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Abstract

This paper examines the role of perspectivism in Relational Quantum Mechanics,
situating it within the broader landscape of quantum interpretations and the scien-
tific realism debate. We argue that, while interpretations such as QBism embrace
strong forms of perspectivism, Relational Quantum Mechanics adopts a “soft” per-
spectivism, limiting the observer’s role to selecting experimental contexts without
compromising its realist framework. We also explore the historical roots of Rela-
tional Quantum Mechanics, showing that relational ideas in the works of Bohr and
other pioneers similarly avoided strong perspectivist commitments. By analyzing
both contemporary and historical perspectives, we argue that Relational Quantum
Mechanics offers a minimalist yet robust relational interpretation, distinct from
more subjectivist approaches.

Keywords Perspectivism - Quantum mechanics - QBism - Relational quantum
mechanics

< Niccolo Covoni
n.covoni@campus.uniurb.it

Vincenzo Fano
vincenzo.fano@uniurb.it

Marco Sanchioni

marco.sanchioni@sophiauniversity.org
! DISPeA, University of Urbino, Via Timoteo Viti n.10, 61029 Urbino, (PU), Italy
US]I, University of Svizzera Italiana, Via Buffi n.13, 6900 Lugano, Switzerland

Istituto Universitario Sophia, Via San Vito n.28, Loppiano, 50064 Figline e Incisa Valdarno,
(FI), Italy

Published online: 18 December 2025 &\ Springer


https://doi.org/10.1007/s10701-025-00906-6
http://orcid.org/0009-0007-8992-2210
http://orcid.org/0009-0004-1695-9846
http://orcid.org/0000-0002-7846-3633
http://crossmark.crossref.org/dialog/?doi=10.1007/s10701-025-00906-6&domain=pdf&date_stamp=2025-12-17

6 Page 2 of 26 Foundations of Physics (2026) 56:6

1 Introduction

Perspectivism has become a central theme in contemporary debates on scientific
realism, offering a nuanced approach to the relationship between scientific theories
and reality. Emphasizing that all human access to reality is mediated by instrumen-
tal, theoretical, and historical perspectives, perspectivism challenges the notion of a
purely objective, perspective-independent view of the world. Prominent proponents
of perspectivism, such as [31, 56, 57], and [42] argue that scientific knowledge is
inherently qualified and situated, rejecting the possibility of a “view from nowhere”.
This philosophical stance aligns particularly well with interpretations of quantum
mechanics that contend science describes reality as experienced by a subject, rather
than as it is in itself. Notably, it could be argued that many of the founding figures
of quantum mechanics, such as Niels Bohr and Werner Heisenberg, expressed ideas
that align with perspectivist thought.! It could be suggested that among contempo-
rary interpretations of quantum mechanics, several appear to embrace perspectivist
or subjectivist elements. Examples often cited include QBism [27], Carlo Rovelli’s
Relational Quantum Mechanics (RQM) [49], Dennis Dieks’ perspectivalism [15],
Richard Healey’s pragmatism [34], and Steven French’s phenomenological approach
[25].2 These interpretations challenge the idea that quantum mechanics delivers a
purely objective description of reality, instead emphasizing the role of context, inter-
action, and subjective experience. The intersection of perspectivism and quantum
mechanics raises two central questions: how quantum mechanics supports perspec-
tivist approaches to science, and how perspectivism, in turn, provides a philosophical
framework for interpreting quantum mechanics.

This paper focuses on RQM, a particularly notable interpretation in this context.
RQM offers a realist interpretation of quantum mechanics without invoking addi-
tional theoretical constructs, such as the hidden variables of Bohmian mechanics or
the multiple worlds of the Many-Worlds interpretation. This minimalist yet realist
approach grounds quantum mechanics in relational properties, emphasizing inter-
actions between systems without assuming an overarching independent reality. By
refraining from introducing extra structures, RQM provides a streamlined framework
that is both philosophically and scientifically appealing.

The primary aim of this paper is to examine the extent to which RQM incorporates
perspectivist elements. While RQM shares certain affinities with perspectivism, par-
ticularly in its emphasis on relationality, we argue that it embodies far less perspec-
tivism than other interpretations, such as QBism. This analysis focuses, in particular,

'In Section 4, we explore these historical connections in detail, examining the extent to which the rela-
tional ideas foundational to RQM can be traced back to the early pioneers of quantum mechanics. There,
we analyze the perspectives of these figures and argue what form of perspectivism, if any, they might
have embraced within their interpretations of the theory.

2While QBism is discussed at length in this paper, our primary aim is not to analyze QBism per se, but to
use it as a contrastive foil in order to clarify the perspectivist commitments of RQM. In particular, we will
argue that RQM embodies a fundamentally different—and significantly weaker—form of perspectivism
than QBism. This contrast serves to sharpen our central claim: that RQM, while relational, does not entail
an epistemic or subjectivist perspectivism of the kind often associated with QBism.
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on what [1] calls epistemic perspectivalism.® By situating RQM within the broader
perspectivist discourse, we aim to clarify the specific nature of its perspectivism—or
lack thereof—and explore how this interpretation fits into the ongoing debate on the
philosophical implications of quantum mechanics. In doing so, we seek to contrib-
ute to the broader dialogue on how quantum mechanics intersects with perspectivist
approaches to scientific realism.

The paper is organized as follows. In Section 2, we set the stage for our discus-
sion of RQM by providing an overview of perspectivism within the context of the
QBist interpretation of quantum mechanics. In Section 3, we focus on RQM and its
connection to perspectivism. We introduce RQM’s central principles, emphasizing
its realist interpretation through relational properties, and use illustrative examples to
clarify its framework. We then analyze the extent of perspectivism present in RQM,
arguing that it represents only a “soft” form of perspectivism, significantly less pro-
nounced than in interpretations like QBism. In Section 4, we delve into the historical
roots of RQM’s relational framework and its connection to perspectivism. We trace
early relational ideas in the development of quantum mechanics, showing how they
inform RQM’s interpretation and its philosophical underpinnings. Finally, Section 5
concludes.

2 QBism: Quantum Mechanics as an Epistemic Tool for Individual
Perspectives

Quantum-Bayesian interpretation (QBism) of quantum mechanics, originally
developed in [9] offers, broadly speaking, an interpretation where personal
observation and the interaction between the observer and the world are cen-
tral. This perspective integrates elements of pragmatism and subjectivism, as
highlighted by one of its leading proponents: “The development of QBism was
under the sense of pragmatism before anyone was even conscious of it.” [26]
The foundational idea of QBism is articulated in [29], where the core inter-
pretive principle is emphasized: a quantum state does not reflect an objective
feature of a physical system, but instead represents the individual’s degree of

3 Adlam [1] distinguishes between epistemic perspectivalism, which concerns the role of agents’ beliefs
and knowledge in the formulation of physical descriptions (as in QBism), and physical perspectivalism,
which holds that physical facts themselves must be relativized to a perspective. The latter category is
further subdivided into strong and moderate versions, depending on whether one denies or allows for
inter-perspective consistency mechanisms. In this paper, we use the term “perspectivism” exclusively in
the epistemic sense, to analyze whether and to what extent interpretations like RQM depend on an agent’s
epistemic or informational stance. Our central claim is that RQM, at least in its original formulation by
[49], involves only a minimal yet non-trivial perspectival element. The observer—understood simply as
an interacting physical system—selects the measurement context, thereby determining which relational
property is ascribed to the system. In this sense, perspectivism in RQM arises not from subjective belief
or epistemic limitation, as in QBism, but from the ontological structure of quantum interactions, which
allow only one relational property to be actualized in a given interaction context.
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belief in assigning it. Thus, quantum states* are personal and subjective, repre-
senting the agent’s degrees of belief about a physical system rather than corre-
sponding to any ontological aspect of the external world.’A quantum state does
not represent an element of physical reality but an agent’s personal probability
assignments, reflecting his subjective degrees of belief about the future content
of his experience. [30, p.1]

QBists reject the existence of pre-given quantum entities—such as the quantum
state—which, in their view, merely represent an agent’s personal degrees of belief.
Accordingly, the formalism of quantum mechanics plays a purely normative role: it
guides the agent’s decisions, rather than describing the fundamental structure of real-
ity [28]. But who or what qualifies as an “agent” in this interpretation? According to
QBists, an agent is an entity capable of fieely interacting® with the external world,
where its actions yield tangible results—outcomes that directly affect its own experi-
ences. Agents employ various “manuals” [29], such as quantum theory, to make deci-
sions and optimize outcomes. This definition excludes entities like telephones, chairs,
or even electrons from being considered agents. In the QBist framework, these are
not part of the category of agents, as the fundamental elements of quantum mechanics
are not themselves subject to the rules of quantum mechanics. Instead, the quantum
formalism is regarded as a decision-making tool—a “manual” used by the observer
when it proves effective for navigating and predicting experiences. Crucially, from
the QBist perspective, quantum mechanics is a single-user theory. It reflects an indi-
vidual agent’s degrees of belief about their personal experiences, with no requirement
for agreement or convergence between different agents’ perspectives.

In the QBist framework, the Schrédinger equation is reinterpreted as a tool for
tracking the agent’s evolving degrees of belief about future measurement outcomes,
rather than as a description of the intrinsic dynamics of a quantum system. From
this perspective, the Schrodinger equation no longer serves as a description of the
objective evolution of a quantum state; instead, it acts as a normative constraint on
the epistemic state of the agent. In particular, a significant departure from traditional
interpretations lies in how QBism views the Hamiltonian. For QBists, the Ham-
iltonian is not an objective feature of the quantum system but a construct within
the domain of the individual agent. Different agents may assign different quantum
states because they use the Schrédinger equation in ways that reflect their unique

4Throughout the text, we occasionally refer to the quantum state in QBism more loosely. Unless otherwise
specified, such references always presuppose this epistemic interpretation: the quantum state reflects the
agent’s beliefs and not any objective feature of the system. This should not be conflated with ontological
views of the state in other interpretations.

3In the context of QBism, terms like “truth” or “knowledge” are avoided, as they carry strong objective

connotations. Instead, QBism holds that the wave function represents an agent’s subjective degrees of
belief. For this reason, it is often classified as a 1/-doxastic interpretation, as opposed to 1-epistemic
views, which treat the wave function as encoding knowledge about an underlying ontic state [4]. For
a detailed discussion of belief and epistemological concepts in the context of Quantum Mechanics, see
also [41].

SFreely might come as a surprise here, but it comes straight from Fuchs himself: “An agent is an entity
that can freely take actions on parts of the world external to itself and for which the consequences of its
actions matter to it.”” [26]
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perspectives and choices of Hamiltonians. This subjectivity underscores the QBist
interpretation, where the formalism of quantum mechanics is a guide for personal
decision-making rather than a universal descriptor of physical reality.

Another key point within QBism is that quantum theory does not directly address
the nature of physical reality. This perspective aligns with QBism’s interpretation of
quantum probability as inherently subjectivist. QBism is grounded in the view that
probabilities reflect an agent’s partial beliefs [41]; these probabilities are assigned to
possible measurement outcomes, computed through the Born rule, and serve a nor-
mative function guiding the agent’s expectations and decisions. In this framework,
the Born rule, which is traditionally used in quantum mechanics to calculate the prob-
ability of obtaining a particular measurement outcome

P(a’) = |<'¢)|¢a>|27 (D

where P(a) is the probability of observing the outcome a, |¢) is the quantum state
of the system, |¢,) is the eigenstate of the observable corresponding to the outcome
a, and (¢¥|@,) is the inner product between the system’s state and the eigenstate is
reinterpreted. In QBism, the Born rule is not considered a fundamental law of nature
but instead a normative guide for agents, relating their subjective probabilities to the
quantum state they assign. From this viewpoint, the Born rule functions as a quantum
analogue of Bayes’s rule in classical probability theory [12], highlighting its role as a
normative tool for updating an agent’s expectations rather than as a statement about
an objective underlying reality.

In the framework of QBism, probabilities are given a subjective interpretation,
representing an individual agent’s degrees of belief, rather than reflecting any objec-
tive chance or physical propensity. It is therefore possible to conclude that, in QBism,
the Schrodinger equation and the Born rule function together as normative tools for
managing an agent’s degrees of belief. A significant departure of QBism from other
interpretations of quantum mechanics is its explicit rejection of the Einstein-Podol-
sky-Rosen (EPR) argument [17]. This rejection is rooted in QBism’s treatment of
probabilities. In the QBist framework, a probability of p = 1 signifies an agent’s
subjective certainty, not an objective property of the physical world. This certainty
is inherently agent-dependent, such that a probability of 1 for a given event does not
imply universal agreement among agents. As one of QBism’s proponents empha-
sizes: “As the world is genuinely indeterministic according to quantum theory,
agents’ judgments are genuinely fallible” [26]. Thus, QBism reinterprets quantum
mechanics as a single-user framework, in which probabilities reflect each agent’s
personal perspective, independent of any objective or shared viewpoint. In QBism,
the world retains its capacity to surprise agents, and their beliefs remain subject to
revision. Even when an agent assigns probabilities of p = 1 or p = 0, these represent
personal judgments—maximum (or minimum) confidence in the occurrence (or non-
occurrence) of an outcome— but these probabilities do not necessarily align with the
truth values of the corresponding propositions.” The unpredictability of the world

"That is, an agent’s assignment of probability p = 1 does not imply that the corresponding proposition
is objectively true, nor does p = 0 imply falsity. In the QBist framework, such probabilities reflect the
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ensures that such probabilities reflect subjective expectations rather than truths about
the external reality. As [26] notes:

Quantum theory on the QBist view is an addition to probability theory which
considers the unique characteristics of our given world.

In this interpretation, whenever the agent uses the “quantum manual”, the result is
a connection between the Hilbert space and the system under measurement. This
process creates an association between the agent’s degrees of belief and the elements
of a positive operator-valued measure (POVM) on the Hilbert space. For QBism,
POVMs are essential. They represent the most general type of measurement in quan-
tum mechanics and play a central role in the theory’s epistemic framework. As [26]
explains

They represent the most general kind of measurement one can perform in quan-
tum mechanics. They, therefore, can model any action an agent can take upon
its external world.

This highlights the adaptability of QBism in modeling an agent’s interactions with
their environment, further emphasizing its subjective, action-centered interpretation
of quantum mechanics.

The measurement problem is a well-known and ongoing debate in the interpreta-
tion of quantum mechanics [43, 59]. However, the QBist framework fundamentally
bypasses this problem through its foundational principles. In QBism, the quantum
state is stripped of any ontological role in describing a physical system. Instead, it
becomes a subjective construct, with each observer assigning their own belief. The
possibility of different observers assigning the same quantum state is treated as mere
coincidence rather than necessity. Measurement, in this framework, is understood
as the outcome of a personal action performed by the observer. There is no sense in
which the quantum state can be considered a part of the objective world. This per-
spective arises from QBism’s treatment of the quantum state as a purely epistemic
concept—a tool that originates in the agent’s mind rather than existing independently
in nature. The quantum state comes into existence only when an agent applies the
quantum formalism to assign probabilities to their expectations about the world.
In discussions of the measurement problem, the issue of a potential discontinuity
between two successive measurements of the same quantum state often arises. Within
the QBist framework, such discontinuities are entirely permissible, as an agent may
revise their state assignment based on updated personal beliefs. This discontinuity,
however, is not a problem in QBism; it merely reflects the evolving epistemic state
of the observer. In QBism, measurement is not understood as a purely physical pro-
cess but rather as an agent’s action upon the world. Moreover, the measuring instru-
ment itself is considered an extension of the agent, as quantum formalism concerns
only the epistemic status of the agent and their expectations. A central implication

agent’s subjective expectations, not the truth or falsity of outcome-statements. We thank the referee for
highlighting this important distinction.
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of QBism is that two agents can agree on all the physical details of an experiment
yet legitimately assign different quantum states, reflecting their distinct subjective
perspectives. As [10] notes

Two agents starting from the same facts but different priors arrive at different
(posterior) state assignments. For sufficiently divergent priors, the two agents
might even legitimately assign different pure states.

This emphasizes that state assignments are subjective and reflect individual perspec-
tives, even in the presence of shared empirical data.

Hence, the QBist interpretation represents a radical departure from the view of
quantum mechanics as a universal and objective description of reality. Instead, it
reimagines the theory as an inherently perspectival tool, tailored to the needs of indi-
vidual agents to navigate and manage their interactions with the world. In this frame-
work, quantum mechanics is grounded entirely in each agent’s subjective epistemic
framework, with no requirement for convergence or agreement between different
agents’ perspectives.

In QBism, the properties of quantum systems are not considered objective fea-
tures of the external world. Rather, they are identified with the outcomes of mea-
surements—personal experiences of the agent—that lead to an update of the agent’s
degrees of belief. Rather than representing an underlying reality, these properties are
seen as personal consequences for the agent, coming into existence only through the
act of measurement itself [54]. This places QBism as a strong perspectivist frame-
work, where the reality described by quantum mechanics is dependent on the view-
point and beliefs of the agent assigning the quantum state.

3 Relational Quantum Mechanics and (Soft) Perspectivism

In this section, we examine whether the strong form of perspectivism discussed in the
previous section related to other interpretations of quantum mechanics also applies
to RQM. The section is structured as follows: first (Section 3.1), we provide an over-
view of the core ideas of RQM, using a formalism introduced by [18]. Next (Sec-
tion 3.2), we analyze a specific quantum scenario—the quantum description of an
electron in a system with two degrees of freedom, position and spin, as treated in
standard quantum mechanics. We then (Section 3.3) explore possible experiments on
the electron from the perspective of RQM and conclude with a discussion of perspec-
tivism in this context.

3.1 Relational Quantum Mechanics in a Nutshell

RQM is an interpretation of quantum mechanics that provides a realist approach
without resorting to the additional theoretical structures present in other interpre-
tations. RQM shares some conceptual ground with the Copenhagen interpretation,
particularly in emphasizing the role of the observer in defining quantum states—a
feature that often links it to perspectivism. However, it sets itself apart by grounding
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this “observer-dependence” in a well-defined ontological framework, making it a
realistic and parsimonious interpretation of quantum mechanics.

In this section, we aim to present a formulation of the ontology of quantum
mechanics based on the approach of [18], articulated in terms of relational proper-
ties. Their approach methodically dissects and clarifies how RQM conceptualizes the
existence and interactions of quantum systems through their relational properties,
rather than through absolute states or predetermined realities. This relational perspec-
tive suggests that the properties of quantum systems are defined contextually, emerg-
ing from their interactions with other systems.

Before turning to relational properties, it is essential to clarify the role that RQM
assigns to the quantum state. In QBism, the quantum state expresses the agent’s
degrees of belief. By contrast, in RQM a quantum state “plays only an auxiliary
role, akin to the Hamilton-Jacobi function of classical mechanics” [53]. It should be
regarded as a mathematical device rather than an intrinsic property of the system—a
relational construct defined between two systems, encoding the information acces-
sible to one system through its interaction with the other. A clear similarity with
QBism is that the wave function is not an objective feature of the system [50], but
a theoretical tool to facilitate the computation of the probabilities of future events.
However, a fundamental difference arises: whereas in QBism the agent’s degrees of
belief play a central role, this notion is entirely absent in RQM. Although RQM also
allows that the state of a quantum system may differ between observers, these differ-
ences do not reflect variations in subjective belief, but instead arise from objective
physical interactions—since observers are themselves treated as physical systems
within the theory. What changes from one observer to another is not the epistemic
state, but the relational context that determines which properties can be meaningfully
ascribed. In this sense, quantum states in RQM are not ontologically real entities, but
relational book-keeping tools that summarize past interactions and guide future ones,
without representing any intrinsic features of the system [51].

What can be considered the perspectivist backbone of RQM is its ontology of
quantum observables: in RQM, quantum properties are not fixed or intrinsic, but are
established only within specific relational contexts. This point is made explicit in
later writings by Rovelli:

The fundamental contextuality that characterises quantum theory is interpreted
in RQM as the discovery that facts about a system are always defined relative
to another system, with which the first system interacts. [...] RQM notices that
every interaction is in a sense a measurement, in that it results in the value of a
variable to become a fact. These facts are not absolute, they belong to a context.
And there is no ’special context’: any system can be a context for any other
system. [13, p.7]

This approach proposes a view in which reality is dynamically defined through inter-
actions, with relational properties serving as the primary basis for understanding
quantum phenomena, rather than relying on static or absolute states.

We deliberately base our discussion on the original formulation of RQM in [49],
along with its articulation in several subsequent works [13, 14, 52, 55]. Our focus
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is on analyzing the ontological core of the interpretation prior to the introduction of
more recent developments—such as the cross-perspective link framework—which,
in our view, and as acknowledged by Rovelli himself [52], represent a substantial
departure from the original formulation. Indeed,

there are two manners of understanding such ‘cross-perspective’ link: an abso-
lute manner, which has been particularly defended by Adlam and is sometimes
denoted RQM+, and a weaker —still-relative— manner. The first is a genuine
addition to RQM: a postulate added to the theory. The second is only as a mere
explanation, within traditional RQM, of what we mean when we say that two
agents communicate. [52, p.4]

For this reason, we do not treat RQM+ as part of the interpretative core of relational
quantum mechanics. Our aim is instead to evaluate RQM as originally conceived,
without the additional commitments introduced in its recent reformulations. How-
ever, we now briefly engage with these developments (e.g., [2, 3]) to clarify the
contrast with our position.

In RQM, a quantum event requires the involvement of at least two distinct physi-
cal systems and two corresponding properties (observables), with each observable
associated with one of these systems. We represent physical systems with lowercase
symbols, such as s, w, and f. Properties in this context are understood as the eigen-
values of particular observables. To formalize this notion, we adopt the following
notation:

(A =a,s,0 = 0)y — This denotes the ascription of the eigenvalue a of
observable A to system s, conditional upon the ascription of the eigenvalue o of
observable O to system f.

Here, we place the symbol for the second system, f, as a subscript to streamline
notation and to underscore the foundational role of relational structure in this
interpretation.

This formalism may appear at first sight more elaborate than [49]’s original pre-
sentation, but it makes explicit a structural feature that is both standard in quantum
mechanics and implicitly present in RQM. In any measurement, the apparatus must
possess a pointer observable that becomes entangled with a specific observable of the
measured system. For example, in a Stern—Gerlach—type experiment, the spin degree
of freedom of the silver atom becomes correlated with the spatial position of impact
on the detector. Our notation captures this structure by explicitly including both the
system observable and the corresponding pointer observable of the apparatus. We do
not introduce new ontological entities, but aim to faithfully represent the minimal
physical ingredients required to describe a quantum event in relational terms. In this
sense, the formalism is not a modification of RQM, but an explication of its under-
lying assumptions.® The core insight is that, due to entanglement, the measurement

$Now also endorsed by Rovelli himself in the recent Stanford Encyclopedia of Philosophy entry on RQM
[53].
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outcome cannot be fully understood without specifying the state of the apparatus: the
attribution of a property to the system is inseparable from the physical interaction
that generates it, and thus from the properties of the measuring device.’ At any given
time, for a given system and interaction, only one observable outcome is realized.'?
The inclusion of the pointer observable simply reflects the entangled, non-separable
structure of measurement in quantum mechanics, as standardly described in quantum
measurement theory [8], where system and apparatus form an entangled composite
system and measurement outcomes are defined by correlations between their respec-
tive observables.!!

As a working example, consider an idealized scenario where a beam of silver
atoms is prepared, each atom in a specific spin state:

RS

%) \/il \y )

1
ZEMH‘

This beam is directed through a Stern-Gerlach apparatus, which measures the atoms’
spin in the z-direction. Let’s isolate a single atom, denoted s, and let f represent the
Stern-Gerlach apparatus. As the atom s passes through the apparatus’s magnetic field,
it will be deflected to a specific position on a screen that corresponds to its spin state.
For example, if the spin state is T, the atom will hit the screen at a position labeled Up.
The measurement outcomes, corresponding to observable positions on the screen, are
labeled Up and Down, corresponding to spin states 1 and | respectively.

When observing that the atom s impacts the screen at position Up, we can express
this event as:

(5. =1,5,0 =Up)y €)

This notation signifies a quantum event where the eigenvalue 1 of the spin observable
S is assigned to system s, alongside the eigenvalue Up of observable O assigned to
system f. This setup illustrates the interaction between the measured system s (the
atom) and the measuring device f (the Stern-Gerlach apparatus), highlighting both
the probabilistic nature of quantum measurements and the importance of relational
context in defining quantum events.

Although this formalism may seem elaborate, representing quantum events in this
explicit relational form enriches our understanding of RQM. Previously, we defined
relational properties as internal relations between systems. Here, we extend this to
quantum events, interpreting each event as an instantiation of a relational property
involving two physical systems and their respective observables. In the example with
the Stern-Gerlach apparatus, a quantum event comprises four elements:

9We are currently developing a separate article specifically focused on clarifying the connection between
entanglement, physical interaction, and property ascription in RQM, and therefore do not enter into
further detail here.

10This should not be confused with the relative-state interpretation, where multiple outcomes may coexist
in a superposition. Rather, RQM affirms a single relational fact per interaction.

"'We thank an anonymous referee for pressing us to clarify this point.
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The system s (the silver atom),

The system f (the Stern-Gerlach apparatus),

The observable .S, (the spin state of s),

The observable O (the position on the screen where s impacts).

Calb ot

Thus, observing s at position Up on the screen represents the event
(S> =1,s,0 = Up) . This notation makes explicit the relational property resulting
from the interaction between s and f. Quantum events in RQM, therefore, are not
isolated occurrences but inherently relational: they reflect properties defined through
interactions between physical systems. As [55, p. 2] emphasize:

quantum events are therefore assumed to exist only in interactions and (this is
the central point) the character of each quantum event is only relative to the
system involved in the interaction. [55, p.2]

This confirms that, in RQM, what is real is the interaction itself—each quantum event
is a relational fact, not an absolute one.

3.2 The Case of an Electron

To examine more carefully the kind of perspectivism (if any) implied by RQM in
comparison to QBism discussed in Section 2, let us consider a more complex exam-
ple: an electron with both position and spin degrees of freedom. In textbook quantum
mechanics, such a system is represented by a tensor product Hilbert space:

H = L*(R) ® C? 4)

where L?(R) is the Hilbert space associated with the electron’s position degrees of
freedom, and C? is the complex plane corresponding to the Hilbert space describing
spin degrees of freedom.

To explore the types of experiments we might perform on this system, we can
identify two distinct types of measurement: position and spin. The electron’s posi-
tion could be measured, for example, by scattering photons or other electrons off
it and observing the scattering pattern. Spin, on the other hand, can be measured
through a Stern-Gerlach-type experiment, as discussed previously. Notably, these
measurements are independent in a specific sense: the commutator between the posi-
tion and spin operators is zero, meaning these two observables are compatible. This
allows both properties—position and spin—to be specified simultaneously without
interference.

In standard quantum mechanics, we would describe the electron’s state as having
two independent properties, one associated with its spatial position (or momentum)
and the other with its spin. However, in the framework of RQM, we reinterpret these
properties as relational, meaning they do not exist in isolation but are defined only in
relation to specific interactions with other systems.

Using the formalism introduced in the previous section, we can represent these
relational properties as follows. Suppose we have a system s, representing the elec-
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tron, and a second system f, corresponding to the photons scattered to measure
the position of the electron. The position of s relative to f could be denoted by the
notation:

(X =x,50=0); Q)

where X = x represents the ascription of the eigenvalue = of the position observable
X to the electron s, in relation to the ascription of the eigenvalue o of some observ-
able O to the photons f, which interact with the electron to detect its position. This
interaction highlights the relational framework, where the properties of the electron
are defined through its interaction with the measuring photons.

Similarly, if we perform a spin measurement on s with another system g represent-
ing a spin-measuring device (such as a Stern-Gerlach apparatus), we could express
the spin relational property as:

(Sz :T7 Sa O = Up)g (6)

This notation signifies that the eigenvalue T of the spin observable S, is ascribed to
the electron s in relation to the apparatus g which registers this spin state. Here, “Up”
indicates the result observable O in g that corresponds to the electron’s spin state 1.

In RQM, rather than ascribing absolute properties to the electron, we regard both
its position and spin as relational properties. These properties emerge through inter-
actions between the electron and specific measurement devices, highlighting a funda-
mental difference from traditional, absolute property assignment. Does this relational
framing of quantum properties truly imply that RQM shares the same perspectivist
structure as other interpretations, or does the relational ontology offer a fundamen-
tally different account that departs from observer-dependent perspectives?

3.3 Perspectivism and Relational Quantum Mechanics

To address the question posed at the end of the previous section, we must consider
a crucial distinction between RQM and QBism, which will clarify RQM’s stance on
perspectivism.

A key difference between these interpretations lies in their treatment of quantum
states. While both RQM and QBism recognize that a system’s state may appear dif-
ferently to different observers, their ontological commitments diverge sharply. In
QBism, both the quantum state and observables reflect the observer’s subjective
degrees of belief about a system. For example, in the context of Wigner’s friend
thought experiment [60], Wigner and his friend may assign different quantum states
to the same system, but these states are considered epistemic, representing individual
perspectives and information, rather than any objective feature of the system itself.
Here, in the QBist approach, the quantum state encodes the agent’s personal expecta-
tions about the outcomes of future measurements, reflecting their degrees of belief.

RQM, by contrast, provides a more ontologically grounded approach. Although
RQM agrees that quantum states may vary between observers, it regards these varia-
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tions not as matters of belief but as expressions of the actual relational properties
emerging between the system and the observer. As [53] emphasizes:

Textbook quantum mechanics is a complete description of the perspective of a
single system, but it disregards the effect of this system on the perspective of
other systems. RQM emphasises the fact that any observer itself behaves as a
quantum system, when acting on other systems.

In RQM, quantum events are real but exist relationally—they arise strictly within the
context of specific interactions between physical systems. In Wigner’s Friend sce-
nario, for instance, the outcomes (S, =1,s,0 = Up) s and (S, =|,s,0 = Down)
represent definitive, real events for the Friend, determined by her direct interaction
with the system. From Wigner’s vantage point outside the laboratory, however, the
state remains determined but in the preparation state, underscoring the relational
nature of quantum reality.

This relational ontology marks a fundamental departure from QBism. While
QBism operates within an epistemic framework, focusing on how observers update
their beliefs based on information, RQM asserts that the properties of quantum
systems are real but inherently relational. In RQM, what exists objectively are the
relational events—definite outcomes of interactions between physical systems. The
quantum state, by contrast, is not considered a physical entity or ontological com-
ponent of the world; it functions as a computational tool used to encode known out-
comes and predict the probabilities of future interactions relative to a system. Indeed,
as [51] clearly states:

the mistaken idea is that the quantum state v represents the “actual stuff”
described by quantum mechanics. This idea has pervaded later thinking about
the theory, fostered by the toxic habit of introducing students to quantum theory
in the form of Schrodinger’s “wave mechanics”, thus betraying history, logic,
and reasonableness.

Thus, RQM shifts the focus from what an observer knows about a system to how
a system’s properties exist through interactions with other systems. By grounding
quantum phenomena in relational ontology, rather than epistemic updates, RQM
offers a coherent and realist interpretive framework, as exemplified in our symbolic
formalism.

It is essential to clarify that while RQM’s view of reality may appear counterintui-
tive, it does not lead to contradiction. Although RQM challenges classical notions of
objectivity—particularly the idea that properties are intrinsic and exist independently
of observers—it offers a consistent and coherent framework for interpreting quantum
mechanics. RQM’s relational ontology does differ from Einstein’s vision of a fully
objective, observer-independent universe. Einstein envisioned an ontology in which
objects possess definite, intrinsic properties that exist independently of measurement
or interaction. Yet, at the quantum level, this classical perspective becomes unsus-
tainable: properties only emerge relationally. RQM captures this insight, providing
a more accurate representation of quantum phenomena, even if it departs from the
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comforting clarity of classical, substance-centered ontologies. By embracing a rela-
tional framework, RQM aligns more closely with the realities of the quantum domain.

However, RQM’s commitment to a relational ontology should not be mistaken for
an endorsement of perspectivism in the sense commonly associated with quantum
interpretations that emphasize the observer’s role. The distinctive feature of RQM is
that it redefines the source of relational properties as emerging solely through physi-
cal interactions between quantum systems, without privileging any observer. In this
framework, the observer does not occupy any unique ontological position; instead,
it is the interaction itself that grounds reality. Quantum properties are not absolute
attributes held by objects independently but instead are contingent, relational proper-
ties that manifest specifically through the interactions between systems. For instance,
consider an electron passing through a Stern-Gerlach apparatus, or an electron scat-
tering light. In both cases, properties such as the spin orientation or position emerge
only in the context of the interaction between the electron and the measuring device.
It is this physical interaction that generates the relational properties, not an observer’s
subjective perspective or informational state. Whether or not someone observes the
experiment does not change the relational nature of the properties. The properties
of the electron become meaningful only within this relational framework, which is
defined by the interaction between quantum systems, such as the electron and the
apparatus. This approach is fundamentally different from interpretations of quan-
tum mechanics that make the observer central to the nature of quantum states and
properties.

In QBism, by contrast, the observer is indispensable to the definition of the quan-
tum state and, therefore, to quantum reality itself. QBism posits that the quantum state
reflects the observer’s subjective beliefs or informational stance toward a quantum
system. Rather than being an intrinsic property of a quantum system, the quantum
state is understood in QBism as an epistemic tool—a representation of the observer’s
personal knowledge, expectations, or uncertainties about possible outcomes. This
interpretation is explicitly rooted in epistemology: QBism argues that the quantum
state is not an objective feature of reality but a measure of the observer’s subjec-
tive stance towards the quantum system. Every quantum measurement in QBism is
inherently tied to an observer’s beliefs and updates; therefore, the quantum state has
no reality outside the observer’s point of view. To illustrate, let us consider QBism’s
treatment of Wigner’s friend, a thought experiment designed to highlight the differ-
ences in quantum state assignment by different observers. In this scenario, Wigner’s
friend performs a measurement inside a closed laboratory and assigns a definite
quantum state to the system based on her direct interaction. From her perspective,
the measurement outcome is real and concrete. However, from Wigner’s perspective
outside the lab, who has not observed the outcome directly, the system remains in
a superposition of probabilities corresponding to the possible outcomes—but these
probabilities are determined by the specific configuration and operation of the experi-
mental device. In QBism, this discrepancy is entirely expected: Wigner and his friend
assign different quantum states based on their individual degrees of belief. Quantum
states and observables reflect each observer’s individual degrees of belief and do
not represent any objective feature of reality. Consequently, Wigner’s quantum state
assignment is not about the system itself but rather about his subjective perspective
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on the possible outcomes. This view places the observer, and their informational
perspective, at the center of quantum reality.

QBism’s insistence on the observer’s centrality contrasts starkly with RQM’s
framework, which maintains that relational properties are grounded in physical
interactions, not in the knowledge or beliefs of an observer. In RQM, the properties
of quantum systems are real but exist only relationally, within specific interactions
between systems. Unlike QBism, where the quantum state fundamentally depends
on the observer’s subjective perspective, RQM considers the relational properties as
objective outcomes of interactions. This relational ontology in RQM thereby shifts the
focus from an observer-based view of reality to an interaction-based view, grounding
quantum phenomena in the physical world rather than in the subjective perspective of
any given observer. Thus, while QBism remains firmly in the realm of epistemology,
where quantum states serve as tools for the observer to update beliefs about measure-
ment outcomes, RQM moves into ontology, asserting that quantum properties, such
as spin or position, are real yet intrinsically relational. In RQM, the electron’s spin
state does not “exist” in isolation nor does it depend on any observer’s informational
stance; it becomes a concrete property only in the context of its interaction with a
specific measuring apparatus. The relational perspective in RQM avoids the epis-
temic focus of QBism, offering instead a coherent ontological framework that reflects
the inherently interaction-based nature of quantum events. This approach provides a
more robust ontological structure for understanding quantum phenomena, focusing
not on what the observer believes but on how the properties of quantum systems
are constituted through their physical interactions. In this way, RQM sidesteps the
subjective pitfalls of purely epistemic interpretations, establishing a relational basis
for quantum states and properties without invoking any privileged observer, as dem-
onstrated by the symbolic formalism we have employed throughout this discussion.

The only form of perspectivism that remains within RQM is what we might call
a soft'? perspectivism: a minimal but non-trivial dependence on the choice of inter-
action. Specifically, the observer—understood as any physical system—selects the
measurement context, thereby determining which relational property is ascribed to
the measured system. This perspectival aspect is not epistemic, but grounded in the
ontology of quantum interactions: once a property is actualized through an interac-
tion, no incompatible property can be simultaneously ascribed to the same system in
relation to that interaction.'> In this sense, the observer’s role is restricted to choosing
the experimental setup and determining the type of interaction that will reveal spe-

2We do not mean to introduce a formal gradation or taxonomy of perspectivism by using the term “soft.”
Rather, we employ the term loosely to indicate that the only perspectival element in RQM consists in the
observer’s selection of the interaction to be established—namely, which observable to measure—which
in turn determines which relational property is ascribed to the system. This choice has no epistemic or
subjective implications and does not affect the ontological status of the resulting relational property, which
is fully “objective” relative to the systems involved.

13 To reiterate, we do not mean to endorse a graded taxonomy of perspectivalisms, nor to imply that RQM
partakes in the kind of perspectivism that [2] classifies as “strong physical perspectivalism.” On the
contrary, our focus in this paper is restricted to what Adlam calls epistemic perspectivalism, where the
observer’s cognitive or informational state plays a constitutive role in defining quantum properties. In this
sense, we argue that RQM, in its original 1996 formulation, does not support epistemic perspectivism and
remains metaphysically realist, albeit in a relational manner. We agree that Adlam’s distinction between
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cific relational properties of a quantum system. This observer involvement does not
entail any subjective influence on the properties themselves, nor does it imply that
these properties depend on the observer’s perspective in an epistemic or informa-
tional sense, as in QBism. Instead, it is a structural aspect of the experimental process
that determines which relational property is manifested. It seems to us that quantum
mechanics compels a relational ontological framework while, at the epistemological
level, it entails only what we have termed soft perspectivism—a minimal and non-
subjective form of perspectival dependence. This stands in sharp contrast to QBism,
which attributes an ontologically privileged status to the subject and, as a result, col-
lapses into a fully-fledged perspectivalism in the proper sense of the term.'*

Consider, for instance, an electron in a laboratory setting, as described in Sec-
tion 3.2: the experimenter has the choice to measure either the electron’s position or
its spin, or perhaps even both, if independent apparatuses are involved. This choice
guides the form of interaction between the system and the measuring device, thereby
establishing the specific relational property that will emerge from the interaction.
However, this act of selection does not mean that the observed property is tied to the
observer’s beliefs, knowledge, or subjective experience. Rather, it is a practical deci-
sion that shapes the experimental conditions, allowing one relational property (e.g. ,
position or spin) to manifest over another based on the selected experimental context.
This choice should not be conflated with a subjective or epistemic form of perspectiv-
ism. The relational character of properties in RQM does not imply that measurement
outcomes are dependent on the informational state or expectations of the observer.
The observer’s role is exhausted in selecting the interaction — for example, choos-
ing to measure spin rather than position — but once that interaction takes place, the
resulting property emerges as an objective relational fact between the system and the
measuring device. In this sense, RQM diverges sharply from strongly perspectivalist
interpretations such as QBism, where the observer’s beliefs or degrees of belief play
a constitutive role in defining quantum states.

We emphasize that this feature — the dependence of properties on specific interac-
tions — is intrinsic to the ontology of RQM and does not imply any subjectivism. In
RQM, the relational property is entirely independent of the observer’s informational
stance or subjective experience. Once the experimental interaction has been set up,
the resulting property, such as the electron’s spin or position, emerges as a real, objec-
tive feature of the relational context between the systems involved. The observer’s

strong and moderate physical perspectivalism is important, but we prefer to reserve the label “perspectiv-
ism” only for cases in which the observer’s epistemic access plays a substantive role.

1t is important to note that what we call soft perspectivism is not entirely neutral from an epistemological
standpoint, as the choice of a particular measurement setup excludes other possible ones—a feature that
departs from standard assumptions in classical physics. For example, if Bob measures the velocity of a
macroscopic object using a stroboscope, this does not prevent Alice from simultaneously measuring its
position with a photocell. This simultaneity, however, is not possible for quantum systems, due to ontologi-
cal constraints grounded in their relational character, as discussed in Sections 3.1 and 3.2. We thank the
anonymous referee for raising this point, which prompted us to clarify our view.
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choice of measurement thus plays no role in defining the property itself but merely in
selecting which interaction will manifest that property.'>

This subtle distinction in RQM avoids the epistemic dependence that would tie the
property to the observer in any intrinsic sense. The observer’s role is akin to a “gate-
keeper” of the experimental conditions, determining the pathway through which spe-
cific relational properties are realized, but this does not impart any special ontological
status to the observer. In other words, while the observer has agency in shaping the
experimental setup, this agency does not render the relational properties subjective or
dependent on the observer’s perspective. The properties themselves are real, objec-
tive, and rooted in the physical interactions of the systems involved.

4 A Historical Root of RQM and (soft) Perspectivism

It is well known that shortly after the definitive formulation of non-relativistic quan-
tum mechanics the key figures of the time were divided on the true ontological impli-
cations of the theory. Without aiming for exhaustive historical completeness, and
acknowledging that many of these thinkers expressed differing views in different
contexts, we can outline a few characteristic positions. The purpose of this section is
not to offer a direct argument for the perspectival nature of RQM based on historical
sources. Rather, our aim is to trace the historical roots of certain conceptual elements
that later became central to RQM, in particular its relational ontology and its rejection
of absolute, observer-independent properties. In this section, we suggest that these
elements were already present, in various forms, in the writings of foundational fig-
ures such as Bohr, Pauli, and Fock, especially in their responses to the EPR paradox.
In this sense, the historical material helps to contextualize the philosophical founda-
tions of RQM, showing that it does not emerge ex nihilo, but rather draws on a lin-
eage of thought that had already begun to question the classical notion of objectivity
in quantum mechanics. More specifically, some of these historical positions already
anticipate what we have called soft perspectivism: the idea that physical properties in
quantum mechanics are not fixed independently of measurement contexts or obser-
vational setups, but rather emerge from specific interactions—without this implying
a collapse into epistemic subjectivism. This notion is not used here as a strong claim
about historical continuity, but as a heuristic lens: it highlights that the minimal per-
spectival structure endorsed by RQM can be seen as a development and clarification
of intuitions that were already present in early quantum theory debates.

Consider, for example, Heisenberg’s Chicago Lectures, delivered in 1929 and
published in 1931 [35]. On page 3, Heisenberg explicitly asserts that a defining fea-
ture of the new theory is the uncontrollable interaction between the observer and the
object. If we interpret the term “observer” charitably, understanding it as referring
to the measuring apparatus, the meaning of Heisenberg’s statement becomes clear:

15Some recent reformulations of RQM, such as the proposal by [3] introducing the principle of cross-
perspective links, aim to enforce consistency between different observers’ accounts. While these develop-
ments respond to empirical concerns about intersubjective coherence, they arguably shift the interpretation
toward a different framework.
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at the microscopic level, there exists an interaction between the measuring instru-
ment and the physical system that cannot be reconstructed or precisely calculated.
Indeed, Heisenberg’s text introduces the classic thought experiments that operation-
ally should demonstrate the principle of uncertainty, illustrating the impossibility of
simultaneously measuring with absolute precision the position and momentum of a
microscopic object (Section 1.2). These thought experiments have since become a
staple in standard quantum mechanics textbooks, cementing their place as founda-
tional examples in the interpretation of the theory.'® On the other hand, as early as
1957, [32] highlighted the limited plausibility of this view in his paper.

Let us take a step back and examine [5], which builds on his renowned Como
lecture from 1927. In this work, Bohr introduced the concept of complementarity
for the first time. Starting from the uncertainty relations between position and time
on one hand, and momentum and energy on the other, Bohr emphasizes that these
relations lead to the conclusion that the spatiotemporal and causal descriptions of
the microscopic world are mutually exclusive yet complementary. The ontological
message conveyed in these pages can be summarized as follows: the quantum object
remains fundamentally unknown in its essence. However, we can provide two alter-
native descriptions of it, each offering crucial insights in its own way—namely, the
causal description and the spatiotemporal description. These two perspectives, while
irreconcilable, together capture different aspects of the quantum object’s behavior. In
response to this ontological conclusion, several attitudes can be adopted:

(i) One might argue that this represents a fundamental and unacceptable abandon-
ment of objectivity, as proposed by those who have sought to reinterpret quantum
mechanics along the lines suggested by David Bohm. Bohm’s approach attempts
to restore a form of objectivity by introducing hidden variables that underpin
quantum phenomena, aiming to reconcile the apparent indeterminacy with a
more classical framework of reality.

(i) Another response is to accept this peculiar situation as an inherent limitation of
human knowledge. This has often been the predominant stance among orthodox
physicists, who view the complementarity principle and the associated limits
of measurement as reflective of the intrinsic constraints on our ability to fully
describe the quantum world. From this perspective, quantum mechanics does not
so much describe reality as it reveals the boundaries of our interaction with it.

(iii) Finally, one can acknowledge that quantum objects are fundamentally differ-
ent from classical ones, rendering classical concepts such as spatiotemporal
representation and causality inapplicable. This third path appears to be the most
intriguing. Much of modern physics over recent decades has diminished the cen-
trality of space and time as primary variables in the physical representation of the
world, suggesting that their classical roles are less fundamental than previously
thought.!” Moreover, the concept of causality itself, even before Bohr, had shown

16See for example § 53 [45], chapter 4 section 3.12 [44] and §§ 21-22 [46]

17 This observation finds support in various modern physical theories, where the roles of space and time are
significantly redefined or diminished. In Loop Quantum Gravity (LQG), for instance, space and time can
be thought as emergent properties arising from more fundamental, discrete structures of quantum geom-
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signs of being problematic, to the point of being nearly dispensable in certain
contexts [58]'%.

This third route invites a more profound rethinking of the nature of physical reality,
one that moves beyond the constraints of classical intuition and engages with the
novel ontological framework that quantum mechanics presents. It challenges us to
reconceptualize foundational notions, embracing the radical departure from classical
paradigms that quantum phenomena demand.

Note that, in his seminal 1927 lecture, Bohr also emphasizes from the very begin-
ning what he later refers to on page 586 as the complementarity between wave and
particle. Indeed, the complementarity between spatiotemporal and causal descrip-
tions arises directly from this fundamental duality of wave and particle behavior.
Bohr also points out that while this complementarity has been somewhat overshad-
owed by the introduction of a new mathematical formalism, it should not be over-
looked. Here, Bohr is referring to the matrix algebra developed by Heisenberg, Born,
and Jordan, which had become a cornerstone of quantum mechanics.

It is worth recalling Pascual Jordan’s perspective, as recounted by [38, p. 161].
According to the German physicist, the state of a system before measurement is inde-
terminate, and the interaction with the measuring apparatus generates the observed
value. As we noted earlier with Heisenberg, it is not always clear in these discussions
whether terms like “observer” and “observation” refer to the actual intervention of a
conscious subject or merely to the role of the measuring instrument. However, here,
it is important to highlight an epistemologically significant distinction: that between
a manipulating subject and an intervening subject. The epistemological importance
of the manipulating subject is central to all of modern physics. Unlike ancient astron-
omy, which was primarily based on observation, modern physics actively manipu-
lates reality to extract knowledge.!” In this sense, quantum mechanics aligns with
an established tradition of experimental physics. However, in the context of quan-
tum mechanics, certain observations by von Neumann, later expanded upon by Lon-
don and Bauer, and Wigner, sparked discussions about a more direct and active role
for the observer as an intervening subject.?’ In Jordan’s case, we interpret the term
“observer” in the first sense—as a manipulator, not as a conscious intervening sub-

etry, rather than being fundamental continua. Similarly, in String Theory, the classical notion of spacetime
is supplanted by a higher-dimensional framework, where spacetime itself emerges from the dynamics of
strings and branes in a more fundamental background. These approaches highlight a shift in contemporary
physics, moving away from the classical understanding of space and time as primary entities towards
viewing them as derivative or emergent concepts.

18 Originally published in 1927, this version is a later reprint.

19This shift from mere observation to active intervention is a hallmark of modern science. Hacking [33]
emphasizes the role of experimentation as not merely a way of testing theories but as a means of actively
engaging with and reshaping the natural world to produce knowledge. This marks a profound epistemo-
logical departure from classical approaches like ancient astronomy, where understanding was derived
solely from passive observation.

20For a broader exploration of these ideas and their implications, see the essays collected in [59], which
provide key perspectives on the observer’s role in quantum mechanics.
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ject.2! It is also worth noting that these two senses—manipulating and intervening—
should not be confused with a third sense, the epistemological role of the observer in
QBism. In QBism, the observer is neither a passive manipulator nor a mere interven-
ing subject but a central epistemic agent. The quantum state is not just influenced
by manipulation or intervention but is fundamentally tied to the personal, subjective
experiences and beliefs of the agent. This highlights a distinctive epistemological
framework that diverges significantly from both traditional manipulation and inter-
ventionist views in quantum mechanics.

According to Jammer, Jordan’s interpretation gained significant traction in the
1930s. However, this view is ultimately unsatisfactory because it overlooks the criti-
cal concept of “preparation”. Before a system undergoes measurement, it is prepared
in the eigenstate of a particular observable. As a result, the system is, in fact, per-
fectly determined relative to that observable and any compatible measurements. It
is true that the system does not possess a definite property relative to the new mea-
surement to be performed, but this does not mean that the system is indeterminate.
Rather, it indicates that properties must always be ascribed in a relational manner.
This relational understanding aligns more closely with the fundamental principles of
quantum mechanics and avoids the oversimplification inherent in Jordan’s original
interpretation.

We must also consider the position of thinkers aligned with neopositivism, such as
Philipp Frank, who articulates this perspective in his contribution to the International
Encyclopedia of Unified Sciences [24]. According to this approach, physics concerns
itself solely with experimental data, while everything else is regarded as a theoreti-
cal framework for predicting further experimental results, with no claim to represent
reality. A similar perspective can be found in [48], where he distinguishes between
phenomena—the results of measurements—and interphenomena, the quantum state
prior to measurement, about which the theory cannot make any definitive statements.
However, Reichenbach’s viewpoint is somewhat closer to a relational perspective, as
his introduction of these notions highlights the ontological importance of the prepa-
ration state of the physical system. Among physicists, this neopositivist perspective
is most prominently echoed by [46], where he gives a detailed account of this view,
emphasizing the predictive function of physical theories without asserting any direct
correspondence to an objective reality.

As underlined by [38, p. 166], those who attempted to formulate an ontology for
the new theory were compelled, in one way or another, to emphasize the disturbance
caused by the measuring apparatus on the physical system being measured. However,
this emphasis was less a result of an operational analysis of the theory and more a
consequence of the use of specific operators to define the physically relevant vari-
ables (observables). As we will see, this approach underwent a subtle evolution over
time, moving towards a more relational perspective.

Fine [19] and [37] have convincingly shown that [38]’s historical reconstruction
of the EPR argument contains two significant inaccuracies. First, Einstein’s argu-

2! Jordan’s perspective aligns more closely with the experimentalist tradition, viewing the observer as an
agent who sets up and manipulates experimental conditions without attributing a unique epistemic role to
consciousness.
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ment did not rely on the so-called reality principle explicitly stated in the EPR paper;
instead, it was simpler and more direct than the version published by Einstein, Podol-
sky, and Rosen. Second, Einstein’s main objection to quantum mechanics was not
its indeterminism but rather its non-locality. However, these corrections to Jammer’s
historical analysis do not undermine his broader observation that the introduction
of the EPR argument significantly pushed major interpreters of quantum mechanics
toward a relational interpretation. Let us delve into some details.

To briefly present the EPR argument, we follow [20]. EPR start from the premise
of an exclusive disjunction: either quantum mechanics is incomplete, or it is impos-
sible to simultaneously determine the values of two incompatible observables, such
as position and momentum. One of these must hold. They then construct a phys-
ical scenario involving two distant systems, which we will call Albert and Niels,
whose positions and momenta along the x-axis are correlated. EPR assume locality
(a measurement on one system cannot influence the other) and implicitly assume
separability (the two systems can be treated as distinct, individual entities). When
measuring x on Albert, the z-value for Niels is also determined due to the correlation.
However, because of locality, this determination cannot be caused by the measure-
ment performed on Albert. EPR then apply their criterion of reality, which asserts
that if the value of a variable can be predicted with certainty without disturbing the
system, that variable must correspond to an element of reality. Thus, = for Niels
must already be determined. EPR extend this argument by considering an alternative
measurement. Had we instead measured p, on Albert, we could also predict p, for
Niels with certainty. This controversial step suggests that both = and p, for Niels are
simultaneously determined, which quantum mechanics prohibits. Returning to their
initial disjunction, EPR conclude that quantum mechanics must be incomplete. While
the argument itself is well-known, its historical and interpretative impact is equally
important. As [38] observed, and as [19] and [37] refine, the EPR paradox forced
many quantum theorists to grapple with the relational aspects of quantum mechanics.
Here, we do not delve into the complex debates and reformulations surrounding the
EPR argument. Instead, our focus is on the impact it had on the community of the
most orthodox pioneers of the new quantum theory.

Of particular interest to us is Bohr’s dual response to the EPR argument, i.e. [7]
and [6].?? In these two brief contributions, Bohr upholds his position on the unavoid-
able disturbance of the measuring apparatus on the measured system—a point, as we
have seen, that arises directly from the mathematical structure of the theory. How-
ever, Bohr also introduces a new aspect in his critique, one that foreshadows a rela-
tional interpretation. Bohr challenges the EPR criterion of reality, specifically the
assignment of an element of reality to an observable independently of the measure-
ment apparatus used. According to Bohr, the fundamental flaw in the EPR argument
is the attribution of « to Niels after the measurement of  on Albert, without including
the measurement on Albert as an integral part of that element of reality. The same
critique applies to the attribution of p, to Niels. In Bohr’s perspective, this does not
mean that there are two independent elements of reality, x and p, for Niels, as EPR
claim. Instead, the two elements of reality are the two mutually incompatible situ-

22Notably under the same title as the EPR paper.
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ations that include the measurement on Albert as an inseparable component. This
perspective reframes the EPR argument and points toward an inherently relational
view of quantum properties, where the context of measurement plays an essential
role in defining reality.

One of the first to embrace Bohr’s relational interpretation was [23]. However,
Frank appears to overlook the subtle distinction between this perspective—which
carries an ontological dimension—and the neopositivist interpretation. According to
Bohr, it is not that we cannot speak of a physical object prior to measurement, but
rather that any such description must always be framed in relation to a specific mea-
suring apparatus. This relational aspect is crucial to Bohr’s interpretation, marking a
departure from the purely epistemic stance often associated with neopositivism.

That said, we cannot fully follow [38]’s analogy between the relational character
of quantum mechanics and that of special relativity. While it is true, for instance, that
the time measured on system Albert by two other reference frames—Iet us call them
Werner and Niels—moving at different velocities relative to Albert is different, the
analogy breaks down upon closer examination. In special relativity, time intervals
are indeed relative to the reference frame, but the quantity Ar? — c?At? (where r
represents spatial displacement) remains invariant across all reference frames. This
quantity is not relational but absolute within the framework of special relativity.
By contrast, no comparable invariant exists at the level of microphysics. Quantum
mechanics lacks an analogous absolute quantity that transcends the relational frame-
work. It should also be noted that [38] himself partially revises this view on p. 202 of
his analysis, acknowledging the limitations of the analogy.

As noted by [38, p. 202], V. A. Fock enthusiastically embraced Bohr’s new rela-
tional perspective [21]. However, it is important to note that the relationalism of
both Bohr and Fock is inherently probabilistic. Jammer [38] is explicit about this
on p. 197: from this point onward, we should no longer speak of the properties of a
physical system but rather of the probability P that the observable A has the value a
relative to the measuring apparatus «. This probabilistic ontology is distinct from a
genuinely relational one, where the eigenvalue « is ascribed to the observable A of
system S in relation to the value o of the observable O of the measuring apparatus (see
Section 3.1 of the present paper). Furthermore, it raises significant conceptual chal-
lenges. The very notion of a probabilistic property remains enigmatic, despite Pop-
per’s concept of propensity [47] and more recent attempts to introduce indeterminate
properties into quantum ontology, such as [40]. Additionally, Fock recounts a 1957
meeting with Bohr in Copenhagen [22]. During this meeting, Fock expressed doubts
about Bohr’s interpretation, which he claimed Bohr himself had partially adopted.
According to Fock, it is essential to affirm that the unity between the microphysical
system and the measuring apparatus is a full-fledged reality, not merely a relational
construct, and that the “uncontrollable interaction” between the measured system and
the apparatus is merely a manner of speaking. In Fock’s point of view, the key point
is that the properties of the micro-object must be ascribed in a way that includes the
measuring apparatus. This highlights an important nuance in Fock’s materialist inter-
pretation: it brings out the ontological dimensions of the relational approach with
greater clarity. Unlike Bohr’s probabilistic framing, Fock’s perspective emphasizes
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the concrete integration of the measured system and the apparatus, proposing a more
robust and explicitly ontological foundation for understanding quantum properties.

Following this shift in Bohr’s interpretation of quantum mechanics, Pascual Jor-
dan, who had previously emphasized the indeterministic aspect of the early notion
of complementarity, adopted a far more neopositivist stance. He argued that quan-
tum theory should not extend beyond experience [39, p. 277]. This position reflects
a retreat from ontological considerations, aligning instead with a more empiricist
perspective that restricts the scope of the theory to the description and prediction of
experimental phenomena.

In the correspondence between Born and Einstein, curated by Max Born, there is
a fascinating letter from Wolfgang Pauli dated March 3, 1954. Writing shortly after
meeting Einstein in Princeton, Pauli sides with the orthodox interpreters of quantum
mechanics, emphasizing that Einstein refuses to accept that, in quantum mechanics,
the states of a system are defined only in relation to an experimental apparatus. Inter-
estingly, while Pauli accuses Einstein of interpreting this relationality in a subjec-
tive manner—thereby reducing it to absurdity—he himself uses ambiguous language
immediately afterward, referring to an “ideal observer” [16]. Nevertheless, the fact
remains that Pauli, too, had embraced a relational conception of quantum mechan-
ics. This relational perspective situates the definition of quantum states within the
context of their interaction with specific experimental configurations, aligning with
the broader framework of relational interpretations that emerged during this period.>

In conclusion, this historical survey has highlighted the roots of the relational
approach in quantum mechanics, exploring its development through the perspectives
of key figures such as Bohr, Heisenberg, and others, with particular emphasis on V.
A. Fock’s contributions. Fock’s materialist interpretation brought greater clarity to
the ontological dimensions of the relational framework, emphasizing the integration
of the measured system and the apparatus as a full-fledged reality rather than a purely
relational construct. From this historical context, it becomes evident that the rela-
tional framework, even in its early formulations, did not embody the kind of perspec-
tivism discussed in Section 2, where the observer’s subjective stance plays a central
role in defining quantum states or properties. Instead, scholars like Fock underscored
the ontological significance of relationality, framing quantum properties as arising
from interactions that include the measuring apparatus rather than being tied to an
observer’s epistemic perspective. However, as we argued at the end of Section 3.3,
a form of “soft” perspectivism may still be preserved. This refers to the observer’s
role in selecting the experimental setup or determining which relational property to
measure, without implying that the property itself depends on the observer’s subjec-
tive viewpoint. Fock’s work helps to clarify this distinction, aligning the relational
ontology with a minimal, structural role for the observer while avoiding the epistemic
implications of stronger perspectivist interpretations.

2 Jammer concludes his survey of relational interpretations by mentioning, on p. 208, the perspective of
Grete Hermann, which precedes even Bohr’s relational approach [36]. For an authoritative analysis on
this point see [11].
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5 Conclusions

This paper has examined a central question: how much perspectivism is embedded
in RQM? Addressing this issue is critical for understanding RQM’s place among
quantum interpretations and for clarifying its ontological and epistemological foun-
dations. Furthermore, it has broader implications for the scientific realism debate, as
perspectivism challenges the notion of a fully objective, observer-independent reality
in quantum mechanics.

Our investigation reveals that RQM departs from the strong perspectivism seen
in interpretations like QBism. While RQM acknowledges the role of the observer in
determining experimental setups and selecting relational properties to measure, this
results in only a “soft” perspectivism. In contrast to QBism, where the quantum state
represents the agent’s personal degrees of belief about future measurement outcomes,
in RQM the quantum state is better understood as a theoretical device that encodes
information about the relational properties emerging from physical interactions and
is used to compute the probabilities of future events. Moreover, a more fundamental
divergence lies in the conception of properties: RQM’s relational framework remains
both realist and minimal, grounding properties exclusively in interactions between
systems rather than in the observer’s perspective. By contrast, in the QBist account,
properties are not objective features of the world but are understood as personal expe-
riences that are consequences of an agent’s actions, in the QBist account, properties
are not objective features of the world but are understood as personal experiences
or consequences of an agent’s actions, while the quantum state encodes the agent’s
subjective degrees of belief about which outcomes are expected to occur.

Additionally, we explored the historical underpinnings of relational interpreta-
tions in the works of Bohr and other pioneers of quantum mechanics. This analysis
showed that, from its inception, relational thinking did not imply strong perspectiv-
ism. Instead, it focused on the relational emergence of properties without invoking
observer dependence as a fundamental principle. This historical perspective further
supports the conclusion that RQM embodies only a “soft” perspectivism, both in its
modern articulation and in its historical lincage.

By situating RQM within these philosophical and historical contexts, we have
highlighted its unique position as a realist yet relational interpretation of quantum
mechanics, offering a distinct alternative to more strongly perspectivist approaches.

Author Contributions All authors made substantial contributions to the conception of the work, N.C., V.F
and M.S wrote the main manuscript text. All authors reviewed the manuscript.

Funding Open access funding provided by Universita degli Studi di Urbino Carlo Bo within the CRUI-
CARE Agreement.

Data Availability No datasets were generated or analysed during the current study.

Declarations

Competing interests The authors declare no competing interests.

@ Springer



Foundations of Physics (2026) 56:6 Page 25 of 26 6

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

—

10.

11.

12.

13.
14.

15.
16.

18.

19.
20.

21.

22.

23.

24.
25.

Adlam, E.: Moderate physical perspectivalism. Philosophy Sci. 92(3), 624-645 (2024)

Adlam, E.: What kind of relationality does quantum mechanics exhibit? (2025). arXiv:2502.06991
Adlam, E., Rovelli, C.: Information is physical: Cross-perspective links in relational quantum
mechanics. Philosophy Phys. 1 (2023)

Berghofer, P.: Quantum reconstructions as stepping stones toward 1)-doxastic interpretations? Foun-
dations Phys. 54(4), 46 (2024)

Bohr, N.: The quantum postulate and the recent development of atomic theory. Nature 121, 580-590
(1928)

Bohr, N.: Can quantum-mechanical description of physical reality be considered complete? Phys.
Rev. 48(8), 696 (1935)

Bohr, N.: Quantum mechanics and physical reality. Nature 136(3428), 65-65 (1935)

Busch, P., Lahti, P.J., Mittelstaedt, P.: The quantum theory of measurement. Springer (1996)

Caves, C.M., Fuchs, C.A., Schack, R.: Quantum probabilities as bayesian probabilities. Phys. Rev. A
65(2), 022305 (2002)

Caves, C.M., Fuchs, C.A., Schack, R.: Subjective probability and quantum certainty. Studies in His-
tory and Philosophy of Science Part B: Studies in History and Philosophy of Modern Physics 38(2),
255-274 (2007). Probabilities in quantum mechanics

Crull, E.: Hermann and the relative context of observation. In: Crull, E., Bacciagaluppi, G. (eds.)
Grete Hermann - Between Physics and Philosophy. Springer, Berlin (2016)

DeBrota, J.B., Fuchs, C.A., Pienaar, J.L., Stacey, B.C.: Born’s rule as a quantum extension of bayes-
ian coherence. Phys. Rev. A 104(2) (2021)

Di Biagio, A., Rovelli, C.: Stable facts, relative facts. Foundations Phys. 51(1), 30 (2021)

Di Biagio, A., Rovelli, C.: Relational quantum mechanics is about facts, not states: A reply to pienaar
and brukner. Foundations Phys. 52(3) (2022)

Dieks, D.: Perspectival quantum realism. Foundations Phys. 52(4), 1-20 (2022)

Einstein, A., Born, M., Born, H.: The Born-Einstein Letters: Correspondence Between Albert Ein-
stein and Max and Hedwig Born from 1916-1955, with Commentaries by Max Born. Macmillan,
London (1971)

Einstein, A., Podolsky, B., Rosen, N.: Can quantum-mechanical description of physical reality be
considered complete? Phys. Rev. 47, 777-780 (1935)

Fano, V., Sanchioni, M.: Relational properties and relational quantum mechanics. Foundations Phys.
55(4), 52 (2025)

Fine, A.: The shaky game. University of Chicago Press, Chicago (1996)

Fine, A.: The Einstein-Podolsky-Rosen Argument in Quantum Theory. (2020). https://plato.stanford
.edu/archives/sum2020/entries/qt-epr/

Fock, V.: Criticism of an attempt to disprove the uncertainty relation between time and energy. Sov.
Phys. JETP 15(4), 784-786 (1962)

Fock, V.: Discussione con Niels Bohr. In: Tagliagambe, S. (ed.) L’interpretazione materialistica della
meccanica quantistica, pp. 47-72. Feltrinelli, Bologna (1972)

Frank, P.: Philosophische deutungen und mifideutungen der quantentheorie. Erkenntnis 6, 303-317
(1936)

Frank, P.: Foundations of Physics. University of Chicago Press, Chicago (1946)

French, S.: A Phenomenological Approach to Quantum Mechanics: Cutting the Chain of Correla-
tions. Oxford University Press, London (2023)

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/2502.06991
https://plato.stanford.edu/archives/sum2020/entries/qt-epr/
https://plato.stanford.edu/archives/sum2020/entries/qt-epr/

6 Page 26 of 26 Foundations of Physics (2026) 56:6

26. Fuchs, C.: Qbism, where next? In: Berghofer, P., Wiltsche, H.A. (eds.) Phenomenology and QBism:
New Approaches to Quantum Mechanics. Routledge, London (2023)

27. Fuchs, C.A.: Qbism, the perimeter of quantum bayesianism (2010)

28. Fuchs, C.A., Mermin, N.D., Schack, R.: An introduction to gbism with an application to the locality
of quantum mechanics. Am. J. Phys. 82(8) (2014)

29. Fuchs, C.A., Schack, R.: A quantum-bayesian route to quantum-state space. Foundations Phys. 41(3),
345-356 (2010)

30. Fuchs, C.A., Schack, R.: Qbism and the greeks: why a quantum state does not represent an element
of physical reality. Phys. Scr. 90(1), 015104 (2014)

31. Giere, R.N.: Scientific Perspectivism. University of Chicago Press, Chicago (2006)

32. Griinbaum, A.: I. complementarity in quantum physics and its philosophical generalization (1957)

33. Hacking, I.: Representing and intervening: Introductory topics in the philosophy of natural science.
Cambridge University Press (1983)

34. Healey, R.: The Quantum Revolution in Philosophy. Oxford University Press, Oxford, GB (2017)

35. Heisenberg, W.: The physical principles of the quantum theory. Dover Publications, New York (1949)

36. Hermann, G.: Die naturphilosophischen grundlagen der quantenmechanik. Naturwissenschaften
23(42), 718-721 (1935)

37. Howard, D.: Anche Einstein gioca a dadi: la lunga lotta con la meccanica quantistica. Carocci, Roma
(2015)

38. Jammer, M.: Philosophy of Quantum Mechanics. the interpretations of quantum mechanics in his-
torical perspective. New York: Wiley (1974)

39. Jordan, P.: Anschauliche Quantenmechanik. Springer, Berlin (1936)

40. Lewis, PJ.: Quantum ontology: A guide to the metaphysics of quantum mechanics. Oxford Univer-
sity Press, New York (2016)

41. Luc, J.: States vs. changes of states: a reformulation of the ontic vs. epistemic distinction in quantum
mechanics. Foundations Phys. 53(1), 22 (2023)

42. Massimi, M.: Perspectival Realism. Oxford University Press, New York (2022)

43. Maudlin, T.: Three measurement problems. Topoi 14(1), 7-15 (1995)

44. Messiah, A.: Mécanique quantique. Dunod, Paris (1995)

45. Pauling, L., Wilson, E.B.: Introduction to quantum mechanics with applications to chemistry.
McGraw-Hill, New York (1935)

46. Persico, E.: Fondamenti di meccanica atomica. Zannichelli, Bologna (1939)

47. Popper, Q.: Theory and the schism in physics (1956)

48. Reichenbach, H.: Philosophic Foundations of Quantum Mechanics. Dover, Mineola (1944)

49. Rovelli, C.: Relational quantum mechanics. Int. J. Theoretical Phys. 35(8), 1637-1678 (1996)

50. Rovelli, C.: Space is blue and birds fly through it. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences 376(2123), 20170312 (2018)

51. Rovelli, C.: The relational interpretation. In: The Oxford Handbook of the History of Quantum Inter-
pretations. Oxford University Press (2022)

52. Rovelli, C.: Can alice do science and have friends, in a relational quantum world? solipsism and
relational quantum mechanics. (2024). arXiv:2410.20012

53. Rovelli, C.: Relational Quantum Mechanics. In: E. N. Zalta and U. Nodelman (Eds.), The Stanford
Encyclopedia of Philosophy (Spring 2025 ed.). Metaphysics Research Lab, Stanford University (2025)

54. Schack, R.: A gbist reads merleau-ponty. In: P. Berghofer and H. A. Wiltsche (Eds.), Phenomenology
and QBism: New Approaches to Quantum Mechanics. Routledge (2023)

55. Smerlak, M., Rovelli, C.: Relational epr. Foundations Phys. 37(3), 427445 (2007)

56. Teller, P.: What is perspectivism, and does it count as realism? In: Massimi, M., Mccoy, C.D. (eds.)
Understanding Perspectivism (Open Access): Scientific Challenges and Methodological Prospects,
pp. 49-64. Routledge, London (2019)

57. Van Fraassen, B.: The Scientific Image. Oxford University Press, New York (1980)

58. Waismann, F.: The Decline and Fall of Causality, pp. 208-256. London: Palgrave Macmillan UK
(1968)

59. Wheeler, J.A., Zurek, W.H.: Quantum theory and measurement. Synthese 67(3), 527-530 (1986)

60. Wigner, E.P.: Remarks on the mind-body question. In J. Mehra (Ed.), Philosophical Reflections and

Syntheses, pp. 247-260. Berlin, Heidelberg: Springer Berlin Heidelberg (1995)

Publisher's Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


http://arxiv.org/abs/2410.20012

	﻿Relational Quantum Mechanics and (Soft) Perspectivism
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿﻿2﻿ ﻿QBism: Quantum Mechanics as an Epistemic Tool for Individual Perspectives
	﻿﻿3﻿ ﻿Relational Quantum Mechanics and (Soft) Perspectivism
	﻿﻿3.1﻿ ﻿Relational Quantum Mechanics in a Nutshell
	﻿﻿3.2﻿ ﻿The Case of an Electron
	﻿﻿3.3﻿ ﻿Perspectivism and Relational Quantum Mechanics

	﻿﻿4﻿ ﻿A Historical Root of RQM and (soft) Perspectivism
	﻿﻿5﻿ ﻿Conclusions
	﻿References


