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Abstract

There are in general many different ways of representing some-
thing. How we represent something seems entirely up to us, a
matter of convention or stipulation or unencumbered decision on
our part, dictated solely by considerations as to what will be most
useful for us given our aims and interests in the context. There are
also in general better and worse ways of representing something.
Philosophers of physics have generally thought that the quality of
representation is likewise only ever a matter of pragmatic or other
sorts of extrinsic and subjective factors that are tied to us.

I argue that there is a non-pragmatic, intrinsic, more objective
sense in which one representation in physics can be better—more
perspicuous—than another, a sense that flows from the nature of
things themselves rather than aspects tied to us. One result is
that there is a physically significant sense in which representations
differing only in their level of perspicuity are not equivalent, where
this includes different formulations of a physical theory.

1. Introduction

There are in general many different ways of representing something. Dif-
ferent mathematical devices can be used to represent a space, as different
coordinate systems can be used to represent a Euclidean plane. Different
languages can be used to express the same content, as the proposition that
snow is white can be expressed in English or in French. Different math-
ematical formalisms can be used to state a physical theory, as quantum
mechanics can be formulated in terms of matrix or wave mechanics.
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How we represent something seems entirely under our stipulative
control. We may decide to use any coordinate system we like; we may
choose to speak any language; we may equally use matrix or wave me-
chanics. The only constraints seem to be pragmatic factors concerning
which representation will be most useful for us, given the aims we happen
to have in the context at hand. A choice of representation is not a matter
of getting things right, in other words. It is a matter of convention or
unencumbered decision on our part, which could just as well have been
otherwise. It is entirely up to us.

Even so, sometimes certain choices of representation are clearly better
than others. A further question is why, or in what way, they are better.
Philosophers of physics have generally thought that the quality of rep-
resentation also invariably comes down to pragmatic or other sorts of
extrinsic and subjective factors having to do with us. There is no more
objective or intrinsic sense in which one representation in physics is better
than any other.

We do of course often choose to use particular representational de-
vices for pragmatic reasons, as when we choose to speak French rather
than English for purposes of getting around Paris, or decide to use one
coordinate system rather than another to make certain calculations easier
to carry out. However, there are also instances in physics where one
representation is better than another in a more objective, intrinsic, non-
pragmatic sense—where one is what I will call, appropriating a recent
buzzword, more perspicuous than another. That is what I aim to show here.
One interesting consequence is that there is a physically significant, non-
pragmatic sense in which representations that differ only in their level of
perspicuity are not equivalent, where this includes different formulations
of a physical theory.

My focus is on this aspect of representation in physics, especially
mathematical representation in physics, without assuming any particular
account of representation (either in general or in science in particular).
My aim is to show that there is a sui generis notion of perspicuity of
representation in physics, which is not just a matter of truth or accuracy,
but is nonetheless an objective feature, and which is an important facet of
our physical theorizing. This is independent of one’s account of represen-
tation. (As Mauricio Suárez (2003) notes, an account of representation
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comes apart from an account of accurate or true representation, and, I
would add, of perspicuous representation as well.1) I will not be offering
a full-fledged account of perspicuity of representation, either—again: my
aim is to show that there is such a thing that is significant for physics,
contrary to suggestions in the philosophy of physics literature (although
related notions have been bouncing around the metaphysics literature for
some time, this has generally been spurned by philosophers of physics),
primarily by way of prodding intuitions through examples. I do not have
space to do more here, and more to the point, my aim is to advertise the
core idea to philosophers of physics who otherwise hold disparate views
on matters that will affect what such an account should look like. That
said, there will be intimations as to the general contours required.

I will begin by discussing a view that is prevalent in philosophy of
physics and philosophy of science, which sees our choices of represen-
tation as constrained by nothing more than pragmatic factors, and the
quality of representation as an essentially subjective matter, arguing that
such a view cannot be entirely correct (Sect. 2). I then use that discussion
tomotivate the thought that there is an objective and non-pragmatic sense
in which one representation in physics can be better, or more perspicuous,
than another, while identifying aspects of this quality of representation
(Sect. 3). After that (Sect. 4), I turn to some intermediate views, which
see the perspicuity of representation as not just a pragmatic matter, but
neither quite an objective one either, arguing that these do not go far
enough in accounting for the phenomenon, and outlining the general
shape of the sort of approach that does. Finally (Sect. 5), I consider impli-
cations of this sense of perspicuity for questions of theoretical equivalence
in physics. Note that in what follows I am going to simply assume some
type of scientific realism. Aspects of the discussion can be construed in a
non-realist spirit, but I will not address that here.

1To the extent that one denies this, the current discussion may have implications for
an account of representation (n. 21). I do not explore this here.
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2. The Permissive View of Representation

Let me begin by outlining a view that is reasonably common in philos-
ophy of physics, where it is often implicitly assumed, at times explicitly
defended, and which I will be arguing against to a certain extent.

Think of the various sorts of devices we use to represent things, among
them the mathematical tools we use to represent things in physics. These
devices in themselves do not have any particular representational content.
If I hand you some mathematical formalism, say a matrix algebra, that in
itself does not represent any particular thing or other; it certainly does not
represent anything in particular in physics. I have to stipulate or tell you
that it does. Representational devices, in order to represent something,
have to be stipulated by someone into doing so.

There is furthermore a lot of leeway in these representational stipula-
tions. We can use all sorts of devices to represent all sorts of things in
all sorts of ways. We can if we like, over dinner one day, decide to use a
salt shaker to represent Madagascar, or one’s left hand to represent the
Platonic form of beauty, in examples from Craig Callender and Jonathan
Cohen (2006). I just have to stipulate that I am going to use the item
in question to represent what I have in mind, and it is so, just as I can
stipulate that I am going to use a matrix algebra to represent the physics
of quantum systems, and it is so.

Indeed, it seems we can in principle use anything to represent any-
thing at all, if we so choose: “Virtually anything can be stipulated to be a
representational vehicle for the representation of virtually anything,” in
Callender and Cohen’s words (2006, 74). In particular, any mathematical
device can in principle be stipulated to represent anything at all in physics.
After all, these devices are “our tools not our masters,” as Shamik Das-
gupta (2011, 134) puts it of mathematical models in physics—we decide
which representational devices to use, and what to use them for. The
underlying idea is something that Hilary Putnam (1983) calls “trivial
semantic conventionality.” It is the idea that, in Trevor Teitel’s words,
“any representational vehicle can in principle be used to represent the
world as being just about any way whatsoever” (2021, 4125). All it takes
is the appropriate stipulation on our part.

Relatedly, other people or communities are free to make very different
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representational stipulations from one’s own. Other choices may strike
us as odd, but there is nothing objectively or inherently wrong with
them; no one is making a mistake. At most, they may have made things
more difficult for themselves. Think of using polar versus Cartesian
coordinates to describe the motion of a particle in a Euclidean plane. If
the motion is along a circular path, it will be particularly convenient to use
polar coordinates. If the motion is along a straight line, then Cartesian
coordinates will be convenient. But some other community which, as
a matter of their representational practice, decides they are only ever
going to use Cartesian coordinates cannot be faulted for doing so, other
than on pragmatic grounds. Consider an example from Teitel (2021) of
a community which stipulates that negative numbers cannot be used to
represent the norms of timelike vectors. Where we regard the choice of
one Lorentzian signature versus the opposite in formulating a relativistic
theory as a mere difference in notation that doesn’t correspond to any
physical difference, this community demurs. Odd, to us. But there is
nothing inherently wrong with it, should this community wish to do
things that way for whatever reason. It is entirely up to them.

What I am calling the permissive view holds that all our representa-
tional choices, including our choices of mathematical representation or
formulation in physics, are like this. A representation is achieved simply
by stipulative decree, and the only things constraining the choice of rep-
resentation are factors having to do with its usefulness or convenience
given our aims and interests in the context. There are in particular no
constraints coming from inherent features of the tools we might use or
the things we wish to represent. The quality of representation likewise
depends on extrinsic factors having to do with us, no one representation
being better than any other in any objective, intrinsic, non-pragmatic
sense.

I am relying here on a rudimentary conception of notions like “prag-
matic” as well as “subjective” as opposed to “objective,” notoriously diffi-
cult to pin down precisely.2 For our purposes, we can understand prag-
matic factors as things that further our aims in a given context, and which
are rendered immaterial given appropriately different aims or in rele-

2Reiss and Sprenger (2020); John (2021) contain overviews of objectivity in science.
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vantly different contexts. Subjective features or factors are likewise things
that have to do with us: they are “tied to us in some way—to human
language, biology, history, or psychology” (Sider, 2011, 18). Something
that is subjective depends on or holds relative to a subject or agent or
perspective, and so is to some extent in or about us rather than the world.
Both these notions are in contrast to the objective. Both concern things
that depend upon us and are not fully about how things are in themselves
apart from us (objectivity has to do with “representing reality apart from
humans” (John, 2021, 5)). When it comes to representation particu-
larly, both involve things that are extrinsic to the inherent natures of the
representational device and target and the direct relationship between
them. (The pragmatic need not always be in direct opposition to the
objective—it can be an objective matter that if one has a certain goal,
then such-and-such means is the best way of achieving it—but the initial
tension remains. In particular, by virtue of having to do with us and our
aims and interests, the specter of the subjective remains; and to the extent
that it does not, this is where the current sense of perspicuity is going to
enter in.) “Conventional” is another notion in the vicinity, and is simi-
larly opposed to the objective. A conventional choice of representation is
one that is up to us and involves a certain amount of arbitrariness. Not
completely arbitrary, as there can be reasons for a particular choice, yet it
will be “based on convenience and other predilections—reflecting human
interests and volition” (Dürr and Read, 2024, 10); which is to say that
no one choice is objectively better than any other, but better for reasons
that ultimately concern us.3 These intuitive, rough-and-ready ideas will
suffice here. More particularly, when I talk about subjective or pragmatic
or conventional aspects as opposed to objective ones, it suffices to call to
mind the basic difference between aspects that are tied to us rather than
things themselves.

3Thus, the conventional is “the artificial, the invented, the optional, as against the
natural, the fundamental, the mandatory” (Goodman, 1989, 80); “‘convention’ generally
signifies an arbitrary choice amongst equally good ways to achieve a certain goal by
collective action” (Sider, 2011, 54); “conventions are ‘up to us’, undetermined by human
nature or by intrinsic features of the non-humanworld. We choose our conventions, either
explicitly or implicitly” (Rescorla, 2024); conventional decisions are a matter of “free
decision,” which “reflect human preferences—matters not of truth, but of convenience”
(Dürr and Read, 2024, 2).
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Now there is without question a lot of freedom in our choices of
representation, as the permissive view emphasizes, and as commonplace
examples—speaking different languages, using different coordinate sys-
tems, formulating a theory in different ways—attest to. Even so, the
permissive view cannot be quite right as it stands when it comes to repre-
sentation in physics. The reason is that some representational stipulations
can’t be made. No mere stipulative fiat will allow us to use the integers to
represent the physics of Newtonian systems, for example. We cannot just
stipulate our way into using this device, and not because of pragmatic
considerations having to do with whether it will be especially useful for
us. The integers simply do not have the right nature or structure for the
representational task: there aren’t enough integers available to represent
all the different possible physical states these systems could be in. By their
very nature, the integers fail to be capable of representing Newtonian
physics and the kinds of systems it describes.4

This means that there are some constraints on representation in physics
that are non-pragmatic and objective, flowing from the intrinsic natures
of the candidate representational device and target and the direct rela-
tionship between them, rather than extrinsic factors having to do with us.
Our representations in physics are not all a matter of mere stipulation
governed solely by pragmatics; they are not entirely up to us.5 (Perhaps
this is what Callender and Cohen and Teitel have in mind when they say
that “virtually” anything can be stipulated into being a representation
of “virtually” or “just about” anything else. It is worth being explicit
about this, as it begins to show how our representations in physics can be
constrained in ways that are not just about us and our aims. If you are
concerned that this nonetheless invokes an aim of doing physics, hold
that thought until the end of Section 3.)

4This is assuming we require of a theoretical formulation that it be capable of repre-
senting distinct possible physical states by means of distinct aspects of the mathematics, a
minimal requirement on any reasonable formulation (cf. de Haro and Butterfield (2025,
11.3.4); North (2025)). The above point applies to the set of integers with their usual
structure, which is not to deny the integers can be used to define other sorts of structures.
(Bear in mind that I refrain from taking a stance on the nature of representation, though
the above may have certain implications for such an account.)

5See Boesch (2017); Jacobs (2023); Hall and Ramírez (2024) on other kinds of
non-pragmatic constraints on representation in science.
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It is of course true that for anything we wish to represent, there will be
many different ways of doing so. So even if you agree with the discussion
so far, you might think there can be no objective, non-pragmatic, intrinsic
sense in which some representations in physics, from among all those that
can be used, are better than others; that none is better than any other in
this way beyond the fact that some are worse by virtue of being incapable
of being used. In the following section, I argue against this too.

3. The Quality of Representation

In working up to the idea that there is a non-pragmatic, intrinsic, more
objective sense in which one representation in physics can be better than
another, consider first of all that we would not be satisfied with expanding
our mathematical device for representing Newtonian physics beyond the
integers to include all the real numbers, and then using some bizarre
permutation of our usual numerical assignments, even though (with the
appropriate representational conventions) we can use such a thing. We
want more than this kind of crude or forced representation; for we want
more than the mere ability or capacity, by brute stipulation, to represent
things in physics. We also want to represent things well, in a sense that
is not just pragmatic—to represent things naturally or perspicuously or
directly. Defending this will be the focus of the rest of the paper.

Think of a physical space with the structure of the Euclidean plane,
and think of the different sorts of mathematical devices we can use to
represent it. One of these is the real numbers: we can represent the plane
by assigning a distinct real number to each point. However, this is clearly
a worse representation than one in terms of ordered pairs of real numbers.
The mapping from points in the plane to single real numbers will be
highly convoluted and contrived. Given the appropriate stipulations, real
numbers can be used to represent this space; nonetheless, this is a bad
choice of representation.

It is furthermore bad in an intuitively objective and non-pragmatic
way. The representational stipulations required will be so unnatural and
contrived that even a Laplacean demon with unlimited computational
powers could reasonably be faulted for choosing to represent the plane
this way. It is true that such a representation will result in massive com-
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putational complexity for (and will hardly be usable by) us, whereas the
Laplacean demon by hypothesis could use it to grasp everything about the
plane without struggle. This might make it seem like an equally good rep-
resentational choice for a creature like that, so that it is only for us that it
is worse. Yet although the representation does bring with it calculational
complexity specific to creatures like us, there is also a sense in which it
is worse that is independent of us and our aims and capabilities. After
all, it is hard to imagine a context we could be in, or aims we could have,
for which real numbers would yield a better representation of the plane
than ordered pairs. This suggests it is a worse representation regardless
of what we plan to do with it and how difficult it will be for us to achieve
that aim by means of it.

Although the real-number representation is worse in a pragmatic way,
it is also worse in a non-pragmatic, objective, intrinsic sense—a badness
of representation that is not tied to us but flows directly from the intrinsic
nature of the plane, on the one hand, the real numbers, on the other, and
the relationship between them. The real numbers differ sufficiently in
nature from the plane that the representational stipulations will have to
be highly unnatural and indirect, effectively “undoing” or “overriding”
their nature in order for them to be able to represent it. For instance,
the set of real numbers (under its usual ordering) does not possess the
topological structure of the plane, with the result that there will be points
that form connected sets within the plane that cannot be represented by
sets of points that are connected on the real line. The representational
stipulations must in effect tell you to ignore the disconnectedness of those
points, and interpret them as connected. The plane and the real line
likewise differ in metric structure, with the result that points that are
near each other according to the structure of the plane will have to be
represented by numbers that are not near each other according to the
(standard metric and topology on the) reals, and the representational
conventions must effectively override the apparent non-nearness within
the mathematical device.

The real numbers are inherently ill-suited to or misaligned with the
nature of the plane, resulting in representational stipulations that are
unnatural and convoluted and indirect. Ordered pairs, on the other
hand, are better-suited to the nature of the plane—the set of ordered
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pairs possesses the same topological structure (e.g., the dimensionality)
as the plane—with the result that the representational stipulations will be
more natural and direct. The topological features of the representational
vehicle can be taken at face value, as it were, with no need for contrived
stipulations to undo them.

When it comes to different mathematical representations of the plane,
the quality of representation doesn’t have to do only with extrinsic, sub-
jective, and/or pragmatic factors concerning us, our aims, the context,
and so on. There is a sense in which some representations are better
than others that is due to such factors. Yet there is also a sense that flows
directly from the intrinsic nature of the space, and the fact that certain
representational devices are inherently better-suited to it than others.

Now, I am assuming that a space like the plane has an intrinsic nature
or structure. This is as opposed to philosophers such as Poincaré (1952)
and Reichenbach (1958), who think there is no fact of the matter about a
space’s structure independent of conventional stipulations on our part. As
long as you are not a conventionalist or anti-realist about this, you should
agree that there are facts as to the match in structure between a given
space and candidate representational device. I am simply going to set
aside here the view that a space (or other mathematical or physical entity)
has no intrinsic topology or other structure, and assume that there are
facts about this.6 I am going to assume a “structural realism” of the kind I
defend inNorth (2021) (not to be confused with other philosophical views
that go by the name).7 (This is not to deny that a mathematical item can
have different structures defined on it. The real numbers, for instance,

6See Sider (2011, 3.4); Wallace (2019); North (2021, ch. 2); Dewar (2023) for
different accounts of the intrinsic structure of a space. See Dürr and Read (2024) for a
recent defense of conventionalism about spacetime structure.

7This kind of view further holds that we should take the mathematical structure
of our best physical theories seriously when it comes to figuring out what they say
about the world, an aspect that brings it into affinity with the approach characterized
by McKenzie (2024). The more familiar form of view with the name is a metaphysical
thesis about the existence or relative priority of structure or relations as opposed to
objects and their intrinsic natures (or in the view’s epistemic guise, about our knowledge
of these things), and concomitant scientific realism about a theory’s structure rather
than objects; see Ladyman (2023) and references therein. That type of view concerns
matters orthogonal to those here.
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can be equipped with various structures, including a non-standard metric
or topology (such as the discrete topology, on which the dimensionality
will be different from that assumed above). The mathematical entities
discussed here are all assumed to have a certain definite structure, more
particularly, their standard, or natural (in the mathematicians’ sense),
structure.)

Given the appropriate stipulations, we can likewise represent the
physics of Newtonian systems by means of a random scrambling of our
usual numerical representations. However, as in the case of real numbers
versus ordered pairs for a plane, this is clearly a worse choice of repre-
sentation, in an intuitively objective and non-pragmatic sense—a sense
that is not merely a matter of its calculational complexity for us (although
it is worse in that way) but flows directly from the intrinsic natures of
the representational device and target physics. In particular, it will fail to
characterize the relationships among different physical states or quantity
values at all naturally or directly. It might label a 9 kg mass as “2 kg” and
a 4 kg mass as “7 kg”, say; so that the representational conventions must
in essence tell you to ignore various features of the representation, and
instead interpret things so that the second is less massive than the first—a
contrived, unnatural, indirect representation.

Keep in mind that in the examples being discussed in this section, it
is not the case that the mathematical device fails to represent the target.
Unlike the case of the integers from the previous section, in these cases
the device in question is capable of representing the target; more, the
relevant stipulations are assumed to have been made so that the target
is in fact being represented. By assumption, the representation is true,
even accurate, under the conventions. Even so, there is an objective,
non-pragmatic, sui generis sense in which it represents things less well,
sui generis in not being merely a matter of the representation’s truth
or accuracy under the conventions.8 (This is to understand accuracy as
something like correctness, freedom from error, veracity, even precision:
given the relevant stipulations, the representation possesses these qualities.
One could instead construe accuracy as more akin to directness, in which
case the notionwill more closely alignwith the current sense of perspicuity.

8This may contravene certain accounts of representation, depending on the details:
n. 21.
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The important thing is that this is a quality of representation that is over
and above its truth and is not merely a matter of its pragmatic benefits.)

All of this is to say that some representations in physics are intrinsically
better—what I will call more perspicuous—than others. This notion of a
perspicuous representation is similar to what Thomas Møller-Nielsen
calls a “metaphysically perspicuous characterization,” which is one that
“corresponds to, or ‘limns,’ reality’s structure in some suitably faithful
way” (2017, 1257).9 However, Møller-Nielsen goes on to say that a
more perspicuous characterization is one that more faithfully represents
the fundamental physical ontology, in the way that a formulation of
classical electromagnetism in terms of the Faraday tensor rather than
the potentials more directly represents a physical ontology of fields. I
agree; but I wish to add that one representation can be more perspicuous
than another in this sense even without a difference in ontology, as in
the case of the different mathematical representations of the Euclidean
plane. The different representations of the plane agree on a fundamental
ontology of points, as it were—they equally faithfully or directly represent
a space made up of points—but they differ in how faithfully or directly
they represent the organization of those points; in how naturally they
represent the space’s structure.

Different representations in physics, then, can be more or less per-
spicuous than others; and what makes a representation better or worse in
this way flows directly from the intrinsic natures of the representational
vehicle and target. Some representational vehicles, by their very nature,
will be better-suited than others to the nature of what’s being represented,
with the result that some representations will be more natural, more
direct, less contrived than others. This is the case even granting that
there will always be different representations one can use, and that in
certain contexts some of these can be more useful than others (including

9Compare Jacobs’ notion of a perspicuous formalism for a physical theory, which
“match[es] the metaphysical picture provided” by the theory, or “directly correspond[s]
to its metaphysical posits” (2022). Also compareMaudlin’s notion of a “canonical presen-
tation” of a physical theory, for which “the mathematical expression of the Nomology
should be couched in [sic] only in terms of the Physical Ontology and the Spatiotempo-
ral Structure” (2018, 13) rather than what he calls mathematical fictions or derivative
ontology.
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the less perspicuous ones).
Relatedly, a choice of representation can reasonably be criticized for

more than either incoherence or pragmatic drawbacks. Someone who
only ever employs a single-real-number representation of a plane, or
a scrambled numerical version of Newtonian physics, or a formulation
of classical electromagnetism in terms of the potentials—who may not
even realize there is a more perspicuous representation to be had—can
reasonably be faulted for missing something about the nature of the
target. Recall Teitel’s imagined community which stipulates that negative
numbers do not represent the norms of timelike vectors. This community
is not being incoherent, nor is there a pragmatic reason for rejecting
their representational choice. Even so, they can reasonably be faulted
for making a worse stipulation, one which suggests they are missing
something about the nature of what’s being represented (they are missing
in particular something about the symmetries; below). There can be a
physics that treats metrics of opposite signatures differently. General
relativity is not such a physics,10 yet this community does not seem to
realize this. Compare a community which stipulates that a metric with
opposite signature of what they ordinarily use to represent a Euclidean
geometry does not also represent such a geometry. They, too, appear
to be missing something about the nature of the target and the devices
we can use to represent it, even if their choice is neither incoherent nor
worse on pragmatic grounds.11

To be clear: a representation that is relatively imperspicuous is one
that is true, it is correct, even accurate, under the representational con-
ventions; it nonetheless lacks a further, sui generis good-making feature.
A representation that is relatively perspicuous is one that not only is true,
but also possesses a distinctive quality concerning the correspondence or
match with what’s being represented. (We might say there are two senses

10But see Gibbons (1994, 2012); de Haro and Butterfield (2025, ch. 11) for subtleties
surrounding this standard idea.

11One might insist that a metric must be positive-definite in order to count as Eu-
clidean. Such a stipulation is not as well-suited to the nature of the geometry. (Thus: “If
the metric is positive-definite, then its canonical form must have all +1s, and the space
is Euclidean. If the metric is negative-definite it is also said to be Euclidean, since what
is important for the space is whether the signs are all the same or not” (Schutz, 1980,
66).)
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of “getting it right” when it comes to representation, as Peter Finocchario
(2023) puts it of belief: truth, and the relevant match.12) Representations
that differ in perspicuity differ not in what is represented, but in how it is
represented, the way in which it is represented. (Recall the two represen-
tations of the plane.)13 A related notion has been a point of discussion in
metaphysics for some time.14 The aim of this paper is to advertise the
idea as significant for physics.15 And whereas discussions in metaphysics
tend to construe the notion as tied to certain views of fundamentality and
cognate ideas that many philosophers of physics recoil from, I wish to
emphasize that even philosophers of physics who are chary of metaphysics
should be open to the idea of there being such a quality of representation
that is over and above its truth, which is moreover non-pragmatic and
objective insofar as it concerns the intrinsic natures of a device and tar-
get and the relationship between them. It is a “worldly matter,” as the
metaphysicians say. It has to do with reality, with the nature of what is
represented (notwithstanding the fact that it involves representation); it
is objective in the sense of concerning “faithfulness to facts” about the
world (Reiss and Sprenger, 2020, sec. 2), rather than being merely in or
about or tied to us.

I won’t be discussing the metaphysics literature in any detail here, but

12The two senses are that of a belief’s being true, and its being “fidelic,” which “is not
merely a matter of truth” (Finocchario, 2023, 394). Sider (2024, 333) similarly mentions
the idea of a belief’s possessing more than just truth but also “something truth-like” that
involves a “match with reality.”

13Compare Russell: “Perspicuity is a feature of language, rather than of what that
language says. The very same thing can be said either perspicuously or imperspicuously”
(2018, 567). Eklund: “If it is possible for there to be two true sentences both of which
correspond to or are made true by the same fact, or by the same aspect of the world,
while one represents the world more perspicuously than the other, there must be some
difference in the way in which these sentences represent the world” (2024, 16). Lee: “we
value true representations above false representations. Nevertheless, . . . the manner of
representation matters as well” (2024).

14Hawthorne and Cortens (1995); Fine (2001); Turner (2010); Sider (2011, 2024);
Russell (2018); Finocchario (2023); Eklund (2024); Rubenstein (2024).

15Compare Møller-Nielsen (2017, 1257): “such a notion is frequently alluded to,
and made use of, in contemporary analytic metaphysics. . . . But metaphysical perspicu-
ity is also. . . a notion that is reasonably serviceable in physical (rather than ‘merely
metaphysical’) contexts.”
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let me mention one reason I think the basic idea should appeal even to
philosophers of physics of an anti-metaphysical bent. It is sometimes
suggested in the metaphysics literature that a representation is imper-
spicuous to the extent that it distorts or approximates the fundamental
or real or true facts.16 I see the phenomenon evinced by the examples
here a bit differently. The imperspicuous representations do not distort
the true nature of the target, exactly, nor do they merely approximate it:
they are by stipulation accurate, true, precise. (They may initially appear
to distort things, until we pay proper attention to the representational
stipulations that have been laid down, which correct for those distortions.)
They are nonetheless worse, by virtue of being unnatural or contrived or
indirect in a distinctive way, as a result of the inherent mismatch between
representational device and target. This doesn’t require committing to
claims such as that one representation is given in more fundamental
terms than another, or that sort of thing; not obviously or immediately
so, anyway.17 (This is to presuppose a distinction between the intrinsic
nature or structure of a representational device or target, on the one
hand, and the representational conventions we lay down, on the other.
This flows from my (broadly structural realist) assumption that any given
mathematical or physical entity has a particular structure, that there is a
fact about its structure, which can effectively be undone by means of our
representational stipulations laid down on top, as it were.)

You might think the very word “perspicuous,” colloquially under-
stood as meaning transparent or lucid to us, essentially concerns our own
cognitive features and perspective and abilities, and so cannot signify
a truly objective notion, in the sense of something that isn’t tied to us.
The current idea goes against that particular conception of the word: a

16Fine notes that certain propositions can fail to “perspicuously represent the facts—
there will be some divergence between how the facts are ‘in themselves’ and how they are
represented as being” (2001, 3). Russell says an imperspicuous way of saying something
“distorts the way the world really is” (2018, 566). Rubenstein discusses the idea of a
conception of reality that is “perspicuous, or less metaphysically distorted,” where a fact
is “better approximated as various layers of distortion are removed” (2024, 1108; 1114).

17But see Sider (2011) for sustained counterargument. Hunt (2021, 2022, 2023,
forthcoming), discussed in Sect. 4, is an account that explicitly aims to avoid such
metaphysical commitments. Lee (2024) disentangles perspicuity from fundamentality
in a different way.
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candidate representation can be perspicuous in this way even if there had
been no human beings around to implement it.18 I use the word because
it nonetheless encapsulates the gist of what I have in mind, and to link
things up to related uses in recent literature, in metaphysics as well as
philosophy of physics.19 But another term could be substituted instead,
such as that of a representational device’s being inherently “harmonious
with” (Hawthorne and Cortens, 1995, 148), or well-suited or “well-tuned”
to (Earman, 1989, 59), or which “matches” (North, 2021), the nature or
structure of a target. As mentioned, I won’t enter here into discussion of
exactly what it takes for there to be the requisite well-suitedness or match,
the “suitably faithful” correspondence, in Møller-Nielsen’s phrase. That
will depend on one’s conception of the relevant notion of structure,20

and may involve one’s views on scientific representation21 and theoretical

18This is not to say that scientific representation is “radically naturalized” in the
sense of Suárez (2003): that the holding of a representation in no way depends upon
a user’s aims and intentions or other extrinsic factors. A candidate representation can
be perspicuous even if an agent is required to stipulate it into being a representation
(compare Bartels (2006) on actual versus potential representation).

19Instances in philosophy of physics include Wallace and Timpson (2010); Møller-
Nielsen (2017); Martens and Read (2021); North (2021); Jacobs (2022); Albert (2023,
123); Chen (2024a,b); Coffey (2024); Lee (2024); March (2025); Weatherall and
Meskhidze (2025).

20See Dewar (2023) on how different conceptions of structure will result in different
conceptions of a match in structure.

21According to so-called structural accounts, a certain kind of mapping or morphism
between the structure of a vehicle and target is required for representation, with debate as
to what kind of mapping is needed (discussion and references in Suárez (2010); Boesch
(2015); Frigg and Nguyen (2021); Nguyen and Frigg (2022); Frigg and Hartmann
(2025)). The current discussion aims to be neutral on an account of representation. That
said, to the extent that such an account denies there can be anything to the perspicuity of
a representation over and above its truth—if one denies the real-number representation
of the plane is a representation (or even just an accurate one), say—I am effectively
arguing against it. (The cognoscenti will notice that there are therefore ways in which
the current discussion agrees with a broadly structural account of representation, and
ways in which it departs from it. Although one might think that a structural account is
unable to allow for the above sense of perspicuity since a certain match in structure is
required for representation (or accurate representation) to begin with, my own view is
that such an account can (and should) allow for differences in the quality of the relevant
match as we see in the examples here.)
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equivalence,22 among other things, whereas the basic idea should appeal
to philosophers of physics holding disparate views on such matters. For
current purposes, we may rely on an intuitive if imprecise idea of there
being an appropriate match or correspondence, as exemplified by the
topological structure of ordered pairs of real numbers vis-à-vis the Eu-
clidean plane, while leaving it open exactly what the appropriate sort of
match or correspondence amounts to.

It is worth briefly noting the relevance of symmetries. One way for a
representation to be more perspicuous than another is for the representa-
tional device to more directly reflect the symmetries of the target. (Recall
Teitel’s example earlier: the representation chosen by that community
is less perspicuous since it fails to reflect the symmetries of the physics.)
This is because one way of characterizing something’s structure is in
terms of its symmetries (on a so-called Kleinian conception, this is how
to define a given mathematical structure).23 The representation of the
plane in terms of single real numbers is less perspicuous than the one in
terms of ordered pairs since the set of real numbers is not topologically
equivalent to the plane, and this is something that can be spelled out in
terms of symmetries: the real numbers do not possess the topological
symmetries of the plane, and so can only represent the plane in a convo-
luted way. A random permutation of our usual numerical representations
of Newtonian states is less perspicuous since it will fail to possess the
symmetries of a physical quantity like mass, and so can only represent
those symmetries very indirectly. In general, a mismatch in symmetries
will mean the device can only represent the target in an indirect and
unnatural fashion.24

22According to so-called formal accounts, a certain type of mapping between the-
oretical structures is required (or perhaps even suffices) for physical theories to be
equivalent, with debate as to what sort of mapping is required; discussion and references
in Weatherall (2019a,b).

23This is not to say that all mathematical structures can be defined this way, which
is an active point of debate (Barrett, 2018, 2022; Wallace, 2019; Barrett and Manchak,
2024, 2025; Gomes et al., 2024).

24This is not to take a stand on whether a “sophisticated” attitude toward symmetries
(Dewar, 2019) makes for a more or less perspicuous representation. The “intrinsic” or
“reduced” representation would generally seem more perspicuous, because more direct.
But this turns on further questions concerning intrinsic formulations and explanations,
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You might still regard this quality of representation as essentially
dependent upon us and our own parochial situation. Ordered pairs of
real numbers better enable us to discover features of the plane. Our
usual mathematical representations of Newtonian systems better serve
our purposes of making predictions and calculations straightforwardly.
For that matter, a mathematical apparatus with cardinality greater than
the integers allows us to do Newtonian physics. If we didn’t care about
discovering the nature of things or doing physics in any way, then any
other representation would be just as good. Relatedly, even granting that
some representational devices can be so unmatched to the nature of the
target that it is only by means of highly unnatural stipulations that the
representation can be implemented, you may still question whether this
makes for an objectively worse representation. The requisite stipulations
may be utterly bizarre and unnatural, even unusable—but they are bizarre
and unnatural and unusable for us. God should be able to use such a
thing just fine.

I suppose one can for these reasons consider this a subjective and
pragmatic phenomenon, centrally tied to us; but only to the extent that
physics, and representation more generally, is a subjective and pragmatic
affair by virtue of being something that creatures like us are interested in
and have a use for. God may not care about such a difference in represen-
tation, but God has no need for representation, let alone physics, at all. It
doesn’t follow that this aspect of representation must be dependent upon
us in any deep way. Compare: it doesn’t follow from the fact that physics
is the kind of thing that creatures like us have a use for and interest in,
and God does not, that the claims of physics must all be either subjective
or only of practical value.25 In the cases here, even if creatures like us
had never existed, there would still be a fact as to the match in structure
between device and target, hence the perspicuity of the resulting repre-
sentation (should there have been agents around to implement it (n. 18)),
which even God can allow.

It may be that at the end of the day, the opposition between objective,
on the one hand, and subjective, pragmatic, and/or conventional, on
the other, is not the most useful. I take it there is enough to these

in the sense of Field (1980): see Jacobs (2022); March (2025) for discussion.
25See Robertson and Prunkl (2023) for a related point in the case of thermodynamics.
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distinctions, encapsulated by whether a phenomenon is tied to us or to
things themselves, to be elucidating in the present context. But this is
not the place to bear down fully on these notions. So suppose we set
this aside and allow that objectivity, and hence perspicuity in the current
sense, is a matter of degree.26 Then we should all be able to agree that,
say, the ordered-pair representation of the plane is objectively good or
perspicuous to a greater degree than the single-real-number one. At the
end, I am going to suggest that this difference in degree matters to physics
in a distinctive way that other sorts of differences between representations
do not.

4. Intermediate Notions

You might agree that there is a sense of perspicuous representation in
physics that is not just a pragmatic matter, but think that it occupies
a middle ground between that kind of thing and the more objective
and intrinsic notion I have in mind. In this section I turn to recent
views in philosophy of physics taking such an intermediate stance. The
considerations against them will be related to the above, but additional
examples will drive things home differently, and will also point toward
one way an account of perspicuity might go.

Josh Hunt (2021, 2022, 2023, forthcoming) argues that some rep-
resentations can be better than others by virtue of imparting greater
intellectual understanding to us. They do this by making certain features
manifest to us in certain contexts, with the result of ruling out epistemi-
cally possible solutions to a given problem of interest. (Hunt’s focus in on
reformulations of scientific theories. In his terms, what I call a perspic-
uous representation is a “significant reformulation.”) A representation
that is good in this way possesses a kind of non-practical epistemic value
he calls “intellectual value.” David Wallace and Christopher Timpson
likewise suggest that one representation can be what they call “more per-
spicuous” than another, by virtue of “mak[ing] manifest the structure that
the theory ascribes to the world” (2010, 702), thereby helping us achieve

26See Nagel (1986, 5); Reiss and Sprenger (2020) on objectivity’s coming in degrees.
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true understanding.27 (They too are concerned with different theoretical
formulations.) On this kind of view, the perspicuity of a representation
concerns things tied to us and our intellectual aims in a context rather
than the direct relationship between the intrinsic natures of a device and
target. A representation that is good in this way is merely epistemically
perspicuous, rather than also metaphysically perspicuous: an intuitively
more subjective sense of perspicuity. (It can be an objective matter that a
certain way of representing things yields a difference in understanding
for us. The epistemic notion is nonetheless intuitively less objective by
virtue of being tied to us.)

I am in agreement that a perspicuous representation is good in a
distinctive way that concerns more than its pragmatic benefits and brings
with it a certain intellectual value. But I think this does not go far enough
in accounting for what makes it good in this way; why it possesses this
value. The two-dimensional representation makes features of the plane
manifest to us in a way that the one-dimensional representation does
not. Yet (assuming there are facts as to the intrinsic structure of the plane)
there is an underlying reason for this that is not tied to us: these features
are more directly aligned with it. This mathematical tool is inherently
better-suited to the nature of the plane; that is why it makes these features
manifest. It is not merely that such a representation is good for us, that
is, helping us understand things better in the context (though it is good
in that way). It is also good in a sense that is independent of us and
the context. It more faithfully corresponds to the structure of the plane,
which is why it yields better understanding. It “enable[s] us. . . to get a
clearer view” of things (Hawthorne and Cortens, 1995, 156) because it
more directly aligns with them.

Or consider using a polar versus Cartesian coordinate system to de-
scribe the Euclidean plane. On the current view, neither type of coordi-
nate system gives rise to an intrinsically better representation than the
other. Each simply makes manifest to us different features of the plane,
which can be epistemically significant to us in different contexts.

It is of course true that we can represent the plane either way. Yet
as with ordered pairs versus single real numbers, so too are Cartesian

27See also Wallace (2012, Ch. 8.8). Neil Dewar, in a 2023 talk titled “Against
‘Perspicuity’,” has defended a similar idea.
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coordinates better-suited to the space. Consider the plane’s affine struc-
ture. Straight lines in the plane will be represented by linear functions of
Cartesian coordinates, and linear functions correspond to straight lines.
In polar coordinates, straight lines will generally be given by non-linear
functions, and circular arcs can “appear” straight according to the co-
ordinate function describing them. Similarly for the metric structure.
Distances in the plane are given by a straightforward function of Cartesian
coordinate differences (“Cartesian coordinates [are] such that coordinate
differences equal Euclidean distances” (Glymour, 1977, 247)), unlike in
polar coordinates.28 The conventions will be such that the polar coordi-
nate representation ultimately agrees as to the straight lines and distances
in the plane; and polar coordinates will be better-suited to other kinds of
spaces and to certain shapes and curves on the plane. Nonetheless, the
Euclidean plane itself, its intrinsic nature, is more directly aligned with
Cartesian coordinates, in the same way that cylindrical coordinates, in
another example, are directly aligned with the nature of a cylinder. (Hunt
says these simply make manifest to us features like the cylinder’s length.)

Hunt rejects the alternative view for its commitment to substantial
metaphysical notions such as natural kinds or fundamentality or the like,
and he is especially concerned about our epistemic access to such things.
As mentioned above, the basic idea may not require such commitments.
Regardless, the scientific realist, at least, needn’t be too bothered about
these concerns of epistemic access, which are not so different in kind
from those that arise for scientific realism itself. Even if we can never get
outside our own perspective in order to ascertain that one representation
is better than another by virtue of directly aligning with the nature of
things and not merely because of the better understanding it affords us,

28Thus Gomes et al. (2024): “A Cartesian coordinate system on E2 is defined in terms of,
and thus adapted to, the geometric structure of E2. The coordinate axes are chosen to
be straight, orthogonal lines, and the coordinate values of a point are given by the (signed)
distances from the corresponding axis. The terms emphasized in the previous sentence
all advert to the geometric structure of E2. The definition secures that the distance
d (p, q) between two points p and q with coordinates (xp , yp ) and (xq , yq ) is encoded by
the simple coordinate function d (p, q) =

Æ

(xp − xq )2+(yp − yq )2.” See Barrett (2022);
Barrett and Manchak (2024, 2025); Jacobs (2025) for disagreement with aspects of this
idea.
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we can have good reason to infer this (more immediately below and in
Sect. 5)—just as we may never be able to conclusively determine that
a given scientific theory is (approximately) true, but we can have good
reason to infer this. (You do not have to be a scientific realist to think there
is a sui generis sense of perspicuity of representation, yet the idea goes
naturally with realism: it is natural to think a perspicuous representation
directly matches the true nature of things. That said, there are scientific
realists who demur, such as Wallace and Timpson.)

Although the intermediate view might seem to be on firmer epistemic
footing by virtue of committing to less (as Hunt, for one, suggests)—
maintaining that some representations are better merely by virtue of
making certain features manifest to us, without also committing to claims
as to the underlying nature of things (claims that may furthermore bring
in some heavy-duty metaphysics)—I think it is the alternative that is
ultimately on the better epistemic footing. Compare something the
scientific realist might say to the constructive empiricist who withholds
belief in a theory’s claims about the unobservable, while believing its
claims about the observable. The realist has a better explanation as to
why we should believe the theory’s claims about observable phenomena—
namely, its claims about the unobservable are true—which ultimately
puts the realist in the better epistemic position. (Why believe in the
atomic theory’s claims about the observable if not for the truth of its
claims about atomic behavior?) Analogously here. There is an underlying
reason the perspicuous representation makes various features manifest
to us, something that accounts for its superior intellectual value for us:
which is that it more directly mirrors those features, thereby giving us a
clearer view of them. In each case, “going deeper” results in explanatory
power.

Another idea is to regard a representation’s perspicuity as a matter
of convention as much as the choice of representation itself is. Caspar
Jacobs (2025) argues that no representation is intrinsically better than
any other, because the quality of a representation depends on the chosen
conventions, and different representations will be equally good under
some representational convention or other. (His discussion is aimed at the
question of how to define inertial frames, but in the course of criticizing
one particular view on this, he addresses aspects of representation more
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generally.) Whereas a flat two-dimensional map may at first appear to
misrepresent the earth, for example, given the appropriate conventions,
it will represent the earth perfectly accurately. The adaptedness or suited-
ness of a representation, even the well-adaptedness or well-suitedness, is
simply a matter of the representational conventions we lay down, any de-
vice being perfectly well-suited with the appropriate conventions. (Note
that Jacobs does not take the quality of representation to invariably be
wholly a matter of pragmatic or other intuitively subjective factors either:
his is an intermediate idea.29)

I agree that the map represents the earth accurately—with the ap-
propriate conventions, the map is adapted to the earth—but I disagree
that it is therefore just as well-suited or well-adapted to it as any other
device. Just as there is no representational convention under which single
real numbers represent the plane as well as ordered pairs, so too there
is no convention under which the map is as well-adapted to the earth as
a globe, the reason in each case being the mismatch in topology. Take
a one-dimensional space in which point q is between points p and r ,
according to the space’s topological structure, and consider a representa-
tion that assigns the number 8 to q , 4 to p, and 3 to r . The appropriate
conventions will ensure that this represents the space accurately, that it is
adapted to the space: just stipulate that q is between p and r , despite what
the numerical representation seems to suggest. But it is not particularly
well-adapted to it: this is an indirect, unnatural, contrived representation.
(A more perspicuous representation would assign a number to q that is
itself (on the standard topology) between the numbers assigned to p and
r .30) On the assumption that there is a convention-independent fact as

29He argues in particular that a representation of spacetime structure can be privileged
by the dynamical laws and their symmetries.

30Jacobs (2025, 12) writes of the mismatch in topology in the case of the map: “On the
convention that a discontinuity in coordinates represents a discontinuity in spacetime,
the map’s coordinates are mal-adapted to spacetime’s topological structure. But on the
alternative convention that the −180◦ and 180◦ coordinates represent adjacent locations,
the map does represent the Earth as round. (Compare this to a clock face: the fact that
the number 1 does not come after the number 12 does not mean that one o’clock does
not follow noon!)” I agree, the conventions ensure the device accurately represents the
target. But I disagree that it is thereby perfectly well-suited to it. There is a failure in
well-suitedness precisely because the topological structure of the target (time; the earth)
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to the intrinsic structure of a space and a mathematical device we might
use to represent it, there will be a convention-independent fact as to the
match in structure between them, hence the perspicuity of the resulting
representation.

In claiming that all representations are equally good under some
convention, Jacobs is discounting the nature of the representational con-
ventions themselves. Even without offering a full-fledged account of the
perspicuity of representation, I take the examples here to show that a
device can be inherently well-suited to a target, by virtue of a match in
nature or structure between them, which ensures that the representa-
tional mapping will be relatively natural, direct, uncontrived; so that the
representational conventions needn’t override or undo the structure of
the device. (As a side note, the opposing view would seem to eviscerate
the notion of admissible coordinates familiar from physics. An admissible
coordinate system is one that in some sense adequately or sufficiently
respects a given structure. But if any coordinate representation is just as
good or well-adapted as any other under some representational conven-
tion, then it is hard to see how to distinguish between the admissible and
inadmissible coordinatizations.)

As a final thing to press the above thought and point toward one way
an account of perspicuity might go, consider an idea from Maya Eddon
(2014).31 Consider the following from Brian Ellis (1960). Take two rods
of equal length. What is the length of the two rods together? Lay them
end to end, and we get a result that is twice as long as either one on its
own. But what is to say that this is the way to measure their lengths taken
together? Imagine laying down the second rod so that it is orthogonal to
the first, and then taking the length along the hypothenuse formed by
the resulting right triangle. Why not consider this to be twice the length
of either rod? We could even choose a unit—Ellis gives us “dinches” (for
“diagonal inches”), where n dinches equals n2 inches—so that the putting
together of lengths using the “right-angle rule” is additive as much as

does not match that of the representational device (the clock face; the map), so that
a discontinuity in the device will have to be used to represent (indirectly, unnaturally,
imperspicuously) a continuity in the target. The representation fails to be continuous
in the same way or sense as the target.

31I am indebted to Caspar Jacobs for suggesting the connection to Eddon’s discussion.
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the usual way of putting together lengths is. What justifies our feeling
that the usual measuring procedure and units are natural, the right-angle
procedure and diagonal units not? In other words: in what sense is the
usual way of representing lengths better than the intuitively wonky way?
If there is no answer beyond its being a matter of convention, then the
choice starts to “look very arbitrary” (Ellis, 1960, 46).

Focusing on the choice of scale, Eddon gestures at an answer: our
usual way of representing lengths employs “perspicuous scales,” for which
“the numbers representing the scalar magnitudes stand in the very same
relations as the scalar magnitudes themselves” (2014, 289).32 Without
taking a stand on whether numerical identity is the right thing to say
(which would divert discussion to identity conditions on relations), we
can see in this a like-minded idea. Focus on the measuring procedure,
and assume for sake of discussion that the rods have negligible width
and are in a background space, so that the length corresponds to the
distance between the spatial points at which a rod’s endpoints are located.
On the assumption that there are facts about the space’s (affine and
metric) structure, there will be facts as to the distances between pairs
of points given by the length of a geodesic between them (adding up
infinitesimal distances between nearby points via local geodesics). Laying
the rods at a right angle to find the length of the two together does not
follow a geodesic—the second rod by hypothesis changes direction—and
thus does not directly reflect the distance, in the sense of the length
of a geodesic, between the outer endpoints. Laying the rods together
in the usual way follows a geodesic, so that this measuring procedure
directly aligns with distances.33 Perspicuity on this idea involves a certain
similarity between the notions characterizing the intrinsic structure of
a target (such as distances in a space) and a representational device (a
procedure for measuring distances; cf. n. 30)—on Eddon’s suggestion,
it is an identity of the relations between respective constituents—which
results in a representation that is direct, natural, uncontrived. (Imagine

32This brings to mind the structural account of representation, though there are
differences. The notion of perspicuity per se comes apart from such an account (n. 21).

33This is on the usual conception of distance in differential geometry and physics,
which is not to say this is the only possible conception (Bricker, 1993). It is to say that,
given this conception, one mathematical representation more perspicuously reflects it.
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representing the length of a single rod by means of a circuitous path
between its endpoints, while adopting units that counter the distortion—
a contrived, unnatural, indirect representation.)

Once again, I am not here offering an account of perspicuity, which
will turn on issues I wish to remain neutral on for present purposes. Ed-
don’s discussion shows there are ways for such a thing to go. In any case,
the basic idea should be clear. It concerns a match or alignment in na-
ture or structure between a representational device and target in physics.
Recall related ideas in metaphysics. A perspicuous representation “is not
only true but reflects reality’s structure,” it “reflects reality itself” (Ruben-
stein, 2024, 1112, 1118); it “gets it right” in two senses (Finocchario,
2023)—a matter not of factors tied to us but of things themselves.

5. Perspicuity and Theoretical Equivalence

The above examples foster the intuition that there is a distinctive sense
of perspicuity of representation. Yet the notion can seem fairly puzzling
when pressed in a slightly different direction. The different representa-
tions in question are all representations of the same thing; by assumption,
they have the same content, they just present it differently. This makes
it hard to see how there really can be any objective or non-pragmatic
differences as I have been suggesting. After all, that would seem to render
the choice of representation a substantive choice, and yet a disagreement
over how to represent something is the paradigm of a mere notational or
verbal disagreement—a dispute over how to describe or talk about things,
not about things themselves. That isn’t a real disagreement: nothing of
significance is at stake.34

Relatedly, if there is an objective and non-pragmatic sense in which
some representations are more perspicuous than others, then there would
seem to be an objective and non-pragmatic sense in which representations
differing only in how perspicuous they are, are not equivalent. That too

34Thus Chalmers: “Intuitively, a dispute between two parties is verbal when the two
parties agree on the relevant facts about a domain of concern, and just disagree about
the language used to describe that domain. In such a case, one has the sense that the
two parties are ‘not really disagreeing’: that is, they are not really disagreeing about the
domain of concern, and are only disagreeing over linguistic matters” (2011, 515).
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sounds wrong. Consider different formulations of a physical theory.
Pick your favorite example—matrix and wave quantum mechanics, fields
and potentials versions of classical electromagnetism, Lagrangian and
Hamiltonian classical mechanics, etc. The two formulations are said to be
theoretically equivalent, mere notational variants—they say all the same
things, just in different ways—with no substantial, non-conventional,
non-pragmatic differences between them.35

This is right to an extent, but it elides something important. Examples
from the history of physics show that how we represent things matters
to physics in a distinctive way. Just as the earlier examples suggested
that there is more to the quality of a representation beyond truth or
pragmatic factors and which underlies any intellectual value, so too when
it comes to different formulations of a physical theory. There can be
good theoretical reason for choosing one formulation over another, even
from among different ones that are all true. In such a case, there is a
kind of substantive choice to be made (even if it may not be evident at
the time which one we should make). Something of significance beyond
mere notational matters is at stake.

Take the theory of classical electromagnetism, which Maxwell initially
formulated in terms of the vector and scalar potentials, in twenty or so
equations. It was Oliver Heaviside who jettisoned the potentials, and in so
doing came up with the improved and streamlined version we are familiar
with today.36 As Heaviside explains in his writings, he was motivated by
thinking clearly about the nature of the physical reality characterized
by the theory—classical electromagnetism governs a world of physical
electric and magnetic fields, not potentials (which are mere mathematical
devices that do not directly correspond to anything physical)—and aim-
ing at a formulation that directly represents this reality: he was aiming
at a perspicuous formulation.37 (This is not to deny there are alterna-

35An overview of accounts of theoretical equivalence is in Weatherall (2019a,b).
36Equations involving field quantities appear in Maxwell (1890), but Heaviside gath-

ered and streamlined them, furthermore eliminating the potentials (and making use of
a mathematical innovation of vector calculus). Maxwell “made the electromagnetic po-
tential the centerpiece of his theory,” whereas “Heaviside replaced the electromagnetic
potential field by force fields as the centerpiece of electromagnetic theory” (Barrett and
Grimes, 1995, vii).

37See Heaviside (1892, 173, 481–5, 511) and (1893a, Preface). He wrote that he
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tive ontologies one could posit for a classical theory of electromagnetic
phenomena. For current purposes, assume the theory governs a physi-
cal reality of fields, as Maxwell and Heaviside both thought, and as we
nowadays familiarly conceive of it.38)

By assumption, Heaviside’s is a reformulation of Maxwell’s theory. It
says all the same things, just in different ways; it characterizes the same
kind of physical reality; it agrees on the way the world is (the poten-
tials in particular are stipulated to be alternative mathematical tools for
characterizing the fields). However (by above assumption), it is more
perspicuous, and this resulted in theoretical progress. For one example,
it made evident an asymmetry in the equations applied to moving bodies
that is not present in the phenomena (the theory gives a different account
of electromagnetic induction depending on whether the conductor or
the magnet is in motion, although the observed phenomenon depends
solely on their relative motion), which prompted Einstein to his special
theory of relativity.39 For another, it made clear a mathematical symme-
try between gravitational and electromagnetic phenomena, which led
Heaviside (1893b) to note early on the possibility of gravitational waves.

Particular scientific discoveries were enabled by the perspicuous for-
mulation, the one that more directly reflects the nature of the physical
reality being characterized, thereby yielding a clearer view of it. Imper-
spicuous formulations can mislead us about this—as a potentials formu-
lation of classical electromagnetism can mislead us into thinking there
are things that travel faster than the speed of light, when we shouldn’t

formulated the theory in terms of fields “instead of the potential functions which are
such powerful aids to obscuring and complicating the subject, and hiding from view
useful and sometimes important relations” (1893a, Preface).

38That is, electric and magnetic fields, in the case of Maxwell and Heaviside’s theory;
in the relativistic regime, electromagnetic fields. See Maudlin (2018) on different
ontologies one might posit, each of which results in a distinct theory, albeit they bear
commonalities leading each to be regarded as a theory of classical electromagnetism.
(Strictly speaking, “the theory of classical electromagnetism,” as I call it at the beginning
of the paragraph, needs to be disambiguated; for our purposes, assume this is done in
part by way of the above assumption about fields versus potentials.) Cf. North (2021,
ch. 7) on differences and similarities between distinct theoretical formulations.

39In his original paper, Einstein does not mention the potentials, and references what
he calls the Maxwell-Hertz equations, which are Heaviside’s version of the equations.
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take this physically seriously: it is just an artifact of an imperspicuous
formulation. This kind of misleadingness can hinder discovery. Einstein
once said the reason it took him so long to develop the general theory of
relativity, once he had discovered special relativity, is that “it is not so easy
to free oneself from the idea that co-ordinates must have an immediate
metrical meaning” (Schilpp, 1970, 67). Theoretical progress was in this
case hampered by a relatively imperspicuous formulation in terms of
coordinates.

The intermediate views from Sect. 4 can of course agree somewhat.
Hunt and others can allow that a perspicuous representation, which im-
parts greater understanding to us, will for that reason yield theoretical
progress. Yet on that kind of view, remember, this is simply because it
makes various features manifest to us, with no underlying reason as to
why it does. Thus, the potentials formulation of classical electromag-
netism simply obscures from us aspects of the physical reality that is being
characterized.

One hankers after an explanation for the alternative formulation’s
success in this regard, and the natural thought is that it more directly
aligns with the nature of things. The fields formulation better reflects
the nature of the physical reality depicted; that is why it offers a less
obscured view that yields theoretical progress. (A theoretical formulation
that randomly assigns numbers to systems so as to enable us to use a
huge lookup table in order to infer true things about them would be
too misaligned with reality to do that.) The perspicuity doesn’t bottom
out at its perspicuity for us (its epistemic perspicuity), but at the direct
match with reality that underlies and accounts for its perspicuity for us
(its metaphysical perspicuity).

This isn’t to say that an imperspicuous formulation can never result
in, or has never resulted in, theoretical progress, or that we could not
have stumbled upon the relevant scientific discovery by means of such a
formulation; of course not.40 It is to say that, just as the scientific realist

40Maxwell made theoretical progress by means of his formulation, which he com-
bined with a fictional molecular vortex model of fields (Siegel, 1991; Bokulich, 2015).
It remains a large and interesting question why fictions and idealizations can yield
scientific understanding and progress, which I do not address here. Note the potentials
formulation may be more perspicuous when it comes to the extension to quantum
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regards a certain level of empirical success as evidence of a theory’s truth
(even though we might be wrong about this, and even though there have
been empirically successful theories which turned out to be false), so too
a certain level of theoretical progress is evidence that a formulation is not
only true but also perspicuous (even though wemight be wrong about this,
and even though imperspicuous formulations can result in theoretical
advances). It is not my aim here to argue for the standard realist position
that various theoretical virtues (predictive success, explanatory power, and
so on) are markers of (approximate) truth; but to the extent they are, so
too are they (theoretical discovery in particular) evidence of perspicuity—
evidence that a theoretical formulation is getting it right in both senses
(as per Finocchario (2023)).41

This goes hand in hand with thinking that the goal of science is not
simply to get at the truth about the world, as the scientific realist in any
case believes, but to characterize the world well. David Baker (2023) calls
this attitude “robust realism,” where “an important goal of theorizing is
to put forward a theory that is not merely true in its propositional content,
but also matches the structure of reality.”42 The success of a theory is in
turn evidence not only that it is true, but that it matches that structure.
This also goes hand in hand with thinking that the goal of science is more
than successful prediction, but also explanation. The more perspicuous
representation—think of classical electromagnetism in terms of fields—
generally yields the better explanation of the phenomena, for it invokes
what is really going on physically rather than couching things in terms of
indirect mathematical contrivances.43

Other cases reveal more generally that features specific to a particular
formulation can guide us toward discovering things about physical real-
ity we didn’t previously know—as Bell noticed that, as a mathematical

theory; the claim is that Heaviside’s is more perspicuous with respect to its own domain.
For an opposing viewpoint, see de Haro and Butterfield (2025, 13.2.1).

41Compare Sider: “A good theory isn’t merely likely to be true.. . . For the conceptual
decisions made in adopting that theory. . .were vindicated; those conceptual decisions
also took part in a theoretical success, and also inherit a borrowed luster” (2011, 12).

42Again compare Sider: “The goal of inquiry is not merely to believe truly (or to
know). Achieving the goal of inquiry requires that one’s belief state reflect the world”
(2011, 61).

43See North (2021, ch. 7).
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consequence of the usual formalism for quantum mechanics, no local
theory can reproduce all the standard predictions (as experiment later
confirmed); or as Aharanov and Bohm derived their eponymous effect
from the formalism of quantum mechanics applied to electromagnetic
phenomena (also later experimentally confirmed; and which further sug-
gested to many the physical reality of the potentials in the quantum
realm).44 Mathematical aspects of a particular theoretical formulation
were shown to have profound physical implications.

When developing a physical theory, we don’t start out knowing ev-
erything about physical reality and formulating a theory that directly
mirrors it. We start out knowing some things, and formulating a theory
that reflects what we know reasonably well; at which point we might
revise the formulation in light of the theory’s picture of reality (as Heavi-
side did with classical electromagnetism), or discover new things about
physical reality on the basis of a particular formulation (as Heaviside and
Einstein did with classical electromagnetism, Bell with quantum mechan-
ics, Aharanov and Bohm with quantum electromagnetism). Theoretical
progress involves a back and forth between a theory’s formulation and
its conception of physical reality, adjusting one in light of the other, and
different formulations can affect this process differently. The choice of
formulation can in this way be more than a choice of the shallow sort
that is a hallmark of mere notational or conventional matters. Something
of significance is at stake.

So although in one sense the different theoretical formulations that are
said to be notational variants are equivalent—by stipulation, they say all
the same things, just in different ways—in another, physically significant
sense, they are not fully equivalent or mere notational variants. Particular
scientific discoveries were enabled by the perspicuous representation, the
one that is better in this sui generis sense that is not just a matter of truth
or pragmatic or intellectual value, but of the alignment with the nature
of physical reality.

44These are reasonably standard, if not uncontroversial, takes on the two cases
(Aharonov and Bohm, 1959; Belot, 1998; Maudlin, 2014). Note that I am taking
classical electromagnetism (with an ontology of electric and magnetic fields) and quan-
tum electromagnetism (with a potentially different ontology) to be distinct theories; cf.
n. 38.
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6. Conclusion

A merely pragmatic, epistemic, or conventional take on the various sorts
of differences in quality between different representations—an extrinsic
and intuitively subjective take that chalks up any such difference to things
tied to us—cannot account for all facets of mathematical representation
in physics. There is a sui generis sense in which one representation in
physics can be better than another, a sense that is not just a matter of
truth or accuracy, but concerns the extent of the alignment between the
nature of the mathematical apparatus and what is being represented—in
the way that ordered pairs better align with the nature of the plane than
single real numbers do, even though with the appropriate stipulations
each will yield a true, even accurate, representation of the plane.

Even those who disagree with me can allow for various epistemic
and psychological differences between otherwise-equivalent theoretical
formulations or representations, including differences in their capacity
to guide us in cases for which we do not yet know the full nature of
things. And yet, this may still seem entirely specific to our own situation.
Maxwell’s formulation of classical electromagnetism should be just as
good as Heaviside’s as far as God is concerned—God has no need to be
guided toward the nature of things. Perhaps the different representations
cannot differ in any way that isn’t tied to us, after all.

I take the examples here to show that a difference in perspicuity is
not just about us, notwithstanding the fact that we are the ones who
devise and make use of these representations. Even God, with no need
for representation, can allow that certain representational vehicles more
directly match the nature of things. That one representation is for this
reason better than another is intuitively tied to it, not to us.

However, at this point we can fall back on the idea that objectivity,
and with it perspicuity, comes in degrees. Then we do not have to settle
whether Heaviside’s formulation is objectively better, full stop, given that
Maxwell’s will be just as good as far as God is concerned. We can say that
it is objectively better or perspicuous to a greater degree. The important
thing is that this difference in degree matters to physics, which aims at
more than just truly characterizing the world, but at characterizing it
well. The choice of formulation or representation may be up to us in that
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we could always decide to use another one without loss of content; not
always without losing something else of significance to physics.

Not every difference between representations will be significant in
this way. Describing a system’s center of mass as being at one versus
another coordinate location, or stating a theory in French as opposed to
English, or formulating quantum mechanics in terms of matrix versus
wave mechanics, is not.45 But to take all representational choices in
physics to be on a par with the choice between different coordinates or
natural languages or a matrix algebra versus differential wave equations—
to say that all representations are equally good, differing at most in
pragmatic or other sorts of subjective respects that are tied to us—is to
lump too much together. The difference may be a matter of degree,
but the degree matters. Some representations are objectively better for
physics.
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