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Abstract

Scientific realists investigate the ontology of the world and explain the observed phenomena by using our
best fundamental physical theories. These theories describe the behavior of fundamental objects in terms
of their fundamental properties, which determine their behavior. This paper is the natural companion of
another paper in which I propose an alternative to this traditional account of metaphysics, according to
which fundamental objects have no other fundamental property than the one needed to specify their
nature. In that paper I argue that my view fares better than the traditional metaphysics both in the
classical and in the quantum domain. In this paper I compare my view to structuralism. After discussing
how my proposal shares many motivations with structuralism, I argue in which ways I think it is
superior.

1. Introduction

In discussions about ontology, traditionally one talks about objects and their properties:
objects live in three-dimensional space and change in time according to suitable laws of
nature. In naturalized metaphysics, following the tradition of scientific realism, the
nature of these objects and laws is given by our best fundamental physical theories. In a
classical world one has point-like particles (or particles and fields, if we include
electromagnetic phenomena). Their temporal evolution is determined by laws of nature
like the Newtonian law of gravitation or Maxwell’s electromagnetic equations. Particles
come into families: electrons, protons, and so on, identified by their intrinsic properties
of mass and charge. A distinctive feature of this understanding is that different families
move differently under the same circumstances because their properties are different.
This traditional approach is therefore an object-oriented metaphysics grounded on properties.
In a previous article, I have proposed instead a thin object-oriented metaphysics grounded
on structure based on the idea that fundamental objects have no intrinsic properties other
than the ones necessary to identify their nature. That is, assuming the world is made of
particles, they merely have the property of being localized in space, but they have no
additional properties such as mass or charge. Conversely, laws are effectively
instantiated multiple times. Therefore, an electron in a magnetic field turning the
opposite way of a proton is not explained in term of their opposite charges but in terms
of them following distinct ‘effective’ laws. In my previous paper I have argued that this
approach is better than the traditional view. In this article, which is a continuation of
my previous work, I first review my approach in section 2, then I compare it with
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(ontic) structuralism. In this approach structure is fundamental, and symmetries play a
crucial role. As such, it constitutes a structure-oriented metaphysics based on symmetries. In
section 3, I argue that my approach and structuralism share many motivations.
However, I conclude that my view is to be preferred as it is less problematical in several
respects.

2. A New Take on Naturalized Metaphysics

Scientific realists assume that scientific theories are approximately true and use them to
investigate questions about the nature of reality. Thus, they engage in naturalized
metaphysics: they look at scientific theories to individuate the nature of fundamental
entities, their properties, and the laws governing their motion.

2.1. The Traditional View: Thick Object-Oriented Metaphysics Grounded
on Properties

Metaphysicians disagree about the nature of the objects that exist in the world
(particles, fields, or else). They also disagree about the nature of laws governing their
behavior (supervenient over the objects, or not), about the nature of their properties
(dispositional or categorical properties), as well as the nature of space (fundamental or
emergent). However, most share the common understanding that objects behave
differently due to their properties. I have called this the traditional view.? It can be
tracked back to Aristotle, and one of its modern proponents is David Lewis: at the
fundamental level, the world is a ‘mosaic” of “local, particular matters of fact.”3 For
instance, he would say that in a world governed by classical electromagnetism there are
point-particles obeying Newton’s law, and electromagnetic fields, whose intensity
changes from point to point as dictated by Maxwell’s laws. Fundamental properties are
introduced to account for the objects” different behavior under the same circumstances:
two particles accelerate differently in an electromagnetic field because they have
different charges. In this sense objects are thick: they are ‘dressed up” with properties.
Consequently, there are families of objects: “electrons’ are particles with negative
charge, “protons’ are particles with positive charge, and so on. There is one fundamental
law, and many fundamental properties: there are many families (electrons, protons, and so
on) of the same kind of fundamental entities (particles).

2.2. Objections
The traditional approach seems the natural approach at least until one considers the
quantum domain. What are the quantum objects, and what are their properties? As for
the first question, it is not clear what the ontology of the theory is. One possibility,

2 Allori (forthcoming).
3 Lewis (1986).



dubbed wavefunction realism,* is to think of quantum mechanics as a theory about the
wavefunction, as it is the main mathematical object on the theory. However, the
wavefunction, unlike electromagnetic fields which are in three-dimensional space,
represents a wave in configuration space, which is a high-dimensional space.
Accordingly, wavefunction realists argue that the three-dimensional objects of our
experience are emergent or derivative.> An alternative to wavefunction realism is the
primitive ontology approach,® according to which the ontology is some three-dimensional
entity instead. In contrast with wavefunction realism, this approach preserves most of
the classical explanatory schema in terms of compositionality and reductionism:
macroscopic objects are composed of the three-dimensional microscopic entities
represented by the primitive ontology. The main challenge to this approach is that it is
unclear what wavefunction is. There are various proposals, ” the best of which is, I
think, to understand the wavefunction structurally.®

Moreover, new intrinsic properties such as spin have been introduced in quantum
theory to account for new experimental results. However, they are very different from
classical properties, as they are contextual: their value depends on the experiment
performed to measure them.

How does the traditional view fare in the quantum domain? As I have previously
argued,’ the traditional account is not a good fit for wavefunction realism. In fact, this
view requires a substantial revision of the traditional view’s explanation based on
properties, even without considering spin. Property talk is fictional: useful, but not
fundamental. In contrast, being based on a three-dimensional reductionist explanatory
schema, the traditional view may still be viable for the primitive ontology approach.

4 See Albert and Ney (2013), and then most notably Albert (1996, 2015), Lewis (2004, 2005, 2006, 2013),
Ney (2012, 2013, 2015, 2017, 2021), North (2013).

5 In one approach, macroscopic objects can be functionally defined in terms of their role (Albert 2015). In
another approach three-dimensional objects exists as derivative when considering symmetry properties
as fundamental facts about the world (Ney 2021).

¢ Diirr, Goldstein, Zanghi (1992), Allori et al. (2008), Allori (2013 a, b, 2015 a, b, 2019) and references
therein.

7 Some have argued it is a property of matter (Monton 2002, Lewis 2013, Solé 2013, Esfeld et al. 2014,
Suarez 2015). Another approach is to take the wavefunction as a law (see Goldstein and Zanghi 2103,
Allori 2018, and references therein for a discussion), which seems particularly fitting to the Humean
account of laws (Esfeld 2014, Callender 2015, Miller 2014, Bhogal and Perry 2017). For antirealism about
the wavefunction see Healey (2012).

8 This view has been defended in Allori (2021 b). Another structuralist perspective has also been defended
by Lewis (2020), who writes: “the wave function describes the structure instantiated by whatever
fundamental entities there may be in ordinary three-dimensional space: particles, fields, flashes, mass
density, or something else entirely. A structure is not in itself an object, but rather a way that objects
relate to each other.”

° Allori (forthcoming).



However, there are other, more general, reasons to prefer an alternative view, which I
briefly summarize in the next subsection.

2.3. Fundamental Entities without Fundamental Properties: Thin Objects-
Oriented Metaphysics Grounded on Structure

The basic idea is that there are fundamental objects, but they have no property other than
the one uniquely characterizing their nature. Thus, objects are ‘thin.” For instance, the only
property possessed by particles is their location. The only property possessed by fields
is the set of their intensity values. In contrast with the traditional account, therefore,
there are no different families of the fundamental entity that constitute matter, and all
fundamental entities are identical, as far as (non-spatiotemporal) properties are
concerned. In this framework the observed different behavior of particles appearing to
belong to different families is accounted for in terms of laws of nature: fundamental
entities behave differently in the same situation because they are governed by different
effective laws. There is one effective law for what appears to be a different family in the
traditional approach. In their mathematical formulation, laws include constants, like the
gravitational constant, and parameters describing properties, like masses and chargers.
In the traditional approach the constants are part of the definition of the law, while the
parameters are part of the definition of matter: constants remain identical independently
of the object the law applies to, while masses do not. In my view instead, the parameters
are part of the definition of the law too. Thus, a single law “splits” into a number of effective
laws, characterized by the relevant parameters, one for each particle family of the
traditional view.!? Thus, the main idea is the opposite of the traditional view: there one
would minimize the number of laws to maximize the number of properties while here
we minimize the number of properties, allowing for as many effective laws of nature as needed to
make the theory empirically adequate. The laws and the effective laws are naturally seen as
a structure, a network of relations, grounded on thin objects.
The nature of the objects and the form laws have an interesting connection with
symmetry properties of the theory, which in my approach are symmetries of the objects,
not the structure. First, if one cares about theories having symmetries, one should not
allow certain entities to be though as fundamental. For instance, the wavefunction
thought of as a fundamental object makes nonrelativistic quantum mechanics no longer

10 For example, in case of a gravitational field, there is one effective law for the ‘electron,” Eff law; = % ,
where H; = Gm,M, one for the ‘proton,” Eff law, = % , where H, = Gm,M, and one for the ‘neutron,’
Eff law; = I:—j , where H; = Gm,M (where G is the gravitational constant, m,, m,, and m,, are respectively

the mass of the electron, proton and neutron as traditionally intended, while M is the reference mass,
and r is the distance between the reference particle and the one under examination). See Allori
(forthcoming) for more details.



Galilei invariant.!! Moreover, the form of the law of nature is constrained by symmetry
considerations: for instance, in the pilot-wave theory, the law for the particles is chosen
as the simplest equation which allows for the theory to be Galilei and time-reversal
invariant.'?

To summarize, in my view we have thin objects, individuated by their only natural
property, namely by the property that uniquely characterizes their nature. Then the law
of nature determines how they evolve in time. For the theory to be empirically
adequate, the law has to break down into a set of effective laws, each of which applies
to a subset of the set of fundamental objects. The laws and the effective laws are
naturally seen as a structure, a network of relations, grounded on thin objects. Moreover,
symmetries constrain the possible nature of the fundamental objects, and the form of the
laws.

2.4. Advantages and Replies to Objections
As I argued in my companion paper, this view extends nicely to the quantum domain,
regardless of whether one endorses the primitive ontology approach or wavefunction
realism. In fact, in the primitive ontology approach the primitive ontology represents
objects, while the wavefunction relates the location of the objects at different times.
Moreover, since in wavefunction realism property talk is completely fictional, the
derived three-dimensional objects are thin: they have no fundamental property.
Wavefunction realism is doubly structural: the structure of the wavefunction allows for
the derivation of three-dimensional objects, and it explains the objects” behavior by
connecting their locations at different times.
Aside from extending to the quantum domain, my approach also by-passes the debate
over the nature of properties, as it focuses on laws.
Also, it is more parsimonious than the traditional view, given that it has an ontology of
objects and laws, rather than objects, laws and properties. In this sense, even if it is
compatible with other views, my approach may be seen as a natural extension of
Humeanism, since it provides the best combination of simplicity and strength.?
Moreover, it is more explanatory than the traditional view, as it has less things to
account for, like for example the values of the masses of the fundamental particles. In
addition, in the framework of classical electrodynamics, my account makes sense of
certain asymmetries between particles and fields, like the fact that particles have
properties and fields do not.

11 Allori (2018). See also Allori (2015 ¢, 2019 b, 2021 a) for an argument that electromagnetic fields cannot
be thought as fundamental objects otherwise they either would transform at odds with their nature, or
we should stop thinking of classical electrodynamics as time-reversal invariant..

12 Diirr, Goldstein, and Zanghi (1992).

13See Esfeld (2014) for a similar argument for his super Humeanism. See also Hall (2015).
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Another consideration is that we observe objects that move, not their properties: we see
positions that change; we do not see masses, charges, or spin. Furthermore, the
problematic contextuality of spin in quantum mechanics goes away, because there is no
spin property.

Here are some possible objections.! First, this view seems unnecessarily radical, as
properties are essential to explanation. However, this is not so: properties add a
mysterious ontological category, while their explanatory role can be taken over by the
laws. In addition, one may think that the way in which an object “pairs up” with its
effective law is mysterious. Nonetheless, this is merely using a different primitive: while
in the traditional view it is a primitive fact that positive charge will result in “going left’
in a given magnetic field, here it is a primitive fact that that effective laws act as they do
on the various objects.

3. Structuralism

I have used the word ‘structure’ to describe my view. However, the dominant
metaphysical approach invoking the notion of structure is structural realism
(structuralism). In this section I compare these two frameworks. Structuralism is a
realist approach partly motivated by the development of quantum theory. Nonetheless,
an early version of structuralism was proposed in response to the pessimistic meta-
induction argument. This goes after the ‘no-miracle” argument for realism: the best
explanation for the success of our best theories is their truth, otherwise their success
would be a miracle. The pessimistic meta-induction argument states that success is no
indication of truth, as some past false theory were successful. In response, if one can
show that the entities that are retained in moving from one theory to the next are the
ones that are responsible for the empirical success of the theory, then the previous
argument is blocked. Structuralists notice that what carries over in theory change is the
mathematical structure of the theory.'® Arguably, one could limit structuralism to
epistemology: there are objects and structure, but we can only know about structure.
However, other types of structuralism are ontic: they maintain that there is only
structure. In this paper I focus on ontic approaches.'® In particular, I discuss two such
views. One is radical structuralism, or eliminativism'” which claims that there are no
objects, only relational structures. Another is the so-called moderate structuralism
according to which, contrary to eliminativism, both objects and relations among them
exist but, contrary to the traditional view, objects cannot exist independently on the

14 For more details of this view, its objections and motivations, see Allori (forthcoming).

15 Worrall (1989).

16 Therefore, whenever I write ‘structuralism’ in the rest of the paper, I mean ‘ontic structuralism.”

17 See Ladyman (1998), French and Ladyman (2003), Ladyman and Ross (2007), French (2010, 2014) and
references therein.



structure they are related by.!® Objects are only characterized by the relations in which
they stand, and these relational properties constitute the way the objects can be.* While
initially the view stated that objects do not possess any intrinsic property, in reply to
criticisms it was later amended to include them.

3.1. Arguments from Quantum Mechanics and Other Motivations
One underlying principle that supports structuralism is that we are not justified in
postulating the existence of something whose existence cannot be known. This
coherence between epistemology and metaphysics leads the structuralist to consider all
cases of underdetermination as evidence for their views. This type of argument has
been put forward first in quantum theory, but later applied to relativity as well. The
idea is that quantum statistics suggest that it is underdetermined whether quantum
objects are individuals (i.e., have intrinsic properties) or not, from which eliminativists
conclude there is only structure.? Similar arguments are based on symmetries and the
corresponding invariances,?? and on the existence of multiple empirically equivalent
mathematical formulations of the same theory.?
Another argument for structuralism focuses on entanglement. In quantum mechanics,
the sub-systems composing an entangled system have no individual wavefunction, and
thus they have no intrinsic properties. Therefore, structuralists think they are best
understood as relata of a common, entanglement structure.?
Another argument from quantum mechanics comes from the failure of Humean
supervenience, given that the wavefunction is nonlocal, being in configuration space.?

18 This view is defended most notably defended by Esfeld (2004) and refined in Esfeld and Lam (2008,
2010, 2012).

19 This view is inspired by Heil (2007) and Strawson (2008), who argue that the intrinsic properties of an
object are the ways that object can be. See also Armstrong (1998).

20 Esfeld and Lam (2010).

21 French (2014) and references therein. See Sauders (2006), French and Krause (2006), Muller and
Saunders (2008), Ladyman and Bigaj (2010) for further discussion.

2 Permutation invariance in many-particle quantum mechanics (Muller 2009), gauge diffeomorphism
invariance in general theory of relativity (Rickles 2006, Esfeld and Lam 2008).

2 See Bain (2006, 2009) in the context of the general theory of relativity; however, see Cao (2003), Pooley
(2006).

2 For instance, a singlet state of two entangled spin %2 sub-systems is in a definite spin state, namely 0,
but neither of the sub-systems has a definite spin state on its own. As such, it is argued that these sub-
systems are best understood as relata of the fundamental entanglement relation they stand in, in this case:
“has opposite spin to.” For more on this argument, see Esfeld (2004).

2> See Teller (1986) for this argument. For discussion, see for instance Maudlin (2007), Ladyman and Ross
(2007), Esfeld (2009), French (2014).



Structuralists argue that the nonlocal relations being instantiated by individuals has to
be abandoned toward an ontology of structural relations.?

Structuralism is also motivated by ontological parsimony and simplicity of description:
why postulate two categories (objects and relations), if one (relations) is enough? This is
connected to another important aspect of structuralism: the relation between laws and
properties.?” Part of the traditional debate is between the defenders of categorical
properties and the defenders of dispositional properties, without any consensus.
Structuralists avoid this dilemma by assuming that laws supervene on the fundamental
relations, and fundamental properties are emergent. French calls it ‘reverse
engineering:” while the Humeans take properties as fundamental and laws as emergent,
the structuralist takes laws as primary and recovers properties from them.

3.2. Objections
The strongest charge against eliminativism is that it is unintelligible: relations cannot
exist without relata.® However, one could reply assuming these relations are abstract
universals, and we are wrong when we think that they need relata because they do
when they are physically instantiated.?” Alternatively, moderate structuralism has been
proposed to respond to this charge, as the relata exist.®
In addition, many have complained that the relationship between structure and laws is
insufficiently detailed.®* Nonetheless, I believe the structuralist can overcome this
objection taking structure as primitive, and then define laws as ‘whatever determines
the behavior of such structure.’
Moreover, structuralism seems to be unable to account for intrinsic properties like
masses and charges.?? This charge is address by using symmetries, to recover properties
using suitable group representations.®
Then, people have objected that the structuralism is unable to account for causation.?*
However, one could simply maintain that in physics there is no room for causation,® or
propose an account of causal structure.

2 Ladyman (1998), French and Ladyman (2003), Esfeld (2004).

27 French (2014), and Esfeld (2014).

2 See for instance Busch (2003), Cao (2003), Chakravartty (2003), Morganti (2004), Psillos (2006).
2 Esfeld and Lam (2008).

30 Esfeld (2004).

31 Chakravartty (2007).

32 Ainsworth (2010).

3 See Castellani (1998) and references therein; see also Muller (2009). See Esfeld and Lam (2010) for
criticisms.

3 Psillos (2006).

3 Russell (1912), Ladyman (2008).

% Esfeld (2009), Esfeld and Sachse (2011), chapter 2.



Finally, it has been maintained that structuralism does not defeat the pessimistic meta-
induction argument.”” In particular, it was argued that structuralism fails in the
classical-to-quantum theory change: structuralists think that the wavefunction is the
structure, but there is no classical analog for it, so how can structure be preserved?*
This problem is not mitigated in moderate structuralism, given that objects and
structure are ontologically at the same level.

3.3. Comparison between the Thin Objects View and Structuralism
The first similarity between my view and structuralism is that they both rely on the
notion of structure, which is a network of relations: without relata, in the case of
eliminativism, definitive of objects, in the case of moderate structuralism, and between
thin objects in my case.
Both approaches also work well in the quantum domain, in contrast with the traditional
view. At least partially, structuralism was motivated from the desire of understanding
quantum theory. My account less so, but if we can make sense of the view that there are
no genuine quantum properties like spin, then it also seems natural to extend this
attitude into the classical framework and assume that what we called intrinsic
properties (mass, charge) are part of the law.
Moreover, both approaches tend to consider the wavefunction as playing a secondary,
perhaps instrumentalist role, even in different ways. French (2013) has argued that since
it is underdetermined what the wavefunction is. However, this underdetermination can
be broken by conceiving the wavefunction as being “constituted by the laws and the
associated symmetry principles.” Thus, since the wavefunction ‘comes out” from the
symmetries, it is defined in terms of the fundamental structure. In my view, instead, the
wavefunction is part of the definition of the law. As such, in both approaches not only
the wavefunction is not a material object but also it may not even be real. That is, unless
one has a realist conception of laws, which however is not necessary in this approach.
Indeed, both views do not have to commit to a particular account on the nature of laws.
They are compatible with Humeanism: laws can still be imagined as the axioms and
posits of our best theories. But primitivism or necessitarianism are also not a priori
excluded.
Also, they both use simplicity as a guide to metaphysics. Structuralism eliminates
objects in favor of structure, while I eliminate properties. However, these attitudes come
to the same suspicion for properties, and the corresponding desire to have laws and
symmetries do the modal, explanatory work. Different is the case of moderate

37 Chakravartty (2004).
3 Allori (2019 b).



structuralism that does not get rid of properties: the structure is constituted by the
relational properties and by the intrinsic properties.®

A final point in common is the importance both approaches give to symmetries, even if
in different ways. In my framework, the symmetries of the theory help identify the
physical objects and constrain the form of the laws. In this way, thin objects together
with symmetries generate the structure, namely the laws and the properties. In
structuralism, however, symmetries are ontological prior to objects, so that the structure
together with the symmetries generate the laws, the objects and the properties.

This leads directly to the main difference between the two views: my approach is still
object-oriented, even if in my case objects are thin. So, in eliminativism we have
structure, which through symmetries grounds thick-objects and their properties, while
in my view we have thin objects which through symmetries ground the structural
relations between thick-objects and their properties. In this sense, my approach is more
in line with the traditional object-oriented metaphysics than eliminativism. Instead,
both my view and moderate structuralism may be thought of as object-oriented.
However, they are very different. In moderate structuralism, objects and structure are
ontologically on the same footing: structure is a network of relational properties
between objects, which are defined in terms of them. Objects may have intrinsic
properties like mass or charge, but mainly they are defined in terms of the relations,
which are the ways the object could be. In my view this is not so: there are
spatiotemporal relations, but intrinsic properties and relational properties which
account for the motion of objects (nomological relations) do not exist. In my view thin
objects are ‘interconnected” with one another by laws, not properties. Laws do not
define objects and objects do not define laws.

3.4. Advantages of the Thin Objects View over Structuralism
To summarize, my view is structuralist: we have thin objects without intrinsic
properties, and we have structures, intended as the nomological network needed for the
objects to move. It is not an eliminativist view, given that there are objects. It is not a
variety of moderate structuralism, as object and structure (in this case, the laws) are not
ontologically on the same level: objects constitute matter, and laws either supervene (if
Humeanism is true) or not on them, but do not define the objects.
Nonetheless, my approach can account for underdetermination and entanglement. In
fact, in the example of quantum mechanics, the way the wavefunction evolves in time is
irrelevant, as long as the law such wavefunction defines for matter remains the same.
Since different wavefunctions may give rise to the same behavior for the objects, the
wavefunction evolution is underdetermined. Nonetheless, in this context it does not
pose a problem, since the wavefunction is not material. Rather, the underdetermination

3 Esfeld and Lam (2010).
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regarding objects is naturally broken, since the nature of the fundamental objects is
postulated as the ontology that provides the simplest and most unifying explanation,
constrained by symmetries. This understanding of the wavefunction is also helpful in
accounting for entanglement. While the sub-systems of an entangled system do not
possess their own wavefunction, in this framework this does not entail individuals
described by the subsystems do not exist: the wavefunction does not describe matter,
the thin objects do, and the dependence captured by entanglement is understood in
terms of laws.

As discussed, eliminativism suffers from the problem of intelligibility: it makes no sense
to say that relations exist without relata. Moderate structuralism postulates relata to
avoid this problem, but immediately runs into another problem, namely properties.
Indeed, this seems to go against one of the original motivations for structuralism
against the traditional view, namely getting rid of properties. Instead, by adopting my
approach one avoids the intelligibility objection against eliminativism because there are
relata, the thin objects. Moreover, one avoids the mystery charge against properties in
moderate structuralism, as instead of having properties and laws, one merely has laws.
As far as the pessimistic meta induction argument goes, in my approach if the nature of
the object is preserved, then the problem is solved, otherwise it is not, but at least the
wavefunction with its non-classical nature is not involved.

To conclude, I have argued that both my approach and structuralism share many
motivations but overall, mine has less objections. So, if one is already convinced by the
arguments put forward by the structuralists and that radical changes are needed, then
one should endorse my view because it is less problematical.

4. Conclusion

In this paper, I have briefly described a view that provides an object-oriented
structuralist alternative to the traditional object-oriented metaphysics. In my account
there is only one kind of fundamental entity, it has no other fundamental property over
and above its spatio-temporal ones. Then, there are structural relations between the
fundamental objects, which can be seen as “effective laws” and which are able to account
for what we usually regard as different families of fundamental entities (like protons
and electrons). I have argued that this account, in contrast with the traditional view,
nicely extends to quantum physics, and captures the main ideas and motivations of
structuralism, without falling pray of many of its objections.
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