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A Quantum Leap for Classification: Toward a New Framework for
Library Science Beyond Dewey

Abderrahmane Kalem
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The classical paradigm of knowledge organization, epitomized by hierarchical systems like
Dewey Decimal Classification (DDC), is predicated on a nineteenth-century model of certainty
and order. Contemporary scholarship has revealed its inherent limitations, including structural
biases, epistemic injustice, and an inability to accommodate the fluid, interdisciplinary nature
of modern knowledge. While computational models have increased efficiency, they largely
inherit the classical goal of reducing ambiguity to a single, authoritative outcome. This paper
argues for a paradigm shift, proposing a novel theoretical framework for classification inspired
by the field of quantum cognition. The framework reconceptualizes the information object not
as a static entity with intrinsic properties, but as a dynamic system of potential meanings. We
adapt three core concepts from quantum theory for library science: Knowledge Superposition
to model interdisciplinarity, Semantic Entanglement to provide a formal basis for serendip-
ity, and Observer-Dependent Measurement to address issues of subjectivity and classificatory
authority. The viability of this framework is demonstrated through a computational proof-of-
concept that simulates how a single, multifaceted document can yield different, probabilistic
classifications based on the user’s contextual perspective. This approach offers a robust solution
to long-standing challenges, shifting classificatory authority from the institution to the user and
providing a path toward transforming the library from a static repository into a dynamic,
participatory knowledge system.

Keywords: Knowledge Organization, Classification Theory, Quantum Cognition,
Quantum-Inspired Models, Critical Librarianship, Epistemic Injustice, Dewey Decimal
Classification (DDC)

Introduction

The intellectual architecture underpinning modern library
science emerged from a nineteenth-century paradigm predi-
cated on certainty and order. Foundational frameworks, most
notably the Dewey Decimal Classification (DDC), represent a
monumental effort to impose a rational, hierarchical structure
upon the entirety of recorded knowledge (Svenonius, 2000).
As described in numerous studies, the DDC’s enduring power
stems from its core characteristics: it is a comprehensive
and exclusive system designed to map all branches of human
knowledge, organized decimally and hierarchically from the
general to the specific. This principle of logical progression,
while profoundly effective for navigating the finite and stable
world of analog print collections, enshrined a static and cat-
egorical view of knowledge that would later face significant
conceptual challenges. This model became the foundation
not only for physical arrangement, but also for early infor-
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mation retrieval tools designed to navigate library holdings
through structured access points like author, title, and sub-
ject (Yarima, 2024). Indeed, contemporary scholarship in
library and information science has increasingly subjected
this classical paradigm to critical scrutiny. Drawing from
post-structuralist and critical theory, scholars such as Hope
Olson have compellingly argued that classification is never
a neutral act. Instead, it is a political and social construct
that reflects and reinforces the biases of its creators (Martínez
Ávila & Guimarães, 2013; Shashi & Swain, 2025). The
seemingly objective categories of the DDC, for example, have
been shown to marginalize non-Western perspectives and cre-
ate what is often termed "epistemic injustice" in the way li-
brary users encounter information (Fricker, 2007). Beyond
its socio-political limitations, the rigid, hierarchical structure
of classical systems proves ill-equipped to handle the fluid,
interdisciplinary nature of modern research, forcing complex,
multifaceted documents into singular, often inadequate, sub-
ject headings or classification numbers.

The advent of the digital era offered a computational alter-
native to manual classification through the principles of In-
formation Retrieval (IR) and models such as Salton’s Vector
Space Model (Salton et al., 1975). This approach reconceptu-
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alized documents not as entries in a hierarchy, but as vectors
in a high-dimensional geometric space where relevance is cal-
culated as proximity. Yet, for all its dynamic advantages, this
computational approach still inherits a fundamental legacy of
the classical paradigm. Whether represented by a classifica-
tion number or a static vector, a document’s meaning is treated
as a fixed, intrinsic property. This overlooks the crucial in-
sight, articulated by pioneers like van Rijsbergen (2004), that
relevance is not inherent in the document itself ("aboutness"),
but is a dynamic quality that materializes only in the context
of a specific user interaction. This paper argues that moving
beyond the limitations of the classical paradigm requires more
than an incremental refinement; it necessitates a fundamental
shift in our conceptual model of information itself. To this
end, we propose a novel theoretical framework for knowl-
edge organization inspired by pioneering work in quantum-
inspired information retrieval (e.g., Aerts et al., 2013). We
contend that, by modeling information not as a static object
but as a probabilistic system, we can formally address the
challenges of contextuality and subjectivity. Our framework
is built on three core quantum concepts adapted for library
science: Knowledge Superposition, Semantic Entanglement,
and Observer-Dependent Measurement. (It is crucial to note
early on that these terms are employed metaphorically and
epistemologically, not to imply the presence of physical quan-
tum processes within library systems.) This approach, sup-
ported by a computational proof-of-concept, offers a path
toward transforming the library from a static repository into
a truly dynamic and interactive knowledge system.

Literature Review

The Foundations of Classical Classification: Dewey’s Hi-
erarchy and Ranganathan’s Multidimensionality

The intellectual architecture of modern librarianship is
profoundly shaped by a classical paradigm of knowledge or-
ganization, with enumerative systems like DDC and Library
of Congress Classification (LCC) as its cornerstones. Despite
a documented decline in its use within academic libraries in
the United States (Lund & Agbaji, 2018), DDC remains a
powerful exemplar of the enumerative model. This model
attempts to provide a pre-defined, stable location for every
topic within a comprehensive, hierarchical map of the knowl-
edge universe (Svenonius, 2000). The system’s design is
predicated on a rationalist, top down logic, branching from
general classes to increasingly specific subclasses, a structure
that offered unparalleled order and navigability for physical
collections. A significant conceptual departure from this
enumerative tradition was introduced by S. R. Ranganathan,
a figure widely regarded as a foundational trailblazer in the
theory of librarianship (Kwanya et al., 2010). In his seminal
work, Prolegomena to Library Classification, Ranganathan
introduced the theory of faceted, or "analytico-synthetic",

classification. In contrast to selecting a single slot from a pre-
determined list, this method enables the synthesis of a classifi-
cation number from fundamental categories, or "facets" (e.g.,
Personality, Matter, Energy, Space, Time). This approach
provided a far more flexible and hospitable framework for the
complex, interdisciplinary subjects that challenged the rigid
structure of DDC (Ranganathan, 1967). Yet, for all its revolu-
tionary multidimensionality, Ranganathan’s system remains
philosophically anchored in the classical paradigm. Its core
objective, as an extension of the philosophy behind his famous
Five Laws, is the construction of a single, coextensive, and
definitive classification number to connect the right reader to
the right book (Adegoke, 2016). The process, while synthetic,
is ultimately deterministic; while it radically reengineers the
method for determining the "correct place" for information,
it never questions the classical axiom that such a place must,
in principle, exist. This shared reliance on a pre-existing
"correct place" — whether discovered via Dewey’s logical
progression or Ranganathan’s analytico-synthetic facets — is
rooted in a claimed assumption of objectivity. It presumes
a neutral, deconfounded perspective from which a singular
ground truth can be perfectly recognized and categorized.

Philosophical Critiques of Objectivity in Library Science

The classical paradigm’s foundational claim to objectiv-
ity has been systematically dismantled by a rich tradition of
critical scholarship in library and information science. The
pivotal argument, articulated forcefully by Hope Olson, is
that classifications are never neutral mirrors of reality but
are instead powerful "social constructs" that create bounded
"classificatory space" (Olson, 1998, p. 233). In this view, the
act of classification is an act of naming imbued with power,
one that institutionalizes the worldview of its creators by map-
ping mainstream knowledge to the center while diasporizing
marginalized domains to the periphery or excluding them
entirely. Olson (1998) demonstrates how DDC, for example,
functions as a "locational system" that actively constructs
biased "rhetorical spaces," marginalizing topics related to
women and non-Western cultures. This perspective is ex-
panded by scholarship that examines metadata and classifica-
tion as a form of socio-technical infrastructure. While seem-
ingly technical, frameworks for descriptive metadata function
as powerful systems that define and limit the context through
which objects can be understood and preserved (Beaudoin,
2012). The choices made in designing a metadata schema
— what dimensions of context are included or excluded —
are not neutral; they are curatorial decisions that shape future
discovery and interpretation. The structure of the classifica-
tion system itself, therefore, functions as an often invisible
infrastructure that perpetuates specific cultural discourses and
worldviews, making it a site of significant political and so-
cial consequence. This line of inquiry has gained significant
momentum in recent years, evolving from theoretical critique



CJILS/RCSIB VOL. 49, NO. 2 (2026). DOI: 10.5206/CJILS-RCSIB.V49I2.23414 19

into a vibrant field of praxis, often termed "critical library and
information studies" (Dalmer, 2017). Contemporary research
now applies specific critical lenses to question embedded as-
sumptions. A case in point is the application of Critical
Race Theory to interrogate modern digital systems. A study
by Kumasi et al. (2020) on a K-12 book discovery plat-
form, for instance, demonstrates how the ideological biases
of traditional classification are replicated in the digital realm.
Their work reveals how standardized metadata and controlled
vocabularies continue to "reinforce exclusionary practices,"
making it difficult for librarians to discover materials that re-
flect themes of race, equity, and inclusion. This work moves
beyond simply identifying historical biases towards actively
deconstructing them and building more equitable, responsive
systems. This trajectory — from identifying classification
as a biased social construct to actively working to disman-
tle its harmful effects — reveals a fundamental impasse: as
long as knowledge organization remains tethered to a clas-
sical paradigm seeking a single, authoritative truth, it will
inevitably perpetuate epistemic injustices. This underscores
the urgent need for a framework that embraces multiplicity
and context by design.

Modern Computational Approaches and Their Classical
Limits

The conceptual shift from manual classification to au-
tomated retrieval was first crystallized in the Vector Space
Model (VSM), a framework that translated the semantic con-
tent of documents into geometric points in a high-dimensional
space (Salton et al., 1975). This geometrization of meaning
was a profound abstraction, allowing relevance to be calcu-
lated as spatial proximity. However, as numerous surveys
have detailed, VSM and other conventional term-based re-
trieval models operate on a "bag-of-words" assumption, treat-
ing documents as static vectors whose meanings are context
independent and struggling with lexical gaps and polysemy
(Hambarde& Proença, 2023). This foundational model rep-
resents a direct translation of classical objectivism into a com-
putational domain, where meaning remains a fixed, inherent
property of the information object. Contemporary compu-
tational approaches, dominated by large-scale Transformer
architectures, have radically overcome the VSM’s context
insensitivity. Models such as BERT (Bidirectional Encoder
Representations from Transformers) generate "contextual em-
beddings," where the vector representation of a word dynam-
ically changes based on its surrounding text (Devlin et al.,
2019). This capacity allows for a far more nuanced under-
standing of semantics, enabling systems to achieve state-of-
the-art performance in semantic retrieval. Yet, this remark-
able success in performance masks a deeper philosophical
continuity with the classical paradigm. These models are,
first and foremost, powerful predictive models, not explana-
tory ones; they are optimized to forecast linguistic patterns

with high accuracy, but not necessarily to explain the phenom-
ena they model (Sriboonchitta et al., n.d.). This distinction
is crucial. At their core, Large Language Models —from
the foundational BERT to its more powerful successors like
GPT-4 are sophisticated probabilistic systems optimized for
a single overarching goal: uncertainty reduction (Aquilino
et al., 2023). Given a textual context, their entire archi-
tecture and training process are designed to collapse a vast
space of linguistic possibilities into the single, most statis-
tically probable continuation (Cuskley et al., 2024). While
the scale and performance have increased dramatically, the
fundamental objective has not changed. They are, in essence,
ultimate machines for producing certainty from ambiguity.
This philosophical aim, the production of a single, authori-
tative outcome, places them firmly in the intellectual lineage
of the classical paradigm. It stands in stark contrast to a
quantum-inspired framework, which seeks not to resolve the
multiplicity of meaning into a single state, but to preserve
this multiplicity as a fundamental and explorable property of
the information system itself.

Quantum Applications in Information Science: A Critical
Review

The conceptual richness of quantum theory has provided
fertile ground for innovation across information science. As
comprehensive surveys by Uprety et al. (2020) and Wu et
al. (2021) illustrate, these applications bifurcate into two
streams: "quantum-inspired" models leveraging quantum for-
malism for conceptual modeling on classical hardware, and
"quantum computing" approaches utilizing quantum mechan-
ics for computational advantage. A careful examination of
both is necessary to distinguish the present study’s unique
contribution to the theory of knowledge organization.

Quantum-Inspired Information Retrieval (QIR)

The genesis of QIR lies in the work of C. J. van Rijsbergen
(2004), who argued that the mathematical formalism of quan-
tum mechanics provides a more suitable framework for mod-
eling the geometry of information. A pivotal contribution of
this paradigm is the formal distinction between a document’s
intrinsic "aboutness" and its "relevance," which is recognized
as a subjective quality dependent on the user (Lebedev &
Khrennikov, 2020). This opened the door for modeling the
cognitive aspects of search. Subsequent research, notably by
Piwowarski et al. (2010), formalized this by introducing the
concept of "Information Need (IN) Spaces." In this frame-
work, a user’s information need is represented by a density
operator in a Hilbert space (an abstract mathematical space
representing all possible states), while documents are mod-
eled as subspaces. This user-centric model allows for the rep-
resentation of complex queries through mixtures of states and
even different "aspects" of an information need using tensor
products. In this context, tensor products are employed solely
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as a mathematical device to represent the combination of mul-
tiple aspects of an information need within a single represen-
tational space. The term does not imply any form of physical
quantum composition, but rather a structured way to model
that a user may hold several simultaneous and partially inde-
pendent intents during a search session. The core objective,
however, remains focused on the retrieval task: to calculate
the probability of a static document subspace being relevant
to a dynamic user query state. The models offered a quantum
description of how users search but did not extend this quan-
tum perspective to the fundamental nature of the information
repository itself. As Uprety et al. (2020) summarize, the
field has largely concentrated on improving representation,
ranking, and user interaction, rather than reconceptualizing
the foundational principles of knowledge organization. This
gap between quantum-inspired retrieval and the problem of
library-wide classification constitutes the point of departure
for the present framework.

Quantum Machine Learning (QML) and NLP

A separate stream of research, often termed Quantum Ma-
chine Learning (QML), uses actual or simulated quantum cir-
cuits to solve classification and other machine learning prob-
lems (Wu et al., 2021). This domain includes hybrid classical
quantum models for tasks like text classification (Ardeshir-
Larijani & Nasiri, 2023) and quantum-inspired classifiers that
have shown competitive performance on benchmark datasets
(Bertini & Leporini, 2023). While these approaches are pow-
erful, their primary objective is performance and the devel-
opment of new classification algorithms. They do not, in
themselves, offer a new conceptual framework for organizing
information at the library-wide scale. Similarly, the growing
field of quantum cognitively inspired sentiment analysis uses
quantum probability to model the cognitive nuances of human
emotion, but its application remains focused on the specific
task of sentiment classification (Liu et al., 2023).

On Authority, Subjectivity, and Epistemic Justice

This shift has profound implications for classificatory au-
thority. In traditional systems, authority rests with the in-
stitution or the theorist (e.g., Dewey or Ranganathan). In
computational models, authority is ceded to the data and the
algorithm, which inevitably reflect and amplify the biases
within that data. The quantum framework enacts a radical
transfer of authority to the user-in-context. It is the user’s
unique perspective that serves as the measurement appara-
tus, making the system inherently pluralistic. This provides
a formal mechanism to address epistemic injustice: whereas
classical systems impose a hegemonic worldview and compu-
tational models reproduce societal biases, the quantum frame-
work allows a document to be classified from a marginalized
perspective just as validly as from a dominant one, promoting
genuine epistemic pluralism.

On Multifaceted Knowledge and Serendipity

Finally, the paradigms differ in their handling of com-
plexity and discovery. Hierarchical systems are reductionist,
forcing multi-faceted knowledge into a single primary sub-
ject. Faceted systems are compositional, able to represent
multiple aspects but ultimately binding them into a single
notation. Computational models tend toward an averaging
effect, often emphasizing the most dominant meaning. The
quantum framework, through the principle of superposition,
is inherently equipped to represent multifaceted knowledge
by holding all facets as co-existing potentialities. This struc-
ture also provides a new theoretical basis for serendipity.
While discovery in older systems relies on physical adjacency
or algorithmic recommendation, our framework explains it
through Semantic Entanglement — a non-local connection
between seemingly unrelated knowledge states, waiting to be
revealed by a specific observational context. This transforms
the library from a static repository to be searched into a dy-
namic knowledge system that evolves instantaneously with
every user interaction.

The Theoretical Framework: Principles of a Quantum
Classification System

The limitations of classical and computational paradigms,
as demonstrated, are not merely technical but conceptual.
To move beyond them requires a new set of foundational
principles that embrace, rather than eliminate, the inherent
ambiguity, contextuality, and multiplicity of meaning in infor-
mation. Drawing inspiration from the well-established field
of quantum cognition — which posits that human judgment
under uncertainty often violates classical logic but aligns with
quantum probability (Busemeyer & Bruza, 2012; Pothos &
Busemeyer, 2022) — this paper proposes a theoretical frame-
work for knowledge organization. This framework is built
upon three core concepts adapted from quantum mechan-
ics: Knowledge Superposition, Semantic Entanglement, and
Observer-Dependent Measurement. Together, these princi-
ples reconceptualize the document not as a static object to be
classified, but as a dynamic system of potential knowledge.

Clarification of terminology

The quantum terminology employed in this paper (such
as superposition, entanglement, and collapse) is used in a
metaphorical and epistemological sense, following the tradi-
tion of quantum cognition. The framework does not claim
the presence of physical quantum processes in library sys-
tems; rather, the formalism of quantum probability is adopted
as both a conceptual model and a computational formal-
ism to represent contextuality, multiplicity of meaning, and
observer-dependent interpretation within knowledge organi-
zation.
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Principle I: Knowledge Superposition and the Wave Func-
tion of Meaning

In quantum mechanics, the principle of superposition
states that a physical system can exist in multiple distinct
states simultaneously until a measurement is made (Nielsen
& Chuang, 2010). In the field of quantum cognition, this
principle has been successfully used to model the ambiguity
of human judgments, where a person’s belief state is not fixed
but exists as a superposition of potential, even conflicting,
beliefs (Busemeyer & Bruza, 2012).

We adapt this principle to propose the concept of Knowl-
edge Superposition. Within our framework, a document is not
assigned a single, fixed classification number. Instead, it is
considered to exist in a superposition of all its potential classi-
fications and semantic contexts. We term this state the "Wave
Function of Meaning”. This is a conceptual representation
(formally, a state vector in a Hilbert space) that encodes not
one meaning, but the entire landscape of probable contextual
and classificatory meanings and their relative weights. For
example, a book on the history of perspective in Renaissance
art is not simply classified under "Art History" (DDC 709)
or "Physics" (DDC 530). Its Wave Function of Meaning
would represent it as a probabilistic blend: perhaps a 60%
potentiality of being about "Art History," a 30% potentiality
of being about "Optical Physics," and a 10% potentiality of
being about "Philosophy of Science." This principle formally
addresses the fundamental problem of interdisciplinarity that
plagues rigid, enumerative systems like DDC. By treating a
document’s meaning as a spectrum of possibilities, we create
a classification system that is inherently more flexible and
honest about the multifaceted nature of knowledge itself.

Principle II: Semantic Entanglement and the Basis for
Serendipitous Discovery

Entanglement in quantum physics describes a state where
two or more particles become inextricably linked, and the
state of one instantaneously influences the state of the other,
regardless of distance (Nielsen & Chuang, 2010). This con-
cept of non-local connection has been extended to social sci-
ences as a metaphor for "human entanglement" — the hidden
forces and relationships that connect human actions and com-
munications (Aspalter, 2024). In computational linguistics, it
has been used to model deep semantic relationships between
words that go beyond simple co-occurrence (Xie et al., 2015).

We propose a parallel concept for knowledge organization:
Semantic Entanglement. In our framework, two or more
documents can become entangled, meaning their potential
classifications are correlated in a non-classical way. This
relationship is not based on shared keywords or citations, but
on a deeper, latent conceptual connection that can only be
revealed by a specific context. This provides, for the first
time, a formal theoretical basis for serendipity in knowledge

systems. Serendipity (or what might also be conceptualized
as semantic "synchrony"— meaningful coincidences bridg-
ing seemingly unrelated domains), often seen as "accidental
information discovery," is a highly valued but poorly under-
stood phenomenon in library science, often seen as a product
of chance or system design that facilitates browsing (Erdelez,
2018; Race & Makri, 2016). Our framework posits that
serendipity is not accidental but is the result of revealing
a pre-existing semantic entanglement. For example, a user
studying economic history interacts with a document on 17th
century Dutch tulip mania (Document A). In a classical sys-
tem, this might lead to other documents on economics. In
our quantum system, this interaction could "collapse" the
state of Document A in a way that reveals its entanglement
with a seemingly unrelated document on Newtonian optics
(Document B). The latent connection, invisible to classical
models, is that both phenomena occurred during the same pe-
riod of intense speculation, scientific revolution, and the birth
of modern finance in Northern Europe. This entanglement
allows the system to reveal profound, non-obvious connec-
tions, transforming the library from a collection of isolated
items into a deeply interconnected web of knowledge.

Principle III: Observer-Dependent Measurement and the
Redefinition of Classification

The "measurement problem" in quantum mechanics refers
to how a system in superposition collapses into a single def-
inite state upon measurement (Nielsen & Chuang, 2010).
In quantum cognition, this is used to explain contextuality,
where the act of making a judgment (the measurement) ac-
tively creates the outcome rather than simply revealing a pre-
existing belief (Busemeyer & Bruza, 2012; Pisano & Sozzo,
2020). This resolves paradoxes where the order of questions
changes the answers, because each question acts as a mea-
surement that alters the cognitive state.

This principle is the culmination of our framework. Here,
the "Observer" is the user, and their perspective or informa-
tion need constitutes the "Measurement." The act of classi-
fication is therefore no longer a static, a priori process per-
formed by the cataloger. Instead, classification is an event
a dynamic, observer-dependent outcome of the interaction
between a user and a document’s Wave Function of Mean-
ing. This directly addresses the central critique of classical
classification systems: that they are never neutral but are
acts of power that impose a single, often biased, worldview,
thereby creating "epistemic injustice" (Olson, 2002; Fricker,
2007). Our framework resolves this not by attempting to
create a "neutral" classification (an impossible goal), but by
creating a system where a multitude of classifications co-exist
in potential. Even within the classical paradigm, practitioners
recognize that classification is an interpretive, negotiated pro-
cess. Ethnographic studies of catalogers reveal the "hidden
negotiations" they undertake daily to fit complex materials
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into flawed, rigid systems (Belantara & Drabinski, 2022).
Our framework formalizes this subjective reality by making
it a central feature, not a bug. Let us return to the book
on Renaissance perspective: An art historian approaches the
book with a "History" perspective (the measurement). The
book’s wave function collapses, and the system presents it
with a high probability as an item belonging to the "Art His-
tory" classification. A physicist approaches the same book
with a "Science" perspective. The wave function collapses
differently, classifying it as primarily relevant to "Physics."
This principle fundamentally shifts the locus of classificatory
authority from the institution to the point of use. The library
thus becomes a participatory system that actively adapts its
intellectual structure to the perspectives of its users, making
it a more equitable and dynamic knowledge space.

A Computational Proof-of-Concept: Simulating
Observer-Dependent Classification

To demonstrate the computational feasibility of our theo-
retical framework, we developed a proof-of-concept simula-
tion. The objective was to produce a clear, quantifiable model
of our core principles using established technologies.

Methodology

Our simulation illustrates how a single multifaceted doc-
ument can be assigned different classifications depending on
the user’s perspective. The process involves three steps:

1. Semantic Encoding: A document’s multifaceted mean-
ing is represented as a density matrix. This was derived
from the weighted vector embeddings of its constituent
paragraphs (using SBERT), with weights proportional
to paragraph length.

2. Observer Parameterization: A user’s perspective is
modeled as a “conceptual lens” or projection opera-
tor. We constructed four lenses corresponding to broad
Dewey classes: Arts (700s), Science (500s), Social
Sciences (300s), and Religion (200s).

3. Measurement Simulation: The classification event was
modeled by applying a lens to the document’s density
matrix. The probability of classification "collapse" was
then calculated using the Born rule (a fundamental pos-
tulate of quantum mechanics that gives the probability
of obtaining a specific measurement outcome).

Specification of Prototypical Concept Vectors

The prototypical concept vectors were constructed to rep-
resent the epistemic cores of four Dewey classes: Arts (700s),
Science (500s), Social Sciences (300s), and Religion (200s).
For each class, a definitional corpus was compiled from offi-
cial DDC summaries and scope notes available in WebDewey

and the DDC Manual (OCLC, 2011). Between 6 and 10 sen-
tences describing the conceptual boundaries, typical topics,
and inclusion/exclusion rules of each class were selected.
These texts were encoded using the same SBERT model
applied to the documents. The resulting embeddings were
averaged to produce a centroid vector for each class, which
served as the projection operator defining the conceptual lens.
This procedure ensured that both prototypes and documents
were represented in an identical semantic space and that the
lenses reflect established classificatory semantics rather than
adhoc researcher intuition

Measurement Simulation: The classification event was
modeled by applying a lens to the document’s density ma-
trix. The probability of classification “collapse” was then
calculated using the Born rule (a fundamental postulate of
quantum mechanics that gives the probability of obtaining a
specific Table 2.

Case Study and Results

We selected three interdisciplinary documents for analysis:
Anatomical Studies of Leonardo da Vinci, The Economics of
Climate Change, and the biography of Hildegard of Bingen.
The results are presented numerically in Tables 1, 2, and 3,
and visually in Figure 1.

Table 1 presents the primary results from our quantum-
inspired model. It shows the probabilistic outcomes when
the document’s full semantic landscape (its density matrix) is
measured with different contextual lenses.

The results in Table 1 illustrate the concept of knowledge
superposition. The Da Vinci document does not belong ex-
clusively to one class; it exists in a near-equal superposition
of Arts (41%) and Science (38%). Similarly, The Economics
of Climate Change is a strong mixture of Science (46%)
and Social Sciences (39%). The model correctly identifies
Religion (47%) as the primary aspect for Hildegard.

Unlike cosine ranking, which derives plurality through
post-hoc ordering of distances, the proposed model encodes
plurality within a single density matrix prior to any ranking
operation. We use a similarity approach and a traditional
TF-IDF classifier.

The classical baselines are not inherently binary; cosine
similarity can represent graded distances and may be used for
probabilistic ranking. The distinction in our approach lies not
in the metric itself but in the representational framework: the
quantum model operates on a density matrix and projection
operators using the Born rule, whereas the baselines com-
pare point vectors to prototypes. Consequently, the quantum
model explicitly preserves multiple potential classifications
within a single formal state rather than deriving plurality from
post-hoc ranking.

While the classical baselines correctly identify the pri-
mary topic, they tend to reduce the representation to a single
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Table 1

Probabilistic Classification Outcomes
Document Title Arts (700s) Science (500s) Social Sciences

(300s)
Religion (200s)

Leonardo da Vinci: Anatomical Studies 0.41 0.38 0.12 0.009
The Economics of Climate Change 0.08 0.46 0.39 0.07
Hildegard of Bingen: A Biography 0.17 0.14 0.22 0.24

Table 2

Top Classification from Classical Baselines
Document Title Cosine

Similarity
TF-IDF

Leonardo da Vinci:
Anatomical Studies

Arts (0.76) Arts

The Economics of Climate
Change

Science
(0.81)

Science

Hildegard of Bingen: A
Biography

Religion
(0.83)

Religion

dominant outcome and do not formally express the degree of
interdisciplinarity.

To formalize the advantage of the quantum model, we
introduce a simple metric, the Quantum Information Gain,
defined as the absolute difference in probability between the
top two classifications in the quantum model. A smaller
difference indicates a richer and more complex superposition
state.

The analysis in Table 3 provides quantitative for what is
visually depicted in Figure 1. The quantum-inspired approach
is not merely a classification tool, but also an analytical frame-
work for measuring the degree of interdisciplinarity within
documents.

Figure 1 provides a geometric confirmation of our central
claim. The plot displays the semantic relationships between
the paragraph vectors of the three case-study documents (the
colored clusters) and the prototypical concept vectors that
define the classificatory "lenses" (the large, shaped markers).
The spatial arrangement is the geometric manifestation of
each document’s knowledge superposition:

1. The vector cluster for Da Vinci’s Anatomy (blue) re-
sides primarily between the Arts and Science proto-
types, while also showing a measurable proximity to
the Religion vector, indicating a triadic rather than
purely dual orientation, visually confirming its dual
nature as captured in Table 1.

2. Similarly, the Economics of Climate Change cluster

Figure 1

A 2D PCA Visualization of the Semantic Space. Ellipses
enclose the paragraph vectors for each document (Blue: Da
Vinci’s Anatomy; Orange: Economics of Climate Change;
Purple: Hildegard of Bingen). The proximity of each doc-
ument cluster to the prototypical concept vectors provides
a direct visual analogue for the probabilistic classification
outcomes. Conceptual arrows illustrate the "attractive force"
of each concept on the document clusters. The quantum
model, in contrast, quantifies this complexity and renders it
interpretable.

(orange) is positioned near the Social Sciences pro-
totype, while still showing a clear orientation toward
Science.

3. Most compellingly, the Hildegard of Bingen cluster
(purple) occupies a complex space defined by the in-
terplay of Religion, Arts, and Science, perfectly illus-
trating the model’s capacity to represent a truly multi-
faceted entity.

Ultimately, the proximity of each document cluster to the
various concept vectors provides a direct visual analogue
for the probabilistic outcomes in Table 1. This visualiza-
tion makes the abstract concept of a document’s meaning as
a "superposition of states" tangible, demonstrating that its
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Table 3

Quantum Information Gain (Quantifying Interdisciplinarity)
Document Title Top Two Possibilities Information

Gain
Interpretation

Leonardo da Vinci: Anatomical
Studies

0.41 (Arts), 0.38 (Science) 0.03 Highly interdisciplinary

The Economics of Climate Change 0.46 (Science), 0.39 (Social Sciences) 0.07 Highly interdisciplinary
Hildegard of Bingen: A Biography 0.47 (Religion), 0.22 (Social Sciences) 0.25 Clear primary topic, with

significant secondary
facets

classification is indeed an emergent property of the interac-
tion between a multifaceted information object and a focused
observational context.

Discussion and Future Directions

Toward a New Paradigm of Knowledge Organization

This study does not seek to replace cosine similarity or
TF-IDF, but to introduce a different epistemic representation
of documents. The contribution lies in modeling classifica-
tion as an observer-dependent event operating on a density
matrix rather than as a deterministic assignment derived from
a single point vector. In this view, classificatory outcomes
are not fixed properties of documents, but contextual realiza-
tions shaped by the user’s perspective, thereby aligning the
technical model with longstanding critiques of classificatory
authority in library science.

On Model Bias

As the simulation relies on SBERT embeddings, the se-
mantic space inevitably reflects the cultural and linguistic
biases present in its training data. This limitation echoes
earlier discussions of epistemic injustice in both classical and
computational systems. The use of projection operators as
community-defined lenses does not eliminate such bias, but
it renders it contestable by enabling alternative perspectives
to reshape classification outcomes without retraining the un-
derlying model. The framework therefore shifts the question
from how to produce a single neutral classification to how
multiple situated classifications can coexist transparently.

Practical Implications and Feasibility

The implications for libraries are significant. This frame-
work could enable:

1. Dynamic Classification Systems for multifaceted re-
sources.

2. Intelligent Recommendation Systems based on latent
semantic affinities.

3. Equitable Knowledge Discovery by supporting classi-
fication through diverse cultural perspectives.

We also acknowledge limitations. For near-term feasibil-
ity, the proposed framework may be best implemented as a dy-
namic discovery layer on top of existing catalogs—preserving
repository stability while enhancing user-centric adaptability.

The proof-of-concept remains limited by the small number
of prototypes and the dependence on English-centric embed-
dings. Future work should evaluate multilingual models and
community-generated lenses to ensure cultural plurality.

Toward a Quantum Future: Open Questions Several Av-
enues Remain Open for Research

1. How can semantic entanglement be modeled computa-
tionally to enhance serendipitous discovery?

2. What new user interfaces are required to navigate a
probabilistic knowledge space?

3. How might this paradigm reshape the cultural role of
libraries?

Conclusion

Ultimately, this paper is a call to rethink our most basic
assumptions about how knowledge is organized. If classical
classification was designed for the stable, physical shelves of
libraries, perhaps quantum-inspired classification is designed
for the fluid, multidimensional shelves of the human mind. It
invites us to move beyond organizing knowledge as a static
collection of answers and toward designing systems that em-
brace knowledge as a dynamic, participatory conversation.
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