]) suggest that the distinction is crucial because “what is mea-
surable/unmeasurable cannot be read off directly from the theory,” and that “[w]e
need to make use of what is observable [i.e., qualitatively discernible] in order to
make this distinction.” But, even assuming the correctness of this claim, the question
arises: Why should the fact that certain quantities can be ‘read off” more-or-less ‘di-
rectly’, rather than ‘indirectly’, from a given theory’s formalism, have any bearing on
what kind of quantities superfluous structure-indicating transformations should nec-
essarily preserve? To be sure, which quantities are directly observable might be easier
to determine than which quantities are merely measurable. But why should this have
any particular bearing on the IP, or the issue of which symmetry transformations on
IC among the D-preserving ones are the right ones? Ismael and van Fraassen do not
provide an answer to this question in their paper; nor is it easy to imagine in what a

satisfactory answer could consist.

“Note that, unlike e.g. Dasgupta [10], Ismael and van Fraassen do not define a ‘symmetry trans-
formation’ to be any empirical-data-preserving mapping. Rather, they highlight that the symmetry
transformations which are relevant to symmetry-to-reality based inferences are those which point to
the existence of undetectable structure—i.e., are those symmetries which relate empirically equivalent
states of affairs [17, p. 379]. We fully agree with Ismael and van Fraassen on this point. Since these
authors do not explicitly define symmetries in epistemic terms, the central concern of this paper—that
in so doing the notion of a symmetry is rendered redundant as a tool for metaphysical theorising about
scientific theories—does not apply. Our central concern regarding Ismael and van Fraassen’s account
will, rather, centre upon their distinction between the qualitative and the measurable—see below.
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A second concern regarding this account is the following. Given Ismael and
van Fraassen’s explicit admission that “many measurable quantities will be non-
qualitative” [17, p. 376], their account seems to imply that D-preserving transfor-
mations which map measurably distinct, but nevertheless ‘qualitatively indiscernible’,
solutions to one another could plausibly be interpreted as revealing the presence of
superfluous structure. But such a consequence is patently absurd. Now, of course,
the obvious way to remedy this defect in their account would be to connect the pres-
ence of superfluous structure to the existence of unmeasurable quantities—and, in-
deed, we noted above that this is how Ismael and van Fraassen often seem to frame
their view—but then it would seem that the qualitative/nonqualitative distinction
has lost its primary relevance for their account: it would be symmetries that pre-
serve all measurable structure that would be indicative of surplus structure, with the
qualitative /nonqualitative distinction having no substantive role to play (other than,
perhaps, insofar as qualitative quantities help us to ‘get a fix on” what is measurable

according to a given theory).

Our third concern regarding Ismael and van Fraassen’s account is perhaps the
most interesting.” If we agree with Ismael and van Fraassen’s proposal that one can
‘directly observe’ certain quantities, then it would appear to follow almost ineluctably
that such quantities must remain ‘directly observable’ even after a transition to a suc-
cessor theory. The history of physics, however, would seem to suggest a very different
lesson. Thus, for instance, in the transition from Newtonian mechanics to relativity
theory, it is plausible to think that the ‘directly observable” distance between two
physical events transitioned from their spatial distance simpliciter, to their ‘spatial
distance’ relative to a particular frame of reference. The move to a new theory, and a
new associated set of transformations, might well yield the conclusion that quantities
that we previously thought we could straightforwardly and unproblematically detect
are, in fact, not detectable or indeed not real after all. The notion that we ‘directly ob-
serve’ certain quantities simpliciter, then, pace Ismael and van Fraassen, is one that is
extremely difficult, if not impossible, to square with the history of physics. We return

to this matter in §6.

>This point has been noted explicitly by Dasgupta [10, p. 867], while Saunders [28, p. 300] also
appears to make an essentially identical observation.
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Despite these faults, in our view Ismael and van Fraassen latch onto something
important in their epistemic approach to symmetry transformations, and their at-
tempted explanation and justification of IP-based inferences. For we, too, think that
issues to do with observation and, more specifically, detection and measurability are
essential in justifying such inferences. These matters are brought out explicitly in the

remaining sections of this paper.

4 Approach II: Caulton

The basic structure of Caulton’s proposal regarding symmetry transformations is the
following. One begins with the space of DPMs D of one’s theory, with each element
being endowed initially with what we might call a ‘minimal” interpretation: this is
Caulton’s “first phase of the interpretative process” [8, p. 160]. This minimal inter-
pretation fixes a determinate representation relation between each model and the
empirical phenomena. Thus, given this representation relation, one is able to de-
termine which models of one’s theory are empirically distinguishable, or empirically
indistinguishable, solutions, and by the same token one is able to determine which

solutions are compatible with the empirical phenomena so far observed.

This minimal interpretation is, however, entirely non-committal on the issue of
which models represent the same physical state of affairs. Fixing this relation of phys-
ical equivalence among models is the job of Caulton’s “second phase of the interpre-
tative process” [8, p. 160]. To this end, Caulton distinguishes what he calls “analytic
symmetries” from “synthetic symmetries”® [8, §2.3]: the crucial point is that while
synthetic symmetries relate physically distinct solutions of the theory, analytic sym-
metries instead relate solutions that represent the same physical state of affairs.” But
how is one to determine which solutions are related by an analytic symmetry, without

having antecedently determined which quantities of the theory are genuinely real?®

®The obvious analogy here, as Caulton notes, is between analytic and synthetic propositions.

’Caulton’s definition of a “synthetic symmetry” is in fact more nuanced: he distinguishes between
“synthetic symmetries of the first kind” (which fail to leave all genuine physical quantities invariant)
and “synthetic symmetries of the second kind” (which preserve all genuine physical quantities only
for some proper subset of a theory’s solutions) [8, §2.3]. This subtlety need not concern us here.

8Essentially this same problem of “inferential circularity”—to use Dasgupta’s useful label—in de-
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The answer Caulton proposes is straightforward: one should regard as many trans-
formations among the theory’s solution space as analytic as is possible without com-
promising the theory’s (assumed) empirical adequacy. As Caulton concisely puts it,

one should “maximise the analytic symmetries, subject to empirical adequacy” [8, p. 160].

Aninitial worry one might have regarding Caulton’s proposal—one which Caulton
himself raises—is whether it is tantamount to “a form of verificationism” [8, p. 161]:
more specifically, whether it is compatible with a form of realism that is not forcibly
committed to regarding observationally equivalent models as representing the same
physical state of affairs. Such a problem would seem to arise because, if it is indeed a
constitutive feature of the suggested interpretative process that one is to “maximise”
the number of analytic symmetries, subject to the (apparently, sole) condition of em-
pirical adequacy, then it would appear to follow—by interpretative fiat—that one is
unable to make sense of empirically indistinguishable but nevertheless physically
distinct solutions: for the second phase of the interpretative process would appear to
dictate that we must regard all empirically indistinguishable solutions as representing

the same physical state of affairs.

In reflecting on this concern, it is useful to appeal to a distinction drawn in [20],
between interpretational and motivational approaches to symmetries (cf. §2.3). Read
as an interpretationalist, Caulton is claiming that empirically equivalent, symmetry-
related solutions must always be taken to represent the same physical state of affairs.
As noted, this seems to be a straightforward consequence of Caulton’s “second phase
of the interpretative process”: that one should maximise the analytic symmetries of
one’s theory while respecting the theory’s assumed empirical adequacy. According to
a second construal of Caulton’s proposal, however, one is merely inherently motivated
to regard empirically equivalent solutions as representing the same physical state of
affairs, but one is not necessarily committed to—or, indeed, warranted in—regarding

such solutions as being physically equivalent.

On the first construal of Caulton’s account, it appears inescapable that the pro-

posed method will leave one unable to regard solutions that are empirically indis-

termining a given theory’s relevant solution-preserving transformations has been independently noted
by Nozick [21, p.79], Ismael and van Fraassen [17, p. 386], Debs and Redhead [11, p. 66], Swanson and
Halvorson [33, p. 7], and, most perspicaciously, by Dasgupta himself [10, §5.3].
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tinguishable as representing distinct physical possibilities. On the second construal,
on the other hand, it seems easily escapable—but then the second phase of the inter-
pretative process is not correctly described as a process in which one maximises the
“analytic symmetries” of one’s theory: rather, what one is doing during this process
is working out which (empirically equivalent) solutions one may legitimately regard
as representing the same physical situation. Analytic symmetry would therefore not
be the apt term according to this second construal of Caulton’s position: for on this
construal interpretative practice would not in general require that the solutions in

question be regarded as physically equivalent.

To illustrate the distinction between these two possible construals of Caulton’s
proposal, consider Newtonian gravitation theory (NGT) set in Newtonian space-
time. This theory has KPMs picked out by tuples (M, ¢, h*, 0%, p, ¢), where M is
a 4-dimensional differentiable manifold; ¢,, is a temporal ‘metric’ field of signature
(1,0,0,0); h® is a spatial ‘metric’ field of signature (0,1,1,1); o® is a timelike vector
tield the integral curves of which represent the worldlines of the persisting points of
absolute space; and p and ¢ represent the matter density and the gravitational po-
tential field, respectively.” The symmetry group of NGT includes not only transfor-
mations corresponding to time-independent velocity ‘boosts” of solutions” total mat-
ter content, but also transformations corresponding to time-dependent translational
accelerations of such content (so long as the gravitational potential field is also ap-
propriately transformed). Thus, read ‘naively’, the symmetries of this theory include
transformations that map solutions to solutions that represent physically distinct, but
nevertheless empirically indistinguishable, states of affairs in which a given material

system is:

1. Force-free and stationary with respect to absolute space.
2. Force-free and moving at constant absolute velocity.

3. Absolutely accelerating under a gravitational force-field.

Canonical presentations of Newtonian spacetime (e.g. [15, §IIL.1] and [13, §2.5]) take the affine
connection as primitive. We find such presentations unsatisfactory for historical reasons: they threaten
to make the move to Galilean spacetime seem almost trivial, and the associated timelike vector field
superfluous. For more on this point, see [22, §54.4-4.5].
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According to the first construal of Caulton’s proposal (which we take to be his ac-
tual position),'’ we may (and, it seems, should) take all of these mathematically dis-
tinct models as in fact representing the same physical state of affairs. On the second
construal of Caulton’s proposal, however, we are merely motivated to regard all such
models as representing the same physical state of affairs—the motivation arising from
the general Ockhamist principle that, other things being equal, our preferred scientific
theories should not allow for physically distinct but nevertheless empirically equiv-
alent solutions. According to this second construal of Caulton’s position, absent a
metaphysically perspicuous characterisation of the reality underlying the symmetry-
related models in question (as is achieved by moving to e.g. Newton-Cartan theory'?),
we have no choice but to regard such solutions as representing physically distinct

states of affairs.

Thus, there are two distinct ways of understanding Caulton’s ‘analytic symmetries’—
as possessing (i) interpretational, or (ii) merely motivational, force. Setting Caulton’s
own views to one side, which of (i) or (ii) is the more plausible? We incline towards
the latter. There is nothing, after all, obviously absurd about admitting in princi-
ple undetectable facts into one’s ontology; nor is there any obvious reason why we
should always be capable of discovering a theory (or a perspicuous characterisation
of a theory) which explains such solutions” empirical equivalence in terms of their
fundamental physical equivalence; nor is there even any obvious way of guarantee-

ing that there will always be such a theory waiting in logical space to be discovered.

There are also important explanatory matters to consider. For although the New-
tonian who adopts the merely motivational construal of symmetries might indeed be
committed to there being facts beyond one’s epistemic grasp, she nevertheless has
a perfectly good explanation as to why such facts are epistemically inaccessible: they
are inaccessible precisely because the world is in fact truly and accurately represented
by tuples of the form (M, t,, h*®, 0%, p, ¢), and because all any Newtonian observer ul-
timately has direct empirical access to are the instantaneous relative distances and

relative velocities between material entities.'> For such a Newtonian, then, the em-

19Caulton has privately confirmed to us that he subscribes to this view.

HGee [26, §3.2] for detailed discussion of this manoeuvre.

12As Stein notes [30, pp. 156-7], this is a simplification: instantaneous quantities are never directly
empirically accessible. Rather, determining their values is an indirect process, and occurs over a finite
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pirical phenomena underdetermine the genuine physical facts; however, the theory
itself is able to provide a perfectly transparent explanation of the reality behind the

phenomena in terms of which the underdetermination can be understood.

The Newtonian who adopts the interpretational construal of symmetries, how-
ever, would appear to lose this explanatory transparency: she knows that she must
regard the symmetry-related solutions in question as ‘physically equivalent’, but the
reality in terms of which this physical equivalence is to be understood may remain
opaque to her; she is offered no explanation as to how such physical equivalence is to

be construed, or how it could even be said to arise.

Our views in this vicinity also diverge from those of Caulton in another important
respect. To illustrate this difference, it will help to quote Caulton’s own summary of

his account, which comes near the end of his paper: [8, p. 161]

We proceed in two phases. During the first phase we set up representa-
tional links between the theory and the observable portion of the physical
world, under the assumption that the the theory is empirically adequate
(or similar). In the second phase, we maximise the theory’s analytic sym-
metries, taking advantage of the representational links forged in the first
phase so as not to compromise empirical adequacy. The result is an interpre-
tation for the theory that prompts appropriate reform towards a new formalism,
in which the physical properties and relations, including the unobservable ones,

are transparently represented without redundancy. (Our emphasis.)

We disagree with the final, italicised claim in the above. More specifically, we
disagree with the suggestion that all symmetry transformations should be construed

as prompting a reformulation of the relevant physical theory.

It is important to distinguish this claim—that symmetry transformations invari-
ably prompt a mathematical reformulation of the relevant theory—from the ‘motiva-
tional’ view of symmetries discussed (and endorsed) above. According to the motiva-

tional view of symmetries, one is at best only motivated to regard symmetry-related

period of time. In this regard, see also [5-7].
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models as physically equivalent; moreover (and more specifically), one is justified in
regarding such models as physically equivalent only insofar as one is in possession of
a metaphysically perspicuous characterisation of the reality underlying such models.
However—and this is the crucial point to note—we believe that one can, in fact, be
in possession of such a metaphysically perspicuous characterisation of the reality un-
derlying symmetry-related models even in the absence of a mathematical formulation

of the theory which removes the relevant representational redundancy.

When is this the case? We think the answer is straightforward: when such models
are isomorphic, or—equivalently—when they are naturally understood as represent-
ing at most haecceitistically distinct possible worlds. Thus, we claim, neither the time-
independent translational (‘Leibniz shift’) symmetry of NGT, nor the diffeomorphism
invariance of general relativity, by themselves motivate any mathematical reconstrual
of the respective theories. This is because we believe there is a perfectly transpar-
ent, anti-haecceitist way of understanding such models’ representational equivalence
even in the absence of such a mathematical reformulation. This view denies that there
are any primitive, singular (haecceitistic) facts about spacetime points which would
even allow for a coherent distinction between shifted or diffeomorphically-related
scenarios to be drawn; thus, shifted models in NGT, and diffeomorphically-related
models in GR, are understood as representing the same physical state of affairs.'

In sum: Pace Caulton, it is only when symmetry-related models are not isomorphic
that one is prompted to mathematically reformulate the theory in question, such that
the two (distinct) original symmetry-related models of the original theory correspond
(up to isomorphism) to the same model of the new theory, in terms of which the

ontology of the original two models is to be understood.

13In the spacetime context, such a view is known as ‘sophisticated substantivalism’ (for presenta-
tions, see e.g. [3,16,18,28]); a more general such anti-haecceitist view is the ‘moderate structuralism’
of Esfeld and Lam [14]. In recent work, Dasgupta [9] has claimed not to understand sophisticated
substantivalism. We are sceptical as to whether there is anything that can be said that is dialectically
effective against such confessions, other than to note that sophisticated substantivalism is not (to use
Dasgupta’s useful terminology, and as we construe it) a “bare modal” thesis: that is, it is not the “mere
assertion” that worlds cannot differ purely over which spacetime points are playing which qualitative
roles. Rather, such anti-haecceitism is supposed to be a consequence of moderate structuralism. Plausi-
bly, Dasgupta would claim not to understand this modest structuralist view, to which all we can say
in response is that the view seems perfectly clear to us.
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5 Approach III: Dasgupta

Dasgupta, more flat-footedly and straightforwardly than Ismael/van Fraassen and
Caulton, subscribes to the epistemic conception of symmetry transformations, ac-
cording to which symmetries map solutions of a given theory to empirically indistin-
guishable solutions. Unlike Caulton, but like ourselves, he seems to subscribe to the

motivational, rather than the interpretational, construal of symmetries: [10, pp. 853-4]

... [W]e can draw the conclusion of the inference [viz., that a given theory’s
relevantly ‘variant’ quantities are not real] only when we have the alter-
native theory in hand and have shown that all else is equal. This explains
why it was rational for Newton to believe in absolute velocity even though
he knew that it was variant in [NGT] and undetectable. The reason this
was rational for him was that he had no good alternative theory to hand.
He had good reason (his bucket argument) to think that relationalism was
not empirically adequate. And relationalism was the only alternative view
he knew of (he was not aware of Galilean space-time structures in which
there is a well-defined feature of absolute acceleration, as required by his
bucket argument, but no absolute velocity). So for Newton, all else was

not equal and he was rational to believe in absolute velocity.

We believe that this quote indicates Dasgupta’s commitment to motivationalism be-
cause, as the quote makes clear, Dasgupta would appear to agree that symmetries
at most only motivate (but do not invariably legitimate) one to regard symmetry-
related solutions as physically equivalent: for Dasgupta, “all else must be equal” and
we must have “a good alternative theory in hand” before we may legitimately regard
(e.g.) boosted solutions in NGT as physically equivalent. That said, Dasgupta’s view
differs from our own—and concurs with Caulton’s—insofar as he, too, believes that
symmetries invariably motivate a mathematical reformulation of the theory in ques-
tion, in order to eliminate its representational redundancy. As he goes on to write in
a footnote: [10, fn. 23]

There is a lesson here for contemporary structuralists, such as Ladyman
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and Ross (2007, 130), who take the fact that diffeomorphisms are symme-
tries of general relativity to suggest that “[t]here are no things. Structure
is all there is”. For it is not enough to note that individual points of the
manifold are variant features and declare that they are therefore not real.
That would be analogous to Newton declaring that there is no such thing
as absolute velocity without a genuine alternative theory in hand, a move
that we would rightly have regarded with suspicion. To motivate struc-
turalism, one must present a clear theory of the fundamental structure of
the material world without making reference to regions of the manifold,
a theory that does well on other theoretical virtues such as simplicity, ele-
gance, and so on. But contemporary structuralists tend not to present such

a theory.

We concur with Dasgupta’s suggestion that structuralists—insofar as they wish to
dispense with spacetime points qua primitive entities—should be motivated to seek a
mathematical alternative to GR which does not explicitly quantify over points of the
spacetime manifold. We also concur with the suggestion that the diffeomorphism
invariance of GR should motivate us to articulate a clear conception of the reality
supposedly underlying diffeomorphically-related models. However, we do not con-
cur with the suggestion that the mere existence of this symmetry should motivate us
to develop an “alternative theory’—if by ‘alternative theory” one means a formally dis-
tinct theory. The reason for our disagreement is (to repeat) because diffeomorphism-
related models are isomorphic: they represent at most haecceitistically distinct possible
worlds. And, as mentioned above, there is a perfectly transparent way of under-
standing such isomorphic models’ physical equivalence which by no means requires
any mathematical modification or reformulation of GR: namely, by adopting an anti-

haecceitist (‘sophisticated substantivalist’) conception of spacetime points.

It should be noted that this fact by itself does not entail that Dasgupta is not cor-
rectly described as a motivationalist. Rather, we think it is better to describe him as
a motivationalist who does not subscribe to our specific form of motivationalism, as
he has a different conception of what would constitute a “‘metaphysically perspicu-
ous’ characterisation of the reality (or a “clear theory”) in terms of which the phys-

ical equivalence of isomorphic symmetry-related models can be understood: more
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specifically, Dasgupta would not regard sophisticated substantivalism as counting as
a “clear theory” explaining how and why (e.g.) diffeomorphic models in GR can be
identified.

Dasgupta also differs from Caulton and ourselves in another important respect: he
thinks that more needs to be done to explicate properly the notion of ‘empirical indis-
tinguishability” at play in considerations regarding symmetry transformations. He

reasons: [10, pp. 866-7]

Rather than being a primitive relation, it is natural to think that the rela-
tion of observational equivalence holds between two structures in virtue
of their intrinsic properties. So a better definition [of ‘symmetry’] would
identify the intrinsic properties that make for observational equivalence,
and then define a symmetry to be a transformation that (in addition to

preserving the laws) preserves them.

What could these “intrinsic properties that make for observational equivalence”
be? Dasgupta argues that they must not be physical features, for to identify them
as such would be to fall into the trap of “inferential circularity”: that is, of merely
stipulating, without any apparent antecedent justification, that some particular phys-
ical feature must be preserved under a theory’s IP-relevant transformations and then
concluding on that very basis that this (ex hypothesi invariant) feature is genuinely real
(more on this problem in §§6 and 7). Rather, he argues, any satisfactory definition of
the relevant notion of symmetry, and the associated notion of observational equiva-
lence, must be spelled out in what he calls “epistemic terms”: that is, in terms which

ultimately

do not depend on the underlying metaphysics, such that we can be in a
position to know whether two structures are observationally equivalent
prior to knowing anything (via symmetry-to-reality reasoning) about the

metaphysics of our world. [10, p. 867]

Dasgupta then goes on to sketch two ways in which a proper ‘analysis” of the

notion of observational equivalence could go: one in terms of a (suitably rigorised)
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notion of ‘how things look’; the other in terms of the notion of ‘observation sentence’
drawn from Quine [23,24].1* Moreover, although Dasgupta [10, p. 871] is careful to
stress that he does not fully endorse either such ‘analysis’ of observational equiva-
lence (they “are merely ... approximation[s] of what a completed epistemic defini-
tion of symmetry might look like”), he is nevertheless explicit that “the legitimacy of
symmetry-to-reality reasoning depends on our making out some notion of observa-

tional equivalence along these lines.”

It is this latter conclusion with which we disagree. In particular, we do not agree
that the notion of ‘observational equivalence’ must necessarily be amenable to an
analysis of the kind Dasgupta considers in order for IP-style ‘symmetry-to-reality’
reasoning to be justified. For to fail to offer an ‘analysis’ of observational equivalence
in terms of (e.g.) Quinean observation sentences does not seem to be equivalent to
taking the notion of observational equivalence as a “primitive’ or unanalysable rela-
tion. For instance, in the Newtonian context, we know what accounts for the apparent
‘observational equivalence’ of the relevant symmetry-related states of affairs: it is the
fact that they all share the same pattern of instantaneous relative distances and veloc-
ities instantiated by their respective material systems. It is these ‘intrinsic properties’,
coupled with the (as it turns out, false) assumption that all we can (more-or-less)
‘directly observe’ are such instantaneous material distances, from which the noted
observational equivalence may be inferred. One need never resort to any notion of
‘observation sentences’, nor to any rigorised notion of ‘how things look’, in this infer-

ential process: these notions play, at best, a superfluous role."

But is this not equivalent to committing Dasgupta’s noted fallacy of inferential
circularity? We do not believe so (cf. §§6 and 7). The assumption that relative spatial

distances are all that we can truly detect is, after all, defeasible: its implicit assumption

4The basic idea behind Quine’s analysis is that two worlds are empirically equivalent just in case
they assign (‘peg’) the same observation sentences—roughly speaking, those sentences to which a
generic subject will be immediately disposed to assent to or dissent from when appropriately neu-
rally stimulated—to each spacetime point throughout the worlds’ respective histories. The proposal
is variously problematic. (For instance: Does it make sense to assign observation sentences to points
in spacetime, given that human beings are not zero-dimensional objects? Does it make sense to speak
of ‘pegging’ observation sentences to ‘place-times” in which human observers could not survive? And
which particular subject’s assent/dissent to neural stimuli should we take as canonical anyway? Etc.)

50f course, it might be nice to have some such ‘formal’, or suitably rigorised, or ‘mathematicised’,
definition of observation equivalence. Our point is simply that there is no philosophical pressure to
provide such an account.
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of a unique global foliation of the spacetime manifold is dispensed with in relativity
theory. The fact that what we take ourselves to ‘directly detect’ is itself open to revi-
sion on the basis of theoretical innovation is just one aspect of the practice of science,
and of what van Fraassen [34, §3.7] has dubbed the “hermeneutic circle” more gener-

ally.

In other words, theories themselves are ultimately the best guides we have as to
what we take ourselves to observe, and what we take ourselves to observe in turn
provides epistemic support (or refutation) of those same theories. Taking the rele-
vant solution-preserving transformations to invariably map solutions to observation-
ally equivalent solutions, and (defeasibly) taking such observational equivalence to
consist in such solutions’ representing the same instantiation of relative material dis-
tances and velocities, is not simply equivalent to committing the fallacy of inferential
circularity, for the core physical criterion of observational equivalence itself is open to
revision: a new theory (e.g., special relativity) might well end up suggesting a differ-
ent criterion for observational equivalence (e.g., the same pattern of instantiation of
material spatiotemporal intervals) from the theory that preceded it. There is nothing
wrong with each theory suggesting its own criterion for observational equivalence;
what is wrong is to assume that this criterion is not itself open to revision on the basis

of theory.

6 The Invariance Principle

We now sketch how, in our view, a correct account of the IP should proceed. To
keep things concrete, consider again the case of NGT and absolute velocity. NGT
has an associated set D of DPMs. Now, we seem to have very good reason to think
that, for instance, models related by a boost transformation are empirically indistin-
guishable: there is no possible measurement that any observer ‘embedded’ in such
a Newtonian world could perform in order to determine what her absolute velocity
actually is. Absolute velocity, in other words, is a quantity that no Newtonian ob-
server could ever empirically measure. But why do we think this? It is sometimes

claimed (see e.g. [15]) that this is a simple consequence of Newton’s laws: that it
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follows merely from the fact that accelerations are left invariant under the Galilean
transformations that absolute velocity is an undetectable physical quantity. As sev-
eral authors (e.g. [1,4]) have pointed out, however, this is incorrect: in order to derive
the conclusion that absolute velocity is a truly undetectable dynamical quantity one
needs an additional assumption—one which in fact Newton implicitly made in his
derivation of Corollary V in the Principia—namely, that both the inertial and gravi-
tational mass of bodies (and the corresponding forces which act upon them) are in-
dependent of the bodies” absolute state of motion.'® But this assumption is plausibly
still only a necessary, and not a sufficient, condition to guarantee absolute velocity’s
undetectability. One additional (extremely obvious, but nevertheless non-trivial) as-
sumption that needs to be made in order to ensure such undetectability concerns
subjects” internal mental states: namely, that they do not covary in a systematic way
with their absolute motion. That is, one must assume that subjects do not (e.g.) pos-
sess ‘absolute velocity recorders’ in the corners of their visual fields, or indeed any
other devices which would allow them to have direct knowledge of what their own

particular absolute velocity is at any given time."”

These assumptions are, of course, very natural ones to make. Indeed, most theo-
rists writing on these topics appear to make them implicitly. What we wish to empha-
sise here, however, is simply their non-triviality; none of them, after all, follow purely
from ‘the truth” of Newtonian theory alone; if one of them were not to obtain, abso-
lute velocity might well have turned out not to have been an undetectable quantity

after all.

But why do these assumptions feel natural? One thing worth pointing out is that
all of them seem to fit in with our ‘scientific knowledge’ in the broadest sense. We are,
indeed, reasonably confident that forces do not systematically covary with systems’
‘absolute” velocities (as our experiences on trains and aeroplanes, along with more

detailed experiments, will testify); that humans do not, for instance, possess ‘absolute

1®Indeed, this assumption is required in order to ensure that NGT counts as a Galilean (or ‘boost’)
invariant theory in the first place.

7This point in particular is emphasised by Roberts [27, §6]. As he notes, if such knowledge did exist
it would be a very strange kind of knowledge indeed: in particular, it would not be communicable
through standard physical channels. For instance, writing a letter to someone to inform him or her of
what your absolute velocity actually is wouldn’t work, as the relative positions of the ink particles on
the written paper would be preserved in the boosted scenario as well.
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velocity recorders’ in the corners of their visual field; and that no other theory will
eventually allow one to determine such a thing as one’s ‘true” motion with respect to
some privileged inertial frame. It would thus seem to be the case that it is to science
itself, in some very general sense, that we must appeal if we are to determine whether
or not some specific quantity is detectable or not, and to which we must ultimately
defer if we are to justify IP-based metaphysical inferences. In a certain sense, then, we
should—as indicated above—embrace van Fraassen’s hermeneutic circle [34, §3.7]: we

should let science itself be our guide to what we (think we) can detect.

The proposal that we are suggesting here might be summarised as follows. First,
one determines what the superfluous structure-indicating transformations on the so-
lution space of one’s theory actually are by engaging in hermeneutic circle-type rea-
soning: this allows one to determine which models of one’s theory represent empiri-
cally indistinguishable, but nevertheless putatively physically distinct, solutions. Our
proposed epistemic approach to symmetries is then to define two models to be symmetry-related
which bear this relation to one another. Second, one justifies the excision of the superflu-
ous ‘variant’ structure in question by appealing to a mixture of both scientific realism
(i.e., the view that the models of one’s theories should be construed more-or-less lit-
erally) and to Ockham’s razor (i.e., the assumption that, other things equal, it is better
for one’s theory not to allow for physically distinct but empirically indistinguishable

solutions).

Now, of course, in the Newtonian case things are fairly straightforward: working
out which solutions are empirically indistinguishable is relatively easy once we have
determined (by hermeneutic circle-type reasoning) that all that we in fact have empir-
ical access to are the relative positions and velocities that material systems instantiate
with respect to one another. In more complex or heavily mathematicised theories, working
out the empirical content of one’s theory will almost certainly constitute a far less straightfor-
ward task. Nevertheless, we think that the general process of reasoning that applies in
these more complex cases will be the same in all essential respects to the one we are
here suggesting applies in the simpler case of NGT. That is, in the first instance we en-
gage in hermeneutic circle-type reasoning to work out which solutions in D represent
empirically indistinguishable but physically distinct ways for the world to be; and in

the second instance, we seek a novel, superior theory—or a superior interpretation

24



or ‘characterisation” of the original theory—according to which these two solutions
are not only empirically indistinguishable, but represent physically identical states of
affairs: in the case of the ‘variant” quantity of absolute velocity in NGT, for instance,

this will involve moving to Galilean (or, better, Newton-Cartan) spacetime.

This account constitutes an improvement over Ismael and van Fraassen’s own
proposal, insofar as it appears to solve what are arguably its most pressing difficul-
ties. For here there is no distinction between the ‘qualitative” and the “‘measurable’;
moreover, the account does not have the unwanted consequence that measurably dis-
tinct solutions can sometimes be indicative of the presence of superfluous structure;
and furthermore the account would seem to be fully capable of accommodating the
transition from Newtonian physics—in which we “‘directly observe” spatial distances
simpliciter—to relativity theory, in which we only “directly observe” spacetime inter-
vals. This is because on our account the hermeneutic circle serves (as it appears to
have served for van Fraassen [34, §3.7]) an essential dual role: it is not only the means
by which we determine whether two solutions are empirically indistinguishable; but
it also, in a crucial and important sense, informs us of what it is that we think we can

empirically detect.

The account also constitutes an improvement over those of Caulton and Dasgupta;
in the former case, because more explicit detail regarding the “first phase of the inter-
pretative process”—uviz., how two models of the theory in question are to be identi-
fied as empirically equivalent—is provided, and because we explicitly do not commit
ourselves to the interpretational approach to symmetries; in the latter case, because
the identification of two models as being empirically equivalent need not proceed in

terms of notions of ‘how things look’, or ‘observation sentences’.

7 Redundant Epistemic Symmetries

Let us now take a step back, and ask: it is, in fact, appropriate to take an epistemic ap-
proach to symmetry transformations at all? One significant concern regarding epis-

temic definitions of symmetries is the following: they constitute a very poor fit to
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scientific practice—in which symmetries are construed in a formal/ontic sense, prior
to the introduction of notions such as observational equivalence.”® Thus, while a
philosopher might claim that (e.g.) Dasgupta’s reducing in [10] symmetry-to-reality
based reasoning to an Ockhamist norm to excise undetectable structure resolves the
puzzle regarding why one should engage in symmetry-to-reality based reasoning,
there is a sense in which this approach misses the mark—for the puzzle of why physi-
cists” notions of symmetries (which are not stated in epistemic terms) should be in-

volved in symmetry-to-reality based reasoning still remains."

Our issue with the epistemic approach to symmetries, then, is that it appears to
define itself out of a problem. The substantive question to be addressed is: “Why
are symmetries a guide to reality?” The response on the part of the advocate of the
epistemic approach is that we define symmetries in such a way that they are a guide
to reality. But this is reminiscent of (e.g.) Strawson on induction [31, ch. 9] (Question:
“Why is it rational to reason inductively?” Answer: “Because we defined it to be so.”):
giving this answer does not address the question of why symmetries—as the term is
used in physics—are a guide to reality. To do this, one would need to (a) argue that
such symmetries do indeed relate empirically equivalent models, and (b) appeal to
an Ockhamist norm. Following this latter strategy (as we advocate) does not amount
to defining symmetries in such a way that there is no interpretative question, and
makes clear that the central task which must be addressed (on a case-by-case basis)
is arguing why such-and-such symmetries do indeed relate empirically equivalent

models.

Thus, the problems for epistemic approaches are not faced by formal/ontic defini-
tions of symmetries. In this case, an antecedent notion of a symmetry transformation
is presented; if one then discovers (not in this case by definition, but by some sub-
stantive argument—or perhaps the style of reasoning outlined in §6) that symmetry-
related models are empirically equivalent, then one can apply the above-mentioned

Ockhamist norm, to excise variant structure between symmetry-related models, in

80ur thanks to David Wallace for discussion on this point.

YWe don’t deny that physicists might have epistemic motivations for constructing their preferred
definitions of symmetries. In that case, however, the puzzle would persist: how is it that said defi-
nitions of symmetry transformations, which are not epistemic in the sense given in this paper (even
though they be motivated by considerations of detectability, etc.) do indeed come to be involved in
symmetry-to-reality based reasoning?
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line with the IP. In this case, one has discovered something substantial: one has dis-
covered that symmetry-related models—where ‘symmetry” is to be analysed in some
prior terms—should be regarded as being physically equivalent (or at least, for the
advocate of the motivational approach, one is motivated to regard symmetry-related
models as being physically equivalent). By contrast, on epistemic conceptions of sym-
metries, one knows from the outset that symmetry-related models should be regarded
as being physically equivalent (or, again, one is motivated to regard them as being
physically equivalent), but one has learnt nothing substantive about the theory in question

by making this statement.

In light of this, it should be clear that one may define a symmetry in general, epis-
temic terms, as outlined in the previous sections of this paper, but there is a certain
sense in which one gains nothing from doing so. Where does this leave us? Insofar as one
takes this point to be problematic, one might be inclined to return to ontic definitions
of symmetries, such as those outlined by Belot [2, §§4-5]—the fact that in this case an
antecedent definition of a symmetry transformation is given in terms of the formal
structure of the theory in question means that the notion of a symmetry transforma-
tion is not rendered redundant, in the sense outlined above. Should the fact that there
exists no one, univocal, ontic conception of a symmetry be construed as problematic?
In our view, the answer is no—rather, there exist many different notions of symmetry
transformations, each appropriate to different contexts, and some of which may be
involved in symmetry-to-reality based reasoning, if a connection between symme-
try and empirical equivalence can be forged on a case-by-case basis. Thus, our own
opinion on this matter is that one should embrace a plurality of ontic approaches to scientific

theories.?°

Still, anyone proposing a return to ontic definitions of symmetries should tackle

head-on Dasgupta’s “problem of inferential circularity” [10, p. 864]. Recall that this

2One might point out that our own proposed epistemic account of symmetries is as open to the
charge of redundancy as are other epistemic approaches to symmetries. However, to think that this
thereby constitutes a serious problem with the paper’s overall argument is, we think, to misunderstand
the dialectic. To repeat, our purpose in this paper is to: (i) criticise extant epistemic approaches to
symmetries; (ii) propose our own (improved) version of an epistemic approach; (iii) claim that all such
approaches (including our own) are committed to a certain controversial claim (viz., the conceptual
redundancy of ‘symmetry’ and other related notions); and finally (iv) suggest that the obvious and
natural way to avoid such a commitment (should one wish to avoid it!) is to adopt an alternative
(e.g. ontic) approach to symmetries.
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problem is the following: how is one to determine whether any such definition is
correct—in the sense of constituting a genuine ‘guide’ to unreal structure—absent
an antecedent understanding of which features of one’s theories are truly physically
real? Our response to this is twofold. First, one does not need to fix all physical struc-
tures in order to give an ontic definition of a symmetry—rather, one defines a sym-
metry transformation as that which preserves some physical feature F, then identifies
undetectable structure which varies between (empirically equivalent) models which
preserve F, then seeks a new formalism/interpretation in which that undetectable
structure is excised. This requires only specification of some—mnot all—genuine phys-
ical features which must be preserved; and as long as this the case, ontic definitions
of symmetries can be put to work—they are not viciously circular (although, one
might say, they are still partially circular). Second, it is important to note (and, in-
deed, we have already done so above) that the identification of invariant physical
teatures F between certain models of one’s theories is essentially tentative, and relies
on hermeneutic circle-style reasoning. That is, one’s making use of an ontic definition
of symmetries does not require a once-and-for-all demand that feature F be regarded
as physical, and therefore preserved. Thus, contrary to the standard presentation of
the problem of inferential circularity, deployment of ontic approaches to symmetry
transformations does not rely upon an unassailable antecedent grasp of which fea-

tures of our theories are physically real.

8 Close

Epistemic approaches to symmetry transformations are currently a la mode. In this
papet, we have undertaken an in-depth critical analysis of three of the most promi-
nent such accounts, due, respectively, to Ismael and van Fraassen (§3), Caulton (§4),
and Dasgupta (§5). Building on what we take to be problems with those approaches,
we have provided our own account of epistemic symmetries in §6. Having done so,
we have raised in §7 the concern that epistemic approaches to symmetries render
the general notion of a symmetry transformation redundant as a tool for metaphysi-
cal theorising about scientific theories; moreover, they render it at odds with physical

practice. In light of this, we advocate pluralism about symmetry transformations: one
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should take it that there are many different possible definitions of symmetries, not all
of which may be appropriate to every circumstance, but for each of which the dis-
covery that symmetry-related models are empirically equivalent should constitute

an important post facto discovery.
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