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Abstract

The literature on theoretical equivalence in philosophy of physics is replete with physical theo-
ries that look quite different but are purportedly equivalent. Plausibly, there might exist a pair of
equivalent theories that look different insofar as they existentially quantify over different enti-
ties. However, given the preeminence of the quantificational theory of ontological commitment,
which tells us to look to quantified entities to inform ontology, such a pair of theories seems to
be a problem. In this paper, I argue that there is no good way out of the problem, and I reject
the quantificational theory of ontological commitment.

1. Introduction

Philosophers of physics have recently identified pairs of theories that look quite dif-
ferent, but we have good reasons for thinking that they are equivalent in the sense
of saying the same thing about the world (Halvorson, 2012; Barrett and Halvorson,
2016a; Weatherall, 2019). In cases where we have two equivalent formulations of a sin-
gle theory, a scientific realist might ask what ontological commitments are incurred by
accepting one formulation as true. The standard view of ontological commitment tells
us to look to a theory’s formulation to determine its ontological commitments. We are
told that one is ontologically committed to all the entities that are existentially quantified
over in the formulation of the theory one accepts to be true, and one’s total ontological
commitments are given by the existentially quantified entities in all the theories they
accept to be true. In some cases of equivalent formulations, though, the two formula-
tions existentially quantify over different things. However, determining the ontological
commitments of a theory with multiple equivalent formulations in this way leads to
contradiction.

More precisely: there are three plausible claims about equivalence and ontological
commitment that are jointly inconsistent:

Same Ontology. Equivalent theories have the same ontological commitments.

Quantificational Theory. A theory’s ontological commitments are all and only the
entities it existentially quantifies over.
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Different Quantification. It is possible for there to be equivalent theories that existen-
tially quantify over different entities.

The first claim is a principle that is so intuitive that it does not get explicitly discussed. If
ontological commitments are the demands a theory makes on what exists, then equiva-
lent theories—which say the same thing about the world—must say the same thing about
what exists. We should conclude that one of the features of a theory that is preserved
between equivalent formulations is its ontological commitments.

The second claim is the quantificational theory of ontological commitment. It is ubig-
uitous in analytic metaphysics, and metaphysicians of science tend to adopt it wholesale.
The intuition behind the view is something like this: When one accepts a theory that
entails that X's exist, that is just to say that they are ontologically committed to Xs in
virtue of accepting the theory. There is nothing more to ontological commitment than
what your theories say exists. (A more precise statement shortly.)

There are two reasons to accept the third claim. First, there are cases where we have
good reason to think that there are two formulations of the same theory that appeal to
different entities. Rosenstock et al. (2015) present one such case. I give an example in
§3 of two ways of formulating electrostatics that quantify over different entities. The
second reason to accept this claim is that there is no reason to think that the correct stan-
dard of equivalence among physical theories would rule out the possibility of equivalent
formulations of a theory that existentially quantify over different entities. Accordingly,
it seems exceedingly plausible that there could be such formulations of a theory.

These three claims are jointly inconsistent. If a theory’s ontological commitments
are determined by what it existentially quantifies over, and if two equivalent theories
existentially quantify over different entities, then those theories must have different
ontological commitments. But this is inconsistent with equivalence entailing equivalent
ontology. And so on.

The existence of apparently quite different formulations of the same physical theory
presents a problem for any metaphysician of science. My goal in the present paper is to
show that the most plausible claim to reject is the quantificational theory of ontological
commitment. There is no good way to maintain it in the face of equivalent theories that
look quite different. I consider two other ways out of the inconsistent triad and argue
that they are not acceptable for a proponent of the quantificational theory. Finally, in
§6, I very briefly consider what implications my argument has for other theories of
ontological commitment—in particular, neo-Carnapian theories.

In the course of this argument, I will make two assumptions. The first is a broad
strokes methodological naturalism that entails some form of scientific realism. The
question of what our ontological commitments are in cases of equivalent theories is
only tractable if one thinks that we should base ontology on our best scientific theories.
This assumption plays an important role in my argument (in §5). The second is that in
the course of my argument, I am relying on a controversial standard for physical equiva-
lence between theories. I take this to be inessential to the argument, and I will say more
about this shortly (in §3).



Philosophy of Science 3

2. Preliminaries
2.1. The Quantificational Theory of Ontological Commitment

The quantificational theory of ontological commitment claims that a theory’s ontologi-
cal commitments are determined by what is existentially quantified over in the theory.
This theory has roots in Tarski (1936, 1944) and in Quine (1948, 1951a,b). Here I'll lay
out the theory as it is used today, since its influence is extraordinarily widespread.

Conceptually, the ontological commitments of a theory are what must exist in order
for the theory to be true (Rayo, 2007, 428). In the bulk of this paper, I will interpret
‘what must exist’” as applying to which kinds an agent is ontologically committed to (as
opposed to which particular entities). We can understand ‘kind’ in whatever deflationary
or nominalistic way one might want, or in a robust way.

A theory of ontological commitment tells us how to determine what kinds of things
a given theory is committed to. Perhaps the most straightforward way is to say that a
theory’s ontological commitments are those kinds that the theory explicitly references
or quantifies over. This is the guiding intuition behind the quantificational theory.
Following Rayo (2007, 432), the quantificational theory of ontological commitment is
as follows:

Quantification. An agent S is ontologically committed to kind Ks if and only if §
accepts as true some theory 7 that existentially quantifies over Ps, where P is a
predicate term that expresses membership to kind K.

The idea is that, when properly formulated, our theories entail consequences of the
form JxPx, where P is a predicate term that expresses membership to some kind K. In
virtue of accepting such a theory, according to the quantificational view, we are onto-
logically committed to K's. The quantificational theory provides a straightforward route
for “reading off” a theory’s ontological commitments from its formulation by looking to
which things are existentially quantified over.! According to the quantificational theory,
moreover, one’s ontology—the things one thinks exist—is determined entirely by one’s
ontological commitments.

There are three key features of the quantificational theory of commitment. First, the
quantificational theory says that if we accept as true some theory that existentially quan-
tifies over kind K, then we are ontologically committed to Ks. But the other direction
is important to the theory as well. If we are ontologically committed to Ks, then it is in
virtue of accepting as true some theory that existentially quantifies over Ks.> Truth and
ontological commitment go hand in hand.

Second, a defining feature of the quantificational theory is that it permits someone
to use the tools of paraphrase.® The idea is this. Suppose we accept some theory 7 that
existentially quantifies over some kind that we do not wish to ontologically commit to.

'T leave “extrinsic” kinds, like how the kind parent entails the kind child, aside for this paper. Cf. Rayo
(2007, §2.1).

2Cf. Rayo (2007, §2.1) and Bricker (2016, §1).

3The variety of paraphrase I am considering is often called revisionary paraphrase, as opposed to a recon-
ciling paraphrase. Different philosophers use different names for these paraphrases. Metaphysicians use the
compatibilist-incompatibilist phrasing (O’Leary-Hawthorne and Michael, 1996; Korman, 2009; Bagwell,
2021). Philosophers of math call these same strategies hermeneutic and revolutionary paraphrases (Burgess
and Rosen, 1997; Leng, 2005). And some call them reconciling and revisionary (Keller, 2015, 2017).
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Suppose T entailed “There is a hole in a piece of cheese ” (Lewis and Lewis, 1970).
According to the quantificational theory, accepting T ontologically commits to holes.
But we might have metaphysical reasons to think that there are no holes. The quantifi-
cational theory permits us to paraphrase away the unwanted kinds. We can provide a
translation that replaces every consequence of T that existentially quantifies over holes
with one that does not existentially quantify over holes but otherwise does not change
the content of the original consequence. In this way, paraphrases allow one to recapture
all the same “facts” as the original.* We might replace “There is a hole in a piece of
cheese” with “There is a perforation in a piece of cheese.” And we can do the same with
every consequence of T that existentially quantifies over holes. Our new theory T’ no
longer existentially quantifies over holes, but is otherwise unchanged from the original.

I take it that the standard version of the quantificational theory entails that paradigm
paraphrases change a theory’s ontological commitments. Lewis and Lewis (1970) is a
paradigm paraphrase. The fan of perforation says,

Youl, hole evangelist], given a perforated piece of cheese and believing as you do
that it is perforated because it contains immaterial entities called holes, employ an
idiom of existential quantification to say falsely ‘There are holes in it’. Agreeable
fellow that I am, I wish to have a sentence that sounds like yours and that is true
exactly when you falsely suppose your existential quantification over immaterial
things to be true. (Lewis and Lewis, 1970, 206 - 207)

Other paradigm cases include paraphrasing away talk of composite objects in favor of
talk of mereological simples arranged object-wise (van Inwagen, 1990; Merricks, 2001);
talk of fictional characters for talk of according-to-the-fiction (Walton, 1990); and talk
of numbers for talk of as-if-there-were-numbers (Yablo, 1998; Dorr, 2010). I am not
claiming that these paraphrases are successful in the sense that they do recapture all the
relevant facts from the original theories. The success of each of these projects has been
disputed. Rather, I am claiming that according to the standard way of thinking about the
quantificational theory, these paraphrases would succeed in changing one’s ontological
commitments if they are shown to successfully recapture all the relevant facts. As Quine
says, “Paraphrases can enable us to talk very considerably and conveniently about puta-
tive objects without footing the ontological bill. It is a strictly legitimate way of making
theories in which there is less than meets the eye” (Quine, 1969, 101).

The third important feature of the quantificational theory as I discuss it here is it does
not make any distinction between fundamental entities or kinds and non-fundamental
entities or kinds. This is a flat theory of ontological commitment. Drawing distinctions
between the fundamental and non-fundamental provides a straightforward route out of
the inconsistent triad. If one prefers the variety of the quantificational theory that says
one is ontologically committed to the fundamental entities and kinds in their accepted
theories, then they are not a quantificational theorist in my flattened sense, and so not a
target of my present argument.

It is difficult to precisely specify the sense in which a paraphrase captures the same content as the
original. Some philosophers, e.g., van Inwagen (1990, 113), say that the two “describe the same fact”.
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2.2. Two geometries of spacetime

The third claim of my inconsistent triad is that it is possible for there to be equivalent
theories that existentially quantify over different entities. We need to be a little care-
ful when considering cases that are frequently discussed in the equivalence literature.
Consider: Rosenstock et al. (2015) argue that there are formulations of the general the-
ory of relativity where (i) one appeals to spacetime points and the other (apparently)
does not and (ii) the theories are plausibly equivalent. They are categorically equivalent
to one another, which is a standard of equivalence that is a live option in the literature.
The danger with this example is that these theories are not formulated in a first-order
language and thus do not strictly existentially quantify over anything. Instead, all we can
say is that the mathematical representations of these theories invoke different kinds. We
might be able to infer that if we took these two mathematical formalisms and regimented
them into first-order theories, we would then have a pair of theories that are plausibly
equivalent but existentially quantify over different kinds. (After all, supposing the quan-
tificational theorist accepts the general theory of relativity, they will need to regiment it
into a first-order language in order to determine its ontological consequences anyways.)
It will behoove us to have a simpler pair of theories.

A quick word about standards of equivalence. The literature on theoretical equiv-
alence, for much of the past ten years, has been concerned with determining the
conditions under which two theories say the same thing about the physical world. Surely
empirical equivalence is necessary—the two theories cannot make different predictions,
even in principle. On top of that, though, there is much disagreement. Many claim that
beyond empirical equivalence, the mathematical structures of the theories must bear
some particular formal relationship to one another.> All parties agree that our guide
to equivalence ought to be physics: when physicists claim that two theories are equiv-
alent, we should take this seriously (though not uncritically) and examine the formal
relationship that the mathematical structures of the theories bear to one another. By
extrapolating from pairs of theories, philosophers of physics have proposed standards of
equivalence that range from more conservative to more liberal. Conservative standards
deem relatively fewer pairs of theories equivalent, liberal standards deem relatively more
pairs equivalent. The standard trajectory from liberal to conservative goes from categor-
ical equivalence (having their categories of models be equivalent in a precise sense®)
to Morita equivalence’ (defining all the sorts and predicates) to definitional equivalence
(defining all the predicates) to model isomorphism (having the same internal structure
within models) to logical equivalence (having the same consequences).®

SFor some pushback against the formal criteria, see, e.g., Wilhelm (2021).

6See Mac Lane (1998, 93).

7Placed at roughly the same liberality as Morita equivalence is bi-interpretability. It is an open question
whether these two standards are functionally equivalent, whether they deliver the same verdict on physical
theories. See Button and Walsh (2018, 113 - 114) and Halvorson (2025).

81n order, see first Rosenstock et al. (2015), second Barrett and Halvorson (2016a), third Glymour (1971,
1977, 1980), fourth North (2009); Curiel (2014) (though the terminology comes from Halvorson (2012,
187)), and there are no philosophers that explicitly endorse logical equivalence as the only condition under
which theories can be equivalent, but some remarks by Sider (2009) and van Inwagen (2009) indicate
affinity for something like a logical equivalence criterion. North (2021, Ch. 6) later rejects the model
isomorphism criterion.
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Here, I am not neutral in the debate over equivalence. One of my claims relies on
equivalent theories that quantify over different things. Plausibly, if we adopt one of
the conservative standards of equivalence (model isomorphism or logical equivalence),
there are no such theories. Accordingly, I am assuming that the proper standard of equiv-
alence lies on the liberal side of definitional equivalence. But whichever of those liberal
standards one endorses, there are instances where two theories are deemed equivalent
but apparently existentially quantify over different entities.

Let’s provide our toy theories. These are taken from Barrett and Halvorson (2017)
(and before them Hilbert (1930)), but here we interpret them as physical theories—not
merely mathematical theories—at the brief suggestion by Barrett and Halvorson (2017,
1055). Let T, be a theory of the geometry of spacetime that only existentially quanti-
fies with the predicate ‘is a spacetime point’. I’ll sometimes drop the term ‘spacetime’,
though keep in mind that we are considering physical theories of the geometry of space-
time, not pure mathematical theories. Interestingly, 7, can intuitively capture any result
about the geometry of spacetime that appeals to lines. The idea is that when one is
tempted to speak of a line, they can instead speak of two distinct points. To do this,
T, avails itself of a primitive three-place colinearity predicate. Three spacetime points
are colinear when, intuitively, they lie on the same line—though, of course, 7,, does not
have the conceptual resources to talk of points lying on a line. Consider, for example,
Playfair’s axiom, which in common parlance says the following: Given a point p and
a line x that p does not lie on, there is a line y that p lies on which is parallel to x, in
the sense that no point lies on both lines x and y. On T}, Playfair’s axiom can be cap-
tured like this: Given three spacetime points p, q, and r that are not colinear, there is
a spacetime point s such that if some other spacetime point is colinear with p and s,
then it is not colinear with q and r. Though slightly more cumbersome, Playfair, con-
tains the same relevant content as its ordinary counterpart. In this way, all theorems of
affine plane geometry of spacetime can be formulated as 7,, which only existentially
quantifies over spacetime points.

Let T; be a theory of the geometry of spacetime whose only existential quantification
is with the predicate ‘is a spacetime line’. 7; can also capture any result about the geome-
try of spacetime that appeals to points. Any time one is tempted to speak of a point, they
can instead speak of two intersecting lines. Again, to do this, 7; will appeal to a primitive
three-place compunctuality predicate, which is intuitively when three lines intersect at
the same point. We can state Playfair’s axiom using the language of T;: Given three lines
w, X, and z that are not compunctual, there is a line y that is compunctual with w and z
and does not intersect x. Using similar strategies as above, one can show that 7}, can be
formulated using only the resources of spacetime lines in 7;.

It is plausible that 7, and T; are physically equivalent in the sense that they say all the
same things about the physical world. This is because the two theories are interdefinable
(in a precise sense): everything that can be said in one can be rendered, without loss, in
the voice of the other. If we properly formulate 7, and 7; in a language, we would see
that each can explicitly define the other’s non-logical vocabulary and can be conserva-
tively extended to introduce new sorts that are built from its own. Once these explicit
definitions and sort-adding declarations are added on both sides, the resulting theories
are definitionally equivalent (Barrett and Halvorson, 2017). More formally, 7, and 7; are
Morita equivalent (Barrett and Halvorson, 2016b). Morita equivalence is a generalized
version of definitional equivalence (often called “generalized definitional equivalence”;
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see Weatherall (2021, 429)). Definitional equivalence obtains when each theory pro-
vides explicit definitions of the other’s non-logical symbols—Ilike its predicates— and,
after adding these, the theories are logically equivalent; intuitively, it is sameness up to
choice of notation. Morita equivalence permits the logical reconstruction of sorts and
then asks for definitional equivalence after those extensions. On that standard, 7, and 7;
are Morita equivalent but not definitionally equivalent.

As some philosophers of physics have argued, it is plausible to think that if two phys-
ical theories are Morita equivalent (and empirically equivalent), then they are physically
equivalent.® So, we have a pair of physically equivalent theories T, and T; that seem
to existentially quantify over entirely different kinds; the former spacetime points, the
latter spacetime lines.

2.3. The Inconsistent Triad

What I have done is provide a case where there are two candidate theories of the
geometry of spacetime that are equivalent and existentially quantify over different
entities. The inconsistent triad from above now has an instance:

Same Ontology. Equivalent theories have the same ontological commitments.

Quantificational Theory. A theory’s ontological commitments are all and only the
entities it existentially quantifies over.

Different Quantificationy. 7, and 7; are equivalent and existentially quantify over
different entities.

Again, these three claims are jointly inconsistent. Since T}, (apparently) existentially
quantifies over points but not lines, it is committed to points (but not lines). And 7;
(apparently) quantifies over lines but not points, and so is not committed to points (but
is committed to lines). But since 7, and 7; are equivalent, and equivalent theories have
the same ontological commitments, 7, is ontologically committed to points but also is
not ontologically committed to points. This is a contradiction. Something must go.

I think rejecting Same Ontology is a non-starter. This claim follows from reflecting
on the nature of equivalence. Two theories are equivalent when they say the same thing
about the world. For any contentful question regarding how the world is, the two theories
will say the same thing. The question of ontology is one such contentful question. So
equivalent theories necessarily will provide the same answer.

This leaves us with two options: reject the quantificational theory of ontological
commitment or the claim that 7, and 7; are equivalent but existentially quantify over
different entities.

Some philosophers of physics have shown a way for rejecting the latter. We might
say that T}, and 7; do not quantify over different things (Barrett and Halvorson, 2017),
or we might say that 7,, and 7; are not equivalent in the way that determines ontology
(North, 2021). I will show that each of these ways out of the inconsistent triad comes
with high costs for a proponent of the quantificational theory. (To be clear, Barrett and
Halvorson and North do not incur these costs, but a quantificational theorist who uses
their strategies would.) It is important to remember that this is a conceptual puzzle for

9See Barrett and Halvorson (2016b).
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the proponent of the quantificational theory. Because of this, simply rejecting Different
Quantificationr is not a complete response. A quantificational theorist must also give
a story for how we determine the ontological commitments of theories like 7, and
Ti—theories for which the quantificational theorist maintains are all but ontologically
equivalent.

In the end, I think the most plausible claim to reject is the quantificational theory.
My arguments are not likely to sway a quantificational theorist, but it is important to
show the costs of accepting such a theory in the face of developments in philosophy of
physics.

3. A wrinkle about liberal standards of equivalence

Before we can try to resolve the inconsistent triad, it seems there is a prior problem for
the quantificational theorist in accepting the “very liberal” standards of equivalence like
categorical equivalence or Morita equivalence (or bi-interpretability). Here’s why: when
two theories are, e.g., Morita equivalent, their domains of quantification can look radi-
cally different from one another. As one example, theories that are equivalent according
to these very liberal standards can seemingly disagree about cardinality. In our present
case, there is a model of 7}, and 7; where T}, says there are five things and 7; says there
are six things (Barrett and Halvorson, 2017, 1045). Thus, there are theories deemed
equivalent on the liberal standards of equivalence where there is not a stable domain of
quantification. Does the theory say, of this model, that there are five things or six things?
It seems like these theories deeply disagree about ontology, and perhaps that means that
Same Ontology is inconsistent with a very liberal standard; equivalent theories might not
have the same ontological commitments. So, if a quantificational theorist adopts a liberal
standard of equivalence, they must explain how theories can have the same ontological
commitments where there is seemingly not a stable domain of quantification.

Let’s look at three ways out. First, the liberal quantificational theorist might adjust
the statement of the quantificational theory by saying that in such cases as 7}, and 7;,
the ontological commitments are those entities that are quantified over in the common
“Morita extension” of the theories. That is, when we affirm that 7, and 7; are Morita
equivalent, we mean that in the larger language that defines all the predicates and sorts
of each theory, the two are logically equivalent. The current proposal is that we just look
to the quantified entities in this more expansive formulation. In the Morita extension in
which 7}, and T; are logically equivalent, both points and lines are quantified over, and
thus the ontological commitments are both spacetime points and spacetime lines, and
we have recovered a stable domain of quantification. The problem with this proposal is
that it is trivial to create more conservative Morita extensions (Barrett and Halvorson,
2016b, 563 - 564). For instance, we can construct the sort parallels from pairs of non-
intersecting lines, or the sort triangles from every triple of non-colinear points. Thus,
we could prove that there is a common Morita extension of 7, and 7; that quantifies
over points, lines, parallels, and triangles. And this process can iterate infinitely. Thus,
since further Morita extensions are cheap to produce, the move to common extension
does not stabilize the domain. We can easily construct new sorts.

The second proposal swings in the other direction, proposing that the ontological
commitments of such theories are the entities that appear in the domains of all equiva-
lent formulations of the theory. That is, the entities that are invariant among the different
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formulations. While this serves to stabilize the domain, it reduces the ontological com-
mitments of theories to the point of absurdity. If we take this proposal, then T}, has no
ontological commitments, since it is equivalent to a formulation 7; that shares no primi-
tive unary predicates. T;, doesn’t talk about lines, and 7; doesn’t talk about points. There
are no shared entities, and thus no ontological commitments, and I take this to be an
intolerable consequence.

The third proposal is to deny that we have reason to believe there is an unstable
domain of quantification in the case of 7}, and 7;. In particular, the liberal quantificational
theorist might say that, in the case of ontologically committing theories, there is no top
sort of “things” such that two theories can disagree about how many things there are.
Instead, the only questions one can ask are kind-specific (or sort-specific): how many
points, how many lines. In this way, T,, might say of a particular model that there are
five points, and 7; might say that of that same model that there are six lines. But this is
not to say that there is some deep disagreement over ontology. Or, more precisely, we
might deny that we have reason to believe that there is some deep disagreement over
ontology. Just because the domains of equivalent theories have different cardinalities,
we cannot conclude that there is no stable domain of quantification. Instead, it might be
that we just have different ways of describing the same domain. We are reminded here
of Frege’s claim that asking “How many” for a deck of cards is incomplete; we must
ask how many suits (4), how many card faces (13), how many cards (52), or how many
decks (1) (Frege, 1884/1950, §22). And the difference between these numbers is not
evidence for there being an unstable domain of quantification.

I think one who is sympathetic to the quantificational theory of ontological com-
mitment and to a very liberal standard of equivalence is likely also drawn to this third
strategy (and perhaps forced to it as well). Thus, the tension has been resolved for the
quantificational theorist who also accepts a standard of equivalence more liberal than
definitional equivalence.

You might think that this is all evidence that we should not adopt standards of equiv-
alence where equivalent formulations can (even seemingly) deeply disagree about the
domain of quantification. Instead, perhaps, we should think that there are no pairs of
equivalent theories that are, e.g., Morita equivalent but not definitionally equivalent. So,
maybe the line is at definitional equivalence, a liberal but not very liberal standard. This
raises difficult questions about how to determine the correct standard of equivalence, and
whether considerations like these should count—or whether it should only be scientific
practice that adjudicates standards of equivalence.

If someone does not accept, then, that 7}, and 7; are equivalent formulations, then
they might think they can simply reject my argument. This is not so. There are not just
Morita equivalent theories that quantify over different entities, but also definitionally
equivalent theories that quantify over different entities. We can see this with relatively
simple examples.

Consider two ways of describing an electrical network. One formulation, call it Ty,
assigns a potential value to each node and states the usual electrostatics laws in that lan-
guage. A second formulation, call it g, assigns an electric field value to each edge (wire)
and states the corresponding divergence and “zero curl” constraints. These presentations
differ in what they treat as basic kinds (nodes vs. edges), and so they apparently quantify
over different things. Even so, there is a straightforward translation in both directions:
from node-potentials you immediately get edge-values (each wire’s value is fixed by its
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two endpoints); and from edge-values you can reconstruct the node-potentials once you
choose a reference node. These facts are standard in textbook treatments of electrody-
namics (see, e.g., Griffiths (2017, §§2.2.4-2.3.3), Purcell and Morin (2013, §§2.1-2.2),
and Jackson (1998, §1.5).) We can provide these translations as explicit definitions, and
once added to the theories, they entail the same sentences. Thus, prior to a formalization
and a proof, we have good reason to believe that Ty and Tg are definitionally equivalent,
even though they quantify over different entities.

What this means is that even if one wishes to reject Morita equivalence (or any more
liberal standard of equivalence)'” and thus reject that T}, and T; are physically equivalent,
they still must contend with theories that are definitionally equivalent and yet apparently
quantify over different things.

To finish smoothing out this wrinkle: we have shown that a quantificational the-
orist can consistently adopt a very liberal standard of equivalence and also accept
Same Ontology, so long as they reject kind-less ontological questions. The incon-
sistent triad remains. We’ve shown too that adopting a liberal (but not very liberal)
standard of equivalence, like definitional equivalence, also begets the inconsistent triad.
Thus, the proponent of the quantificational theory must find a way to reject Different
Quantificationy.

4. Proposal: No Different Quantification

To reject Different Quantificationy, we can reject either of its conjuncts. There is a
natural way to reject the claim that 7, and 7; existentially quantify over different entities.
Consider Barrett and Halvorson:

The two theories allow one to “quantify over” precisely the same things; they sim-
ply use different languages to do so...Indeed, if one is inclined to think that the
ontological commitments of a theory can be “read off” from what the theory quan-
tifies over, then [7},] and [7;] make precisely the same ontological commitments.
(Barrett and Halvorson, 2017, 1059)ll

Barrett and Halvorson are saying that because 7;, and 7; are Morita equivalent, there’s a
sense in which there’s no real difference between a theory that quantifies over spacetime
points rather than spacetime lines. Spacetime points are “logical constructs” of space-
time lines, and vice versa—more precisely, points can be constructed by equivalence
classes of pairs of nonparallel lines (Halvorson 2021: 275).

Precisely how does this strategy reject Different Quantificationy? The idea is that
the predicates of 7}, can be fully captured by quantifying over spacetime lines (or
equivalence classes of spacetime lines). So, the fact that 7, employs the predicate ‘is
a spacetime point’ is not sufficient to infer that T}, existentially quantifies over the kind
spacetime point—for it may existentially quantify over spacetime lines. Just because a

10We need to be careful how we interpret these claims. Any pair of theories that is definitionally equivalent
is also straightforwardly Morita equivalent. Definitional equivalence is a limiting case of Morita equivalence
where the two theories have the same sorts. Similarly, logical equivalence entails definitional equivalence.
So when I say ‘if one wishes to reject Morita equivalence’, I mean someone who wishes to say that there
are no equivalent formulations of a theory that are Morita equivalent but not definitionally equivalent.
!See also Dewar (2019a,b, 2023).
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theory employs a particular predicate, that’s not enough to show that that theory existen-
tially quantifies over that kind. Barrett and Halvorson’s strategy entails quantificational
opacity: the predicates of a language do not transparently point to kinds. Thus, we do
not have sufficient reason to believe that 7;, and 7; existentially quantify over different
entities, and can safely reject Different Quantificationy.

The second desideratum on a response is to say what the ontological commitments
of such theories are. For Barrett and Halvorson, the ontological commitments of 7, are
clearly stated: either spacetime points or spacetime lines, and which kind is underdeter-
mined by the content of the theory. There is not one unique way the world must be in
order for T, (and T;) to be true.

I think, though, that an adherent of the quantificational theory shouldn’t pursue
Barrett and Halvorson’s strategy. This is because it undercuts paraphrase. A major fea-
ture of the quantificational theory is that paradigm cases of paraphrase, if successful,
change one’s ontological commitments.

To show this, let’s take a closer look at our two theories of cheese and their purported
holes. We will properly formulate a toy version of these theories. Consider the signature
Y ={p,q, r}, where p is the predicate ‘x is a piece of cheese’, ¢ is the predicate ‘x is a
hole’, and r is the binary predicate ‘x is in y’; and the signature ¥’ = {p, s, r}, where p
is the predicate ‘x is a piece of cheese’, s is the predicate ‘x is a perforation’, and r is the
binary predicate ‘x is in y’. Let T and T’ be the - and ¥'-theories defined by

T = {3x3y(p(x) Aq(y) Ar(y,x))} T" = {3x3y(p(x) As(y) Ar(y,x)}

T and T' are definitionally equivalent (and thus they are also Morita equivalent). It is
very simple to construct a shared definitional extension for these theories by adding the
following axioms to T and to T’ respectively:

Os: Vx(g(x) < s(x))
Or:Vx(s(x) < g(x))

The definitional extension of 7 to T that is generated by adding 8s to T, and the defini-
tional extension of T’ to T'* that is generated by adding 67 to T’, are straightforwardly
logically equivalent theories. This entails that 7 and T’ are definitionally equivalent
theories.

Now surely the claims we accept about cheese and holes are much more complicated
than T suggests, which only tells us that there is a piece of cheese and it has a hole
in it. However, the promise of a paraphrase is that we can provide general rules for
replacing consequences that entail that there are holes. So long as there is a one-to-one
correspondence between holes and perforations, each instance of paraphrase will match
what is happening with 7 and T". Indeed, paraphrases are often given by presenting a
“replacement definition” of the bad entity in terms of good entities. As van Inwagen
says about his paraphrases of object talk into things arranged object-wise talk,

The main logical feature that unites [my] paraphrases and separates them from
the original is that, where the original ... contains ordinary predicates like ‘x
is a table’, the paraphrases contain variably polyadic predicates like ‘the xs are
arranged tablewise’. (van Inwagen, 1990, 111)
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Here van Inwagen notes that the feature that differentiates his paraphrase from the
original theory is the replacement of one predicate with another. Accordingly, many
paradigm examples of paraphrase in fact look like T and 7', silly as those theories
seem.

If one adheres to Barrett and Halvorson’s strategy, then there is no difference between
theories formulated using the predicate ‘is a table’ and the predicate ‘are simples
arranged table-wise’. This means that there is no ontological difference between these
theories. Accordingly, it is not the case that 7/ has different ontological commitments
than 7. One does not remove commitment to holes by accepting 7" rather than 7.

I think this is too much for most proponents of the quantificational theorist to give
up. Paraphrase is a ubiquitous strategy in analytic metaphysics, and this way out of
the inconsistent triad wholly nullifies it. There are many cases where one provides a
paraphrase by replacing one theory with another that is straightforwardly definitionally
equivalent. And according to this strategy, paraphrase does not change one’s ontological
commitments.

Here’s another way to see the problem. Providing an easily-recoverable eliminating
definition of some kind of entity is usually seen as a good-making feature of a para-
phrase. When one provides a general paraphrase strategy, they propose to replace all
instances of quantification over Bs—the bad entities—in favor of quantification over
Gs—the good entities. To do this, they provide a translation rule of Bs in terms of
Gs and the properties of Gs. Often, these translations are easily seen as going both
ways—we can not only translate Bs into Gs, but we can translate Gs back into Bs. For
instance, when van Inwagen (1990) tells us to replace all instances of ‘table’ with ‘sim-
ples arranged table-wise’, we can easily recover the original theory by replacing all
instances of ‘simples arranged table-wise’ with ‘table’. It is plausible, then, that these
paradigm instances of paraphrase are cases where one has replaced one theory with a
definitionally equivalent one. If so, then the proponent of the present strategy is forced
to say that paraphrase does not change one’s ontological commitments. If one is to be
follow Barrett and Halvorson’s strategy, where definitionally equivalent theories do not
quantify over different entities, then successful paraphrases do not change ontological
commitment. (I suspect that this result is welcomed by Barrett and Halvorson.) And this
is a high cost for the quantificational theorist.

To be clear, this is not to say that all paradigm instances of paraphrase are ones where
one is offering a definitionally equivalent alternative. In particular, if one provides a
definition of the Bs in terms of the Gs such that the original theory is not recoverable
(up to logical equivalence) from the one formulated in terms of the Gs, then we do not
have definitionally equivalent theories.

5. Proposal: No Equivalence

Another way out of the inconsistent triad is to agree that 7,, and 7; are intimately related
but not fully equivalent. Then we might have reason to prefer one over the other, and
inform our ontology with the preferred one. I think this preference strategy, when con-
joined with the quantificational theory of ontological commitment, is in tension with
methodological naturalism.
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The preference strategy walks a thin line. On the one hand, it must—in line with a
broad-strokes naturalism—respect that two theories might be equivalent in some impor-
tant sense. But on the other, it must identify a metaphysical difference between them.
North (2021) advocates for the preference strategy (though she rejects the quantifi-
cational theory as written'?). She says that the two theories can be “informationally
equivalent” while still being “metaphysically inequivalent”. Theories are information-
ally equivalent when they are deemed equivalent by the “proper” formal standard of
equivalence, whatever that turns out to be. Informationally equivalent theories can
recover the same scientific facts as each other, but they might still have metaphysically
significant differences.

A strategy for identifying metaphysical differences between informationally equiva-
lent theories has to do with the way content is presented. One formulation of a theory
might be more perspicuous than another, in the sense that it “more directly gets at the
true nature of physical reality” (North, 2021, 7). The most sustained defense of per-
spicuity in adjudicating between informationally equivalent theories comes from North
(2021, Ch. 2, Ch. 6).'3 Other ways of identifying metaphysical differences between such
theories are intrinsicality (Field, 1980/2016, 29) and fundamentality (Sider, 2020, Ch.
5).

The Preference strategy rejects Different Quantificationy by claiming that infor-
mational equivalence (the story I told in §2.2) is not enough for full equivalence. In
addition, the theories must be metaphysically equivalent. So, while 7}, and 7; are infor-
mationally equivalent, they are not metaphysically equivalent. They “present different
pictures of the physical world” (North, 2021, 213).

As we noted above, it is not enough that one rejects a claim of the triad. A solution
must also say what our ontological commitments are in accepting theories that look quite
different but we have good reason for thinking are in some sense equivalent. The Preferer
must first find a way to non-arbitrarily prefer one of two informationally equivalent
formulations using some metaphysical principle. This is not a simple task, but let’s
assume it gets accomplished. Then, the Preferer has a simple way to determine one’s
ontological commitments: commit to the entities that are existentially quantified over in
the preferred formulation. If there is reason for thinking that 7}, is preferable in some
respect, then we may say that the ontological commitments of accepting a spacetime
geometry are just spacetime points.

My objection to the Preference strategy is that it is inconsistent with a reasonable
principle of methodological naturalism (or ‘naturalism’). Naturalism is famously diffi-
cult to define, but it means roughly that we should do philosophy in the way of science.'*
Recall that the Preferer already accepts some form of naturalism; the determination
that two physical theories are even informationally equivalent comes from embracing
physics, not philosophy, as informing what a theory’s content is. As I will argue, it is up
to the Preferer to tell us how they are consistent with naturalism.

12She explicitly argues that a theory can be ontologically committed to something even if it does not
quantify over it. (North, 2021, 57 - 58).

13Cf. Wallace and Timpson (2010, 702). For discussion, see Le Bihan and Read (2018); Dewar (2019a);
Martens and Read (2020); Jacobs (2022); Hunt et al. (2023).

14See Emery (2023, 10).
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The basic idea behind this principle is that we should trust when scientists are
evaluating the strength of their evidence in the context of theory choice. As a prac-
tice, science will not regularly infer the truth of some theory for which we do not
have sufficient evidence. Here I am not only talking about empirical evidence, but
also the non-empirical virtues that scientists appeal to like simplicity, elegance, etc.
Accordingly, I propose we adopt the following naturalist principle about theory choice:

Deference. We ought to defer to the practices of science regarding the extent to which
evidence can adjudicate between physical theories.

Deference is relatively innocuous. It does not tell us to defer to scientists in determining
metaphysics nor to only inform our metaphysics using scientific theories (cf. Ladyman
et al. (2007)). Instead, it says that science is quite good at determining whether, and to
what extent, its evidence supports some theory. If science cannot distinguish between
two physical theories, philosophers should not see a difference between those two
theories either. Deference does not entail deferring to the pronouncements of actual
scientists. Rather, we take it to mean that we should take as authoritative the prac-
tices of scientists in adjudicating between theories. For instance, though Heisenberg
and Schrodinger asserted their matrix and wave quantum mechanics were inequivalent,
in fact they are mathematically equivalent; Deference tells us to look to mathematical
practice, not scientific pronouncement, for whether they are distinct.
One corollary of Deference is this:

No adjudication. If two theories are physically equivalent according to some standard
that arises out of the practices of science, then scientific evidence cannot adjudicate
between those theories.

The idea here is that because science is good at adjudicating its evidence, and because
it has not adjudicated between theories that bear some standard of physical equivalence,
if some pair of theories is equivalent according to that standard, then our scientific evi-
dence cannot adjudicate between those theories. Once again, ‘scientific evidence’ does
not mean merely empirical evidence, but the sum total of scientific evidence. We can for-
mulate No adjudication as a maxim: Do not see a physical difference between theories
where science would not see a difference between those theories.

I argue that the Preference strategy is inconsistent with Deference. Let us first remind
ourselves that according to the quantificational theory, ontological commitment covaries
with accepting some theory as true. That is, one is ontologically committed to some kind
if and only if that agent accepts as true some theory that existentially quantifies over that
kind. And this is meant to be a conceptual truth. As Rayo says, “for a sentence to carry
[ontological] commitment to Fs is for the sentence’s truth to demand of the world that
it contain Fs” (Rayo, 2007, 428).!15 What ontological commitment is is a matter of the
entities that must exist in order for a theory to be true. Accordingly, it is incoherent to
be ontologically committed to some kind without accepting as true some theory that
requires of the world that there are entities of that kind.

The Preferer is committed to three things. First, that 7, and 7; are informationally
equivalent. They accept, on the basis of their naturalistic commitments, that physicists

15See also Bricker (2016).
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would (or should) not distinguish between them based on what each can say about
the world. Second, that are ontologically committed to only—say—spacetime points
in virtue of finding some way to prefer 7, over 7;. And, third, they are not ontologically
committed to spacetime lines (since the two theories are not fully equivalent). But the
connection between ontological commitment and truth entails that this Preferer accepts
T, as true but does not accept T; as true. At this point, the Preferer runs afoul of the
principle of deference.

The principle of deference tells us that when we are faced with deciding between
two physical theories, we should trust scientists when they say they do not have enough
evidence to adjudicate between those two theories. In particular, when we are faced with
a case where scientists will (or do) take two theories as being physically equivalent,
we should not think that we are in a better position to determine which is true than the
scientists are. And this is the condition that the Preferer violates. They accept as true one
of the two equivalent formulations of some theory in virtue of ontologically committing
to the kinds of that formulation. In doing this, they supersede the authority of scientists’
ability to adjudicate between theories.

A common refrain at this point is to say “So much the worse for science! This is
exactly why we need to appeal to distinctively metaphysical considerations, since sci-
ence by itself cannot distinguish between physically equivalent theories.” Fair enough. I
am fully convinced of the need of a metaphysics of science, and not merely an account-
ing of what science says there is. Our best scientific theories are not metaphysically
neutral, but nor is it entirely transparent what they commit us to. In the context of the
principle of Deference, the point is not to delineate science from non-science, but rather
to hold ourselves to the standards we agree to: our guide to metaphysics of science ought
to be science. Deference seems faithful to scientific practice, and the Preferer needs to
show precisely how they are not running afoul of methodological naturalism.

6. Expanding the scope

So far, this argument has been targeted at the quantificational theorist who thinks that
the kinds that we are committed to are transparently appealed to within formulations of
a theory. But there are other, more deflationary views of ontological commitment that
are also in the scope of my argument. Suppose someone was not excited by any talk
of kinds, even of a deflationary variety where kinds are sets of possible and impossible
worlds (Nolan, 2013). For example, suppose they were a neo-Carnapian (like Hirsch
(2010) or Thomasson (2007)) who thinks that ontological questions follow more-or-less
trivially once we have picked a linguistic framework. Ontological commitments, then,
are not mysterious answers to substantive questions.

If one accepts a neo-Carnapian metaontology and a liberal standard of equivalence,
we are forced back to a version of the argument. What a theory’s ontological com-
mitments are is a consequence of what linguistic framework we decide upon—which
linguistic tools we “appeal” to. But T}, and 7; tell us that theories within different linguis-
tic frameworks can be equivalent and appeal to different things, and thus have apparently
different ontological commitments. Additionally, neo-Carnapians think that changing
the linguistic framework within which we describe something doesn’t make some gen-
uine change in ontological commitments. If two formulations are genuinely equivalent
as theories, then differences that arise from redescription do not lead to differences in
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ontology. This means there are analogues of the three claims of the inconsistent triad for
deflationary theories of ontological commitment, and we are forced to reject one.

Examining all the ways that one might push back against the revised version of the
triad would take us far afield. I think the best path forward is to attempt to reject the
deflationary analogue to Different Quantificationr. One might claim that these theories
are not both (i) equivalent and (ii) appeal to different entities (in the neo-Carnapian sense
of appeal). And there are some difficulties here that might force one to uncomfortable
consequences even if they find a way out of the triad.'6

The broader point is this: once we accept that we can have equivalent formulations of
a theory that look quite different, any theory of ontological commitment that tells us to
look just to the formulation of a theory will have to contend with this conceptual puzzle.

7. Conclusion

There is not a good way to be a quantificational theorist in light of the possibility of
equivalent theories that existentially quantify over different entities. Accordingly, I think
we ought to reject the quantificational theory of ontological commitment.

One might want to salvage something like the quantificational theory. In particular,
one might abandon paraphrase as a practice that can change one’s ontological com-
mitments. This would entail that many of the debates among metaphysicians over the
past century have been merely conventional—over which language to express a theory
in. This revising of historical debates has precedent in philosophy (like Ladyman et al.
(2007), Hirsch (2010), and the logical positivists). But I think it is a route that the fan of
the quantificational theory should avoid.

I think the solution is to abandon the quantificational theory whole cloth. It seems to
me that the underlying problem with the quantificational theory is threefold. First, that
ontology can be “read off” the formulation of a theory. If there is a lesson to be learned, it
is that determining what must exist in order for a theory to be true is a complicated ques-
tion, not answered simply by looking. Second, that a theory’s ontology is equivalent to
its ontological commitments—in the sense that ontological commitments are what must
exist in order for a theory to be true. It seems that, in line with the Preferer, we ought
to distinguish between the ontological picture that is presented by some formulation of
a theory and the ontological requirements it makes of the world. Once we abandon this
part of the quantificational theory, we might think that 7}, presents an ontological picture
of spacetime points, and that 7; presents an ontological picture of spacetime lines, but
think that the ontology required for the theories are the same. Third, and relatedly, we

16Briefly, it is likely that a neo-Carnapian would accept my arguments in §3, that it runs afoul of naturalism
to reject that 7), and T; are equivalent. This is because those of a deflationary disposition usually arrive
at such a position from a deference to naturalism. But what about my argument in §4? Suppose a neo-
Carnapian accepts Morita equivalence as the proper standard of equivalence for physical theories. If so,
they are committed to equivalent theories having different cardinalities, which is prima facie evidence that
those theories genuinely have different ontological commitments. Like in §3, then, the neo-Carnapian is
forced to say that only sorted existence questions are intelligible, and thus say we do not have evidence that
these theories differ in ontological commitments. If this is their strategy, then it is harder to see how one
can reject the claim that these theories appeal to different entities, since all there is to ontological questions
is the sort we’re asking about, and what existence claims follow from the linguistic framework and basic
truths. And it seems like we have different answers in the case of T, and 7;. So it seems that the analogue
to Different Quantificationy has not been adequately rejected.
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might sever the tie between truth and ontology. We might think that two formulations of
a theory, say T,, and 7;, might both be true but have different ontologies. In such a case,
one’s ontology might be informed by which formulation of a theory they prefer without
having to run afoul of the principle of deference. These are difficult and deep ques-
tions about our theories of ontological commitment. And it may be that some extant
alternatives to the quantificational theory already answer them (e.g., Cameron (2008,
2010)). But, as I hope to have shown, we should not think that a theory’s ontological
commitments are all and only the entities it existentially quantifies over.

Acknowledgments

Thanks to Thomas Barrett, Anthony Dardis, Dan Korman, and Jill North. Thanks also
to the audience at the Society for the Metaphysics of Science Conference 2023.

Funding Statement

None.

Declarations

None.

References

Bagwell, J.  N. (2021). Eliminativism and  Evolutionary = Debunking. Ergo 8.
https://doi.org/10.3998/ergo.1154.

Barrett, T. W. and H. Halvorson (2016a). Glymour and Quine on Theoretical Equivalence. Journal of
Philosophical Logic 45(5), 467-483. https://doi.org/10.1007/s10992-015-9372-0.

Barrett, T. W. and H. Halvorson (2016b). Morita equivalence. The Review of Symbolic Logic 9(3), 556-582.
https://doi.org/10.1017/s1755020316000186.

Barrett, T. W. and H. Halvorson (2017). From Geometry to Conceptual Relativity. Erkenntnis 82(5), 1043—
1063. https://doi.org/10.1007/s10670-016-9858-y.

Bricker, P. (2016). Ontological Commitment. In E. N. Zalta (ed.), The Stanford Encyclopedia of Philosophy.
Metaphysics Research Lab, Stanford University, Winter 2016 edition.

Burgess, J. P. and G. Rosen (1997). A Subject With No Object: Strategies for Nominalistic Interpretation of
Mathematics. Clarendon Press, Oxford.

Button, T. and S. P. Walsh (2018). Philosophy and Model Theory. Oxford University Press, Oxford, UK.
https://doi.org/10.1093/0s0/9780198790396.001.0001.

Cameron, R. P. (2008). Truthmakers and ontological commitment: Or how to deal with complex
objects and mathematical ontology without getting into trouble. Philosophical Studies 140(1), 1-18.
https://doi.org/10.1007/s11098-008-9223-3.

Cameron, R. P. (2010). Quantification, Naturalness, and Ontology. In New Waves in Metaphysics, pp. 8-26.
Palgrave Macmillan UK. https://doi.org/10.1057/9780230297425 2.

Curiel, E. (2014). Classical mechanics is Lagrangian; it is not Hamiltonian. The British Journal for the
Philosophy of Science 65(2), 269-321. https://doi.org/10.1093/bjps/axs034.

Dewar, N. (2019a). Sophistication about symmetries. British Journal for the Philosophy of Science 70(2),
485-521. https://doi.org/10.1093/bjps/axx021.

Dewar, N. (2019b). Supervenience, reduction, and translation. Philosophy of Science 86(5), 942-954.
https://doi.org/10.1086/705445.

Dewar, N. (2023). Interpretation and equivalence; or, equivalence and interpretation. Synthese 201(4), 1-24.
https://doi.org/10.1007/s11229-023-04102-9.



18 LeBrun

Dorr, C. (2010). Of numbers and electrons. Proceedings of the Aristotelian Society 110(2pt2), 133-181.
https://doi.org/10.1111/j.1467-9264.2010.00282.x.

Emery, N. (2023). Naturalism Beyond the Limits of Science: How Scientific Methodology
Can and Should Shape Philosophical Theorizing. Oxford University Press, New York, US.
https://doi.org/10.1093/0s0/9780197654101.001.0001.

Field, H. (1980/2016). Science Without Numbers. Oxford University Press, second edition.
https://doi.org/10.1093/acprof:0s0/9780198777915.001.0001.

Frege, G. (1884/1950). The Foundations of Arithmetic. Northwestern University Press, Evanston, Il1.

Glymour, C. (1971). Theoretical realism and theoretical equivalence. In PSA 1970, pp. 275-288. Springer.
https://doi.org/10.1007/978-94-010-3142-4_19.

Glymour, C. (1977). The epistemology of geometry. Noiis 11,227-251. https://doi.org/10.2307/2214764.

Glymour, C. (1980). Theory and Evidence. Princeton University Press. https://doi.org/10.2307/2184677.

Griffiths, D. J. (2017). Introduction to Electrodynamics, fourth edition. Cambridge University Press.
https://doi.org/10.1017/9781009397735.

Halvorson, H. (2012). What Scientific Theories Could Not Be. Philosophy of Science 79(2), 183-206.
https://doi.org/10.1086/664745.

Halvorson, H. (2025). Equivalence: State of play. Slide deck. Available at
https://hanshalvorson.dk/talks/equivalence.pdf.

Hilbert, D. (1930). Grundlagen der Geometrie. Teubner. https://doi.org/10.1007/978-3-322-92726-2.

Hirsch, E. (2010). Quantifier Variance and Realism: Essays in Metaontology. Oxford University Press, New
York, US. https://doi.org/10.1093/acprof:0s0bl/9780199732111.001.0001.

Hunt, J., G. Carcassi, and C. Aidala (2023). Hamiltonian privilege. Forthcoming in Erkenntnis, pp. 1-24.
https://doi.org/10.1007/s10670-023-00708-0.

Jackson, J. D. (1998). Classical Electrodynamics, third edition. Wiley.

Jacobs, C. (2022). [Invariance, intrinsicality and perspicuity. Synthese 200(2), 1-17.
https://doi.org/10.1007/s11229-022-03682-2.

Keller, J. A. (2015). Paraphrase, Semantics, and Ontology. Oxford Studies in Metaphysics 9.
https://doi.org/10.1093/acprof:0s0/9780198729242.003.0006.

Keller, J. A. (2017). Paraphrase and the Symmetry Objection. Australasian Journal of Philosophy 95(2),
365-378. https://doi.org/10.1080/00048402.2016.1168457.

Korman, D. Z. (2009). Eliminativism and the challenge from folk belief. Nois 43(2), 242-264.
https://doi.org/10.1111/j.1468-0068.2009.00705.x.

Ladyman, J., D. Ross, and J. Collier (2007). Every Thing Must Go: Metaphysics Naturalized. Oxford
University Press.

Le Bihan, B. and J. Read (2018). Duality and ontology. Philosophy Compass 13(12), el2555.
https://doi.org/10.1111/phc3.12555.

Leng, M. (2005). Revolutionary fictionalism: A call to arms. Philosophia Mathematica 13(3), 277-293.
https://doi.org/10.1093/philmat/nki016.

Lewis, D. and S. Lewis (1970). Holes. Australasian Journal of Philosophy 48(2), 206-212.
https://doi.org/10.1080/00048407012341181.

Mac Lane, S. (1998). Categories for the Working Mathematician, second edition, vol. 5 of Graduate Texts
in Mathematics. Springer-Verlag, New York.

Martens, N. C. M. and J. Read (2020). Sophistry about symmetries? Synthese 199(1-2), 315-344.
https://doi.org/10.1007/s11229-020-02658-4.

Merricks, T. (2001). Objects and Persons. Oxford University Press, New York.

Nolan, D. (2013). Impossible worlds. Philosophy Compass 8(4), 360-372.
https://doi.org/10.1111/phc3.12027.

North, J. (2009). The ‘structure’ of physics: A case study. The Journal of Philosophy 106, 57-88.
https://doi.org/10.5840/jphil2009106213.

North, J. (2021). Physics, Structure, and Reality. Oxford University Press, Oxford.
https://doi.org/10.1093/0s0/9780192894106.001.0001.

O’Leary-Hawthorne, J. and M. Michael (1996). Compatibilist semantics in metaphysics: A case study.
Australasian Journal of Philosophy 74(1), 117-134. https://doi.org/10.1080/00048409612347101.

Purcell, E. M. and D. J. Morin (2013). Electricity and Magnetism, third edition. Cambridge University
Press. https://doi.org/10.1017/cbo9781139012973.



Philosophy of Science 19

Quine, W. V. O. (1948). On What There Is. Review of Metaphysics 2(5), 21-38.
https://doi.org/10.4324/9780429495687-24.

Quine, W. V. O. (1951a). On Carnap’s views on ontology. Philosophical Studies 2(5), 65-72.
https://doi.org/10.1007/b£02199422.

Quine, W. V. O. (1951b). Ontology and Ideology. Philosophical Studies 2(1), 11-15.
https://doi.org/10.1007/b£02198233.

Quine, W. V. (1969). Ontological Relativity and Other Essays. Columbia University Press, New York and
Chichester, West Sussex. https://doi.org/10.7312/quin92204.

Rayo, A. (2007). Ontological = commitment.  Philosophy = Compass  2(3), 428-444.
https://doi.org/10.1111/j.1747-9991.2007.00080.x.

Rosenstock, S., T. W. Barrett, and J. O. Weatherall (2015). On Einstein algebras and relativistic spacetimes.
Studies in History and Philosophy of Science Part B: Studies in History and Philosophy of Modern
Physics 52, 309-316. https://doi.org/10.1016/j.shpsb.2015.09.003.

Sider, T. (2009). Ontological realism. In D. Chalmers, D. Manley, and
R.  Wasserman (eds), Metametaphysics, pp. 384-423. Oxford University  Press.
https://doi.org/10.1093/0s0/9780199546046.003.0013.

Sider, T. (2020). The Tools of Metaphysics and the Metaphysics of Science. Oxford University Press.
https://doi.org/10.1093/0s0/9780198811565.001.0001.

Tarski, A. (1936). The concept of truth in formalized languages. In A. Tarski (ed.), Logic, Semantics,
Metamathematics, pp. 152-278. Oxford University Press.

Tarski, A. (1944). The semantic conception of truth and the foundations of semantics. Philosophy and
Phenomenological Research 4(3), 341-376. https://doi.org/10.2307/2102968.

Thomasson, A. (2007). Ordinary Objects. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780195319910.001.0001.

van  Inwagen, P.  (1990).  Material = Beings.  Cornell  University  Press, Ithaca.
https://doi.org/10.7591/9781501713033.

van Inwagen, P. (2009). Being, existence, and ontological commitment. In D. Chalmers,
D. Manley, and R. Wasserman (eds), Metametaphysics, pp. 472-506. Oxford University Press.
https://doi.org/10.1093/0s0/9780199546046.003.0016.

Wallace, D. and C. G. Timpson (2010). Quantum mechanics on spacetime I: Spacetime state realism. British
Journal for the Philosophy of Science 61(4), 697-727. https://doi.org/10.1093/bjps/axq010.

Walton, K. L. (1990). Mimesis as Make-Believe: On the Foundations of the Representational Arts. Harvard
University Press.

Weatherall, J. O. (2019). Part 1: Theoretical equivalence in physics. Philosophy Compass 14(5), e12592.
https://doi.org/10.1111/phc3.12592.

Weatherall, J. O. (2021). Why not categorical equivalence? In J. Madardsz and G. Székely (eds), Hajnal
Andréka and Istvdn Németi on Unity of Science: From Computing to Relativity Theory Through Algebraic
Logic, pp. 427-451. Springer Verlag. https://doi.org/10.1007/978-3-030-64187-0_18.

Wilhelm, I. (2021). Comparing the structures of mathematical objects. Synthese 199(3-4), 6357-6369.
https://doi.org/10.1007/s11229-021-03072-0.

Yablo, S. (1998). Does Ontology Rest on a Mistake? Proceedings of the Aristotelian Society, Supplementary
Volumes 72, 229-261. https://doi.org/10.1111/1467-8349.00044.



	Equivalent Theories and Ontological Commitment
	The Quantificational Theory of Ontological Commitment
	Two geometries of spacetime
	The Inconsistent Triad


