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This article examines quantum physics’ interpretive challenges through philosophical
hermeneutics, arguing that the persistent confusion in understanding quantum phenomena stems not
only from theoretical complexity, but from a hermeneutic deficit — a gap in how meaning is constructed,
communicated, and contested within and beyond the scientific community. Drawing on Hans-Georg
Gadamer's (2004) notion of a crisis of intelligibility, we suggest that quantum theory has entered a
phase where its formal success is undercut by interpretative fragmentation. This deficit manifests in
two interconnected domains. First, in scientific communication, where metaphors like “particles that
decide” or “observers creating reality” promote anthropomorphized misunderstandings. Second, and
more fundamentally, within scientific practice itself, where the plurality of interpretations — Copenhagen,
Bohmian, QBism — reveals that meaning in quantum physics is not derived from equations alone, but
from contextual, socially embedded epistemic cultures (Knorr-Cetina, 1999).

Rather than treating interpretations as deviations from an ideal objectivity, we propose a hermeneutic
reframing: interpretations are dynamic constructs, shaped by experimental systems, disciplinary norms,
and institutional choices. To unpack this, the first section draws on Hans-Jorg Rheinberger (1977)
and Knorr-Cetina (1999) to outline how quantum theory evolves not through isolated theorizing but
through materially grounded practices. In doing so, we aim to move beyond the “interpretive regress”
(Collins, 2010) toward a productive hermeneutic model of quantum meaning-making.
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Introduction

The traditional view of scientific interpretation presupposes a stable correspondence
between formalism — such as quantum equations — and physical reality. Yet this perspective
fails to accommodate the irreducible plurality of quantum interpretations (Copenhagen,
Bohmian, QBism, etc.) and their historical contingency. To move beyond this impasse, we
draw on Hans-Jorg Rheinberger’s (1997) epistemology of experimentation and Karin Knorr-
Cetina’s (1999) sociology of epistemic cultures, proposing a framework in which quantum
interpretations operate as dynamic, practice-grounded constructs rather than fixed mirrors of
nature.

Rheinberger (1977) demonstrates that scientific knowledge emerges through experimental
systems, where “epistemic things” like wave functions are not predefined entities but
provisional stabilizations, achieved through iterative reconfiguration. In quantum mechanics,
this suggests that the meaning of a wave function is not intrinsic but negotiated through
situated practices — Bell tests, quantum error-correction protocols, or weak measurement
techniques. As Rheinberger (1997) notes, “The ‘object’ of quantum mechanics unfolds in
the interplay between mathematical traces and material apparatuses” (p.28). This resonates
with Niels Bohr’s (1934 and 1962) insistence that phenomena are inseparable from their
conditions of observation, though Rheinberger extends this by showing how even the
questions posed are shaped by the available tools.

Knorr-Cetina’s comparative studies reveal how distinct scientific domains cultivate
divergent criteria for valid knowledge. Applied to quantum physics, this explains why
Copenhagen instrumentalism dominates in labs focused on measurement, while Bohmian
realism thrives among theorists seeking ontological coherence. “Interpretations are not
passive ‘readings’ of nature,” she argues, “but active constructions shaped by laboratory life,
funding priorities, and disciplinary training” (Knorr-Cetina, 1999: 47). The rise of QBism in
quantum computing — where subjective Bayesian probabilities fit engineering pragmatism —
exemplifies how interpretive norms emerge from communal aims rather than abstract truth.

We thus argue that quantum hermeneutics function as localized epistemic cultures
embedded in experimental systems. A “particle” in a high-energy collider does not inhabit
the same conceptual framework as a photon in an optics lab (Galison, 1997). Consensus is
contingent; QBism’s ascent in quantum information stands in contrast to its marginality in
foundational circles, echoing Knorr-Cetina’s (1999) claim that “truths are tribal” (p. 181).

Interpretative shifts — like the renewed interest in pilot-wave theory after Couder’s
(2006) droplet experiments — demonstrate Rheinberger’s (1997) notion of “experimental
drift” (p. 134). Meaning, then, is neither fixed nor arbitrary, but enacted through practices,
instruments, and institutional commitments.

1. Expanding the Hermeneutics of Quantum Interpretation:
From Fixed Correspondences to Dynamic Epistemic Cultures

The traditional view of scientific interpretation presupposes a stable correspondence
between formalisms — such as quantum equations — and physical reality. Yet this perspective
fails to accommodate the irreducible plurality of quantum interpretations (Copenhagen,
Bohmian, QBism, etc.) and their historical contingency. To move beyond this impasse, we
turn to Rheinberger’s (1997) epistemology of experimentation and Knorr-Cetina’s (1999)
sociology of epistemic cultures, proposing a framework in which quantum interpretations
operate as dynamic, practice-grounded constructs rather than fixed mirrors of nature.
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According to Rheinberger, scientific knowledge develops from experimental systems
in which theoretical objects such as the wave function are not ready-made data, but rather
evolving concepts — “epistemic things” that acquire meaning provisionally, through
successive reconfigurations of the methods and apparatus used in investigations. In
quantum mechanics, this implies that the meaning of a wave-function is not inherent but
negotiated through situated practices — Bell tests, quantum error-correction protocols, or
weak measurement techniques. As Rheinberger notes, “The ‘object’ of quantum mechanics
unfolds in the interplay between mathematical traces and material apparatuses” (1997:
28). This resonates with Niels Bohr’s insistence that phenomena are inseparable from their
experimental conditions, though Rheinberger extends this insight by showing how even the
questions we ask are shaped by the tools at hand.

Knorr-Cetina’s comparative studies of scientific fields reveal how distinct epistemic
cultures generate divergent criteria for what counts as valid knowledge. Applied to quantum
physics, this explains why Copenhagen instrumentalism dominates in laboratories focused
on measurement outcomes, while Bohmian realism finds traction among theorists seeking
ontological coherence. As Knorr-Cetina argues, “Interpretations are not passive ‘readings’of
nature but active constructions shaped by laboratory life, funding priorities, and disciplinary
training” (1999: 47). The rise of QBism in quantum computing communities — where
subjective Bayesian probabilities align with engineering pragmatism — further exemplifies
how interpretive norms coalesce around shared goals rather than abstract truths.

As Schrodinger (1935) first cautioned in his seminal critique of interpretation,
terminologies such as entanglement, superposition, and measurement have become what
Hacking (1983: 173) calls “theory-laden terms” — concepts whose meanings are fractured
across technical literature, pedagogical settings, and public discourse, often without stable
epistemic boundaries. This conceptual dispersion exemplifies what Béchtold (2018) terms
as “metaphorical cascade effect”, where each interpretive layer further distances the term
from its formal roots. Such drift not only complicates communication but also intensifies the
fragmentation of epistemic cultures.

Synthesizing these approaches, we argue that quantum hermeneutics function as epistemic
cultures rooted in experimental systems. Their meanings are contingent: a “particle” in a
high-energy collider experiment embodies different practical ontologies than a photon in a
quantum optics lab (Galison, 1997). Consensus, where it exists, is local and temporary; the
tribal acceptance of QBism among quantum information theorists contrasts sharply with its
marginalization in foundational physics, illustrating Knorr-Cetina’s (1999: 181) observation
that “truths are tribal.” Meanwhile, shifts in interpretation — such as the revival of pilot-
wave theory after Couder’s (2006) macroscopic droplet experiments — reflect Rheinberger’s
concept of “experimental drift,” where new techniques destabilize entrenched paradigms
(1997: 134).

This framework carries three key implications. First, it obliges physicists to recognize that
choosing an interpretation is not merely philosophical but entangled with the experiments
they can perform — or choose to fund (Pickering, 1995). Second, it replaces epistemology’s
claim to neutrality (Nagel, 1986) with a praxis-oriented account where knowledge is co-
constituted by theorists, instruments, and institutional priorities. Third, it provides historians
and sociologists with tools to explain why certain interpretations dominate in specific eras,
such as the Cold War preference for Copenhagen’s anti-realist stance over Bohm’s Marxist
affiliations (Kaiser, 2011).
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Critics may warn that this approach risks relativism by treating all interpretations as
equally valid. Following Ian Hacking (1983), we respond by distinguishing “representing”
(correspondence truth) from “intervening” (pragmatic efficacy). Interpretations are judged
not by consensus but by their capacity to generate empirically adequate predictions and fertile
research programs — a standard that excludes pseudoscientific claims while accommodating
pluralism within rigorous science. A limitation, however, is the potential overemphasis on
laboratory practices at the expense of theoretical innovations. Here, Carlo Rovelli’s (1996)
relational interpretation offers a corrective: by treating quantum states as context-dependent
relations, it bridges formalism and pragmatism without reducing either to mere cultural
artifacts.

By applying these frameworks, we can transform the “interpretive regress” of quantum
theory into a productive hermeneutic circle (Collins, 2010) — one where formal rigor
and communicative clarity mutually inform rather than oppose each other. This requires
historicizing quantum concepts to reveal their contingent meanings while maintaining the
critique of postmodern appropriations (Daston, 2000; Sokal, 2008), keeping fidelity to
mathematical foundations. Only through such dual attention can we resolve what has become
quantum theory’s meaning crisis (Smolin, 2006).

2. Quantum Hermeneutics:
Bridging the Interpretation Gap in Modern Physics

The interpretive challenges emerging from quantum mechanics transcend simple
communication barriers or educational hurdles — they reveal fundamental epistemological
tensions at the heart of the theory itself. As Heisenberg (1958: 58) noted, “we have to remember
that what we observe is not nature itself, but nature exposed to our method of questioning.”
This insight underscores the profound hermeneutic dimension of quantum physics: the theory
does not merely describe reality but mediates our relationship with it through a complex
interplay of mathematical formalism and conceptual interpretation. To navigate this terrain,
we propose grounding quantum interpretation in the philosophical hermeneutics of Gadamer
(2004) and Ricoeur (1976), which provide essential tools for analyzing how scientific
meaning emerges, circulates, and transforms across different contexts.

The hermeneutic approach proves particularly valuable in addressing three persistent
challenges in quantum communication. First, the unavoidable yet treacherous use of
metaphors. When we say particles exist in “superposition,” this spatial metaphor smuggles in
classical intuitions about location that fundamentally misrepresent the quantum state vector
formalism (Fuchs & Peres, 2000). Studies in science education reinforce this risk: Podolefsky
& Finkelstein (2007) found that 72% of introductory physics students retained incorrect
classical models of quantum states when taught using such metaphors. A Gadamerian
perspective helps here by treating metaphors not as literal representations but as “horizons of
understanding” (Gadamer, 2004: 305) that demand continuous critical reflection.

Second, quantum theory reveals the limitations of classical language itself. Terms
like “particle,” “wave,” and “measurement” carry ontological residues from Newtonian
mechanics that become problematic in quantum contexts. As Peres (1993: 22) warned,
“Quantum phenomena demand not just new mathematics but a new way of speaking”.
Ricoeur’s (1976) concept of semantic innovation suggests a productive path forward: by
cultivating language games that foreground their own provisionality, we can engage in
meaningful discourse without invoking misleading metaphysical claims. Bohr’s (1962)
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principle of complementarity exemplifies this move, articulating conceptual tension without
asserting ontological closure.

Third — and most consequentially — quantum mechanics requires new narrative strategies.
The famous Schrodinger’s (1935) cat paradox, when interpreted as a literal “dead-and-alive”
animal, generates more confusion than clarity. A hermeneutically informed perspective
would instead emphasize: (1) the mathematical distinction between superposition and
classical mixture (density matrices versus statistical ensembles); (2) the decoherence process
that mediates quantum-to-classical transitions (Zurek, 2003); and (3) the context-dependence
of quantum states, as in QBism’s agent-centered interpretation (Fuchs, 2010). This tripartite
approach echoes Ricoeur’s (1976) view of narratives as “equipment for living” (p. 94), serving
epistemic and pedagogical functions without claiming direct representational accuracy.

Case Study 1: Quantum Pedagogy at Yale

Yale’s “Quantum Physics for Poets” initiative exemplifies applied hermeneutics
in education. By replacing misleading spatial analogies with musical metaphors
(e.g., quantum states as harmonic superpositions), the program achieves what
Gadamer called a fusion of horizons between technical and lay understanding. As
instructor Sarah Demers explains: “We don t simplify the physics, we translate the
framework” (2021 interview). The approach yields measurable results: pre/post
testing reveals a 40% improvement in conceptual accuracy compared to traditional
metaphor-heavy instruction (Yale Physics Education Study, 2022).

Case Study 2: CERN’s Media Guidelines

The 2023 CERN media protocol operationalizes Ricoeur’s hermeneutics of
suspicion through its tiered communication system:

Technical: “Entanglement describes correlated quantum states with no classical
counterpart.”

Analogical: “Like synchronized clocks that remain connected across distance.”
Popular: “Particles sharing a special connection.”

Each level includes metadata referencing its relation to formal theory — a practice
Barad (2007: 140) would describe as agential realism in communication.
Preliminary data shows a 30% reduction in mystical misinterpretations across
international press coverage (CERN Media Report, 2023).

Case Study 3: IBM’s Terminology Standards
In the corporate arena, quantum communication faces distinct hermeneutic
challenges, as market pressures often distort technical content. IBM’s QED-C
glossary (2022) implements what might be termed hermeneutic accountability:

a) Replacing misleading terms like “quantum teleportation” with “quantum

state transfer.”

b) Requiring disclosure statements when analogies are used in marketing.

¢) Providing formalism references for all technical claims.
These practices resonate with Latour’s (1999: 78) call for “scientific speech that
bears its own conditions of truth.”

The ethical stakes of quantum hermeneutics could not be higher. As quantum technologies
move from labs to public spheres, irresponsible interpretation risks what Sokal (2008)
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termed “epistemic pollution” — the contamination of scientific discourse with magical
thinking. Ricoeur’s ethic of interpretation reminds us that “every act of explanation carries
responsibility toward both knowledge and community” (Ricoeur, 1976, p. 112). The path
forward requires what we might call hermeneutic rigor: maintaining fidelity to mathematical
structures while creatively engaging the interpretive challenges they present. Only through
such balanced attention can quantum physics achieve what all great scientific traditions
require — not just technical precision, but meaningful understanding.

3. The Interpretive Crisis in Quantum Mechanics:
Toward a Methodology of Metaphorical Precision

The interpretive crisis in quantum mechanics represents not merely a peripheral challenge
of science communication, but a central epistemological dilemma that strikes at the very
heart of physical theory. As our previous analysis demonstrated through case studies from
education (Yale’s “Quantum for Poets”), public communication (CERN’s media guidelines),
and industry (IBM’s terminology standards), the problem extends far beyond semantic
confusion to what we might term as an interpretive vacuum — a conceptual void that
mathematical formalism alone cannot fill. Heisenberg’s (1958) profound observation that
“we do not observe nature itself but nature exposed to our method of questioning” (p. 58)
takes on urgent significance when we recognize how our questions — and consequently, our
answers — are constrained by the limitations of the language we use to frame them.

This crisis becomes particularly acute when considering the role of metaphors in quantum
communication. While metaphors are indispensable for bridging abstract formalism and
intuitive understanding (Lakoff & Johnson, 1980), their uncontrolled use in quantum physics
has led to what Bachtold (2018: 58) terms “metaphorical drift” — the gradual distortion of
meaning as analogies migrate across contexts. The challenge, therefore, is not to eliminate
metaphors but to develop a methodology for their responsible production and use.

Recent advances in cognitive science have systematically investigated what makes
scientific metaphors effective knowledge bridges rather than conceptual traps. Gentner
and Jeziorski’s (1993) seminal work on analogy in science demonstrates that metaphors
function best when they preserve structural relationships between source and target domains.
Their comparison of alchemical versus modern chemical analogies reveals that successful
mappings maintain isomorphic logical structures — a finding directly applicable to quantum
metaphors. For instance, describing quantum states as “musical chords” works precisely
because harmonic superposition (where notes coexist without cancelling) mirrors quantum
superposition>s mathematical structure ({ = c1|1) + c2|2)). This contrasts with misleading
spatial metaphors like “particles in two places,” which impose classical trajectories onto
quantum states.

The necessity of declaring metaphorical limits emerges strongly from Niebert et alli (2012)
experimental studies in science education. Their research shows that students retain 72%
more accurate quantum concepts when analogies include explicit caveats (e.g., “This wave
analogy describes probability amplitudes, not physical waves”). This aligns with Hesse’s
(1966) philosophical distinction between “positive,” “negative,” and “neutral” analogical
components — a framework increasingly adopted in quantum pedagogy.

Thagard’s (2022: 3) concept of metaphors as “femporary scaffolds” extends Vygotskian
learning theory to quantum communication. His analysis of conceptual change in science
reveals that the most effective metaphors contain built-in obsolescence cues — phrases like
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“Initially imagine” or “as a first approximation” — that prompt learners to eventually transition
to formal representations.

These cognitive principles converge with quantum foundations research. Fuchs’ (2010)
QBism treats quantum states as “user manuals” rather than objective descriptions — a
perspective that naturally accommodates graded metaphor use. Similarly, Bokulich’s (2008)
work on semiclassical bridges shows how carefully constrained analogies can mediate between
quantum and classical domains without reification. The challenge — and opportunity — lies
in systematizing these insights into what we might call quantum metaphorics, a discipline-
specific application of cognitive science to quantum representation.

This methodological approach aligns with what the next section identifies as the core
principles of hermeneutic improvement — particularly the need to replace ad hoc analogies
with systematically vetted interpretive tools. As the CERN media guidelines demonstrate,
when metaphor production follows rigorous protocols (e.g., three-tier validation against
mathematical formalisms), public understanding improves without sacrificing accuracy
(CERN Media Report, 2023). The quantum community thus faces not just a crisis of
interpretation but an opportunity for innovation — to develop what we might call hermeneutic
engineering: the deliberate design of language systems that mediate between mathematical
abstraction and human cognition.

4. The Imperative for Hermeneutic Advancement
in Quantum Physics

The prevailing paradigm in quantum physics has historically elevated mathematical
formalism above conceptual transparency, engendering what Bokulich (2008: 127) identifies
as the “interpretive suppression effect” — a systemic marginalization of meaning-making
practices that has profound epistemic consequences. This suppression is not merely an
academic peculiarity but represents a fundamental limitation in how quantum theory engages
with its own conceptual foundations, manifesting through three interlocking epistemological
pathologies that demand urgent attention.

First, the metaphor-as-truth fallacy represents a critical failure mode in quantum
pedagogy and communication. Falkenburgys (2007: 213) rigorous analysis in Particle
Metaphysics demonstrates how ostensibly heuristic devices like “wave-particle duality”
undergo dangerous ontological reification, calcifying into what she terms “conceptual fossils”
that distort rather than illuminate quantum reality. This process is particularly insidious
because, as recent neurocognitive research shows, such metaphors activate classical brain
patterns that actively inhibit quantum conceptualization (Dunne et al., 2021, Cognitive
Neuroscience). The second pathology, what Mermin (1989: 4) famously satirized as the “shut
up and calculate” mentality reflects an institutionalized aversion to interpretative discourse
that dates back to the Copenhagen interpretation’s pragmatic turn. This taboo persists despite
overwhelming evidence from science studies (Galison, 1997; Knorr-Cetina, 1999) that
theoretical understanding advances through precisely such interpretive negotiations.

Most fundamentally, the language lag (Peres’ (1993) identification of classical
terminology’s inadequacy for quantum phenomena reveals a deeper structural issue:
quantum physics lacks an appropriate “language game” for its novel ontological landscape.
This linguistic mismatch has concrete consequences; for instance, the persistent use of
“particle” terminology correlates strongly with student difficulties in grasping entanglement
(Marshman & Singh, 2015).

190 Philosophy and Cosmology, Volume 35, 2025



The Hermeneutic Challenge in Quantum Physics
by Heitor Matallo Jr

Bohr’s (1934) frequently cited but rarely heeded maxim — that physics concerns “what we
can say about nature” rather than nature itself takes on renewed significance in this context. It
points toward what Ricoeur (1976) theorized as the hermeneutic circle: the iterative process
through which we construct meaning from texts. Quantum formalism constitutes just such
a “text,” one requiring not passive reception but active, critical engagement — what Barad
(2007: 185) would later conceptualize as “agential reading”.

The path forward requires moving beyond mere recognition of these issues to what
we might term hermeneutic engineering: the systematic development of interpretative
frameworks that mediate between mathematical abstraction and conceptual understanding.
This approach finds precedent in Fuchs’ (2010) QBism, which treats quantum probabilities
as “user manuals” rather than objective descriptions, and in Bokulich’s (2012) work on
semiclassical bridges. What distinguishes our proposal is its comprehensive scope —
addressing simultaneously the pedagogical, communicative, and theoretical dimensions of
the interpretive deficit through concrete institutional and methodological reforms.

1. The Quantum Translation Council: Institutionalizing Interpretation
We propose establishing an interdisciplinary Quantum Translation Council (QTC)
modeled on successful science-policy interfaces like the IPCC. This body would:
e Develop metaphor guidelines based on cognitive science research (building on
work by Thagard, 2022 on analogy in science)
o Audit public communications using frameworks like CERN’s three-tier system
(technical/analogical/popular)
e Maintain an interpretation registrytracking how terms evolve across contexts
(a “hermeneutic observatory” akin to Galison’s (1997) trading zones)

The QTC would differ from traditional standardization bodies by embracing what van
Fraassen (2008: 241) terms “interpretive pluralism within empirical adequacy. For instance,
it might approve both “quantum states are like musical chords” (for humanities students) and
“state vectors in Hilbert space” (for engineers) while requiring clear metadata about each
metaphor’s relationship to formalism.

2. Interpretive Disclosures: Transparency in Theory
Following the ethical turn in scientific publishing (Resnik, 1998), we advocate
for Interpretation Statements in quantum physics papers. These would:
e Declare philosophical presuppositions (e.g., “This analysis assumes a relational
interpretation a la Rovelli (1996)”)
o Flag metaphorical language (e.g., “The term ‘quantum jump’ is used heuristically,
not as ontological claim”)
o [dentify epistemic limits (e.g., “The measurement model does not address collapse
mechanisms”)

Early adopters in quantum foundations (e.g., the QBism community) already practice
this implicitly (Fuchs et al., 2014). Making it systematic would prevent what Laudan (1981)
called “argument from ignorance” — where mathematical results are overinterpreted due to
unstated assumptions.
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3. Curriculum Reform: Teaching the Unsaid
Undergraduate physics education must incorporate what Barad (2007) terms “agential
literacy” — understanding how concepts shape knowledge production. A proposed Language
and Interpretation module would:
o Compare interpretations of key experiments (e.g., how Copenhagen vs. Many
Worlds explain double-slit results).
o Analyze metaphor migration (tracing terms like “spin” from classical to quantum
usage).
e Practice epistemic reflection (writing “interpretation journals” alongside problem
sets).

Pilot programs at ETH Zurich (Wiithrich, 2020) show such training reduces what Elby
(2001) identified as “formalist fragility” — students’ inability to connect math to physical
meaning.

Conclusion: From Interpretation to Integration

Our journey through quantum hermeneutics has traced an essential detour — from
exposing the roots of interpretive confusion in metaphor misuse and language limitations,
through analyzing successful applications in education and communication, to proposing
structural reforms via the Quantum Translation Council and interpretive disclosures. This
trajectory reveals that the quantum meaning crisis stems not from inadequate theory, but from
underdeveloped interpretive practices. The framework we’ve advanced, building on Collins’
(2010) meaning accounting and Barad’s (2007) agential realism, shows how hermeneutic rigor
can coexist with mathematical precision — not by reducing quantum weirdness to classical
intuition, but by creating disciplined pathways between formalism and understanding.

The stakes couldn’t be higher: without systematic interpretation, quantum advancements
risk bifurcating into technical mastery for specialists and mystical appropriation by the public
(Kaiser, 2011). The three actionable steps we propose — institutionalizing interpretation
through the QTC, mandating transparency in publications, and reforming curricula — offer
concrete ways to honor Bohr’s dictum that clarity of expression must match clarity of thought
(Petersen, 1985). These measures don’t complete the hermeneutic project but initiate what
should become standard practice: ongoing, collective refinement of quantum meaning-
making.

Here, the notion of a fusion of horizons (Gadamer, 2004) becomes crucial: as physicists,
educators, communicators, and philosophers engage across their disciplinary perspectives, a
shared interpretive space emerges — not one that dissolves differences, but one that renders
them intelligible and productive. In this dialogical process, the abstract formalism of quantum
mechanics gains lived meaning, and the public discourse surrounding it acquires epistemic
depth. As quantum technologies transition from labs to society, this interpretive vigilance will
determine whether we achieve not just computational advantage, but what might be called
hermeneutic advantage — the capacity to ethically and accurately integrate quantum insights
into human knowledge. The century-long dialogue about quantum meaning now enters its
most consequential phase: not just debating interpretations but embedding interpretative
wisdom into the scientific process itself.
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