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Abstract Scientific realism is the philosophical stance that science tracks truth, in particular in its depiction
of the world’s ontology. Ontologically, this involves a commitment to the existence of entities posited by our
best scientific theories; metaontologically, it includes the claim that the theoretical framework itself is true.
In this article, we examine wave function realism as a case study within this broader methodological debate.
Wave function realism holds that the wave function, as described by quantum mechanics, corresponds to a real
physical entity. We focus on a recent formulation of this view that commits to the ontology of the wave function
while deliberately avoiding the metaontological question of the framework’s truth. Instead, the view is defended
on pragmatic, non-truth-conductive grounds. This, we argue, raises tensions for the purported realism of wave
function realism and its compatibility with scientific realism more broadly.
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“I am sorry that we can never quite reach rock bottom in the
vindication of a framework and that we cannot stand back in
metaphysical grandeur and make our philosophical decisions
independently of all frameworks, but, as Bertrand Russell says, it
is not my fault.”

Grover Maxwell [1, 137].

1 Introduction

In a very broad way, scientific realism claims that scientific theories are approximately true, so we can learn
how the world is if we pay close attention to them. Because of this alethic requirement, an ontological consequence
is straightforward: we should believe in the existence of the entities posited by our best scientific theories, as they
are true descriptions of the world.

Wave function realism (WFR) seems to check all the boxes for scientific realism. Roughly speaking, WFR is
the view according to which wave functions, as described by quantum mechanics, are real entities. In other words,
the world is populated by wave functions that are not only part of the representational apparatus of the theory. The
hope of WFR, as may be expected, is that quantum mechanics itself warrants this claim.

This makes WFR the perfect example to build a general case on how realism (about science or about wave
functions) should operate: realists should hold that the ontological stuff they claim realism about should be the
ontological stuff really—truly!—there in the world. We call this the metaontological question. In other words, the
metaontological question states that there is a correspondence between what the theory says and how the world
really is.
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In order to get there, this paper discusses a specific approach to WFR: an approach that we’ll call “high-
dimensional wave function realism” hereafter “WFR*?”_ This approach is notoriously put forth and defended by
Alyssa Ney. To the unfamiliar reader on WFR, a warning is in order. WFR is not a unified position, being elaborated
by distinct philosophers. As such, one can find some distinct variants of the view in the literature (for an updated
survey, see [2, sect. 3]). For instance, Ney’s and David Albert’s approaches are called “onfological”—because
both of them consider “quantum mechanical wave functions [. . .] as concrete physical objects” [3, 53]—but even
these versions differ substantially. It is beyond the scope of this paper, however, to map such differences (and the
interested reader will find such a map in [2]). This paper focuses exclusively on WFR??, which is, to our best
knowledge, the most fine-grained ontological proposal of WFR available (and discussed) in the literature—see,
for instance, [4,5,6].

After presenting what we take the scientific realism debate to be, viz., the metaontological question (§2),
we analyze how WFRHP is defended by Ney on Carnapian grounds (§3) and conclude it’s not up to realist
standards (§4). In calibrating its goals according to what it actually delivers, however, the notion of realism seems
to give room to its antirealist oponents. WFR¥? is particularly telling on this, as there are other genuinely—
metaontologically—realist pictures of WFR (§6). So, our argument takes a specific strain of wave function realism
as its case study, but we contend that its implications can be extended to scientific realism more generally.

2 Ontology, metaontology, and realism

Let’s start with realism. There are many characterizations of what scientific realism is, and we agree with [7,
sect. 1.1] that “[i]t is perhaps only a slight exaggeration to say that scientific realism is characterized differently
by every author who discusses it”. That said, there are two closely related common denominators to all of them. !
The first one is the claim that scientific theories are about the world [8, 150]. This is cashed out in terms of
science telling us: “how the world is” ([9, 324]; [10, 369]); “what exists in the world” ([11, 104]; [12, 419]); “true
descriptions of the world” ([13, 19]; [14, 57]; [15, 18]), sometimes explicitly fleshed out as a correspondentist
account of truth ([16, 96]; [17, 293]). The second one is the notion of ‘belief’ [18], [19], [20], [21], [22], [23],
[24]. If there are aspects of scientific theories that truly latch onto the world (e.g., the ontological posits of these
theories) in a correspontential sense, then we are recommended to believe that such entities exist. Emphatically
enough, here’s how Arthur Fine draws the realist picture we have in mind:

For realism, science is about something; something out there, ‘external’ and (largely) independent of us.
The traditional conjunction of externality and independence leads to the realist picture of an objective,
external world; what I shall call the World. According to realism, science is about that. Being about the
World is what gives significance to science. That is, on the semantic side, we are to understand scientific
claims as claims about the World. Thus, realism adopts a special interpretative stance towards the language
of science, the stance traditionally assumed by a correspondence theory of truth and referential semantics,
provided the referents are (in general) taken as Real; i.e. as elements of the World. [8, 150]

There are cases in which the realist perspective isn’t necessarily advocated for the entire theory’s content,
it applies to certain aspects (e.g., causally effective entities, structures, dispositions, etc.). This is often called
“partial” realism. It should be noted that even in these cases, the realist stance involves reifying these elements in
the world, precisely because they are (at least partially) true.

These matters could be framed into the Carnapian well-documented internal-external divide. For Rudolf
Carnap, all meaningful theories require the formulation of a corresponding linguistic framework, which contains
(i) expressions from the language of that framework, along with formation rules, and (ii) a set of rules for
evaluating whether an expression is true or false in the framework [25]. For example, an expression such as
“the squared norm of the wave function is the probability distribution over an observable operator” would be a
linguistic expression of standard formulations of quantum mechanics. And, as there is a linguistic system with
specific rules—a framework—that guarantees that we can connect experimental results with this expression, it
can be considered as supported in this framework. According to the standard way of thinking about this, only the
ontological/internal issues are meaningful. By borrowing a little bit of terminology from David Chalmers, then,
we have the following ‘internal qua ontological’ and ‘external qua metaontological’ divide:

The basic question of ontology is “What exists?”. The basic question of metaontology is: are there objective
answers to the basic question of ontology? [26, 77]

I See also Anjan Chakravartty: “Amidst these differences, however, a general recipe for realism is widely shared: our best scientific
theories give true or approximately true descriptions of observable and unobservable aspects of a mind-independent world” [7].
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In this way, scientific realism should address in some sense the metaontological question. Otherwise, it cannot
meaningfully talk about truth and the world and, consequently, ask for belief in its ontological content—which,
as we saw, are among its defining aspects.

Consider an ontological question, such as: do wave functions exist? This issue can be internal or external
with respect to a framework. If it were an internal question, it would be “quickly decidable” [1, 132]: wave
functions do exist within certain frameworks of quantum mechanics—after all, they are part of (i), that is, of the
expressions postulated by the language of certain frameworks. The time-dependent standard Schrodinger equation,
for instance, describes the evolution of the wave function in time.

This is a familiar issue in the Carnapian philosophy of science. So let’s apply such a terminology to WFRP
Following a closely related discussion raised by James Ladyman [27, 154] concerning many worlds and quantum
mechanics, there seems to be three basic questions that must be distinguished when discussing WFRHP:

1. Is WFRHP coherent?
2. Is WFRHP the best ontology of quantum mechanics?
3. Are there wave functions?

We'll take the first question for granted, as WFRAP is already a well-established view in the literature

[28]. Our focus is on a specific action taken by WFRP | which involves responding affirmatively to the second
question by utilizing the affirmative answer to the third question. Both align in the internal-external divide. The
internal/ontological question is: “are there wave functions?”’, to which one might answer “yes” or “no”, depending
on the formulation of quantum mechanics one adopts; whereas the external/metaontological question is “is there
an objective fact of the matter about these answers?”. WFRH? | as a realist view on quantum ontology, should
answer affirmatively to the metaontological question.

3 Ontological (wave function) realism

Most discussions on quantum ontology begin with solutions to the measurement problem(s). The odds of this
one being different are low, since “[. . .] the meaning of the wave function is related to solutions to the quantum
measurement problem” [2, e12612]. But not every discussion is on the meaning of the wave function. As advanced
by Ney, the wave function is a commonality between all known solutions to the measurement problem: “[...]
each interpretation of the quantum formalism makes central use of a wave function [...]” [29, 34]. With this
claim taken at face value, WFR? has been proposed as a natural way of reading off ontological commitments of
quantum mechanics: because quantum mechanics cannot dispense with wave functions, the latter must be taken
ontologically seriously, i.e., there are wave functions.

This is the “prima facie” argument for WFR”P [30]: ontology should be continuous with science; wave
functions are indispensable for quantum mechanics; therefore, we should assume that wave functions are real
entities described by quantum mechanics. In other words, we should adopt a realist stance toward the wave
function. Notice that the argument expects to go from the indispensability of a mathematical apparatus to the
formulation of a theory to the commitment with a physical counterpart to that mathematical entity. That is more
than typical indispensability arguments do in mathematics: what is expected to be achieved by such arguments
is commitment with mathematicalia, not with any additional physical counterparts they may have. In the case of
WER, the argument expects to extract physical commitments from a mathematical indispensability. There are two
problems with that, all related to underdetermination.

On the one hand, the slide from the mathematical apparatus to the physical counterpart may be resisted by
traditional strategies such as quantifying over mathematical entities while refraining to believe that they represent
any physical entities [31]. Additionally, one may use neutral quantifiers and avoid the indispensability argument
altogether [32]. But that is not the most radical way to stop the use of the indispensability argument in this case.
There are even more radical challenges advanced against it by directly attacking its major premise, viz., the one
stating that wave functions are indispensable to the formulation of quantum mechanics. Critical discussions on
WER highlighted this fact by dropping the indispensability claim of wave functions; that was achieved with the
advancement of many formulations of quantum theory not even mentioning wave functions [33], and today there
is a consensus that an ontology of wave functions is not read off from the formalism of every formulation of
the theory [4]. The obvious way to resist this argument would be to suggest that different formulations amount
to different theories, but doing that, we presume, would be laboring on a very unorthodox approach to theory
identity, even for the standards of quantum mechanics.

Even though the prima facie argument isn’t how WFR?? is defended nowadays [34, 4], and despite reasons
for resisting indispensability, we may concede the following: there are wave functions at least within specific
formulations of quantum mechanics. How does that leave us on the issue of realism? We still need to grant
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that such formulations requiring wave functions are approximately true. That is, we need to go from “there are
formulations of quantum mechanics where wave functions exist” to the stronger claim that such formulations
are true, or approximately true. To do so, an extra ingredient needs to be called in: one needs to answer the
metaontological basic question.”

4 Metaontological (wave function) empiricism

On (what we are calling) metaontological grounds, WFRHP is defended employing a Carnapian strategy,
and this comes along with a price to pay. Recall that, when it comes to the ontology of our theories, we have
reason to believe that the posits of such theories exist from the point of view of the theory itself. Thus, there
is an objective fact of the matter about the ontology—the existence of such and such entities—as internal to
a given framework. Here is where realism scores: from an internal-question point of view, one may point out
framework-relative objective reasons for believing the answer to the ontological question (viz., are there wave
functions in such-and-such formulation of quantum mechanics?) is “yes”.

Answers to the metaontological question are not that straightforward. Is the ontological framework of WF
true? We don’t know. We just don’t have the resources to grant that a specific framework (and its corresponding
ontological aspects) is approximately true. Which is to say that we don’t have the required resources to grant an
objectively true answer to the metaontological question for the quantum domain.

Physics stops, at most, at the ontological level. That is, while commitments inside a framework may be justified
by the framework’s rules, the same cannot be said for the additional claim to the truth of the framework itself. In
these terms, a realist wants to know whether wave functions exist in the world—and here we are raising questions
that are meaningless outside a linguistic framework. There is a gap between ontology and metaontology (which
concerns itself with the epistemological questions for the whole framework), and we believe scientific realist are
the ones interested in answering the metaontological question. So, are there wave functions? Within WFRAP | yes
(the ontological realism); but are there wave functions out there in the world (metaontological realism)? This we
cannot answer, partly because we don’t yet have the right tools—meaning: physics—to objectively decide which
is the framework whose entities truly correspond to the world.

There’s no knockdown argument favoring WFR, nor WFR*P | and everyone is aware of that. This is partly
why Ney adopts a Carnapian stance of “[...] humility and tolerance for other approaches” [29, XI].

Yet, WERHP is defended on pragmatic grounds by the argument from entanglement, put forth in [35] and [29,
cha2], which briefly runs as follows. Without understanding wave functions as real high-dimensional entities, one
cannot distinguish in one’s ontology between empirically distinct physical states, e.g. separable and non-separable
(i.e. entangled) states—which can be done in a high-dimensional wave-function ontology.

Of course, the argument from entanglement does not entail a straightforward case for the metaontological
question. Again, this is so because WFR (qua WFRHP or not) is not the only game in town. Other approaches do
the same job without positing wave-function or high-dimensional (or both!) ontologies.> As might be expected,
the metaontological question concerning the ontology of quantum mechanics that truly corresponds to the world
is underdetermined by its alternatives. And this is also acknowledged by WFRHP; here is Ney:

RHD

The very existence and empirical adequacy of these alternatives undermines the argument from entan-
glement, demonstrating that it is not true that wave function realism is essential for providing a realist
characterization of quantum mechanics, including entangled states. [29, 56].

So maybe one can find another road. Here’s also Ney “[. . .] even if the facts of entanglement underdetermine
an answer to the ontological question, this does not mean a case cannot be made for preferring WFRH? over
rival frameworks” [29, 81]. As far as it goes, it seems that WFR? is a proposal on the metaontological question.
Such a proposal, however, is not defended as the true one. Because of its rival underdetermined options, endorsing
WFRHP is not a matter of truth, but of pragmatism. It’s defended by being preferable, not by being true. This
generates the third argument for WFRHP: the “argument from locality and separability”:

[...] wave function realism [qua WFRP] is unique in yielding quantum ontologies that not only distin-
guish quantum states, but do so by retaining two intuitively nice metaphysical features: separability and
locality. [34, 8].

2 Discussing WFRHD | Ney explicitly claims that we need to be a realist about quantum mechanics, after all: “Of course, we should
be realists about quantum theories. Quantum theories, like the quantum field theories that make up the Standard Model of particle
physics, have been extremely well-confirmed. And we should be realists about quite a lot of the phenomena quantum theories reveal”
[34, 15]. More on this topic later.

3 A rich survey of them can be found in [29, 56-76], but only to give a short sampling we may mention, e.g.: low-dimensional
holism [36,37]; multi-field approach [38]; ontic structural realism [39,40]; primitive ontology approach [41]; spacetime state realism
[42]; the property view [43].
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[...] having separable and local interpretations of our best physical theories yields both theoretical and
practical benefits, this is a reason to favor wave function realism as an approach to interpreting quantum
theories. [29, 81].

It is my view that the best case the wave function realist has for developing her distinctive ontological
framework comes from such conceptual considerations and intuitions. [...] The discovery and develop-
ment of interpretations that are compatible with our intuitions may be useful for a number of reasons.
[...] All are unabashedly pragmatic. [29, 129-130].

Indeed, arguably the most counterintuitive features of quantum mechanics are non-locality and non-
separability—and this can be either a feature or a bug, depending on how one couches the evidential role of
intuitions [44]. Is this compatible with scientific realism? Here’s how Ney understands the term in her project of
wave function realism:

Scientific realists are those who believe that our best scientific theories are true (or approximately true)
and that the entities they describe exist in at least roughly the ways these theories say they do. [29, 69,
emphasis added].

WFRHP s thus the view according to which “[...] wave functions are not just real, but are real, objective,
physical fields” [29, 69]. The defense for this characterization, however, is not cashed out in metaontologi-
cal/external terms of truth and of objective existence. It is rather made in terms of pragmatic considerations
and internal/ontological, framework-dependent existence. So that characterization isn’t properly justified. That’s a
consequence of playing the game with the Carnapian rules: the metaontological question will never be answered
either in terms of truth or in terms of correspondence of the world—it might be a pragmatic question of adopting
the WFRHP framework at best. That’s a consequence of conflating “linguistic realism” [45] with “scientific
realism” [46].%

Which isn’t to say that WFRP has gone instrumentalist all the way. Surely, to go as far as to deny that the
world has an objective structure and to affirm that scientific theories are merely instruments is to move towards an
anti-realist stance. However, as Ladyman already put it, “[a]n anti-realist about science doesn’t have to deny that
there’s an objective reality; they can just deny that we’re finding out about it” [47, 607]. Both the realist and the
anti-realist stances come in many colors and shapes. Constructive empiricism is a well-known anti-realist stance
towards scientific theories which argues that we should not maintain belief in the truth of scientific theories;
alternatively, we should adopt a position of epistemic humility and accept scientific theories as empirically
adequate [48]. The constructive-empiricist stance, then, denies that we should reify the items of one’s ontology
as true as we cannot decide the correct framework on the basis of science alone, the multiple frameworks fleshed
out in so many different ways according to which the world could be if each framework were true [49].

Ney is emphatic in stating that WFRH P, as describing a local and separable ontology for quantum mechanics,
comes from “broadly philosophical considerations” and “brute intuition” [50, 87]. For one thing, as David Wallace
puts it, it is unclear how fruitful the appeal to intuitions is, given the question of “[...] why expect our intuitive
faculties, evolved as they are for the emergent classical world, to track truth about fundamental metaphysics?” [4,
71]. Now, we stress this because there is a crucial element that seems to be overlooked by WFRHP: the relation
between the realist part of the enterprise and its relation with truth. Pragmatic and intuitive considerations are not
truth-conductive.

Beginning from the latter, it suffices to point out that science can (and arguably often does) reveal a counter-
intuitive picture of reality, so one can safely say that intuitiveness is not a tool that works well to ground claims
for scientific realism. That is, when it comes to considering the epistemology of ontology (the metaontology),
intuition is not a guide to the truth of a framework. Going to the former, choosing a theory based on pragmatic
components is a characteristic of constructive empiricism. Textbook scientific realism, recall, is characterized
as a stance according to which we should believe scientific theories because they are true. In particular, we
should believe in the actual existence of its ontological commitments. The anti-realist, as depicted by constructive
empiricism, relativizes “belief” in terms of “acceptance” and “truth” in terms of “empirical adequacy”, viz. it
exchanges epistemic aspects by pragmatic reasons: “[. . .] the amount of belief involved in acceptance is typically
less according to anti-realists, they will tend to make more of the pragmatic aspects” [48, 13]. Thus, WFRHP
fails to provide support for the realist stance towards the existence of wave functions of interest for the realist
(in the robust, metaontological sense): the appeal to pragmatic considerations and intuitiveness are at odds with
scientific realism. As Otdvio Bueno stresses: “[...] if realists only had pragmatic reasons for the acceptance of

4 Carnap’s stance in the realist-antirealist debate should be called “frameworkism™, as he doesn’t go beyond his frameworks in any
meaningful sense [46, for a defense of the use of such term].
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theories, there wouldn’t be any reason to entitle them to claim that the selected theory is true (or approximately
s0)” [51, 99, original emphasis].5

This, of course, bears on the standard way of understanding scientific realism and its relationship to pragmatic
or theoretical virtues. In this view, scientific realism is not typically grounded in considerations such as simplicity,
parsimony, or explanatory power. See, for instance, how Nina Emery draws a clear distinction between pragmatic
and truth-conducive support, both in the context of science and of metaphysics (it goes without saying that her
“realism about science” just is scientific realism). This distinction reinforces the point that, for a view to count as
genuinely realist, its justification must ultimately appeal to considerations that track truth—not merely to those
that are practically or heuristically useful.

Realism about science. Our best scientific theories are true theories about what the world is like.
Pragmatism about science. Our best scientific theories are theories that are useful for creatures like us in
navigating the world.

[...]

Realism about metaphysics. The aim of metaphysics is to put forward theories about what the world is
like that are true.

Pragmatism about metaphysics. The aim of metaphysics is to put forward theories about what the world
is like that are merely useful for creatures like us. [52, 54-55, original emphasis].

It certainly remains an open question whether these virtues might play a more central role. Attempts to go
beyond the default stance on theoretical virtues and scientific realism can be found in, for example, [53,54,55].
Still, considerable groundwork would be needed to overturn the standard view. In any case, neither WFR nor
scientific realism—as standardly construed—seeks support in purely pragmatic terms. The key issue here is that
pragmatic virtues, while useful, are not themselves truth-conducive. As such, appealing to them falls short of
justifying a genuinely realist commitment, crucially metaontologically.

5 Between realism and empiricism

But this is precisely what is out of hand with WFR¥P_ To be sure, here’s what is meant by “realist” in the
context of WFRHAP:

By a ‘realist version of quantum mechanics’, I mean one that takes the theory to be aimed at providing a
true description of a world independent of us as observers. [...] In general, realist versions of quantum
mechanics are intended to be descriptive of an object or objects that exist independently of us or any other
observer. [35, 5-6, emphasis added].

This is remarkable, as the discourse about the world goes beyond what WFR*? actually provides. If realism

requires specifying what truly happens in the world independently of us, then mere ontological realism is
insufficient. In that case, one must also be a realist at the metaontological level. Yet, the connection between
these two levels falls short if it is grounded merely in pragmatic criteria. One might argue that pragmatic virtues
are being used as a sort of ‘tie-breaker’, but this too fails to suffice if realists are to care about the truth of their
ontological frameworks—that is, the metaontological question. To qualify as a realist stance, WFR? would need
to go as far as asserting that there are wave functions in the world, independently of us. WFRHP acknowledges
this point—see the extended quotation above on what a “realist version of quantum mechanics” should aim
for—but ultimately does not deliver it. Hence, we ought to temper our expectations. On the metaontological level,
WEFR#P offers pragmatic reasons for preferring it over alternative views; it does not offer alethic features that truly
correspond to the world and thereby compel belief in its ontology. That’s what’s missing—and that’s precisely
what one cannot have by playing with Carnapianism in the philosophy of science in general.

One might argue, however, that underdetermination prevents an affirmative answer to the metaontological
question. After all, there are alternatives to WFR (again, qua WFRHP or else), just as there are alternatives to
pretty much every position in quantum mechanics [14]. This is something contemporary scientific realists are well
aware of—hence their embrace of fallibilism. So is Ney [29]. Recall that the principle of tolerance encourages
a humble attitude toward which framework to adopt. That is, even realists may suspend judgment on the correct
framework. Yet this humility is merely provisional for scientific realism. Since the realist is committed to the idea
that there must be a true description of the world, they are also committed to the claim that there must be a true

5 Remember also that Ladyman and Ross have blamed abuse of intuition as the source for the actual failure of analytic metaphysics
as a legitimate epistemic enterprise [16]. According to them, intuition leaves us very far away from the image of reality delivered by
actual science.
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framework—and that the task of science is to find it. In this sense, the permanent adoption of epistemic humility
ultimately undermines the realist stance.
Let us press this point a little further. Here’s a typical scientific realist statement:

[...] when scientists working with the Large Hadron Collider (LHC) in Geneva announced that they had
found the elementary particle known as the Higgs boson in 2012, they were not merely making things
up. Rather, they were talking about a real thing that exists in nature, even though this real thing, namely,
the Higgs boson, is unobservable, that is, it takes sophisticated scientific instruments, such as particle
accelerators, colliders, and the like, to detect elementary particles like the Higgs boson. [15, 21, emphasis
added].

So there are bosons and fermions within the Standard Model of particle physics. This is an ontological
statement: there are such and such entities modulo such and such theories. This is uncontroversial. But is this
realist enough? Notice how Moti Mizrahi frames the situation: “they were talking about a real thing that exists in
nature” [15, 21]. Now, that’s more like the scientific realism we all know and love.

Back to WFR P There are wave functions modulo WFRHP | and there are pragmatic virtues at stake for us
to choose WFRHP over other ontologies of quantum mechanics that populate the theory with different entities.

Empirical virtues alone cannot adjudicate between equally empirically adequate interpretations or theories.
This is precisely why extra-empirical virtues are called upon to play a central role in theory choice in the first place
[56]. This is particularly evident in quantum mechanics, where ontological underdetermination between distinct
interpretations is a persistent issue [14,57]. For example, ontological parsimony—invoked through Ockham’s
razor—is often raised as an argument against the many-worlds interpretation [58]. Likewise, the appeal to
intuitive plausibility is frequently treated as a guiding principle for theory choice [59]. Ney, for instance, defends
her interpretation not only on the grounds of its intuitive appeal—via a separable and local ontology—but also
for its simplicity: “It is just simpler to believe in a basic set of entities each with their own locations upon which
everything else depends” [29, 129].

While the usefulness of such extra-empirical criteria for theory choice is not in question, one may challenge
the idea that some of them are truth-conducive. One way to articulate this concern is to note that simplicity and
intuitiveness pertain to us, not to the world.

Non-empirical virtues do play a role in the acceptance of theories—and perhaps this is the best thing we can
do at the moment [60, 311]—but they shouldn’t play a role in belief. And if that’s the case, then the WFRP
is accepted (not believed), which is a distinguishing trait of constructive empiricism and is different from the
realist claim of believing in its truth [48]. “Belief”, as Paul Teller eloquently puts it, “unlike acceptance, involves
thinking that ‘this is the way things are’ [...]” [61, 126]. Belief, in this sense, involves belief in the truth of a
theory or claim. It should involve alethic claims, not pragmatic. Whereas the constructive empiricist would make
a much more epistemically humble claim, namely: “[. . .] perhaps the world could be that way” [62, 264, original
emphasis].

There is of course space for disagreement here, so one could raise the following objection, claiming that this
is pretty much standard for every physical theory (every specific interpretation of it). If all ontological/existential
claims are always made within a framework, the source of disagreement between realists and anti-realists is the
metaontological claim—viz., the veracity of a given framework. Without the metaontological claim, however,
the realist position becomes indistinguishable from some anti-realist positions, e.g. constructive empiricism. Of
course, one does not need to go as far as radical skepticism, idealism, or instrumentalism to claim a position in the
anti-realist camp. Constructive empiricists would be happy to go as far as internal ontology goes: wave functions
exist within wave function theories. Now, suppose one claims that this is a realist attitude, as Putnam did.

Admittedly, Putnam’s position does boast a rich ontology. Electrons exist every bit as much as chairs and
tables do, and electrons can even help to explain the superficial properties of macro-objects. Few realists,
however, are willing to count this as a sufficient condition for being a “realist.” After all, Putnam insists
that ontological commitment is always internal to a conceptual scheme; there is no scheme-independent
fact of the matter about the ultimate furniture of the universe. [63, 49, original emphasis].

If our best shot is internal realism concerning the ontological aspect of scientific realism; if the best we can do
is to state that wave functions exist within wave function theories, then how far is this from saying that every
theory is a model of how the world could be? This is not, of course, all WFRHP has to say; it is also argued
that it is useful to adopt this way of understanding the world, at least for certain purposes [29, sec. 3.10]. Such a
humble attitude, however, is equally distant from answering the metaontological question concerning the truth of
the framework—or, to put it bluntly, its correspondence with “the world”, so dear to realism.
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6 Monist empiricism?

To be fair, WFR? is not centered on the claim that it provides, to use the words of Wallace and Christo-
pher Timpson [42, 221], “the One True Interpretation” of quantum mechanics. Way more humbly than that,
WFRP provides an ontological account of quantum mechanics that is worth taking into account, and that should
legitimately sit at the table next to other quantum ontologies.

Since it doesn’t provide truth-conducing reasons for believing in the objective existence of wave functions,
this amount of epistemic humility prevents one from describing how the world is, enabling, at best, to provide
an account of how the world can possibly be. Perhaps this is our best shot at the ontology for the unobservable.
In this sense, there is not much realism left in WFRHP | as it does sound much like a constructive-empiricist
view. WFRHP is a way the world could be, not how the world is. Thus, Tim Maudlin indeed misses the mark
when stating that WFRYP tells us “[...] the way the world is” [6, 5].6 The existence of wave functions should
be accepted on the grounds of pragmatic virtues. WER”? doesn’t recommend belief in wave functions on the
grounds of alethic reasons. This was recently recognized by Ney herself:

But is my position a realism about the wave function? Well, no. We are overreaching if we take the attitude
of belief towards wave functions as fields in a space with the high-dimensional structure of a configuration
space. So here is where I land. [34, 14-15].

Summing up: in order to be a realist stance, WFR? should be (metaontologically) intended as a true ontology
of the world; pragmatic arguments are offered in favor of the view; no truth-conducing arguments are offered;
WFR#P has, strictly speaking, done away with truth. Perhaps, then, WFR? should be better understood as
a form of antirealism, viz. “wave function pragmatism™’ or “wave function empiricism”. But then their realist
expectations as per “[...] wave functions are not just real, but are real, objective, physical fields” [29, 69] should
be reconsidered and leveled accordingly. As there’s a substantial difference between realism and antirealism, this
is not a dispute with regards to the view’s name, but with consistently aligning its aims with its results.

Bluntly put, because of the way WFRP is defended, it seems to be too antirealist to be a realist view—it’s an
antirealist position with regard to the metaontological question. Fair enough. But WFRH? has in fact arguments
to favor their view over rivals. Unlike die-hard antirealists, WFR#P gives us reasons to lean towards one view
over another. The fact that these reasons don’t necessarily lead to the truth shouldn’t overshadow the fact that
WEFRHP positions itself as a favored perspective on quantum ontology. Monism, rather than pluralism, is in the
background.®

Contrast this with the case of Bas van Fraassen [66]: he cannot consistently endorse the modal interpretation
of quantum mechanics as the true—or most adequate—one [67], despite him being the one who proposed it in
the first place. This way, WFRHP —even qua wave function pragmatism—seems to be out of step with traditional
forms of antirealism, e.g., constructive empiricism.

Finally, if that is not enough to put WFR?? in a kind of limbo concerning the realism-antirealism debate,
consider again the quote by one of the advocates of WFRH? we have already advanced:

Of course, we should be realists about quantum theories. Quantum theories, like the quantum field theories
that make up the Standard Model of particle physics, have been extremely well-confirmed. And we should
be realists about quite a lot of the phenomena quantum theories reveal. [34, 15]

By plugging the requirement that we should be realists about quantum mechanics, without requiring that this
realism have any specific ontology (wave function, primitive ontology, minds, and so on), we are adhering to a
very obscure kind of realism, one that invites us to believe in the posits of a theory, without determining which
posits are those. That is exactly what realists themselves find problematic. Chakravartty [24, 26], for one, argued
that one just cannot be a realist without having a clear picture of what one is being a realist about [9]. As a result,
the kind of realism that survives after Ney, within WFRHP | recognizes the limits of the reasons to go realist on
wave functions is exactly one that does not really fulfill the basic requirements to be realism. Given that antirealism
does not suit its initial goals, it is difficult to determine what WFR? really amounts to.

Of course, not all WFR proposals suffer from such a fate. In comparison with other paradigmatically realist
approaches, the antirealism present in WFR*? becomes even clearer.

As a case in point, take the “wave function space realism (or wave function space fundamentalism)” from Jill
North [68, 200]. This is the view according to which the wave function in a high-dimensional space is fundamental

6 Bolder statements on this kind may be found, for instance, in the WER recently proposed by Albert [64, 20-21].

7 Not to be confused with the pragmatist approach championed by Richard Healey [65]; “pragmatism” in the present context means
just that reasons for supporting WFR¥ P are pragmatic and not—say—alethic.

8 “Monism™ in this context doesn’t mean “wave function monism”. The latter is a term of art referring to the position according
to which there exists a single physical object, which is the wave function. By “monism”, we mean we shouldn’t adopt more than one
quantum ontology at a time.
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because it is required by the dynamical laws of quantum mechanics (e.g. the Schrodinger Equation). The realist
qua metaontological questions are always put forth by North. Take, for instance, the following claim:

[. . .] the dynamical laws are a guide to the fundamental nature of a world. [. . .] The dynamical laws govern
the fundamental level of reality; that is why they are a guide to the fundamental nature of a world. [...]
When I say that the laws “are a guide to the fundamental nature of a world,” I mean that we infer the
fundamental nature of a world from the dynamical laws. We do not directly observe the fundamental level
of reality: we infer it from the dynamics. We posit, at the fundamental level, whatever the dynamical laws
presuppose—whatever there must be in the world for these laws to be true of it. [68, 186]

North does exactly what is expected from scientific realists, which is to go as far as stating that the world truly
has such and such features, and that we could learn such and such features (viz., the existence of a high-dimensional
wave function) from scientific theories themselves. The “general principle” according to which we can read off
ontological commitments from the dynamics enables the realist move according to which theories correspond to
the state of affairs in the world. Here’s North on this:

So why not take the wave function and its space as mathematical tools that do not represent physical
things in the world? Because of our guiding principle. This principle says to infer, from the mathematical
structure needed to formulate the dynamical laws, the corresponding physical structure and ontology to
the world. [68, 191]

[. . .] we generally posit, in the physical world, the fundamental structure and ontology presupposed by the
dynamical laws. This match between dynamics and world is evidence that this is the fundamental nature
of a world governed by that dynamics. [68, 201]

As another example of a realist WFR, we might recover Albert [64] and his argument for two kinds of
spaces, one high-dimensional of fundamental wave functions and one three-dimensional of ordinary objects.
Albert [69] goes on to say that the fundamental space is all what there is, and that our experience of living in a
three-dimensional space is false:

And whatever impression we have to the contrary (whatever impression we have, say, of living in a
three-dimensional space, or in a four-dimensional space-time) is somehow flatly illusory. [69, 277]

Again, on the methodological level we’re pressing, the relevant thing to emphasize is the movement towards
truths in the world, which is characteristic of scientific realism—and absent in the case of WFRP

7 Concluding remarks

Alyssa Ney’s interpretation of wave function realism (referred to as “WFR?”) is notably misaligned with
realism, as indicated by the manner in which the proposal was defended [29, 50]. The author recently acknowledged
this divergence from the realist standpoint [34]. However, in face of the difficulties we have discussed in our paper,
it may be necessary to reconsider the objectives of the proposal, as WFR? aligns more closely with antirealists’
objectives (hence, the label ‘“Wave Function Pragmatism’ we have suggested for it). In light of the proposal’s
monist foundation, it remains to be determined what form of antirealist position Wave Function Pragmatism will
incarnate. So far, we don’t know where Wave Function Pragmatism sits in the table of epistemic stances; yet we
know where it does not: with realism.

The fact is that a commitment to describing things in the world as they truly are is precisely what one expects
from a full-blown realist attitude—whether directed at science in general or at wave functions more specifically—,
and that is what is lacking in WFRHP, as we have seen. By contrast, advocating a more cautious and humble
stance toward the scientific enterprise aligns more closely with empiricism. When defending a philosophical
position—such as wave function realism, or more broadly, scientific realism—it may be unadvisable to adopt
the argumentative posture of one’s opponents. Doing so not only risks attracting the very criticisms originally
directed at them but also threatens to undermine the original motivations for advancing the stance in the first
place. Scratch the surface, and the wool unravels: what looked like realism is revealed as antirealism in sheep’s
clothing, precisely because it evades the metaontological commitment to the framework’s truth.
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