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Abstract

Perspectival realists often appeal to the methodology of science to secure a realist account of
the retention and continued success of scientific claims through the progress of science (e.g.,
Massimi [2016]). However, in the context of modern physics, the retention and continued
success of scientific claims are typically only definable within a mathematical framework.
In this article, I argue that this concern leaves the perspectivist open to Cassirer’s (1910/
1923) neo-Kantian critique of the applicability of mathematics in the natural sciences. To
support this criticism, I present a case study on the conservation of energy in modern physics.

1. Introduction
Giere’s (2006) Scientific Perspectivism seeks a middle ground between a historically
motivated relativism and traditional scientific realism. He grants to the relativist that
the history of science has shown that all scientific knowledge is contextual—in the
sense that it is situated within a scientific framework. And given the contextual
nature of scientific knowledge, Giere calls into question the traditional realist appeal
to both objectivity and truth. But what makes Giere’s perspectivism distinctive is
its espousal as a form of scientific realism.1 He maintains that his perspectivism
offers a sense in which modern science can still be said to say something about
the natural world—that is, that according to a given successful theory, the world
appears “to be roughly such and such” (2006, 6). This, he suggests, may be enough
to support a genuine scientific realism.
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1 It is this realist claim that distinguishes Giere’s perspectivism from its influential historical prece-
dent in the philosophy of science. We can find antecedents to this view in the writings of Nietzsche
(1873/2010), Cassirer (1910/1923), Carnap (1956), Kuhn (1962), and Goodman (1976, 1978).
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However, lingering concerns remain as to whether Giere’s perspectivism can make
good on this realist claim.2 Giere denies the existence of a “God’s-eye point of view”
form of objectivity—that is, a complete and true description of the way the world is.3

The “world” that is represented in Giere’s scientific perspectivism is not the tradi-
tional realist’s world of an objective, mind-independent reality. Rather, it is a world
constituted by a given scientific vantage point, beyond which no knowledge is taken
to be possible.4 Thus, it seems that Giere’s perspectivism may be fundamentally at
odds with the central dogma of scientific realism—that is, to at least say something
about the features of a mind-independent reality.

In light of these concerns, there have been a number of recent attempts to develop a
new form of scientific perspectivism, one that can make good on a realist commitment
(e.g., Teller 2011, 2012, 2019; Rueger 2016; Massimi 2012, 2016, 2018a, 2018c). Most promi-
nent among these views is Massimi’s (2012, 2016, 2018a) perspectivism, which seeks to
defend a traditional realist account of truth—a “perspectival truth” concerning a
mind-independent reality. To motivate this account, Massimi draws from both the
Kantian tradition and recent work on the perspectival nature of scientific modeling
(e.g., Rueger 2005; Teller 2011, 2012). She appeals to Kant to defend an epistemic pluralism
but draws on the perspectival modeling literature to develop a correspondence theory of
truth that supports this pluralism. Here, Massimi highlights the retention and continued
success of certain scientific claims through the progress of science to ground an account
of perspectival truth. It is this appeal to themethodology of science that secures a sense in
which perspectival claims can transcend the bounds of mere perspective.

In this article, I will argue that there is an inherent tension in this new form of
perspectivism, one that is rooted in the appeal to the methodology of science to defend
an account of scientific knowledge. In the first section, I will briefly outline the essential
features of Massimi’s perspectivism. I will show that the perspectivist appeal to the
methodology of science assumes that this methodology is truth-conducive and that
it can secure a consistent and well-defined body of knowledge to which a perspectivist
can lend support. In the second section, I will present a critique of the perspectivist
appeal to the methodology of science in the context of modern physics—a critique that
originates in Cassirer’s (1910/1923) neo-Kantian attack on the realist account of scien-
tific knowledge. In modern physics, I will argue that the retention and continued
success of scientific claims, through the perspectival series of scientific theories, can
only be defined within a given mathematical framework. However, the perspectivist
faces a challenge in defining the sense in which this framework supports a realist
account of truth. In the third section, I will provide a case study of a novel perspectival
account of conservation laws in modern physics to further motivate this Kantian
critique. This account will trace the formal grounding of global conservation laws in
the transition from static spacetime theories, such as classical mechanics, to dynamical

2 Here, I take scientific realism to be defined by the belief that mature and successful scientific theo-
ries provide a true, or approximately true, description of at least some aspects of both the observable and
unobservable features of the natural world. Following Chakravartty (2007, 9), I will define scientific
realism to entail three claims: (1) a metaphysical tenet—that is, that there exists a mind-independent
reality; (2) a semantic tenet—that is, that scientific claims can be construed literally; and (3) an epistemic
tenet—that is, that some scientific claims about the world are true (at least approximately).

3 In this sense, Giere’s perspectivism (2006, 6) echoes Putnam’s (1981, 1987) internal realism.
4 Giere’s perspectivism is categorical, applying at all levels of scientific practice.
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spacetime theories, such as general relativity. It will highlight the fundamental role
that mathematics plays in securing the retention and continued success of scientific
claims through the progress of modern theoretical physics. In the fourth section, I
consider whether Massimi’s perspectival realist can offer a viable response to this
neo-Kantian critique, and the extent to which this concern poses a challenge to other
forms of perspectivism (e.g., Teller 2011, 2012, 2019). To conclude, I will consider what
lessons we can draw from this case study.

2. Massimi’s scientific perspectivism
Massimi’s perspectivism seeks to at least say something “about facts not being shaped
by scientific perspectives or truth relativized to them” (2018a, 170). In this context,
Massimi draws an important distinction between two concepts that she suggests are
often conflated in discussions on scientific realism—namely, objectivity and truth.
She suggests that “one can accept and fully endorse that scientific inquiry is indeed
pluralistic and that there is no unique, objective, and privileged epistemic vantage point
without necessarily having to conclude that perspectives shape scientific facts or rela-
tivize truth” (2018a, 170). Here, Massimi (2018c) draws on the work of Rueger (2005,
2016), Teller (2011, 2012), and Morrison (2011) concerning the perspectival nature of
scientific modeling. Teller (2011, 2012) has argued that since all scientific representa-
tion is imprecise and idealized, it may be possible to maintain a number of represen-
tations of reality without giving up on scientific realism. Teller (2012, 272) suggests that

science—and human knowledge generally—[gives us] a vast plurality of repre-
sentative tools, none of which works with both complete precision and accuracy.
But a great many of the resulting representations, like not perfectly focused
photographs, do give us real cognitive grip on real things.

Similarly, Massimi (2018c, 338) notes that the “realist quest can be vindicated when
one considers the indispensable role that such a plurality of perspectival models plays
in advancing our knowledge of what might be real.” In highlighting the exploratory
function of perspectival models, Massimi’s perspectival realist can accept a form of
epistemic pluralism and abandon the claim of a God’s-eye-view objectivity because it
is this concession that might allow the perspectivist to account for the situated nature
of scientific knowledge. However, this does not mean that we have to give up on truth
altogether.

All the perspectival realist needs is an account of scientific truth that is indepen-
dent of any appeal to objectivity, and this is exactly what Massimi (2016) has
put forward. At the outset, it is clear that scientific perspectives provide contextual
truth conditions, but these truth conditions only support a notion of scientific truth
that is contextualized within the limits afforded by a given scientific theory,
either past or present (2016, 12). These conditions do not license an interperspectival
truth, which would be required for a genuine correspondence claim. However,
Massimi (2016, 13–15) suggests that if these contextual truth conditions are accessible
across scientific perspectives, then we could characterize a perspectival truth qua
correspondence, contextualized but secured by a form of resilience and interperspec-
tive translatability. It is this continuity across perspectives that allows the
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perspectivist to determine whether a given scientific claim meets its original truth
conditions from the perspective of our currently accepted theories. In fact, this notion
of perspectival truth may be enough for the perspectival realist to make good on
many of the typical realist commitments. Massimi’s perspectival realist already
supports the metaphysical tenet of scientific realism, as they accept the existence
of a mind-independent reality, and the semantic tenet, as they construe scientific
claims literally. This appeal to perspectival truth allows the perspectival realist to
also accept the epistemic tenet, as they hold that in accepting a theoretical claim,
they believe it to be true—understood as perspectival truth across theoretical frame-
works (Massimi 2018a, 170–71).

The initial problem with Massimi’s perspectivism is that it is not exactly clear how
one can defend a genuine scientific realism simply as a result of these contextual
truth conditions and their accessibility across scientific perspectives. Massimi
(2016, 13–14) suggests that we should understand contextual truth conditions as
standards of performance adequacy by which scientific claims are said to meet certain
methodological constraints that define the successful application of a theory. In this
case, the overarching methodology of science can serve to ground a notion of truth
across perspectives. However, this may not be enough. As Rueger (2016, 402) has
noted in the context of perspectival models,

[d]rawing on the analogy with different spatial perspectives onto the same
object, the perspectival realist suggests that the seemingly incompatible
representations given by our models are in fact just representations of the same
(independently existing) target system from different perspectives or points
of view.

To secure a viable realist notion of truth, it seems Massimi must show that the set of
claims that a perspectival realist holds to be true within a scientific perspective are
reconcilable, in the sense that they can be shown to be consistent with the existence
of a unique mind-independent reality.

In response to this type of concern, Massimi can appeal to her notion of scientific
progress. Massimi (2018a, 172) suggests that

[s]cientific progress can be characterized in perspectivalist terms if we take
scientific perspectives not just as contexts of use—laying down specific standards
of performance adequacy for knowledge claims—but also, and most impor-
tantly, as contexts of assessment offering standpoints from which knowledge
claims of other (past) scientific perspectives can be evaluated (in terms of
their ongoing performance adequacy as set out by their original standards).
Thus, scientific claims of our historical predecessors can be retained or withdrawn,
depending on whether they continue to satisfy their original standards of
performance-adequacy when assessed from another (subsequent) perspective.

Assuming that the progress of science leads toward a consistent theory—that is,
those claims that are eventually retained are consistent with the existence of a unique
mind-independent reality—then what results from this notion of scientific progress
appears to be a more modest form of scientific realism. It is a perspectival realism
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that replaces the traditional realist notion of truth qua correspondence with an objec-
tive reality with truth qua correspondence established as a form of resilience and
coherence across the progress of science. This is simply the best we can do within
the framework of our currently successful theories—which are liable to change.

Massimi’s perspectivism offers the hope of charting a middle path between a
historically motivated relativism and traditional scientific realism. The shared meth-
odology of modern science can secure the retention and continued success of scien-
tific claims. So long as this methodology remains relatively stable through the
progress of science, this humble realism may offer the promise of supporting a robust
and consistent body of knowledge to which a perspectival realist can lend support.
Some may still wonder whether this notion of perspectival truth can truly support
a genuine scientific realism, but there is no question that it offers an interesting
new perspective on the realism debate—one that may be more in line with the discor-
dant nature of modern science. However, in the next section, I argue that there is an
inherent tension in the perspectivist appeal to the methodology of theoretical physics
to secure a form of scientific realism.

3. Perspectivism and the methodology of modern physics
Massimi assumes that the methods of modern science are truth-conducive—that is,
they are able to secure a perspectival knowledge of the objects, structures, processes,
and so forth that exist in nature, independent of any physical theory. This reification
of the methodology of modern science, over and above its instrumental value, entails
not only that these methods can discover truths about both the observable and unob-
servable world but also that this has, in fact, been achieved in the cases that support
perspectival realism.

The initial concern is that it is not entirely clear whether a perspectivist can give a
compelling argument to support this reification of the methods of modern science—
that is, one that does not transgress upon the central dogma of perspectivism. At the
very least, Massimi needs to clarify what it is about the methodology of science that
allows us to suggest that the retained truths in the perspectival series of scientific
theories have some grip on reality.

Consider Massimi’s (2018a, 171) example of the contrasting properties assigned to
water in fluid dynamics and statistical mechanics.5 In this example, it seems that we
can determine whether the claim that water has viscosity is true or not. From the
perspective of statistical mechanics, we can appeal to the molecular mean flow to
secure a sense in which the claim that water has viscosity can be considered to be
true within the context of fluid dynamics. However, this only works because fluid
dynamics and statistical mechanics share a theoretical and mathematical framework.
It is only through this shared framework that one can define what viscosity is from
the perspective of statistical mechanics and show that it is consistent with the
account of viscosity in fluid dynamics. Under the assumption that this accessibility
persists in the perspectival series of scientific theories, then this shared framework
can determine whether it is, in fact, true that water possesses viscosity. It is this
condition—that is, that the shared framework of the two theories is retained through

5 Massimi cites this example of Teller (2011, 2012) in defense of her notion of perspectival truth.
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the progress of science—that underwrites the correspondence claim. But this only
works to the extent that the methodological framework of classical mechanics is
assumed to be truth-conducive.

However, this reification of the methodology of science may be problematic in the
context of modern physics. Here, the retention and continued success of scientific
claims underwriting perspectival realism are often only definable within a shared
mathematical framework. But in what sense can this framework be said to have
any grip on reality to support the perspectival correspondence claim?

This concern has an influential precedent in the history of philosophy. Those
familiar with the work of Cassirer (e.g., 1910/1923, 1925/1946, 1936/1956) will have
already noted the parallels between Massimi’s appeal to the methodology of science
to secure a perspectival realism and a similar argument made by Cassirer to support
a neo-Kantian account of the objectivity of science. Cassirer’s neo-Kantian philosophy
of science emphasized the constitutive role that mathematics plays in scientific
thought, and he often sought to challenge the viability of a scientific realism
grounded on the mathematical representation of nature. His general concern was that
the mathematical formalism of modern physical theory, as a symbolism, “harbours
the curse of mediacy” (1925/1946, 7). In Cassirer’s view, what is symbolized in abstract
mathematics cannot be an exact copy of what exists, and it seems that scientific
knowledge, “whose task is to describe the real and lay bare its finest threads, begins
by turning aside from this very reality and substituting for it the symbols of number
and magnitude” (1910/1923, 117). The solution, as Cassirer saw it, was to simply
accept the fundamental mathematical constitution of the scientific conception
of the natural world and give up the naive realist claim of representing a mind-
independent reality.

Cassirer held that the mathematization of nature serves as a necessary presuppo-
sition of scientific thought, but he did not believe that this, in any way, constrained
the choice of mathematical formalism in modern physical theory. It is here that
Cassirer, in line with the Marburg neo-Kantian tradition, took a step beyond Kant
in allowing for the revision of the constitutive framework of scientific thought.
However, in allowing for this revision, Cassirer was forced to face the specter of a
pervasive relativism. Thus, Cassirer (1910/1923, 282) held that at the heart of math-
ematical physics lies the “riddle of knowledge.” In response to this riddle, Cassirer
(1910/1923, 321) argued that the relativist abolition of the standard of objectivity does
not entail the abolition of the difference in the value and performance of various
scientific theories. Scientific theories do not stand apart in their relation to the world,
to be judged solely on their own merits, but rather as part of a progressive series.
Cassirer suggested that it is this series, and the hopeful convergence of the theoretical
framework of modern physical theory, that can take the place of an objective external
reality. He argued that we “need, not the objectivity of absolute things, but rather the
objective determinateness of the method of experience” (1910/1923, 322). This
method entails a systematic progression toward ever-more-general mathematical
formulations of the “fixed and permanent realm of objectively necessary relations”
to which all thought is directed (1910/1923, 315). This formed the basis for his appeal
to a brand of neo-Kantian structuralism (e.g., see Cassirer 1936/1956).

The basic disagreement between Massimi’s perspectivism and Cassirer’s neo-
Kantianism is clear. Although they would both maintain that scientific knowledge
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is historically and culturally situated, Cassirer holds that no knowledge is possible
outside the constitutive framework of science. In contrast, Massimi holds that such
knowledge is possible, at least in principle. In defense of this view, Massimi appeals to
the retention and continued success of certain scientific claims through the progress
of science to secure a sense in which they can be said to have some grip on reality.
However, Cassirer would likely complain that the perspectivist’s realism seems to
remain forever in the shadows. The interperspective accessibility of scientific claims
secured within the framework of the methodology guiding scientific progress does
not, on its own, entail that the claims that a perspectivist accepts correspond to
the world, as opposed to the constitutive framework that Cassirer would argue under-
writes scientific progress.

In response to this Kantian concern, the perspectivist needs to specify the sense in
which the methodological framework of modern science is able to secure a viable
perspectival realism. Massimi (2018a, 171) suggests that perspectivism shares “with
scientific realism the view that worldly states of affairs, the language of science, and
truth as correspondence with states of affairs are all perspective independent.”
But what supports this correspondence claim? The perspectival account of truth is
grounded on the continued success of scientific claims, defined in terms of
Massimi’s appeal to standards of performance adequacy, which she takes to be
common across perspectives. These standards include empirical testability, project-
ability, fruitfulness, and so forth (Massimi 2016, 14). But in modern physics, these
standards are often only definable within a mathematical framework. Thus, the
perspectivist is required, at least in the context of modern physics, to give a response
to the neo-Kantian critique of the applicability of mathematics in science. To further
clarify this concern, I will now turn to a novel perspectivist case study concerning the
conservation of energy in static and dynamical spacetime theories.

4. A perspectival account of energy conservation
The principle of the conversation of energy stands as one of the pillars of modern
science. It underwrites large portions of classical physics and is, to a large extent,
upheld in one manner or another in almost all branches of modern physics. Thus,
the perspectival realist might want to suggest that the principle of the conservation
of energy is true (e.g., see Massimi 2018b). The intertranslatability of the principle
across perspectives, its adherence to the standards of performance adequacy, and
its retention through the progress of science clearly support the perspectival truth
claim. However, I will argue that the retention of energy-conservation laws in a
dynamical spacetime theory, such as general relativity, can only be defined within
the mathematical formalism of modern differential geometry.

In modern physics, the law of the conservation of energy is typically presented as a
canonical application of the so-called “symmetry principle.” This principle states that
symmetries lie at the heart of modern physics. In particular, it suggests that the
dynamical laws that govern any system should be derivable from the fundamental
symmetries and invariances of a physical theory. The significance of the concepts
of symmetry and invariance in modern physical theory concerns the way in which
we typically represent the physical structure of the natural world. Following Weyl
(1952, 7–8), it has become natural to suggest that “the mathematical laws governing
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nature are the origin of symmetry in nature.” Indeed, Noether’s theorem is thought to
formally establish this connection in theories that can be given a Lagrangian formu-
lation. But what is the mathematical conception of symmetry engendered by
these laws?

To gain a better understanding of the mathematical concepts of symmetry and
invariance, we can start by exploring a simple case: that of bilateral symmetry. In
Weyl’s influential definition (1952, 17–18), a body is defined to be bilaterally
symmetric with respect to a given plane if it is carried onto itself by reflection in
the plane. Reflection is defined mathematically through the notion of a mapping.
A “mapping is defined whenever a rule is established by which every point p is asso-
ciated with an image p0” (Weyl 1952, 5). The reflection map, S : p ! p0, carries an
arbitrary point p into its mirror image p0. The same basic idea can be extended to
characterize a rotational or translational symmetry. In each of these cases, the trans-
formations that define the symmetries of the structure are automorphisms that map
a structure onto itself. These transformations form a group, and the group describes
the symmetry possessed by the structure (Weyl 1952, 45).

The geometrical connection between symmetry, invariance, and natural law in
modern physical theory is based on the idea that the structure of the natural world
can be taken to constitute a mathematical manifold. Any space can be taken to consti-
tute a manifold so long as an open neighborhood of each point of the space has a
continuous one-to-one mapping to an open neighborhood of <n, the n-dimensional
space of real numbers. In modern physics, we also typically demand that a manifold
be differentiable. The differentiability of a manifold equips it with an enormous
amount of additional structure, and this structure is fundamental to modern physical
theory. As Schutz (1980, 23) notes: “It is hard to imagine a physical problem which
does not involve some sort of continuous space.” He points out that the “key to differ-
ential geometry’s importance to modern physics is that it studies precisely those
properties common to all such spaces.” The differentiability of a manifold allows
us to define dynamical equations and continuous symmetries. The continuous
symmetries that play an especially important role within modern physical theory
are the transformations that map dynamical equations and spacetime structures onto
themselves. These automorphisms define the invariances that underwrite the conser-
vation laws of modern physics.

The spacetime structures of classical physics, quantum theory, and special rela-
tivity are either Euclidean or pseudo-Euclidean. In each theory, if a system is subject
to Hamilton’s principle (which states that the motion of a system from time t1 to t2 is
such that the integral I � R t2

t1 Ldt, has a stationary value for the actual path), then it is
well known that the symmetries of the Lagrangian correspond to the existence
of conserved quantities. Here, the integral I is known as the action integral; L is the
Lagrangian and is defined as L � T � V, where T is the kinetic energy, and V is
the potential energy of the system. In particular, it is easy to show that if
the Lagrangian does not explicitly contain a particular coordinate dependence
on the coordinate of displacement, then the corresponding canonical momentum
is conserved. Of course, the same can be said for a coordinate of time and the conser-
vation of energy. As Goldstein (1980, 588) notes, the “absence of explicit dependence
on the coordinate means that the Lagrangian is unaffected by a transformation that
alters the value of that coordinate; it is said to be invariant, or symmetric under the
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given transformation.” It is clear why this is called a symmetry in the Lagrangian.
The transformations of space or time map the Lagrangian onto itself. They are auto-
morphisms that leave the structure unchanged.

Noether’s first theorem generalizes this result and demonstrates that every
continuous symmetry in the Lagrangian corresponds to a conserved quantity.6

However, to ensure the invariance of the Lagrangian, the continuous symmetry must
correspond to a symmetry in the underlying metrical structure (Schutz 1980, 89). The
reason why this must be the case is easy to see. If the definition of symmetry requires
that an object or structure be mapped onto itself, then there must be a consistent
means of defining the relevant notion of sameness. The motion must clearly take
place along a continuous isometry in the spacetime—because it is the concept of
an isometry that allows us to define the relevant notion of sameness (or congruence).7

To understand the problem posed by the development of dynamical spacetime
theories, it will be worthwhile to take a closer look at how the isometries of a space-
time are defined. The initial concern is that the comparison of any geometrical object,
such as the metric, at different points requires a definition of distance, and it is the
metric itself that provides the definition of distance. Certainly, we cannot use
the metrical properties of the space to study the metrical properties of the space—
this would be the equivalent of using a meter stick to measure how meter sticks
change from place to place.8 Rather, we need a way to characterize the change in
the metric brought about by a motion in the manifold—that is, we need a way to
study the changes in the metrical properties of a space that does not implicitly rely
on the metric itself.

This is where the concepts of Lie dragging and the Lie derivative come in handy
because they can be defined on a manifold without a metrical structure. The basic idea
behind the concept of Lie dragging is quite simple. We can fill a manifold with a
congruence of curves—that is, a collection of nonintersecting curves. In this case,
each point in the manifold will lie on one, and only one, curve in the congruence.
The congruence of curves provides a natural way to characterize a mapping of the
manifold onto itself: if the parameter on each curve is λ, thenΔλ—that is, some small
number—defines a mapping in which each point is mapped to one a parameter
distance Δλ farther along the same curve (e.g., see Schutz 1980, 73). Such a mapping
is called a Lie dragging, and a quantity is said to be Lie dragged if it is left unchanged
by the transformation. Of course, we can Lie drag geometrical objects, such as the
metric—formally, the metric tensor field—defined on the manifold to study their
properties as they are “dragged” across the manifold.

The concept of Lie dragging also allows us to define a derivative along the congru-
ence of curves. The typical derivative takes the difference of a scalar or tensor defined
at different points divided by the distance between them. However, without a metric,
we cannot provide a definition of this distance between noncoincident points.

6 Noether’s theorem has been addressed at length in the philosophical literature (see, for example,
Brading and Brown [2003]; Earman [2003]; Brown and Holland [2004]; Butterfield [2005]).

7 Imagine trying to define a conservation law in a space with an arbitrary metrical structure that
changes from point to point. What would energy or momentum even mean in such a space?

8 Any change in the length of the meter stick under study would be imperceptible because of the
equivalent change in the measuring meter stick.
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Furthermore, without a connection, the space also lacks a definition of parallelism,
and we cannot fix the concept of motion in a set direction.9 In fact, without reference
to a connection, the question of parallelism makes little to no sense. Thankfully, the
congruence of curves itself can serve as a substitute for the concept of parallelism at
different points. We can consider points along the same curve to be “parallel” and
compare the metric evaluated at points λ and λ�Δλ along the curve. If we Lie drag
the metric evaluated at λ�Δλ back to λ, and cancel any effect of the inherent coor-
dinate transformation, we can compare the two values to define a unique derivative,
known as the Lie derivative. If the Lie derivative of the metric tensor is zero along a
particular congruence of curves, then we say that the metric tensor is invariant under
translation along that congruence. Of course, a congruence of curves also defines a
vector field—namely, the field of tangents to the curves. If the metric tensor is
invariant with respect to a given congruence and its associated vector field, then
we call it a Killing vector field. The Killing vector fields define the isometries of the
manifold.

We can now use these structures to study the conservation laws in a dynamical
spacetime theory. At the outset, it is clear that we can only derive a global conserva-
tion law in spacetime structures with the relevant Killing vector fields. This is not
typically a problem in classical mechanics or quantum theory because the relevant
spacetime structures are maximally symmetric and typically possess the required
Killing vector fields to secure the conservation of energy-momentum.10 However,
an arbitrary dynamical spacetime will not possess any Killing vector fields and, there-
fore, no continuous isometries (e.g., see Hawking and Ellis 1973, 44). In an arbitrary
dynamical spacetime, we cannot define any globally conserved quantities or global
conservation laws.11

All of this may not be a serious concern so long as we can show that the dynamical
spacetime structure of general relativity has the relevant Killing vector fields. The
problem is that the imposition of a set of continuous isometries is, in general, a viola-
tion of the fundamental principles of general relativity. We know that general rela-
tivity, strictly speaking, forbids the imposition of this type of symmetry because the
imposition of a Killing vector field is acausal—it requires imposing a structure on
regions of spacetime that are outside our light cone.12 We have no causal connection
and no epistemic access to these regions of spacetime. Furthermore, there is no
reason to suspect that these regions of spacetime possess the requisite symmetry
because we do not even believe that the observable regions of spacetime do.
Fundamentally, we know that no symmetric stress-energy tensor could accurately
describe the local arrangement of energy and matter in the neighborhood of

9 A connection provides a means of relating the tangent spaces of nearby points and defines the notion
of parallel transfer.

10 For example, the Minkowski spacetime of special relativity and quantum field theory has ten Killing
vector fields—four translational and six rotational (three corresponding to the spatial rotations and
three to the special Lorentz transformations).

11 There may exist conservation laws that are not associated with a Killing vector but rather with a
nontrivial Killing tensor. However, more work still needs to be done to understand the nature of these
conservation laws.

12 This is because the Killing vector fields are defined by acausal elliptical partial differential
equations.
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Earth, simply because the local arrangement of matter and energy in the observable
universe is not symmetric. Strictly speaking, it is also unlikely that any global symme-
tries exist either—even the microwave background radiation exhibits variation.
It seems that any realistic local spacetime structure in general relativity will not
possess any Killing vector fields or global conservation laws.13

However, despite these concerns, we can still secure a local account of the conser-
vation of energy, at least as an approximation, within the shared geometrical-
mathematical framework of modern physics. This shared framework—whereby all
spacetime structures are taken to constitute a differentiable Riemannian, or
pseudo-Riemannian, manifold—allows for the local specification of the typical Lie
symmetry groups. The regular nature of the Riemannian spacetimes of modern
physics ensures that the typical conservation laws apply “locally” in the neighbor-
hood of all points in a spacetime, at least approximately, and that these symmetries
will hold on the global scale in a certain special class of spacetime structures. But can
we give a viable perspectival account of this notion of retention and continued
success?

It is only from the perspective of modern differential geometry that we can define
the sense in which the laws of conservation of energy found in static spacetime
theories are retained as local laws in a dynamical spacetime theory, such as general
relativity. In a neo-Kantian account, we could simply suggest that this geometrical-
mathematical framework serves as a constitutive framework for modern physics and
secures the objectivity of the law of conservation of energy. However, in a perspec-
tival account, it is not immediately clear what role we should assign to this mathe-
matical framework.

There is no question that the shared geometrical-mathematical formalism of
modern physics can secure the interperspective translatability required to
ground Massimi’s account of perspectival truth. The geometrical structure of
static spacetime theories could be viewed as a particular instance of a more
general dynamical spacetime theory. But we simply cannot define the empirical
testability, projectability, fruitfulness, and so forth of the law of conservation
of energy, at least from the perspective of general relativity, without this
mathematical formalism. To defend a viable perspectivism in modern physics,
something must be said about how its mathematical methodology can secure a
genuine correspondence claim.

5. The dilemma of perspective
In response to this challenge, Massimi’s perspectivist is unable to simply argue that
the mathematical formalism of modern physics represents features of an objective

13 In response, some might note that the big bang Friedmann–Lemaître–Robertson–Walker (FLRW)
spacetime of general relativity is highly symmetric and certainly allows for conservation laws. But
the FLRW solution is spatially homogeneous and isotropic, and it is based on the assumption that there
exists a family of nonintersecting, space-like, maximally symmetric hypersurfaces that fill the spacetime.
The imposition of this structure is a result of the fact that we are generally only able to provide exact
solutions for the Einstein field equations in highly symmetric spacetime structures. And just because
these are typically the only solutions that we can obtain, this does not mean that the theory itself
condones the imposition of this type of symmetry.

514 Noah Stemeroff

https://doi.org/10.1017/psa.2021.34 Published online by Cambridge University Press

https://doi.org/10.1017/psa.2021.34


mind-independent reality because they deny the realist appeal to objectivity. Instead,
they may wish to argue that this framework is itself merely a broader perspective
from which we conduct scientific inquiry. However, in this case, the perspectival
account of truth would be indexed to this perspective. The retention and continued
success of scientific claims through the progress of science is then only definable
within a scientific perspective. This would clearly undermine any claim that the
perspectivist could make to defending a form of realism.

If the perspectival realist cannot appeal to a direct conformity between mathe-
matics and nature or to a broader mathematical perspective of physical inquiry,
maybe they could try to find a viable middle ground. The perspectivist might try
to defend a sort of meta-perspectival argument that suggests that the mathematical
framework of modern physics is of more than a mere instrumental value. Although it
may not directly represent the structure of the natural world, the relevant mathe-
matical framework, or some further generalization thereof, may be taken to be an
essential feature of the practice of modern physics. Certainly, we could appeal to
inductive support for this claim.

The problem is to precisely define the sense in which this framework is essential to
scientific practice, beyond its instrumental value. Once again, we are confronted with
the problem of the applicability of mathematics. It is not enough to claim that a given
mathematical framework has been successful in the description of a given domain.
This would lead as much to instrumentalism as realism. Rather, the perspectivist
needs to clarify what it is about a given mathematical formalism that allows it to
support the claim that the facts we hold to be true are in some sense facts about
a nature that is independent of our representations.

It would certainly not be controversial to put forward a defense of the privileged
role of mathematics in physical inquiry. The Scientific Revolution was based, in part,
on a mathematization of nature. Galileo (1623/1957, 238) famously wrote that the
book of nature “is written in the language of mathematics,” without which it is
“impossible to understand a single word of it.” In the context of modern theoretical
physics, it seems that Galileo’s mathematization of nature has reached its purest
expression. It would not be unreasonable to suggest that this mathematization of
nature will persist through the perspectival series of scientific theories. Therefore,
the perspectivist could suggest that the mathematical methodology of modern
physics is truth-conducive in the sense that the shared mathematical formalism of
physics could provide a unified framework through which the structural features
of a scientific perspective that are retained through the perspectival series of scien-
tific theories can be said to have some grip on reality.

This sort of epistemological Pythagoreanism should be distinguished from the
popular structural realist position (e.g., see Worral 1989; Ladyman 1998; Ladyman
and Ross 2007; French 2014). Structural realism can be understood in its epistemic
variant as a simple limitation on scientific knowledge or, in its ontological variant,
as a claim about the metaphysics of science. However, in either case, the structural
realist seeks to maintain the typical realist claim of objectivity in the face of under-
determination and discontinuity in the history of science. Perspectivism abandons
the objectivity of scientific claims in favor of a minimal notion of scientific truth
established as a form of resilience and coherence across the progress of science.
The retained claims in modern physics (e.g., local conservation laws) can be
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understood in perspectival terms to be true—but not as an objective, God’s-eye view,
fact about nature. Thus, the knowledge that underwrites this form of epistemological
Pythagoreanism would remain perspectival knowledge.

The dilemma is that mathematics is a human pursuit, in much the same way that
science is, and there seems to be no reason to suspect that this human pursuit would
somehow provide the key to understanding nature (e.g., see Steiner 1998)—at least
from a perspectival point of view. Arguing that one can secure the truth of successful
scientific claims from the perspective of a given mathematical framework does
not lead to realism, at least if this framework itself is taken to be no more than a
perspective. As Cassirer might argue, the very thing that the perspectivist seems
to need to secure a genuine realism appears to be that which they cannot give.
They must privilege a perspective—for example, the mathematical framework of
differential geometry.

The problem is not that such a view would be difficult to defend. As Dirac (1939, 1)
famously wrote:

There is no logical reason why the [method of mathematical reasoning in
physics] should be possible at all, but one has found in practice that it does work
and meets with reasonable success. This must be ascribed to some mathematical
quality in Nature, a quality which the casual observer of Nature would not
suspect, but which nevertheless plays an important role in Nature’s scheme.14

Similarly, Feynman (1964, 59) writes:

When learning the Laws of Physics you find that there are a large number of
complicated and detailed laws, laws of gravitation, of electricity and magnetism,
nuclear interactions, and so on, but across the variety of these detailed laws
there sweep great general principles which all the laws seem to follow.
Examples of these are the principles of conservation, certain qualities of
symmetry, the general form of quantum mechanical principles, and unhappily,
or happily, : : : the fact that the laws are mathematical.15

The idea that the underlying mathematical framework of modern physics might serve
as a general principle from which all natural law is derived can also be found in the
writings of a number of other prominent physicists—for example, Gell-Mann (1994)
and Penrose (2004). On the support of authority alone, it seems that we are in good
company in highlighting the mathematical framework that underwrites appeals to
natural law.

The problem is that in defending such a view, we run the risk of undermining the
original motivation of scientific perspectivism. To privilege mathematics would be to
deny the perspectivist dogma and would threaten to collapse perspectivism into some
undesirable form of neo-Pythagoreanism. The perspectivist could simply return to
the central Kantian dogma that all knowledge is from a human vantage point, but
if the methodology underwriting this knowledge is itself just another vantage point,

14 Emphasis added.
15 Emphasis added.
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then in what sense can the perspectivist hope to defend any form of scientific
realism?

Indeed, this concern seems to present a challenge to the viability of perspectivism
more generally. Here, it is important to note that it is not Massimi’s perspectivism
that is the problem, per se, but rather the correspondence theory of truth that she
seeks to defend. To ensure that the claims that we hold to be true are consistent and
can be taken to correspond to a unique mind-independent reality, we are required to
impose a strict form of continuity and coherence across the progress of science. Thus,
any form of perspectivism that looks to defend a correspondence theory of truth will
have to face a similar challenge in providing a realist account of the applicability of
mathematics in the methodology of physical inquiry.

In response, some might wonder whether the solution may be to simply abandon
the correspondence theory in favor of a more liberal pragmatic theory of truth
(e.g., Teller 2012, 264–66). In Teller’s (2012, 2019) pragmatic perspectivism, a scientific
claim is said to be true if it works, at least well enough, in the intended domain of
application. To “work” is to satisfy one’s aims in a given scientific context. These aims
should not be understood to be indexed to an individual but rather to the scientific
community as a whole. The truth of a scientific claim is defined by its success in a
broad range of applications (Teller 2019, 59). It is in this sense that Teller (2012,
272) holds that even though all science is idealized and imprecise, one can still argue
that it gives us a “real cognitive grip on real things.”

Adopting a pragmatic theory of truth would allow us to sidestep the issue of
securing a clear form of resilience and coherence of scientific claims across the prog-
ress of science because all that matters is whether the claims work in their intended
domains of application. Teller’s (2011, 2012, 2019) perspectivism offers an even more
humble picture of scientific realism. His realist commitment is limited to those claims
that function in the appropriate sense in a given context. But unless the domain of
application is broad enough to include multiple scientific perspectives, a pragmatic
perspectivism would remain far too local to constitute a viable scientific realism.
It would only be able to support a notion of scientific truth within the limits
afforded by a given scientific theory. Most realists would hope for more. Even in a
pragmatic theory, we would need to appeal to the broader methodology of science
to secure a sense in which perspectival claims can transcend the bounds of a single
perspective.

It is unclear if a pragmatic perspectivism will fare any better in addressing the
applicability of mathematics in modern physics. To define the sense in which a given
scientific claim (e.g., that energy is conserved) “works” across a broad range of appli-
cations (e.g., in static and dynamic spacetime theories), the pragmatist must still
appeal to the formalism of modern differential geometry to define the manner in
which the laws of conservation of energy found in static spacetime theories are
retained as local laws in a dynamical spacetime theory. It is this framework that
defines what the conservation of energy means in a given domain. Outside this frame-
work, the pragmatic perspectival realist would not even be able to define what it
means for the claim that energy is conserved to “work” in a dynamical spacetime.
Making matters worse, Teller’s more permissive perspectivism may be unable to give
any account of truth concerning the broader mathematical methodology of modern
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physics, which defines what it means for a claim to “work” in this context.16 Thus, the
neo-Kantian critique concerning the applicability of mathematics in physics may pose
a more general challenge to scientific perspectivism, as a whole.

6. Conclusion
In this article, I have argued that there is an inherent tension in the perspectival
appeal to the methodology of science to secure an account of scientific knowledge.
In the context of modern physics, the perspectival realist has to either privilege a
given mathematical framework or abandon the aims of perspectivism. The method-
ology of science can serve to define the manner in which perspectival claims
can transcend the bounds of mere perspective. However, it is unclear how
perspectivists can privilege a methodology without abandoning the central tenet
of perspectivism.

Perspectival realism offers a refreshing new perspective on the realism debate—
one that is more in line with the actual practice of modern science. The perspectivist
provides a clear account of how we can maintain a form of realism despite the dispa-
rate nature of modern scientific inquiry. Although I have argued that the perspecti-
vist may be unable to account for the methodology of modern mathematical physics,
this does not mean that the account cannot be consistently applied in other domains
(e.g., see Massimi and McCoy 2019). However, the concerns that I have addressed in
this article may not be limited to mathematical physics alone. Recently, Chirimuuta
(2019) has argued that in neuroscience, one often finds theories that share only a
mathematical continuity. In this case, the only form of perspectivism that may be
tenable is one that is grounded on a particular mathematical framework. But as
Chirimuuta (2019, 152) has shown, this is problematic, given that the relevant math-
ematics is subject to radically divergent interpretations. Thus, it seems that the
problem of the applicability of mathematics may pose a broad concern for the
perspectivist. Given the increasingly mathematical nature of modern science, the
problems addressed in this article may extend beyond the field of mathematical
physics and threaten the viability of scientific perspectivism more generally.
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