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Abstract

Contemporary perspectivism is viewed as a framework of scientific inquiry concerning the origin,
generation and systematization of scientific knowledge of nature by focusing on the conditions under
which such knowledge may arise in perspectivist terms and investigating the essential ramifications of
these conditions. To this end, we develop the conceptual, methodological and semantic framework
of contemporary perspectivism according to the norms of the proposed endo-theoretic approach.
Implementation of the preceding three-fold scheme in quantum mechanics implies that the global
structure of a quantum algebra of events can be consistently comprehended through a multilevel
structure of locally variable Boolean perspectives, interconnected in a category-theoretic environ-
ment, yielding jointly all the information encoded in the former. In this respect, the proposed
approach validates the perspectivist/contextual nature of quantum mechanics at a fundamental
level of discourse. Furthermore, due to its general character, it may acquire the form of a theo-
retical pattern of scientific inquiry in the natural sciences, especially when dealing with complex
trans-perspectival phenomena, the analysis of which requires the use of information resulting from
more than one perspective. Finally, in the appendix, we provide a concise comparative assessment
between our perspectivist framework of quantum theory and Rovelli’s relational interpretation of
quantum mechanics.

1 On the Notion of Perspective in the Natural Sciences

Contemporary scientific perspectivism has gradually emerged in twenty-first century as
a collection of positions in philosophy of science that in various ways place emphasis on
the situated character of knowledge. The latter feature is understood in the sense that
our scientific knowledge is the product of the historical period and the prevailing cultural
tradition in which working hypotheses, modeling practices, data gathering, and scientific
theories belong. In this context of discourse, as a central position of perspectivism is
advanced the reliance of scientific knowledge on perspective, such as a conceptual scheme
or a theoretical lexicon [1], scientific hypotheses and practices in the form of models for

0To contact the authors, please write to: Vassilios Karakostas, Department of History and Philosophy of
Science, Faculty of Science, National and Kapodistrian University of Athens, Athens 157 71, Greece; e-mail:
karakost@phs.uoa.gr, or to Elias Zafiris, Parmenides Foundation, Center for the Conceptual Foundations of
Science, Kirchplatz 1, Pullach, 82049 Munich, Germany; e-mail: ezafiris@math.uoa.gr.

1



classifying phenomena and observations [2], or invoking epistemic norms of justification
with respect to specific scientific communities at any particular historical time [3].

Accordingly, in general philosophy of science, scientific perspectivism is often subsumed
under the thesis that knowledge of nature is possible only within the boundaries of his-
torically well-defined scientific perspectives composed of data analysis, theoretical models
and principles relative to the perspective adopted, so that one may refer, for instance, to
the Newtonian perspective, the Einsteinian perspective, and so on [1]. Alternatively, in a
weaker sense, scientific perspectivism is viewed as a means for assessing or evaluating, at
the same time, rival modeling practices or incompatible research programmes which may
give rise to perspectival knowledge (e.g. [4]). In both cases—characterising, correspond-
ingly, the diachronic and synchronic version of perspectivism—the usual sense attributed
to the notion of a “perspective” refers to “the actual, historically and culturally situated,
scientific practice of a real scientific community at a given historical time” [3, p. 5]. Thus,
the notion of a perspective is broadly taken to include, firstly, the body of knowledge claims
advanced by the scientific community at a given time, secondly, the community’s resources
(theoretical, experimental, technological) available at the time for reliably generating such
claims, and, thirdly, second-order epistemic assertions concerning the justification of the
knowledge claims so advanced [3, p. 6]. Admittedly, defined that way, a perspective echoes
Kuhn’s historicism, specifically, his concept of a “disciplinary matrix” (see also [5]).

In the present study, contemporary perspectivism is viewed as a framework of scientific
inquiry concerning the origin, generation and systematization of scientific knowledge of
nature by focusing on the conditions under which such knowledge may arise in perspectivist
terms, and investigating the essential ramifications of these conditions. In view of the fact
that the customary position strictly associates a scientific perspective to a given epistemic
community, we introduce alternatively, a concrete spatiotemporal concept of “perspective”
that aims to serve as the basis of scientific inquiry in the natural sciences. The proposed
notion of “perspective” is theorized, in relation to its ordinary meaning, and is conceived as
the primary vehicle of tracing and investigating the world, as the principal structural unit of
probing the natural world. According to the proposed framework of scientific perspectivism:

- A perspective is characterised endo-theoretically, namely, within a specific discipline,
by a set of variables that are used to describe systems or to partition objects into
parts, which together give a systematic account of a domain of phenomena.

- A perspective, therefore, in its functionality to act as a probe of an object, should
be structurally adaptable to the species of the object of inquiry [6]. The condition of
structural adaptability of a potential perspective is satisfied if and only if it encodes
a structurally invariant context of resolution, grouping together all information that
can be delineated from the investigated object in terms of the probe’s resolving power.

- The proposed conception of perspective is of an interactive nature and, therefore,
should also be differentiated from the common pictorial understanding of a perspective
as a visual metaphor involving a viewing projection, which, by itself, depicts the
process of knowing as a passive activity.

Due to the aforementioned characteristics of the notion of a perspective, our approach
to scientific perspectivism may naturally be called “the endo-theoretic approach”. Such a
kind of perspective provides observational accessibility on the investigated system, resolves
a targeted object of inquiry, functions locally as a probing frame for the individuation of
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events, in general, probes consistently the natural world, thus serving as a “window” on
physical reality. The indicated conception of perspective, broadly defined at this stage, is
rigorously formulated in Sect. 3 in the case of Hilbert space quantum mechanics.

2 The Architecture of Scientific Perspectivism According to

the Norms of the Endo-Theoretic Approach

Since our objective is to actively engage scientific perspectivism with the science of today, as
a means of analyzing the origin, generation and systematization of knowledge, we initially
outline the conceptual-philosophical framework, secondly, its methodological component
and, thirdly, the semantic stance of contemporary perspectivism according to the norms of
the proposed endo-theoretic approach.

2.1 The Conceptual-Philosophical Framework

- Scientific perspectivism in our approach amply recognizes the existence of an au-
tonomous mind-independent world as being logically prior to experience and knowl-
edge, constituting the overarching condition for the possibility of knowledge.

- Scientific knowledge of the world, however, can never be pure, direct, or unmediated
since it requires pre-conceptualization or structural organization; it requires the adop-
tion of a perspective. Scientific knowledge independent of all perspectives is beyond
the human condition; it is unattainable.

- For perspectivism, the separation between the knowing subject and the object to be
known, the partition between the observer and the observed, required for an objective
description of phenomena, is neither absolute nor catholic, as Cartesian-like episte-
mological approaches advocate, thus promoting an allegedly context-free account of
the world. The subject-object partition is accomplished upon the condition of the
adopted perspective.

- The choice to adopt a particular perspective also signifies the approval of a conceptual
scheme on the basis of which one may isolate, which of the many available properties
do, and which do not count for the purposes of description, since the world does not
come with one preferred system of description.

- Consequently, scientific observation may be regarded as perspectival in the sense
that claims about what is observed cannot be detached, in all circumstances, from
the context of observation. The significance of this point is particularly pertinent to
quantum theory due to the existence of incompatible quantities pertaining to any non-
trivial quantum system. Experimental or measurement contexts of such quantities are
mutually exclusive in quantum mechanics; they cannot be held simultaneously. Thus,
each mode of observation of incompatible quantum mechanical quantities gives rise in
an ineliminable way to a particular kind of representation or description of the system.
Accordingly, the representation of all aspects, at the same time, of a quantum entity
is in principle unreachable. The essentially probabilistic structure of the theory and
the subsequent phenomenon of quantum contextuality pose a fundamental limit on
objectification (e.g. [7]).
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- In this respect, a context-free and interpretation-free access to reality as such seems
an illusion. The ‘book of nature’ proves too subtle and complex to be determined by
just reading off reality. The philosophical conception of perspectivism necessitates,
therefore, a critique of traditional realism and, thus, requires a shift towards a new
kind of scientific realism that is suitable to today’s actual theorizing and practice.

- The traditional doctrine of scientific realism adopts a view of the world as constituted
by autonomous, self-contained physical entities that exist wholly externally—that is,
independently of the synthesizing power of the mind, the application of theoretical
and conceptual frameworks, the consideration of contextual factors, the performance
of experimental interventions or measurement procedures, our epistemic capacities,
and so on (e.g. [8]). Subsequently, the metaphysical stance of traditional realism
concerns a world that is pre-determined, pre-structured—a world expected to be re-
flected in physical theories and represented in the ideal limit as the ‘way it truly is’.
The primary implicit assumption pertaining to this view is a presumed absolute kine-
matic (pre-dynamic) independence between the knowing subject and the object of
knowledge (the world), or, at a local level of physical analysis, between the measuring
system (as an extension of the knowing subject) and the system under measurement
[9]. Such an idealized assumption concerning the kinematically independent behav-
ior of a physical system is possible in classical physics due to the Cartesian product
structure of phase space, namely, the state space of classical theories, and the absence
of genuine indeterminism in the course of events or of an element of authentic chance
in the measurement process. This reflects in a rather formal manner Pauli’s portrayal
of the conceptual description of nature in classical physics as “the ideal of the de-
tached observer”. As Pauli [10, p. 43] himself put it: “the observer has according
to this ideal to disappear entirely in a discrete manner as hidden spectator, never as
actor, nature being left alone in a predetermined course of events, independent of the
way in which the phenomena are observed”. It becomes then apparent that the tra-
ditional realist conception of the “kinematically independent or detached observer”,
designates a worldview that has been left behind once and for all in the territory of
contemporary physics, especially in view of the ubiquitous phenomenon of quantum
contextuality. As established in Sect. 3, various no-go results in the foundations of
quantum mechanics, predominantly the Kochen-Specker theorem, show formally that
such a detached spectator of worldly states of affairs cannot possibly exist without
contradiction.

- In contradistinction to the traditional doctrine of scientific realism, perspectival real-
ism in our approach is distinguished by the premise that the physical reality is not
considered as a ready-made existence, a predetermined truth governed by an external,
universally fixed reference point. Instead, it is regarded as a dynamic existence that
requires the establishment of a particular perspective for its investigation. Perspec-
tival realism forms a novel philosophical framework in which metaphysical issues of
science are contextualized within scientific theories and involved epistemic processes,
underlying the intertwinement between ontic and epistemic aspects, kept completely
apart in traditional thinking. The focal point of investigation lies now upon the world-
theory relationship in accordance with scientific principles and practices, rather than
contemplating the world in isolation.
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- Hence, scientific perspectivism opposes a traditional substantivalist conception of na-
ture, which is founded exclusively on the category of the object as a stand-alone,
self-contained entity—possessing intrinsic properties, regardless of its environment or
the context of conditions in which may be embedded—thus being unapt to contem-
porary scientific thought, especially in relation to quantum mechanics.

- Accordingly, the simplified assumption that knowledge of an object is achieved by
forming a representation of that object as an immutable substance is rejected and,
subsequently, replaced by the contemporary realist view of formulating local or partial
contextual theoretical structures enabling different (even mutually incompatible, as
in the quantum case) physical descriptions, grounded on the same actually existing
object.

- The aforementioned considerations call further into question the traditional realist
appeal that “the world consists of some fixed totality of mind-independent objects”,
giving rise eventually to the thesis that “there is exactly one true and complete de-
scription of ‘the way the world is’” ([11, p. 49]). In contradistinction to such a
God’s eye view of the world, there is simply no global Archimedean standpoint on the
basis of which one may justify the traditional realist’s belief that reality is definite
and determinate, once and for all. Nature, especially in its fundamental microphys-
ical dimension, is not a passive, fixed, unchangeable entity, waiting to be copied in
our scientific representations [9]. As a generic example, quantum phenomena are not
particularly stable across series of measurement of non-commuting incompatible quan-
tities in order to be treated as direct reflections of predetermined intrinsic properties.
Quantum mechanics refers to a value-indefinite reality; it is impossible, in principle,
to assign simultaneously determined values to all the properties of a system. Be sure,
no unique perspective can capture the entirety of a quantum object, let alone nature
in its totality (Sect. 3). Consequently, a supposed absolute conception of the world
cannot even be considered as an ideal goal, since it is not attainable.

- In our view, therefore, scientific perspectivism provides a promising middle path at
the philosophical spectrum that keeps a firm grasp on reality, while rejecting the fal-
lacious assumption that the human mind mirrors nature or that access to the world,
particularly for scientific purposes, is possible independently of any prior conceptual-
ization. Perspectival realism is the kind of realistic realism that science can provide.
It gives rise to a comprehensive understanding of scientific knowledge as being gen-
uinely informative about reality; its foundation is related, not to some unworkable
obsolete metaphysical dictum, but to the process of obtaining knowledge about the
world.

2.2 The Methodological Component

In consonance with the preceding conceptual scheme, the proposed methodological frame-
work of scientific perspectivism in the light of the endo-theoretic approach consists of the
following broad desiderata, to be further specified when applied to particular scientific
domains of physical systems, concrete theoretical models and actual scientific practices.

- It is instructive to note initially that the suggested concept of “perspective” in Sect.
1 constitutes a fundamental notion of “point of view” or of “probing frame”, one that
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grounds facts about the world, and serves, due to its local variability, as the basis for
the different ways the world could be.

- Henceforth, measurement values of physical quantities can, in general, be regarded as
pertaining to an object under investigation within a local probing frame or perspec-
tive from which the object-system is considered. For instance, in quantum theory, the
dependence of values of physical quantities upon the experimental or measurement
context originates in Kochen-Specker’s [12] celebrated theorem, leading to the con-
textual character of fundamental microphysical reality. As argued in Sect. 6, in the
quantum domain, the consideration of perspective is of an ontic nature; it concerns
the identity and definiteness of being at a given time.

- In the whole realm of physics, be it classical or quantum, measurement outcomes are
registered as events within a macroscopic environment. The acknowledgement of the
definite character of an event as something that actually occurs or not presupposes a
suitable structure of alternative distinct possibilities corresponding to a Boolean alge-
bra, characterized by Boole [13] as capturing the “conditions of possible experience”.
A perspective, therefore, conceptualized as the principal structural unit of probing
the natural world, and with respect to which measurement results are coordinatized,
is ipso facto of a Boolean character.

- In relation to the empirical investigation of nature, theoretical and methodological
considerations of contemporary physical theories specify the perspective from which
we articulate the elementary yes-no experimental propositions or questions associated
with properties of physical systems, in the sense that, on the one hand, they supply
with a well-defined meaning the question that is put to nature, and, on the other
hand, they specify the kind of the operations to be performed in order to ascertain
particular answers to them.1 An experimenter, for instance, may choose to pass a
beam of photons through an analyzer that authorizes propositions about their circular
polarization (clockwise or counterclockwise) or through an analyzer that allows propo-
sitions about their plane polarization (vertical or horizontal). According to the formal
structure of quantum theory, these two choices materially exclude each other. It is
legitimate, therefore, to say that the perspectival nature of experimental/empirical
knowledge is an essential characteristic of acquiring scientific knowledge.

- The perspectivist representation of an object-system implies, in general, that a single
perspective provides a partial/local and, thus, an incomplete description of the system
to which it applies.

- Yet, the systematization of knowledge requires that perspectives associated with all
aspects of a system can be correlated forming a synthesized unity, but they cannot
be simply combined as independent integral parts of a third perspective. Hence, a
perspective of all perspectives or, equivalently, a panoptical perspective from nowhere
does not exist.

1The question-answer dialectic scheme in investigating reality is reminiscent of Kant’s [14, p. 109] reading
that the experimental method stands to nature “not like a pupil, who has recited to him whatever the teacher
wants to say, but like an appointed judge who compels witnesses to answer the questions he puts to them.
[...] This is how natural science was first brought to the secure course of a science after groping about for
so many centuries”.
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- It is crucial, however, that a full-fledged analysis of a successful framework of perspec-
tivism in science ought to provide a syntax of perspectives, illustrating how locally
shared perspectives can (or cannot) be meaningfully combined at a higher theoretical
level.

- Consequently, nature can be grasped scientifically, through structured multitudes
of local variable perspectives, forming a coherent multilevel theoretical structure,
exemplified by experimental procedures that render possible specific access to specific
aspects of physical reality.

Precisely this demanding task is accomplished by the category-theoretic perspectivist
approach to quantum mechanics of Karakostas and Zafiris [6], outlined in Sect. 5, thus
establishing a perspectival aspect to microphysical reality. On this account, it is explicitly
shown that the global structure of a quantum algebra of events can be consistently com-
prehended through a multilevel structure of locally variable Boolean perspectives, intercon-
nected in a category-theoretic environment, yielding jointly all the information encoded in
the former.

2.3 The Semantic Stance

The endo-theoretic approach to scientific perspectivism effectively localizes and subse-
quently contextualizes truth valuation with respect to distinct Boolean probing frames or
perspectives targeting the physical system of interest, thus, inducing a perspectivist/contex-
tual account of truth that bears the following broad characteristics.

- Perspectivist truth conforms to perspective or context-bound correspondence of a de
re nature, designating an objectively existing state of affairs. Thus, it essentially
opposes a non-perspectival, metaphysically fixed point of reference or a panoptical
standpoint from which to logically evaluate all facts of nature.

- In the quantum domain of discourse, such an account derives by virtue of the mi-
crophysical nature of physical reality in displaying a context-dependence of facts.
Furthermore, due to the inherently probabilistic structure of quantum theory and
the resulting semantic indeterminacy, the specification of the perspective or the local
context of reference provides the necessary conditions whereby bivalent assignment
of truth values to quantum mechanical propositions is in principle applicable. In the
quantum realm, perspectivist/contextual truth is an empirical fact.

- The proposed account of truth of perspectivist/contextual correspondence does not
subscribe to relational truth. Given the specification of a perspective, the attribu-
tion of truth values to propositions does not depend upon the epistemic system of a
knower’s cognizance or her personal experiences. Agents sharing the same perspec-
tive agree on the determinateness and repeatability of empirical facts, established by
measurement processes.

- Importantly, the proposed alethic scheme of perspectivist/contextual correspondence
is applicable to both the propositional structure of fundamental theories of physics
and also to natural ordinary discourse. In fact, it remedies intrinsic weaknesses of
the traditional conception of correspondence truth by providing, in particular, a con-
crete explanation of the nature of the correspondence truthmaking relation and, thus,
enlightens further the very notion of truth.
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- On this account, the traditional conception of correspondence truth may be viewed
as a limit case of the more generic alethic scheme of perspectivist/contextual corre-
spondence, when the latter is applied in straightforward unproblematic circumstances
where the non-explicit specification of a perspective or of a context of discourse poses
no further implications.

The semantic stance of scientific perspectivism, addressing all preceding aspects, is
developed in Sect. 6 in relation to truth-theoretic semantics in quantum mechanics. In the
following section we provide succinct argumentation in revealing the compelling association
of quantum theory to perspectivist reasoning through the endemic feature of quantum
contextuality.

3 The Perspectivist/Contextual Nature of QuantumMechan-

ics

In the standard Hilbert space formulation of quantum theory, each physical system is as-
sociated with a separable complex Hilbert space H, the unit vectors of which correspond
to possible states of the system. Every physical quantity or observable A pertaining to the
system is represented by a self-adjoint operator Â acting on H, the spectrum of which is the
set of possible values of A. In marked contrast to classical mechanics, quantum mechanical
observables are, in general, non-commuting under the pointwise multiplication of operators.
From a physical point of view, the non-commutativity condition means that incompatible
operators are not co-measurable and thus their corresponding potential eigenvalues can-
not qualify as measurement values prior to and independently of the actual measurement
process.

Within this framework, quantum events or elementary propositions—that is, true/false
questions concerning values of observables pertaining to a quantum system—are represented
by orthogonal projection operators {P̂i} on the system’s Hilbert space H or, equivalently,
by the closed linear subspace HP̂i

of H upon which the projection operator P̂i projects.
The isomorphism between the set of all closed linear subspaces of H and the set of all
projection operators, denoted by LH, allows us to translate the lattice structure of the sub-
spaces of Hilbert space into the algebra of projections with the appropriate lattice theoretic
characterizations [15]. Then, a quantum algebra of events is identified with the algebraic
structure of all projection operators on Hilbert space, ordered by inclusion and carrying an
orthocomplementation operation, thus forming a complete, atomic, orthomodular lattice.
In effect, a non-classical, non-Boolean logical structure is induced which has its origin in
quantum theory.

An efficient way for revealing the association of the perspectivist/contextual reasoning
to quantum mechanics is provided by Kochen-Specker’s celebrated theorem and its recent
ramifications (e.g. [16]-[18]). According to the Kochen and Specker result, for any quantum
system associated to a Hilbert space of dimension greater than two, there does not exist a
two-valued homomorphism, or, equivalently, a truth-functional assignment h : LH → {0, 1}
on the set of projection operators, LH, interpretable as quantum mechanical propositions,
preserving the lattice operations and the orthocomplement, even if these lattice operations
are carried out among commuting elements only. The essence of the theorem, when in-
terpreted semantically, asserts the impossibility of assigning definite truth values to all
propositions pertaining to a physical system at any one time, for any of its quantum states,
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without generating a contradiction. In view of Gleason’s [19] fundamental theorem, Kochen-
Specker’s theorem reaffirms the fact that on a Hilbert space of dimension greater than two,
no two-valued probability measure exists globally and, thus, no representation of probability
measures as a convex sum of {0, 1}-valuations is possible.

From a physical point of view, the Kochen-Specker result shows that in a system rep-
resented by a Hilbert space of dimension d > 2, there exist projection operators {P̂i} such
that it is not always possible to assign truth values 0 and 1 to all corresponding propositions
pertaining to the system, so that the following conditions are fulfilled:

(i) For any orthogonal i−tuple of projection operators, {P̂i}, the assignment satisfies∑
i h(P̂i) = h(Î) = 1, that is, one projection operator is mapped onto 1 (“true”) and

the remaining i − 1 projection operators are mapped onto 0 (“false”) (completeness
of the basis condition).

(ii) If a projection operator, P̂k, belongs to multiple complete orthogonal bases, then, it
is consistently assigned the same value in all bases (non-contextuality condition).

The initial proof of Kochen and Specker establishes that no such assignment of {0, 1}-
valuation is possible for a special case restricted to a finite sublattice of projection operators
on a three-dimensional Hilbert space, associated to a spin-1 quantum system, in a way that
preserves the non-contextuality condition. In their original proof, Kochen and Specker used
a three-dimensional real Hilbert space and a set of 117 rays (rank-1 projectors) for which
the preceding two conditions are shown to be contradictory. Hence, the established con-
tradiction entails the existence of a contradiction in higher dimensional complex Hilbert
spaces. Recent developments have remarkably reduced the size and complexity of proofs of
the Kochen-Specker theorem [20] and transformed such proofs into experimentally testable
inequalities, providing also loophole-free tests of quantum contextuality [21], thus establish-
ing the contextual character of the theory as a structural feature of the quantum mechanical
formalism itself. Furthermore, quantum contextuality has been established at the inception
of twenty-first century as a fundamental resource in quantum information processing, rang-
ing from measurement-based quantum computation to communication complexity scenarios
in an endeavor to significantly surpass classical computing (e.g. [22]).

A failure of the non-contextuality condition means that the value assigned to a quantum
mechanical observable A depends on the context in which it is considered. An equivalent
way of expressing the above is to say that the value of A depends on what other compatible
observables are assigned values at the same time; i.e., it depends on a choice that concerns
operators that commute with Â. That is, the value of the observable A cannot be regarded
as pre-fixed, as being independent of the measurement context actually chosen, as specified
by the set of mutually compatible observables one may consider it with. This dependence
captures the endemic feature of quantum contextuality. As opposed to the classical case,
in quantum mechanics there is no a global context of measurement, a single privileged
perspective, relative to which all conceivable observables of the system are co-measurable.
One and the same quantum system does exhibit several possible contextual manifestations
in the sense that it can be assigned several definite incommensurable properties with respect
to distinct incompatible quantum observables corresponding to different aspects of reality
which, in principle, cannot be considered simultaneously.

Henceforth, the notion of context giving rise to a perspective that is applied on a
quantum system is formalized by a maximal set of mutually compatible observables, or,
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equivalently, by a complete Boolean algebra of commuting projection operators generated
by this set. It should be underlined that such a complete Boolean algebra of projection
operators represents the maximal information that is encodable into a quantum system at
any given time by a state preparation procedure (e.g. [23]). It also bears the status of a
local structural invariant characterizing a whole commutative algebra of observables that
can be simultaneously spectrally resolved and hence be co-measurable. Of course, such
a local structural invariant is not uniquely defined in the lattice of quantum events since
it depends on the chosen set of mutually compatible observables, allowing thereby local
variability in targeting any particular aspect of interest of the quantum system considered.
It satisfies, therefore, the general desiderata put forward in Sect. 1 for a structural unit to
be qualified as a suitable perspective.

It is probably one of the deepest insights of modern quantum theory that although a
quantum event structure is globally non-Boolean, it can be qualified spectrally, and hence
be accessed experimentally, only in terms of Boolean event structures operating locally
as structural invariants of co-measurable families of physical observables. Consequently, a
complete Boolean algebra of projection operators in the lattice of quantum events picked
by an observable to be measured functions locally as a Boolean probing frame or perspective
relative to which results of measurement are being coordinatized. Due to the existence of
incompatible observables and the subsequent absence of a globally defined Boolean frame
over a quantum event structure, it is necessary to consider all possible local ones together
with their interrelations. This naturally leads, by extension, to a horizon of perspectives
on the structure of quantum events with respect to a multiplicity of variable overlapping
Boolean frames, realized as experimental contexts for measuring physical quantities. Of
course, no single context or perspective is adequate for delivering a complete picture of
the quantum system. However, within a category-theoretical framework, it is possible to
combine them suitably in an overall multilevel structure that will capture the entire system.
It has been recently shown, by applying category-theoretic reasoning to quantum mechanics,
that the global structure of a quantum algebra of events can be represented in terms of
structured interconnected families of Boolean probing frames, realized as locally variable
perspectives on a quantum system, being capable of carrying jointly all the information
encoded in the former (Sect. 5). To this end, we resort to the powerful methods of category
theory, which directly captures the idea of structures varying over contexts, thus providing a
natural setting for investigating multilevel structures and studying perspectivist/contextual
phenomena.2

2Among the various interpretations of the quantum formalism, perspectival aspects have been associated
with Rovelli’s relational account of quantum mechanics [24, 25], Bene and Dieks’ [26] perspectival version of
the modal interpretation, French’s [27] phenomenological reading of the quantum measurement process in
the spirit of London and Bauer, and the agent-centered approach of QBism [28], its relation to pragmatist
views [29], and its possible recasting within a phenomenological context [30]. The distinguishing feature of
our study is that it acknowledges the strong affinity between scientific perspectivism as analyzed in Sect. 2
and structural features of Hilbert space quantum mechanics, being modeled and extended within a category-
theoretical framework, by linking consistently the variable and local Boolean with the global quantum level
in perspectivist terms (Sect. 5.3). In the appendix we provide a concise comparison between our proposed
endo-theoretic perspectivist framework of quantum mechanics and Rovelli’s relational proposal, especially
in its recent development involving the postulate of “cross-perspective links”.
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4 Category Theory in a Nutshell

Category theory provides a general theoretical framework for the study of structured sys-
tems in terms of their mutual relations and admissible transformations. Contrary to the
atomistic approach of set theory, which crucially depends on the concept of elements-points
and the membership relationship of a variable x in a set X, x ∈ X, in category theory the
notion of morphism or arrow undertakes primary role. A morphism, for instance, f : A→ B
in a category C expresses one of the many possible ways in which the object A relates to
the object B within the context of category C. Thus, an incoming morphism to B from
any other object A in category C may be considered as a perspective targeting B whose
source is A in the same category. The category theoretic mode of thinking incorporates
internally the very nature of “pointing at” or “viewing from”. In this vein, the notion of
structure does not exclusively refer to a fixed universe of sets of pre-determined elements,
but acquires a variable reference [31].

However counterintuitive it may initially appear, in category theory the nature of the
objects is a derivative aspect of the patterns described by the morphisms or mappings that
connect the objects. In fact, an object can be completely classified and uniquely derived up
to an isomorphism by the network of all morphisms—the structure preserving relations—
targeting this object within the same category. Most significantly, this does not exclude
the inter-level relational determination of objects belonging to other categorical species
of structure, under the condition that there exists a bi-directional functorial correlation
between them, formulated in the language of adjunctions. It is precisely the latter develop-
ment that gradually introduced into category theory a paradigm change in understanding
structures of general types and paved the way for forming bridges between seemingly un-
related mathematical disciplines. As summarised by Goldblatt [32, p. 438]: “The isolation
and explication of the notion of adjointness [or adjunction] is perhaps the most profound
contribution that category theory has made to the history of general mathematical ideas”.

The basic categorical principles that we adopt in the subsequent analysis are summarized
as follows:

(i) To each kind of mathematical structure used to represent a system, there corresponds
a category whose objects have that structure and whose morphisms or arrows preserve
it.

(ii) To any canonical construction on structures of one kind, yielding structures of another
kind, there corresponds a functor from the category of the first specified kind to the
category of the second. The implementation of this principle is associated with the fact
that a categorical functorial construction is not merely a function from objects of one
kind to objects of another kind, but must preserve the essential structural relationships
among objects, that is, identity morphisms and composition of morphisms.

(iii) To each natural translation between two functors having identical domains and co-
domains, there corresponds a natural transformation. The specification “natural”,
particularly, in the notion of natural transformations refers to the comparison of
two functorial processes, sharing the same source and target categories, in a way
that captures the shared structure or generic common properties existing in different
categorical contexts. The key concept of natural transformations acquires in category
theory the status of a principle, analogous to general covariance in physics, that
penetrates deeper than is initially discernible.
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(iv) To any natural bi-directional functorial correlation between two kinds of mathematical
structures, there corresponds an adjunction consisting of a pair of adjoint functors
between the corresponding categories. This means that the objects of the involved
categories are related to one another through natural transformations. Then, the pair
of adjoint functors constitutes a categorical adjunction. As already pointed out, the
latter concept is of fundamental logical and mathematical importance contributed to
mathematics by category theory.3

5 Perspectivist Representation of Quantum Event Structures

via Boolean Probing Frames

5.1 Methodological Considerations

The conceptual basis of the proposed perspectivist representation of a quantum structure of
events L in terms of interconnected families of Boolean probing frames, realized as suitable
perspectives on L, relies on the physically significant fact that it is possible to analyze or
‘coordinatize’ the information contained in a quantum event algebra by means of structure
preserving morphisms B → L, having as their domains locally defined Boolean event al-
gebras B. As indicated in Sect. 3, any single map from a Boolean domain to a quantum
event algebra does not suffice for a complete determination of the latter’s information con-
tent. In fact, it contains only the amount of information related to a particular Boolean
frame, prepared for a specific kind of measurement. This problem is confronted, therefore,
by employing a sufficient number of maps, organized in terms of covering sieves, from the
coordinatizing Boolean domains to a quantum event algebra so as to cover it completely.
These maps furnish the role of local Boolean covers for the filtration of the information
associated with a quantum structure of events, in that, their domains B provide Boolean
coefficients associated with typical measurement situations of quantum observables. The
local Boolean covers capture, in essence, separate complementary features of the quantum
system under investigation, thus providing a structural decomposition of a quantum event
algebra in the descriptive terms of Boolean probing frames. In turn, the incomplete and
complementary local Boolean descriptions, arising from a multiplicity of locally variable
perspectives, can be smoothly pasted or glued together, by demanding the satisfaction of
partial compatibility between overlapping local Boolean covers, so that one may arrive at
the synthesis and actual determination of the global quantum event algebra itself. The
methodology involved in the realization of the suggested approach necessitates the applica-
tion of categorical sheaf theory to quantum structures.4

5.2 Category-Theoretic Modeling of Quantum Event Structures

As a natural initial step we note that the perspectivist representation of a quantum event
algebra in terms of structured multitudes of interconnected Boolean probing frames requires
distinct notions of Boolean and quantum categorical event structures, respectively.

3A concise account of the underpinnings of category theory, including an analysis of the preceding notions,
can be found in Sect. 3.1 of [6].

4For a systematic introduction to category-theoretic sheaf theory, the reader may consult [33-35].
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A Boolean categorical event structure is a small category, denoted by B, which is called
the category of Boolean event algebras. The objects of B are complete Boolean algebras of
events and the morphisms are the corresponding Boolean algebraic homomorphisms.

A quantum categorical event structure is a locally small co-complete category, denoted
by L, which is called the category of quantum event algebras. The objects of L are quantum
event algebras and the morphisms are quantum algebraic homomorphisms.

A quantum event algebra L in L is defined as an orthomodular σ-orthoposet [35]; that
is, as a partially ordered set of quantum events, endowed with a maximal element 1 and
with an operation of orthocomplementation [−]∗ : L → L, which satisfy, for all l ∈ L,
the following conditions: [a] l ≤ 1, [b] l∗∗ = l, [c] l ∨ l∗ = 1, [d] l ≤ l′ ⇒ l′∗ ≤ l∗, [e]
l⊥l′ ⇒ l ∨ l′ ∈ L, [f] for l, l′ ∈ L, l ≤ l′ implies that l and l′ are compatible, where
0 := 1∗, l⊥l′ := l ≤ l′∗, and the operations of meet ∧ and join ∨ represent, respectively, the
intersection and linear span of closed subspaces.

Henceforth, a quantum algebraic homomorphism is a morphism H : K → L, which
satisfies, for all k ∈ K, the following conditions: [a] H(1) = 1, [b] H(k∗) = [H(k)]∗, [c]
k ≤ k′ ⇒ H(k) ≤ H(k′), [d] k⊥k′ ⇒ H(k ∨ k′) ≤ H(k) ∨H(k′), [e] H(

∨
nkn) =

∨
nH(kn),

where k1, k2, . . . countable family of mutually orthogonal events.
It is worthy to underline that any arbitrary pair of events l and l′, belonging to a

quantum event algebra L in L are compatible, if the sublattice generated by {l, l∗, l′, l′∗} is
a Boolean algebra, namely, if it is a Boolean sublattice of L. In perspectivist terms, this
implies that a Boolean event algebra is structurally adaptable to a quantum event algebra,
since it encodes a structurally invariant context of co-measurable observables by means of
their joint compatible spectral resolution. Furthermore, as indicated in Sect. 3, the global
non-Boolean structure of a quantum event algebra is rendered empirically inert without
the adjunction of such local spectral invariants to it. The role of these invariants is to
induce partial or local structural congruences with Boolean event structures pertaining to
all typical contexts of measurement, depending on the qualification of the corresponding
spectral projection operators.

Accordingly, the objective is to derive the non-directly accessible quantum kind of event
structure in terms of all possible partial structural congruences with the directly accessible
Boolean kind of event structure, via the adjunction of local spectral invariants as probing
frames to the former. In this setting, it is of great importance the consideration of all
possible structural relations allowed among the probing Boolean frames, the spectra of
which may be disjoint or nested or overlapping and interlocking together non-trivially.
The solution to the posed problem requires a category-theoretic interpretative framework
in functorial terms, that is, non-dependent on the artificial choice of particular Boolean
frames adjoined to a quantum event algebra.

It is essential, therefore, to consider a Boolean categorical event structure B as a category
of probes for the quantum categorical event structure L. The structural adaptability of the
category of Boolean event algebras B to the category of quantum event algebras L gives
rise to the Boolean probing or shaping functor of L by B.

A Boolean probing or shaping functor of a quantum categorical event structure L,
M : B → L, assigns to each Boolean event algebra in B the underlying quantum event
algebra from L, and to each Boolean homomorphism the underlying quantum algebraic
homomorphism. The shaping functor M : B → L is technically a forgetful functor, not
taking into account the extra Boolean structure of B. We note, in this respect, that any
Boolean event algebra may be thought of as a quantum event algebra of commuting pro-
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jection operators. Thus, the functor M qualifies functorially the requirement of structural
adaptability of the category B of Boolean probes to the category of quantum event algebras
L.

Then, the quantum algebraic homomorphism, ψB : M(B) → L, constitutes a Boolean
frame of a quantum event algebra L, or, equivalently, a Boolean perspective on L whose
source is the Boolean probe B. The foregoing proposition is a consequence of the existence
of the shaping functor M and the consideration of essential features of the quantum me-
chanical formalism, for instance, the factor that a normalized unit vector in Hilbert space,
representing the physical state of a quantum system, is completely analysed and thus spec-
ified by the determination of a basis on the state Hilbert space of the system. Let us note
that the consideration of a basis on a system’s Hilbert space—be it an orthonormal basis
of eigenvectors of a selected observable to be measured, or, more generally, an orthonormal
basis of common eigenvectors of a set of mutually compatible observables—always gives rise
to a Boolean event algebra B, viewed as a special quantum event algebra M(B) within the
quantum categorical event structure L. The special structures of the type M(B) function
as variable local Boolean frames of a quantum event algebra L in L, under their intended
physical interpretation as probing frames or perspectives on L for the manifestation and
subsequent classification (or contextualization) of quantum events.

We underline the fact that within the considered categorical scheme the variation of the
local Boolean probing frames in the category B of probes, for each probe B in B, is actually
arising from any experimental praxis aiming to fix or prepare the state of a quantum system
and corresponds, in this sense, to the variation of all possible Boolean preparatory contexts
pertaining to the system for extracting information about it. In this respect, Boolean
probing frames or instances of concrete experimental arrangements in quantum mechanics
play a role analogous to the reference frames of rods and clocks in relativity theory in
establishing a perspectival aspect to microphysical reality.

Observe now that the Boolean probing functor of a quantum categorical event structure
L, M : B → L, is not invertible. That is, there is no opposite-directing functor from L to B,
since a quantum event algebra cannot be realized within any Boolean event algebra. Thus,
we seek for an extension of B into a larger categorical environment where such a realization
becomes possible. This extension should conform with the intended perspectivist semantics
of adjoining a multiplicity of Boolean probing frames to a quantum event algebra, under-
stood equivalently as Boolean perspectives on the latter. For this reason, it is necessary
to extend the categorical level of B to the categorical level of diagrams in B, such that
the global information encoded in a quantum event algebra is expected to be recovered in
a structure preserving way by an appropriate sheaf-theoretic construction gluing together
categorical diagrams of locally variable Boolean frames.5 Technically, this is accomplished
by means of the categorical method of Yoneda’s embedding ↷ : B → SetBop

, which is a
full and faithful functor, where Bop is the opposite category of B ([37, pp. 187-189]; [33, p.
26]).

It is apparent, therefore, that the realization of this extension process requires initially
the construction of the functor category, SetBop

, called the category of presheaves of sets on
Boolean event algebras. The objects of SetBop

are all contravariant functors P : Bop → Set
with morphisms all natural transformations between such functors. Each object P in the
category of presheaves SetBop

is a contravariant set-valued functor on B, called a presheaf

5In general, a diagram X = ({Xi}i∈I , {Fij}i,j∈I) in a category C is defined as an indexed family of objects
{Xi}i∈I and a family of morphisms sets {Fij}i,j∈I ⊆ HomC(Xi, Xj).
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of sets on B [34, p. 195]. The functor category of presheaves on Boolean event algebras,
SetBop

, provides the instantiation of a structure known as topos. A topos exemplifies a well-
defined notion of a universe of variable sets. It can be conceived as a local mathematical
framework corresponding to a generalized model of set theory or as a generalized topological
space (e.g. [35]).

In order to obtain an unambiguous understanding of the structure of the functor cate-
gory SetBop

, it is useful to think of a presheaf of sets P in SetBop
as a right action of the

category B on a set of observables, which is partitioned into a variety of Boolean spectral
kinds parameterized by the Boolean event algebras B in B. Such an action P is equiva-
lent to the specification of a diagram in B, to be thought of as a B-variable set forming a
presheaf P(B) on B. For each Boolean algebra B of B, P(B) is a set, and for each Boolean
homomorphism f : C → B, P(f) : P(B) → P(C) is a set-theoretic function, such that,
if p ∈ P(B), the value P(f)(p) for an arrow f : C → B in B is called the restriction of
p along f and is denoted by P(f)(p) = p · f . From a physical viewpoint, the purpose of
introducing the notion of a presheaf P on B, in the environment of the functor category
SetBop

, is to identify an element of P(B), that is, p ∈ P(B), with an event observed by
means of a physical procedure over a Boolean domain cover for a quantum event algebra.

Henceforth, the Boolean realization functor of a quantum categorical event structure
L in SetBop

—namely, the functor of generalized elements of L in the environment of the
category of presheaves on Boolean event algebras—is defined as follows:

R : L → SetBop
, (5.1)

where the action on a Boolean algebra B in B is given by

R(L)(B) = HomL(M(B), L). (5.2)

The presheaf functor R(L)(−) = HomL(M(−), L) constitutes the image of R in SetBop

and is called the functor of Boolean frames or functor of Boolean perspectives on a quantum
event algebra L in L. Since the physical interpretation of the presheaf functor R(L)(−)
refers to the realization of a quantum event algebra L in L in terms of structured multitudes
of local Boolean frames adjoined to it, intuitively, it is natural to comprehend R(L)(−) as
comprising the network of relationships that L has with all admissible Boolean frames-
perspectives on L.

Specifically, the functor of Boolean frames R(L), being an object in the category of
presheaves SetBop

, represents a quantum event algebra L in the environment of the topos
of presheaves SetBop

over the base category of probes B. Thus, for a fixed quantum event
algebra L, the evaluation of the functor R(L)(−), at each Boolean event algebra B in B,
instantiates locally a Boolean probing frame of L, or, equivalently, a (B-shaped) Boolean
perspective on L, denoted by ψB : M(B) → L. Importantly, since R(L)(−) is a presheaf
functor in SetBop

, all resultant structured multitudes of local Boolean frames, adjoined
to L, are interrelated by the functorial operation of presheaf restriction. In relation to
the latter, it is sufficient to observe that for each Boolean homomorphism f : C → B,
R(L)(f) : R(L)(B) → R(L)(C) is a function between sets of Boolean frames of L in the
opposite direction, such that, if ψB ∈ R(L)(B) is a Boolean frame of L, the value of
R(L)(f)(ψB), or, equivalently, the corresponding Boolean frame ψC : M(C) → L is given
by the restriction or pullback of ψB along f , denoted by R(L)(f)(ψB) = ψB · f = ψC .

It is evident that the semantics of the functor R(L) and, therefore, of any of its subfunc-
tors T(L) ▷R(L) amounts to the notion of a spectral sieve—comprised by an appropriately
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interconnected family of, generally, partially compatible local Boolean frames—adjoined to
L through processes of measurement of quantum observables. In this connection, let us
draw attention to the following characteristic assertion of Arthur Eddington [38, p. 1566],
according to which, in “Einstein’s theory of relativity the observer is a man who sets out in
quest of truth armed with a measuring rod. In quantum theory he sets out armed with a
sieve”. A spectral sieve adjoined to a quantum event algebra L can be intuitively conceived
of as consisting of ‘filtering holes’ M(B), specified structurally by variable Boolean probing
frames targeting L, permitting separation of several resolution sizes of observable grain, as
well as their compatibility relations.6 For instance, if ψB : M(B) → L denotes a Boolean
frame of L belonging to a sieve T(L) adjoined to L, then any other Boolean frame of L
whose spectral resolving power is coarser than ψB belongs to this sieve as well. Thus, spec-
tral sieves adjoined to L effectuate a multilayered classification of the informational content
of L via the ‘filtering holes’ M(B), for each probe B in B. In turn, this amounts to the
capacity of separating and coordinatizing consistently results of measurement of quantum
mechanical observables solely on the basis of the perspectival functioning of such a spectral
sieve. Consequently, the physical significance of the adjunction of a spectral sieve on L is
that it induces partial or local structural congruence relations between the Boolean and
quantum levels of event structure in functorial terms, that is, without the invocation of any
ad hoc choices of Boolean subalgebras of a quantum event algebra.

5.3 Interrelating the Local Boolean and the Global Quantum Structural

Level in Perspectivist Terms

The crucial conceptual feature of the proposed categorical setting concerns the fact that
the foregoing bi-directional correlation between the local Boolean and the global quantum
structural level admits a rigorous formulation in terms of a pair of adjoint functors, thus
giving rise to a categorical adjunction. On this account, the consideration of the left adjoint
functor L : SetBop → L to the Boolean realization functor R : L → SetBop

paves the way
for an explicit perspectivist representation of quantum event algebras via the appropriate
adjunction of locally variable, interconnected families of Boolean frames. That is, if for a
particular quantum event algebra L in L, the right adjoint functor R partitions L in an
orderly manner via the action of Boolean probing frames ψB : M(B) → L, comprising
for variable B in B spectral sieves on L, and thus functioning as suitable perspectives or
contexts for measurement of observables, then, inversely, the left adjoint functor L provides
a perspectival synthesis of a quantum event algebra, in a structure preserving manner, by
gluing compatibly together structured families or diagrams of variable local Boolean frames.

Specifically, it has been recently proved that there exists a categorical adjunction be-
tween the category of presheaves SetBop

on Boolean event algebras and the category of
quantum event algebras L, called the Boolean frames-quantum adjunction, established by
the pair of adjoint functors L and R,

L : SetBop
qqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
L : R, (5.3)

where the right adjoint,
R : L → SetBop

, (5.4)

6Technically, a sieve on an object A of a category C is a collection S of morphisms with codomain A in C
such that, if f : B → A belongs to S and g : C → B is any morphism, then f ◦ g : C → A belongs also to S.
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is the Boolean realization functor of a quantum categorical event structure L in SetBop
,

whereas, the left adjoint,
L : SetBop → L, (5.5)

is the colimit-preserving functor providing the perspectival synthesis of a quantum categor-
ical event structure by means of diagrams of Boolean frames.7

The Boolean frames-quantum adjunction consists, therefore, of the pair of adjoint func-
tors L ⊣ R, called left and right adjoints, as well as the following bijection, which is natural
in both P in SetBop

and L in L,

HomSetBop (P,R(L)) ∼= HomL(LP, L), (5.6)

abbreviated as
Nat(P,R(L)) ∼= HomL(LP, L). (5.7)

The established bijective correspondence assures that the Boolean realization functor of L,
realized for each quantum event algebra L in L by its functor of Boolean probing frames
or perspectives,

R(L) : B 7→ HomL(M(B), L), (5.8)

has a left adjoint functor L : SetBop → L, which is defined for each presheaf P of Boolean
algebras in SetBop

as the colimit L(P),

L(P) = Colim{
∫
(P,B)

∫
P qqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq B M qqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq L} , (5.9)

where
∫
(P,B) defines the category of elements of a presheaf P.8

It is now important to stress that due to the existence of the Boolean frames–quantum
adjunction, L : SetBop

qqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

L : R, every probing relation from a Boolean event algebra B in
B to a quantum event algebra L in L shaped by the functor M : B → L —or, equivalently,
every Boolean frame-perspective on L—factors uniquely through the category of presheaves
of sets SetBop

, as revealed by the following commutative diagram:

B

↷

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

@
@
@

@
@
@qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

M

SetBop Lp p p p p p p p p p p p p p p p pqqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq pppppppppppppppppqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq R L

7The Boolean frames-quantum adjunction is proved in [39]; see also [18, 40] for a more detailed inves-
tigation including the involved logical and semantic aspects, and [6] in relation to the establishment of the
perspectivist character of the stated adjunction. The latter categorical adjunction has also been applied
to the complementarity concept in quantum mechanics, providing a suitable extended interpretation of the
complementarity principle [41]. In view of the latter, complementarity is not only understood as a relation
between mutually exclusive experimental arrangements, as envisaged by the original conception, but it is
primarily comprehended as a reciprocal relation concerning information transfer between two hierarchically
different structural kinds of event structure—the Boolean and quantum kinds of structure—that can be
brought into local or partial structural congruence.

8For readers not familiar with the categorical construction of colimits we note that their existence ex-
presses in category-theoretic language the basic intuition that a complex object may be conceived as arising
from the interconnection of partially or locally defined informational units within a category. In a nutshell,
colimits may be viewed as binding factors ‘gluing’ parts together.
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This encapsulates the fact that there exists an exact solution to the problem of specifying
a quantum event algebra L in perspectivist terms, by means of structured interconnected
families of Boolean probing frames acting on it, which is provided by the left adjoint colimit
functor L : SetBop → L of the Boolean frames-quantum adjunction.

It is instructive to point out in this respect that in the proposed perspectivist approach
to quantum mechanics, a global quantum event structure is not contemplated as an already
given entity, but it is constituted in a continuous process of extension from the local to the
global level by actualization of new potential facts with respect to local Boolean frames.
For, each quantum event actualized relative to a particular probing frame serves as a datum
for subsequent potential actualizations, thus instantiating a bundle of potential relations
referring to this frame. Importantly, all these potential relations—namely, all relations
among observables at the local level—are captured by the internal relations among their
underlined Boolean probing frames and are extended to the global quantum level through
suitable colimit-gluing conditions of structured families of partially ordered Boolean frames.
The exact formulation of the gluing conditions of any pair of Boolean probing frames on their
overlap, targeting a quantum event structure, is given in [6, pp. 837-838]. Consequently,
the specification of a quantum event algebra L in perspectivist terms is synthesized in the
limit of the joint compatible action of all Boolean frames-perspectives acting on it.

The fundamental functioning of the Boolean frames–quantum adjunction, specified by
the pair of adjoint functors L ⊣ R, is made transparent if we consider that it provides a bi-
directional mechanism of encoding and decoding information between diagrams of Boolean
event algebras B and quantum event algebras L via the action of Boolean probing frames
or perspectives ψB : M(B) → L. Thus, if we think of SetBop

as the categorical universe
of variable local Boolean frames modeled in Set, and of L as the categorical universe of
quantum event structures, then the left adjoint functor L : SetBop → L signifies an encod-
ing process of information from the level of local Boolean algebras to the level of global
quantum event algebras, whereas the Boolean realization functor R : L → SetBop

signifies a
decoding process in the inverse direction. In general, the content of the information cannot
remain completely invariant with respect to translating from one categorical universe to
another, and conversely. Note, in this respect, that the functors L and R are not inverses,
since neither LR nor RL need be isomorphic to an identity functor. However, as implied
by the existence of the Boolean frames-quantum adjunction, there remain two alternatives
for a variable set P over local Boolean frames, standing for a presheaf functor P in SetBop

,
to exchange information with a quantum algebra L. Either the content of information is
transferred in quantum terms with the colimit in the category of elements of P translating,
represented as the quantum morphism LP → L, or the content of information is transferred
in Boolean terms with the functor of Boolean frames of L translating, represented corre-
spondingly as the natural transformation P → R(L). In the first case, from the setting of
L, information is being received in quantum terms, while in the second, from the setting of
P, information is being sent in Boolean terms. Then, the natural bijection of relation (5.7)
corresponds to the assertion that these two distinct ways of information transfer are equiv-
alent. Consequently, the fact that these two functors are adjoint underlines a bi-directional
dependent variation, safeguarding that the global information encoded in a quantum kind
of event structure is retrievable in a structure-preserving manner by all possible partial
structural congruences with the Boolean kind of event structure.

Thus, by virtue of the proposed category-theoretic perspectivist approach to quantum
mechanics, a quantum event structure can only be unfolded through structured intercon-
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nected families of Boolean probing frames capable of carrying all the information encoded in
the former. And inversely, the non-directly accessible quantum event structure is uniquely
constituted (up to equivalence) by a multiplicity of intertwined local perspectives directed
towards it and covering the object of inquiry entirely under their joint action via the colimit-
gluing process.

6 Perspectivist Semantics in Quantum Mechanics

The logic of a physical theory, in addition to its syntactic aspect, incorporates the task of
providing a semantics, focusing on the endeavor of establishing a criterion of truth or, in a
strict sense, defining an account of truth. In relation to the latter, the correspondence theory
of truth has frequently been regarded within physical science as the most eminent. Indeed,
the elementary or atomic propositions, constituting the elements of the logical structures
of fundamental theories of physics, concern the values of physical quantities pertaining to
a system and are of the form “the value of the physical quantity A lies in a measurable
subset ∆ of the real numbers”, abbreviated usually by the shorthand notation “A ∈ ∆”.
Propositions of the type “A ∈ ∆” refer to the world in the most direct feasible manner.
They can only be ascertained as true or false by corresponding, or not corresponding, to
‘facts’ or, more generally, to ‘actual states of affairs’ or, in contemporary physical terms, to
‘events’ conceived in the physicist’s language as actual measurement outcomes, as concrete
elements of empirical reality. In this respect, elementary propositions are posits in the
process of probing the natural world. They can be used to indicate properties of physical
systems in the following sense: a system S is characterized by a property a, namely a
particular value of the physical quantity A, if and only if the corresponding proposition PA

is true, that is, if and only if “A = a” or “A ∈ ∆”. Physics is fundamentally concerned
about the truth values of such propositions “A ∈ ∆”, where ∆ varies over the Borel subsets
of the real line and A varies over the physical quantities of system S, when S is in a
given state. Of course, the state may change in time, and hence the truth values also will
change in time. It is instructive to note in this connection that the consistent assignment of
truth values to elementary propositions presupposes to take into account the overall logical
structure of the relevant physical theory, especially in relation to quantum mechanics due
to its non-Boolean character.

Although the notion of correspondence truth admits various different formulations, the
core of any correspondence theory is the idea that a proposition is true if and only if
it corresponds to or matches reality. The classical version of the theory describes this
relationship as a correspondence to the facts about the world (e.g. [42, pp. 70-72]). Then,
adopting a correspondence theory of truth amounts to endorsing instances of the following
scheme:

Correspondence to Facts [CF]: The proposition that P is true if and only if P
corresponds to a fact.

Alternatively, if one construes the notion of a “fact” in terms of the weaker notion of
an obtaining “state of affairs”, then, [CF] is re-expressed as follows:

Correspondence to States of Affairs [CS]: The proposition that P is true if and
only if there is a state of affairs X such that P corresponds to X and X obtains.
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The useful feature of states of affairs is that they refer to something that can be said to
obtain or not to obtain, to be a fact or fail to be a fact, that is, they exist even when they
are not concretely manifested or realized, thus overcoming conceptual difficulties related to
“negative facts”.

A noticeable criticism exerted to the traditional conception of correspondence truth
is that the correspondence relation between propositional terms and corresponding facts
(or states of affairs) is neither specified nor explained; it is simply presupposed. For,
“corresponds to the facts” functions merely as a synonym, as an alternative extended way
of saying “is true” [43]. Using a popular example towards this direction, the proposition
“snow is white” is true, simply because it corresponds to the fact that snow is white. Thus,
the fact that makes a proposition true is a restatement of the proposition itself. Facts are
merely re-expressions of the propositions they make true. A full-fledged correspondence
theory, however, must articulate an explanation of the correspondence relation that is more
complex, and thus not amenable to the immediate restatement reply. In addition, there
must provide a genuine account of facts as special kinds of entities that can be candidates
for the relationship of truth-making. Certainly, the connection between propositions (or, in
general, truth-bearers) and the world need not be of the simplistic relation of mirror image
that is attributed to traditional correspondence truth (e.g. [44]). Nor for a proposition to
be true, it has to be necessarily tied to the world in an unmediated, context-independent
manner, as assumed by the traditional alethic scheme.

Specifically, when examining the functioning of correspondence truth within the propo-
sitional structures of fundamental theories of physics, it should be clear that it requires an
understanding not just of the logical form of correspondence in abstracto, but of the specific
field of knowledge in which the correspondence relation is realized. It requires, for instance,
a systematic analysis of the nature of properties and relations that may be instantiated by
objects within the domain of the relevant theory. Then, truth in terms of correspondence
may be appropriately understood as property instantiation, in the following sense: if P is a
true proposition, then P attributes a specific property to an object of the relevant domain.

In the quantum domain, due to the essentially probabilistic non-Boolean logical struc-
ture of the theory, for any quantum system of dimension higher than two, the totality of
elementary propositions represented by projection operators or closed subspaces of Hilbert
space are not partitioned into two mutually exclusive and collectively exhaustive sets repre-
senting either true or false propositions. For instance, propositions represented by subspaces
that are at some non-zero or non-orthogonal angle to the unit vector |ψ⟩—or, more appro-
priately, to the ray representing the quantum state—are not assigned any truth value in |ψ⟩.
These propositions are neither true nor false; they are assigned by |ψ⟩ a probability value
which is neither 0 nor 1, but between 0 and 1, and the law of bivalence is violated. Thus,
they are undecidable or indeterminate for the system in state |ψ⟩ and the corresponding
properties are taken as indefinite. In fact, such value indefiniteness resulting to semantic
indeterminacy is a global property of quantum logical structures, as formally expressed by
Kochen-Specker’s theorem. The latter, however, does not exclude local two-valued truth-
functional assignments with respect to complete Boolean algebras of projection operators
on the Hilbert space of a quantum system. More explicitly, each self-adjoint operator rep-
resenting an observable has associated with it a Boolean subalgebra which is identified with
the Boolean algebra of projection operators belonging to its spectral decomposition. Hence,
given a set of observables of a quantum system, there always exists a complete Boolean alge-
bra of projection operators, that is, a local Boolean subalgebra of the global quantum event
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algebra of the system with respect to which a local bivalent truth-functional assignment is
meaningful, if and only if the given observables are compatible and, thus, simultaneously
measurable. Consequently, the existence of local two-valued truth-functional assignments,
against a global non-Boolean background of indefinite possibilities in Hilbert space, points
to the natural assumption, formulated in Sect. 3, that complete Boolean algebras play
the role of local probing frames for attributing true/false values to propositions within a
perspective or context of discourse. The categorical perspectivist framework, developed in
Sect. 5, implements this idea in a universal way by consistently representing the global
structure of a quantum algebra of events in terms of a category of presheaves of variable in-
terconnected families of Boolean probing frames, physically realized as suitable perspectives
or contexts for measuring physical quantities.

In particular, truth-makers of quantum mechanical propositions, namely facts or actual
states of affairs, are not pre-determined, pre-fixed; they are not ‘out there’ wholly unrestrict-
edly. As established by virtue of Kochen-Specker’s theorem, they are context-dependent in
an essential sense. This is in complete harmony with the categorical perspectivist framework
put forward, according to which, truth valuation is localized and subsequently contextual-
ized with respect to distinct Boolean probing frames or perspectives targeting the quantum
system of interest. In view of the preceding considerations, therefore, we propose a per-
spectivist/contextual account of truth that is compatible with the propositional structure
of quantum theory by conforming to the following instance of the correspondence scheme:

Perspectivist/Conetxtual Correspondence [PCC]: The proposition that P -in-C
is true if and only if there is a state of affairs X such that (1) P expresses X in
C and (2) X obtains,

where C denotes, in general, the context of discourse and, specifically, in relation to
the aforementioned quantum mechanical considerations, the experimental context CA(M),
linked to the proposition P that is associated with a particular Boolean frame M(BA),
defining a local perspective on the quantum system, and A indicates the physical quantity
under investigation. As will be argued in the sequel, in the light of the alethic scheme [PCC],
perspectivist truth is perspective or context-bound correspondence of a de re nature. Given
the determination of a perspective, or the specification of a local context of reference, the
attribution of truth values to propositions designates an objectively existing state of affairs
that does not depend upon the epistemic system of a knower’s cognizance. Agents sharing
the same perspective reproduce empirical facts of phenomena intersubjectively.

Let us initially note that the proposed perspectivist/contextual account of truth satisfies
Tarski’s [45, p. 188] criterion of material adequacy, known as “convention T” or “schema
T”, for a theory of truth:

(T) The proposition that “P” is true if, and only if, P

where the symbol “P” in (T) represents the name of the proposition which P stands for. To
this purpose, let us consider a particular proposition P : “system S has the property P (A)”.
Assume context-dependence with regard to P (A), that is, the latter property of S holds
within context C. Then, proposition P is concisely stated as: “system S has the property
P (A)-in-C”. Suppose now that this proposition is true. If so, the following instance of the
T-schema must be true a priori:

The proposition that “system S has the property P (A)-in-C” is true if, and
only if, system S has the property P (A)-in-C.
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If, however, the property P (A) of S is context-dependent upon C, then the proposition
that system S has the property P (A) must also be context-dependent upon C. Thus, in
conformity with the propositional status entering into the scheme [PCC], the preceding
instance of the T-schema can be written equivalently in succinct form as:

The proposition that “P -in-C” is true if, and only if, P -in-C.

Evidently, the logical operation of the bi-conditional in the preceding T-sentence is
governed again by the T-schema, or the truism, that the content of a proposition deter-
mines the necessary and sufficient conditions under which it is true. Thus for any given
true proposition which is context-dependent upon C, the fact that makes it true is the
context-dependent fact (or state of affairs) upon C that the proposition expresses. Truth
contextuality follows naturally from the contextuality of makers of propositional truths. If
the latter are context-dependent, then whatever truths may be expressed about them must
also be contextual.

The proposed account of truth, as encapsulated by the scheme of perspectivist/con-
textual correspondence [PCC], incorporates explicitly a context-dependence texture of the
‘world-word’ relation, if the world in its microphysical dimension is to be correctly de-
scribable. The truth-making relationship is now established, not in terms of a raw un-
conceptualized reality, as envisaged by the traditional scheme of correspondence truth,
but between a well-defined portion of reality as carved out by the experimental context
and the propositional content that refers to the selected context. Such interdependence of
propositional content and referential context is not by virtue of some kind of philosophi-
cal predilection, but by virtue of the microphysical nature of physical reality displaying a
context-dependence of facts. For, in view of Kochen-Specker’s theorem, there simply does
not exist, within a quantum mechanical discourse, a consistent global binary assignment
of determinately true or determinately false propositions independently of the appeal to a
context; propositional content ought to be linked to a context. This connection between ref-
erential context and propositional content means that a descriptive elementary proposition
in the domain of quantum mechanics is, in a sense, incomplete unless it is accompanied by
the specified conditions of an experimental context under which the proposition becomes
effectively truth-valued. In view of our approach, the latter observation underlines the fact
that the conceptual significance of a logic of propositions referring to the description of
a quantum system lies at the level of contextual propositions holding in distinct Boolean
probing frames. The proposed categorical perspectivist framework reveals precisely that
the logic of a quantum event structure is to be sought not in its internal constitution as a
set-theoretical entity endowed with unrestricted primary qualities, but rather, in the form
of its relationship with the Boolean kind of structure through the established network of
adjoint functors between the category of presheaves of variable overlapping Boolean frames
and the category of quantum event algebras. This conception enlightens yet further the con-
nection between a quantum algebra of events and its underlying building blocks of Boolean
algebras by clarifying the contextual character of quantum theory. It also points out the
significant role of Boolean probing frames in providing empirical access to the non-Boolean
quantum world.

It is worthy to note in this respect that the proposed account of truth of perspec-
tivist/contextual correspondence [PCC] essentially denies that there can be a God’s eye
view or an absolute Archimedean standpoint from which to logically evaluate the totality
of facts of nature. Hence, the reference to a Boolean preparatory experimental context
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CA(M) should not be affiliated with practices of instrumentalism, operationalism and the
like; it does not aim to reduce theoretical terms to products of operational procedures. It
provides, in fact, the appropriate conditions under which it is possible for a quantum me-
chanical proposition to receive consistently a truth value. In other words, the specification
of the context is part and parcel of the truth-conditions that should obtain for a proposition
in order the latter to be invested with a determinate (albeit unknown) truth value. Other-
wise, the proposition is, in general, semantically undecidable. In the quantum description,
therefore, the introduction of the experimental context is to select at any particular time
t a specific complete Boolean subalgebra M(BA) of compatible propositions in the global
non-Boolean lattice LH of a quantum system as co-definite; that is, each proposition in
M(BA) is assigned at time t a definite truth value, “true” or “false”. Equivalently, each
corresponding property of the system either obtains or does not obtain. Importantly, the
truth of a proposition in a Boolean frame remains invariant with respect to truth valuations
of all other compatible propositions in all Boolean frames M(B), belonging to a Boolean
probing functor of a quantum event algebra L. Thus, in our approach, the specification
of a particular Boolean perspective, conceptualized materially as a concrete experimental
context, provides in a consistent manner the necessary conditions whereby bivalent assign-
ment of truth values to quantum mechanical propositions is in principle applicable. This
marks the fundamental difference between conditions for well-defined attribution of truth
values to propositions and mere operational conditions.

This element also signifies the transition from the uncritical qualification of truth values
to propositions by acknowledging them as being true or false simpliciter, as in traditional
correspondence theory of truth, to the demarcation of the limits of possible experience
or to the establishment of pre-conditions which make possible the attribution of truth
values to propositions. From the standpoint of our interpretative framework, the proposed
account of truth [PCC] is associated with a perspectivist method of inquiry that seeks
to investigate—from within the sphere of our worldly conditions, scientific principles and
practices—the presuppositions and limits of experience and knowledge, thus opposing a non-
perspectival, metaphysically fixed point of reference. In quantum semantics, therefore, the
consideration of a particular Boolean probing frame M(BA), defining a Boolean perspective
on the quantum system under investigation, forms a pre-condition of quantum physical
experience, which is necessary if quantum mechanics is to grasp empirical reality at all.
Any microphysical event that occurs is raised at the empirical level only in conjunction
with the specification of an experimental context that conforms to a set of observables co-
measurable by that context. The introduction of the experimental context furnishes thus
the status of a presupposition of any empirical access to the quantum level of reality, of any
possible empirical inquiry on the microscopic scale, and hence of any possible cognizance of
microphysical objects as scientific objects of experience. In this respect, the specification of
the context constitutes a methodological act preceding any empirical truth in the quantum
domain and making it possible.

We note in this respect that the proposed account of truth of perspectivist/contextual
correspondence [PCC] is not a relative notion itself; the propositions to which it applies
are relative. They are relative to a specific Boolean subalgebra of compatible propositions
which are determinately true or false of a system at any given time. For, as already argued,
a quantum mechanical proposition is not true or false simpliciter, but acquires a determi-
nate truth value with respect to a well-defined context of discourse as specified by the state
of the quantum system concerned and a particular observable to be measured. Thus, the
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conditions under which a proposition is true are jointly determined by the context in which
the proposition is expressed and the actual microphysical state of affairs as projected into
the specified context. What makes a proposition true, therefore, is not that is relative to the
context—as an alethic relativist must hold—but whether the conditions in question obtain.
The obtainment of the conditions implies that it is possible for us to make, in an overall
consistent manner, meaningful statements that the properties attributed to quantum ob-
jects are part of physical reality. In our approach, therefore, a proposition is true because
it designates an objectively existing state of affairs, albeit of a perspectivist/contextual
nature. In relation to the latter, we stress the fact that, in contrast to a panoptical view
from nowhere of the classical paradigm, the general epistemological implication of quantum
theory acknowledges in an essential way a perspectivist/contextual character of knowledge.
The classical doctrine that one can reasonably talk about ‘all entities’, as if the attribu-
tion of properties to an ‘entity’ had a unique, fixed meaning, independently of the appeal
to a particular context of reference, is inadequate in the microphysical level of discourse.
Nonetheless, the traditional conception of correspondence truth, involving a direct context-
independent relation between singular terms of propositions and definite autonomous facts
of an external reality, may be viewed as a limit case of the more generic alethic scheme of
perspectivist/contextual correspondence [PCC], when the latter is applied in straightfor-
ward unproblematic circumstances where the non-explicit specification of a perspective or
a context of discourse poses no further consequences. This is immediately revealed if as
context C in [PCC] is taken the whole of reality and thus any particular reference to the
conditions of a local context is silently removed.

7 Concluding Remarks

The primary objective of the proposed endo-theoretic approach to perspectivism is to ac-
tively engage with the science of today as a means of analyzing the origin, generation and
systematization of scientific knowledge of nature by focusing on the conditions under which
such knowledge may arise in perspectivist terms. Specifically, it aims to elevate scientific
perspectivism from a general philosophical position to a methodologically robust, formally
rigorous, and conceptually fruitful framework of scientific inquiry in quantum mechanics,
by establishing how locally variable contextual perspectives can be endo-theoretically inte-
grated to grasp a complex, non-classical physical reality. This integration is achieved in the
present study not by adding extrinsic postulates to quantum formalism, but by maximizing
the inherent mathematical structures of quantum mechanics through the lens of category
theory.

Our perspectivist framework in relation to quantum mechanics has been developed
from the ground up, using initially the Kochen-Specker theorem to motivate the necessity
of Boolean probing frames as perspectives applied on a quantum system, and then employ
category theory to demonstrate that the global structure of a quantum algebra of events can
be consistently represented (up to equivalence) through a multilevel interconnected struc-
ture of locally variable perspectives. The technically distinctive feature that underpins the
foregoing representation is precisely the Boolean frames-quantum adjunction. It provides
a universal, bi-directional mechanism of encoding and decoding information between the
local Boolean and the global quantum level under the action of Boolean probing frames or
perspectives, thereby formalizing how perspectival information transfer can be synthesized
into a coherent whole.
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In this framework, truth valuation is contextualized with respect to distinct Boolean
perspectives targeting the quantum system of interest, thus leading naturally to a perspec-
tivist/contextual account of truth. In light of the latter, perspectivist truth conforms to
perspective or context-bound correspondence, designating locally an objectively existing
state of affairs as delineated by the considered context C. Such an account derives by
virtue of the microphysical nature of physical reality in displaying a context-dependence of
facts. It opposes, therefore, a non-perspectival, metaphysically fixed point of reference or
a panoptical standpoint from which to state all facts of nature.

Intersubjective agreement within a perspective is an essential internal feature of our the-
oretical framework, reflecting a fundamental characteristic of how perspectival knowledge is
structured, while consistency across perspectives results from the mathematical coherence
of the overall framework, guided by the Boolean frames-quantum adjunction. The mech-
anism for comparing and interrelating different perspectives is embodied in the network
of the mathematical relations (morphisms, functors, adjunctions) within the category of
Boolean probing frames covering the quantum event algebra itself. As already stated, this
allows for a systematic extension and global synthesis of local perspectival information.

In closing, we note that the endo-theoretic perspectivist approach to quantum mechan-
ics provides the appropriate formal basis for developing a post-classical, structured view of
scientific theorizing in the sense of comprehending a theory not just as a class of empirical
models simpliciter, as a structureless set of “models of the data”, but also establishing
mappings between these models allowing thereby their coherent embedding in a global the-
oretical structure. The aforementioned proposition refers to the actual scientific theorizing
and practice of contemporary science and thus the suggested approach, due to its general
character, may acquire the form of a theoretical pattern of scientific inquiry in the natural
sciences, especially when dealing with complex trans-perspectival phenomena, the analysis
of which requires the use of information of a multi-scale variety, resulting from more than
one perspective.
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Appendix

It is instructive to attempt a concise comparative assessment between our perspectivist
framework of quantum theory and Rovelli’s relational interpretation of quantum mechanics
(RQM) focusing on their essential differences, thus revealing the profoundly different ap-
prehension of the quantum world’s architecture between the two proposals. The appendix
is partly based on comments and clarificatory questions raised by the reviewer, giving us
the opportunity to explicate on certain issues ranging from the concept of perspective to
the way different perspectives may relate to each other and from the meaning of perspec-
tivist truth to issues concerning the ontology of quantum events and their impact on the
comprehension of reality.

[A] Methodology and Mechanism for Relating Perspectives – Intersubjectivity
We initially point out that both our proposed endo-theoretic perspectivist framework and
Rovelli’s RQM, particularly in its recent development involving the postulate of “Cross-
Perspective Links” (CPL), affirm the intersubjective agreement on empirical facts among
agents under certain conditions. However, the underlying conceptual and formal mecha-
nisms by which this agreement is established, and indeed the very notion of “perspective”,
differ significantly. For brevity, we shall call henceforth the updated version of RQM, as
modified by the addition of the CPL postulate, RQM+.

1. Rovelli’s Relational Quantum Mechanics and the CPL Postulate

– RQM: In Rovelli’s [24] initial formulation of RQM, the state of a system S is al-
ways relative to an observer O. Facts—namely, values of physical quantities—are
established only during interactions and are relative to the interacting systems.
Comparisons of facts relative to different observers (e.g., Alice’s measurement
outcome relative to Alice, and Bob’s measurement outcome relative to Bob) are
only meaningful from the perspective of a third observer W who interacts with
both Alice and Bob [46]. This led to concerns about “island universes” of infor-
mation [47], where an observer cannot, in principle, know anything beyond their
immediate present experience or confirm empirical facts relative to other ob-
servers. The implied lack of intersubjectivity regarding measurement outcomes
seemed to challenge the character of the scientific practice or even undermine
scientific objectivity itself.

– Introducing CPL: To address the aforementioned intersubjectivity issues, Ad-
lam & Rovelli [48, p. 7] proposed a new postulate, the “cross-perspective links”
(CPL), formulated as follows: “In a scenario where some observer Alice mea-
sures a variable V of a system S, then provided that Alice does not undergo
any interactions that destroy the information about V stored in Alice’s phys-
ical variables, if Bob subsequently measures the physical variable representing
Alice’s information about the variable V , then Bob’s measurement result will
match Alice’s measurement result”.

� Under the CPL process, point-like quantum events—that is, the actualiza-
tion of a value in an interaction—become absolute, observer-independent
features of reality [48, p. 12]. However, quantum states remain relational,
describing the relationship between systems.
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� The value of a variable V obtained by Alice is still initially relativized to
Alice, since, at the beginning, she is the only one with that information,
yet CPL establishes that this information, being physical and “stored in
Alice’s physical variables”, is accessible in principle through measurements
to any other observers. It is a specific mechanism that has been added on
an already existing structure for linking different observers’ information but
now about absolute quantum events.

� The CPL modification, while confronting at least theoretically the intersub-
jectivity problem, leads to the de-relativization of facts, thereby potentially
undermining the distinctively relational aspects of the classical formulation
of RQM.

2. Karakostas & Zafiris’ Endo-Theoretic Perspectivist Framework: The K&Z
Approach

– Nature of Perspective: In our framework, a “perspective” is not primarily an
individual observer’s interaction history but is formally defined as a Boolean
probing frame. This is a complete Boolean algebra of projection operators asso-
ciated with a set of compatible and thus comeasurable observables. It represents
a particular experimental context by partitioning the “space” of possible out-
comes. Furthermore, it constitutes a local structural invariant within the global
non-Boolean quantum event algebra, satisfying the general desiderata put for-
ward in Sect. 1 concerning the suitability of a structural unit to be qualified as
a perspective.

– Intersubjectivity: Intersubjective agreement on the determinateness and repeata-
bility of empirical facts, among agents sharing the same perspective, is an explicit
consequence of the logical status characterizing a Boolean frame.

� If agents Alice and Bob share the same perspective, it means they are op-
erating within or have adopted the same Boolean frame M(BA) (as defined
in Sect. 6).

� Within such a definite Boolean frame, propositions are assigned bivalent
truth values. Thus, each proposition in M(BA) is assigned at any given time
t a definite truth value, “true” or “false”. The Kochen-Specker theorem,
although globally forbids a bivalent truth-value assignment to all quantum
mechanical propositions, nonetheless, does not prohibit such local assign-
ments within a selected Boolean subalgebra.

� Therefore, if Alice and Bob are considering propositions and performing
measurements within the same explicitly defined Boolean frame, the empiri-
cal facts established—namely, the outcomes of measurements corresponding
to projection operators within that frame—will be determinate and repeat-
able for both, simply because they are operating under identical logical con-
ditions provided by that shared frame.

– The Interrelation Mechanism Codified – From Local Perspectives to a Global
Structured Whole: These local Boolean frames are not isolated “island uni-
verses”. They are systematically related to each other as homomorphic images
via the modeling functor M within the overarching, non-Boolean quantum event
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algebra L. The K&Z categorical perspectivist framework provides the precise
syntax of perspectives for how they interconnect:

� Functor of Boolean Frames on L: For any quantum event algebra L, we
define a functor R(L) whose action on any Boolean algebra B provides the
set of all possible Boolean probing frames of the type B that can be adjoined
to L. This functor, R(L) = HomL(M(−), L), captures the totality of all
possible local perspectives on L (Sect. 5.2).

� Compatibility and Gluing: The framework establishes rigorous compatibility
conditions for how these frames overlap consistently. When two Boolean
frames, say, ψB : M(B) → L and ψC : M(C) → L, are not disjoint, their
relationship is governed by their pullback. This ensures that any information
they share is consistent. The cocycle conditions for the gluing isomorphisms
guarantee that these local perspectives can be “pasted” together seamlessly
into a coherent global structure [6, Sect. 4.2]. This mechanism explicitly
prevents fragmentation.

� Synthesis – The Colimit Construction: The actual assembly of the global
structure from these coherently interconnected local Boolean frames is per-
formed by a universal mathematical construction known as the colimit. Our
central result is that the global quantum event algebra L is precisely the
colimit of the diagram formed by all of its local Boolean probing frames:

L = Colim(R(L)) .

This means L is the unique object that synthesizes all the information con-
tained in the local perspectives composing R(L) in a way that respects all
their interrelations. It is the “universal solution” that arises from gluing all
the locally variable perspectives together (Sect. 5.3).

– The Boolean frames-quantum adjunction: The preceding solution is based on the
Boolean frames-quantum adjunction, which ensures that local information can be
globally synthesized (Sect. 5.3). This adjunction provides a bi-directional mech-
anism for encoding (from Boolean to quantum) and decoding (from quantum to
Boolean) information in perspectivist terms. Instead of being an added postu-
late, it is a fundamental consequence of the category-theoretic representation of
quantum event structures via the action of Boolean probing frames, conceived as
perspectives applied on a quantum system. It establishes that the global struc-
ture of a quantum algebra of events can be consistently comprehended through
a multilevel structure of locally variable Boolean perspectives, interconnected in
a category-theoretic environment, yielding jointly all the information encoded
in the former. Thus, inter-perspectival consistency is an essential feature of the
proposed framework.

� The structural concept of “perspective”, our methodology on the conditions
under which knowledge is possible, as analyzed in Sect. 2, the explicit
use of category theory, and the Boolean frames-quantum adjunction, are
unique to our endo-theoretic approach in providing a consistent perspectivist
framework of quantum mechanics.
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[B] Explicating the Meaning of the Perspectivist/Contextual Correspondence
Theory of Truth We are addressing the following clarificatory questions raised by the
reviewer in relation to our proposed account of truth: (1) Is a given measurement valid
only for those agents sharing the context C? (2) What happens if somebody is outside C?
Can the measurement result be different or indeterminate? (3) According to the proposed
account of truth, once an experimental context is set up and a measurement is performed,
its result depends on the context. In what sense this result may be considered observer
independent? (4) Furthermore, such contextualization criterion is very different from saying
that scientific truths depend on what an epistemic community agrees upon, as usually said
in perspectival considerations.

1. Agents Sharing Context C

– In quantum mechanics, a global Boolean context of measurement does not exist,
and by virtue of Kochen-Specker’s theorem, only single local contexts, as defined
by our concept of a perspective, can be considered as being definite, thus captur-
ing Boole’s “conditions of possible experience” (Sect. 2.2). Henceforth, in the
endo-theoretic approach to perspectivism, truth valuation is localized and subse-
quently contextualized with respect to distinct Boolean probing frames conceived
as perspectives targeting the quantum system of interest. That is, bivalent truth-
value assignments hold consistently only within a perspective and its associated
measurement context C. The proposition “P -in-C” is only well-defined and ca-
pable of possessing a determinate truth value with respect to C. Consequently,
the truth of “P -in-C” characterizes an objectively existing state of affairs, as
delineated by C. Any agent, who wishes to evaluate P in the context C, would
arrive at the same truth value, assuming access to the relevant empirical facts.

2. Agent “Outside” Context C

– If an agent is “outside” C, it means they are operating within a different context
C ′ (a different Boolean frame), or perhaps they have not adopted any specific
Boolean frame relevant to P .

– If C and C ′ are incompatible contexts, corresponding to non-commuting sets of
observables, then a proposition P meaningful in C might not even be well-defined
in C ′, or a related proposition P ′ in C ′ might yield a different outcome. This
is a standard feature of quantum contextuality as revealed by Kochen-Specker’s
theorem. For example, if C involves measuring spin-z and C ′ involves measuring
spin-x, the outcomes correspond to different complementary aspects of reality,
which, in principle, cannot be realized simultaneously.

– From the standpoint of an agent in C ′, the truth value of “P -in-C”—a propo-
sition tied to a different, potentially incompatible context—might be considered
indeterminate from C ′’s perspective. However, the truth value of “P -in-C” itself
is determinate within its own defining context C. Our framework aims to show
how these determinate truth-valuations from different perspectives can be sys-
tematically interrelated—to the degree authorized by quantum mechanics—via
the use of the functorial apparatus of category theory (Sect. 5.2).

3. Perspectivist/Contextual Truth is an Empirical Fact

29



– Let us initially remind that in the endo-theoretic approach to perspectivism, the
kind of the experimental context to be utilized corresponds to the specification
of a particular Boolean probing frame C. Once C is fixed, the measurement
outcome for a proposition P defined within C yields a truth value for “P -in-C”.
The latter truth value is objective and observer-independent given that context
C; it corresponds to an objective, yet contextually delimited, state of affairs. Any
observer or agent correctly applying the rules of quantum mechanics within that
specific context C will ascertain the same result. Since the truth of P is context-
dependent upon C, if a different context C ′, incompatible with C, were chosen, a
different set of propositions would become determinate. In the quantum domain,
perspectivist/contextual truth is an empirical fact of reality. For, within any well-
defined experimental context (or Boolean probing frame), measurements yield
definite, repeatable, and intersubjectively confirmable outcomes.

4. Contextualization Criterion – Epistemic Community Agreement

– Our contextualization criterion should be distinguished from typical perspectival
theses in the general philosophy of science where truth usually depends on an
epistemic community’s agreement. In the endo-theoretic approach to perspec-
tivism, truth is context-bound correspondence to an objective state of affairs.
When applied to quantum mechanics, the “context” is a structural feature of the
physical theory—a Boolean algebra of compatible observables—not an epistemic
community. The agreement of agents within that context is then a consequence
of this objective, context-bound truth, yielding empirically confirmed facts. This
is a contemporary form of perspectival realism, associated to the philosophy and
conceptual foundations of quantum mechanics, where the consideration of a per-
spective forms an essential feature of the theoretical landscape for describing
consistently microphysical reality (Sect. 6).

[C] The K&Z Approach Compared to Rovelli’s RQM We proceed to a concise
comparison between our perspectivist framework of quantum theory and Rovelli’s relational
interpretation of quantum mechanics giving emphasis on certain features that reveal the
essentially different accounts of the quantum world’s architecture between the two proposals.

1. Notion of Perspective

– RQM: A “perspective” is tied to an observer and their interaction history, in-
cluding the probabilistic predictions that the ensemble of events relative to the
observer entails [49].

– K&Z Approach: A “perspective” is an endo-theoretic structural unit, a Boolean
probing frame serving as a window on physical reality. It constitutes a local
structural invariant within quantum theory itself, characterizing a maximal set
of comeasurable observables, or, equivalently, a complete Boolean algebra of com-
muting projection operators generated by this set. Such a kind of perspective
constitutes the principal structural unit for investigating reality at her micro-
physical dimension. It provides experimental accessibility on the investigated
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system, functions locally as a probing frame for the individuation of events, re-
solves a targeted object of inquiry, generally, probes consistently the physical
world.

2. Role of the Observing or Measuring System

– RQM: It is a core thesis of the relational interpretation that any system can
acquire the status of an “observer” (or “observing system”) in a physical inter-
action. Accordingly, a measurement is considered as the obtainment of mutual
information between the physical variables of two interacting systems, in which
either system can undertake the role of the “observer” while the other stands
in the role of the “observed system”. This equivalence relation between differ-
ent systems in their status of possible observers reflects the radically relational
character of RQM.

– K&Z Approach: In the endo-theoretic approach to perspectivism, given a quan-
tum system under investigation, the observer, apart from selecting the observable
to be measured and thus specifying the perspective applied on the system, plays
no special role. During the measurement process, the observer or the experi-
mentalist is naturalized in terms of a measuring apparatus. Every reference is
exclusively related to the possible results of interactions between the measuring
apparatus and the measured system as parts of the experimental set-up. Val-
ues of quantum mechanical observables or outcomes of measurement processes
are perspective-dependent since they are context-dependent. Their relational
character is with respect to the context of measurement, not between any two
interacting systems. Hence, in our approach, the measuring system cannot be
any physical system, as in relational quantum mechanics, but a suitable mea-
suring apparatus by means of which outcomes of measurements are irreversibly
recorded. This is reminiscent of Wheeler’s [50, p. 189] expression: “Until the
act of detection the phenomenon-to-be is not yet a phenomenon”. In the quan-
tum domain, the individual character of the quantum phenomenon removes the
possibility for comparing consistently what is with what might have been.

3. Nature of Truth

– RQM: In the classical formulation of RQM, facts are observer-dependent. The
value of a variable for system S becomes definite relative to observer O upon
interaction. Another observer O′ might not have this fact actualized relative to
them. Since a comparison of measurement results between any pair of observers
is only meaningful in RQM by invoking a third observer W , truth is radically
relative to an observer’s perspective.

– RQM+: Quantum events become now absolute. If Alice measures variable V on
S and gets v, this event, relative to Alice, is an absolute fact. The CPL postu-
late ensures that Bob, as any other observer, can later access this information
about Alice’s past relative fact. While the initial value ascription is to Alice’s
perspective, the event itself has an absolute status. To the extent, therefore,
that the information gained by Alice when a variable becomes definite relative
to her is in principle accessible to any observer who measures Alice’s variable in
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the right basis, then the existence of an empirical fact is absolute, as absolute or
observer-independent is in the CPL scenario the instantaneously realizable set
of point-like quantum events [48, p. 11].

– K&Z Approach: Truth is perspectivist/contextual correspondence of a de re na-
ture. Truth assignment is contextual since it depends on the selected Boolean
frame C. Once C is specified, the truth of “P -in-C” is an objective matter
determined by correspondence to the state of affairs carved out by C. Differ-
ent Boolean frames C ′, C ′′, . . . , provide locally possible perspectives onto the
quantum world. The category-theoretic formalism establishes how the various
perspectival truth assignments across perspectives are globally coherent. In the
relational interpretation, the cross-perspective links is a specific postulate added
on an already existing structure for achieving inter-observer agreement about
past events. In contradistinction, our framework’s consistency and interrelation
of perspectives arise from the mathematical coherence of the categorical perspec-
tivist representation of a quantum event structure via Boolean probing frames,
which is of sheaf-theoretic nature. The quantum event algebra itself is compre-
hended functorially as a sheaf over the base category of Boolean probing frames,
meaning that it is “constituted” or “glued” together from these locally variable
perspectives in a consistent way [6].

4. Determining the Existence of a Preferred Basis

– RQM (pre- & post-CPL): Unlike the relational interpretation, we take the preva-
lent view that while every measurement presupposes an interaction between two
systems—the measuring system and the system under measurement—nonethe-
less, every interaction does not qualify as a measurement. RQM, functioning
under pure unitary quantum dynamics, cannot single out a unique variable that
should take on definite values during an interaction that leads to a quantum
event [51]. Furthermore, two quantum systems, forming an entangled state, ad-
mit correlations of a different kind depending on the selected basis to represent
the state, as in a Bell-type entangled state of two spin-half particles. Con-
sequently, lacking an exact method for determining a preferred definite basis,
there exists an inherent ambiguity in RQM associated to the theoretical feasibil-
ity that an “observer” may assign multiple distinct relative states to the same
“observed system”.9

– K&Z Approach: In the endo-theoretic approach to perspectivism there is no
such ambiguity since the perspective, materialized as an experimental context,
defines locally the preferred basis, that is, the eigenbasis of the set of observables
that are compatible with the observable to be measured.

9As a response to the preferred basis problem, it is argued in [48, p. 17] that under the action of the
CPL postulate an observer can eventually observe a definite value in one particular basis, say, the basis of
position, by assuming that “my conscious experience emerges from the unified perspectives of the particles
in my brain, the definite value that I will become aware of is the one on which a significant number of
particles in my brain agree—so I will have the experience of seeing a point in a particular coarse-grained
position on the detector screen. Note that this account would not work at all without CPL—if we do not
have cross-perspective links, then it will not be the case that the particles in my brain come to agree on
certain values via decoherence”.
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5. Global Event Ontology

– RQM+: As a direct implication of the CPL postulate, quantum events, once rad-
ically relational in the classical version of RQM, are considered now as absolute,
observer-independent facts of reality. The CPL process achieves intersubjective
agreement among observers at the expense of inducing a nonlocal dependence of
quantum events on one another, in the sense that the choice of which variable
becomes definite in a quantum event at a given time will generally be dependent
on the values of variables of previous events. In order to avoid potential com-
patibility issues with relativity theory, Adlam [52, p. 33] suggests that “we must
allow that the network of events is determined in an ‘all-at-once’ manner, rather
than being generated in some temporal order”. Accordingly, this introduces in
the context of RQM+ an ontology of a mosaic of absolute events whose distri-
bution is obtained in an instantaneous, structureless and fragmented manner,
impossible to be calculated or characterized as a whole [48, p.12].

– K&Z Approach: Our framework provides a constructive and structural account
resulting in an ontology that is fundamentally different from a primitive, instan-
taneous, fragmented collection of events.

� Holistic and Structured: Now, the global event ontology is not analogous
to a mosaic of disparate event-flashes. It is a unified, coherent, and highly
structured algebraic object, the quantum event algebra L, forming a com-
plete, atomic, orthomodular lattice. The relations between events—such as
inclusion, orthogonality, compatibility, and so on—are intrinsic to this alge-
braic structure. The structure is neither imposed externally nor is it realized
in an “all-at-once” manner.

� Calculable and Characterizable as a Whole: Far from being impossible for a
distribution of quantum events to be calculated or characterized as a whole,
the critical point of the K&Z framework is to demonstrate that the global ob-
ject L is the characterization of the whole, and that it is uniquely determined
by the synthesis of its local perspectival manifestations. The colimit con-
struction provides the universal categorical solution for this characterization.
The guiding principle, therefore, is not that the world is a mere collection of
fragmented facts but that the world is a structured whole which is knowable
through a multiplicity of partial, internally consistent perspectives.

6. The Nature of Events and Nonlocality

– In our framework, as in standard quantum mechanics, an “event” corresponds
to an element of the global quantum algebra L; it is represented by a projection
operator.

– This event does not acquire a pre-given, absolute, context-independent truth
value. The global algebra L is inherently value-indefinite, which is the logical-
structural meaning of the Kochen-Specker theorem.

– An event obtains a definite truth value and thus it becomes an actual fact, only
perspectivally, that is, within a Boolean probing frame or perspective from which
the quantum system is considered (Sect. 6).

33



– Quantum nonlocality and constraints on probabilistic correlations among quan-
tum physical observables are not the result of peculiar nonlocal influences be-
tween absolute, fragmented events. They are a direct consequence of the non-
Boolean, holistic structure of the global quantum algebra L. The entangled
correlations of an EPR pair, for instance, are encoded in the global state vector
of the compound system, which defines the relations within the tensor product
algebra LA ⊗LB. A local measurement that involves the adoption of a Boolean
frame, say, at system B projects out a specific slice of this global structure, re-
vealing information that is constrained by the whole. The correlation is thus
structural, not causal.

7. “All-at-Once” Realization vs. Structural Constitution

– In RQM, including the CPL postulate, the strongly nonlocal dependencies of
quantum events on one another force an “all-at-once”, atemporal explanatory
stance for the entire mosaic of facts. Within our framework, such an “all-at-
once” realization of events is redundant. The non-Boolean quantum algebra L,
equipped with the projective geometry of Hilbert space, encodes generic kine-
matic (pre-dynamic) constraints on probabilistic correlations between measure-
ment outcomes (events), ensuring the consistent incorporation of probabilities in
a physically indefinite world. The relationship between the global structure and
local measurements is explicated by the Boolean frames-quantum adjunction,
which formalizes a bi-directional, structure-preserving information flow between
these two hierarchically distinct structural levels. This provides a structural ex-
planation for how local contexts, within a generic non-Boolean quantum frame-
work, reveal global properties, surpassing the need for an “all-at-once” hypothesis
concerning the realization of disparate events.

In conclusion, the K&Z approach offers in comparison to RQM+ a profoundly different
picture of the quantum world’s architecture. Instead of postulating a distribution of ab-
solute but fragmented events and then seeking an external hypothesis of an “all-at-once”
realization that induces a generic form of nonlocality, we demonstrate how a holistic indefi-
nite quantum reality, conceptualized as a global quantum event algebra, is mathematically
constituted by the coherent synthesis of all possible, locally variable Boolean perspectives.
The distribution of events is neither instantaneous nor fragmented; it is an expression of
the intricate non-Boolean probabilistic correlations within a single unified quantum event
structure.
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