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Abstract

This note argues that probabilistic structure should not be treated as ontologically prim-
itive. Instead, probability is indexed to conditions of recordability: it organizes spaces of
possible records rather than properties of events as such. This yields a principled separa-
tion between the ontology of processes and the formal structures used to describe possible
outcomes.

On this view, the probabilistic formalism of quantum theory underdetermines ontology:
it constrains what can be said about observable outcomes without fixing the nature of
underlying processes. Consequently, attempts—such as in strong forms of Ontic Structural
Realism—to infer ontology directly from probabilistic or correlational structure rest on an
unargued transition from representational to ontological structure. The paper concludes
that any such transition requires independent philosophical justification.

Keywords: probability; measurement; recordability; ontology; structural realism; quantum
mechanics

mailto:an@astraverge.org
https://orcid.org/0009-0002-7724-5762


Contents
1 Introduction 2

2 Events, Records, and Probability 2

3 Probability as Representational Structure 3

4 Kolmogorovian Probability as a Formally Well-Defined but Non-Ontological
Structure 3

5 σ-Algebra as a Formal Closure Structure Without Ontological Content 4

6 Implications for Structural Realism 6
6.1 Quantum Formalism and Recordability . . . . . . . . . . . . . . . . . . . . . . . . 6

7 Conclusion 6

1



1 Introduction
A recurring move in contemporary philosophy of physics is to infer ontology directly from
the formal structure of physical theory. In particular, versions of Ontic Structural Realism
(OSR) take relations, correlations, or probabilistic structures exhibited by quantum theory to
be ontologically fundamental [1].

This move, however, presupposes that formal structure transparently reflects ontological
structure. The present paper challenges this presupposition. In particular, it argues that
probabilistic structure is not a feature of events as such, but is instead indexed to conditions
under which events can be stably registered.

The central claim is:

Probability is not an ontological feature of events themselves, but a representational
structure defined relative to conditions of recordability.

More precisely, probabilities organize spaces of possible records, not spaces of events. Events
and processes may occur independently of any particular act of observation, but probability
acquires determinate meaning only relative to systems capable of producing and stabilizing
records.

If this is correct, then the probabilistic and correlational structures emphasized by OSR
cannot be straightforwardly interpreted as ontological primitives. Rather, they belong to a
representational layer that presupposes conditions of access, registration, and comparison. The
transition from formal structure to ontology therefore requires independent justification, and
cannot be read directly off the mathematical apparatus of physical theory.

2 Events, Records, and Probability
We distinguish three levels:

1. Events: physical processes that occur.

2. Records: physically instantiated, stable, and re-identifiable states of a system that encode
the occurrence of events.

3. Probabilities: structures organizing possible records.

A record is a physically instantiated, stable, and re-identifiable state of a system that encodes
the occurrence of an event. Recordability requires (i) stability, (ii) distinguishability, and (iii)
reproducibility under conditions of access. Without such conditions, probability lacks a well-
defined domain.

Events may occur independently of any observer; probability, however, is defined only rel-
ative to conditions of recordability. However, probability does not attach directly to events.
Rather, it is defined over classes of possible records.

No record ⇒ no well-defined probability.

This does not deny that processes occur without observation. It asserts that probability, as
a meaningful concept, presupposes a space of distinguishable outcomes — that is, conditions of
recordability.

This perspective aligns with measurement-theoretic approaches, in which numerical repre-
sentation is grounded in empirical procedures of comparison and registration. In such frame-
works, probability is not taken as a primitive feature of reality, but as a structure emerging
from systems of measurement and representation [2, 3, 4].
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3 Probability as Representational Structure
Probabilistic formalisms, including those in quantum theory, organize expectations about possi-
ble outcomes. They do not, by themselves, establish the ontology of what exists independently
of recording conditions.

Even in objective interpretations, probability is defined only relative to distributions of
recorded outcomes. This does not establish probability as an ontological feature of events, but
as a structure over possible records. Without such distributions, probability lacks operational
meaning.

Thus:

Probability tracks possible records under conditions of access; it does not constitute
the ontology of the underlying process.

This perspective is consonant with interpretations that treat quantum probabilities as expec-
tational rather than ontological, such as QBism and ψ-epistemic approaches, where probabilities
encode agents’ degrees of belief or information about possible outcomes, rather than properties
of underlying reality [5, 6].

Example. Consider radioactive decay. A decay event may occur independently of observation,
but a probability distribution (e.g., exponential decay law) is defined only over classes of possible
records (detector counts, traces, timestamps). This illustrates the distinction: event ̸= record,
record ̸= probability, and probability organizes possible records rather than events as such.

Formally, a probability space (Ω,F , µ) presupposes a set of possible records Ω and a σ-
algebra F of distinguishable subsets. (i.e., without conditions of recordability), probabilities
are not well-defined.

Probability is not defined over events as such, but over measurable sets of possible records.
Without measurability, probability is undefined.

This position is not anti-realist. Events and processes may be fully mind-independent. What
is denied is only the ontological status of probabilistic structure. Probability is epistemic with
respect to records, not anti-realist with respect to events.

Even objective interpretations of probability presuppose conditions of recordability. Propen-
sity accounts require repeatable experimental conditions; frequentist probabilities require lim-
iting frequencies of recorded outcomes; and GRW-type collapse probabilities are defined over
possible measurement results. Thus, even “objective” probabilities are indexed to possible
records, not to events as such.

Distinct ontological frameworks can generate identical probabilistic structures. Bohmian
mechanics, Everettian quantum mechanics, GRW-type theories, and various ψ-epistemic mod-
els all reproduce the Born rule for measurement outcomes. Therefore, probabilistic structure
underdetermines ontology, and cannot by itself license ontological commitment.

Predictive equivalence does not fix ontological commitment.
Probability is thus best understood as a second-order structure: it organizes possible records,

rather than constituting the ontology of events or processes themselves.

4 Kolmogorovian Probability as a Formally Well-Defined but
Non-Ontological Structure

The Kolmogorov framework defines probability as a triple (Ω,F , µ), where Ω is a set, F is a σ-
algebra of subsets, and µ is a normalized measure. This construction is mathematically precise
and internally consistent. However, its formal clarity should not be mistaken for ontological
content.
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Formally, a probability space presupposes a set of possible records Ω and a σ-algebra F of
distinguishable subsets. Without conditions of recordability, probabilities are not well-defined.

The key point is that neither Ω nor F are derived within the theory. They are specified
externally. The elements ω ∈ Ω are not observations, nor outcomes in any operational sense;
they are abstract points in a measure space. Likewise, F is not a set of empirically given events,
but a closure structure imposed on subsets of Ω.

This leads to a fundamental asymmetry:
• The Kolmogorov formalism constrains how probabilities behave once defined.

• It does not constrain what they are defined over.
Consequently, the same formal structure can be instantiated over arbitrarily chosen symbolic

domains. One may take any finite or infinite set of labels, impose a σ-algebra, and define a
measure satisfying µ(Ω) = 1. The resulting structure will be mathematically valid regardless of
whether it corresponds to any physical or experimental situation.

In this sense, Kolmogorov probability is structurally invariant under reinterpretation: it is
indifferent to the meaning of its underlying domain. This invariance is precisely what limits its
ontological significance.

Absence of Record-Generating Mechanism
Crucially, the Kolmogorov framework contains no operation of the form:

records −→ Ω

That is, it does not specify how observed data, measurement outcomes, or physically in-
stantiated records give rise to the set Ω or the σ-algebra F . The construction presupposes that
such a mapping has already been performed.

As a result, the formalism operates on a domain that is not itself grounded within the theory.
The connection between probability and experiment is therefore not internal to the Kolmogorov
framework, but imposed externally through interpretation and modeling.

Implication
It is therefore naive to assume that specifying a triple (Ω,F , µ) suffices to obtain empirical
confirmation. The formal validity of a probability space does not entail its applicability to any
real system.

Kolmogorovian probability should thus be understood as a theory of internally consistent
measure-theoretic structures, not as a theory of probability as it arises from experimental prac-
tice.

Probability acquires empirical meaning only when the mapping from records to events is
explicitly specified. Without such a mapping, the formal structure remains representational
rather than ontological.

Remark 1 Coherence is not imposed by Kolmogorov axioms; it is induced by the structure
of recordability. The axioms merely formalize constraints already implicit in the recording
procedure.

5 σ-Algebra as a Formal Closure Structure Without Ontological
Content

In the Kolmogorov framework, the σ-algebra F is introduced as a collection of subsets of Ω closed
under complement and countable unions. This structure is essential for defining a probability
measure µ : F → [0, 1] and ensuring internal consistency of probabilistic operations.
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However, the σ-algebra itself does not describe any physical or observational structure. It is
not derived from empirical procedures, nor does it encode mechanisms of observation, detection,
or registration.

Formally, F satisfies:

• Ω ∈ F ,

• if A ∈ F , then Ac ∈ F ,

• if A1, A2, · · · ∈ F , then
∪∞

i=1Ai ∈ F .

These properties ensure that probabilities can be consistently assigned and manipulated.
But they do not imply that the sets in F correspond to physically distinguishable or experi-
mentally accessible events.

Independence from Observation
The definition of F is independent of any procedure of recordability. One may freely choose F
(subject to the closure axioms) without reference to:

• measurement resolution,

• distinguishability of outcomes,

• stability or reproducibility of records.

As a result, F may contain sets that have no operational meaning, i.e., sets that cannot be
realized, detected, or distinguished in any experimental context.

Role in the Formalism
The role of F is purely structural:

• it defines the domain of the measure µ,

• it ensures closure under probabilistic operations,

• it provides a minimal framework for defining measurable functions and expectations.

Thus, F is not a representation of reality, but a formal device required to make the measure-
theoretic machinery well-defined.

Implication
The σ-algebra should not be interpreted as a set of real or observable events. It is a formal
closure structure introduced to support the definition of µ over Ω.

Without an explicit mapping from records to elements of F , the σ-algebra remains an
abstract construct with no empirical content.

Therefore, F does not describe the structure of reality, but only the structure of the formal
system used to assign probabilities.
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6 Implications for Structural Realism
Ontic Structural Realism often infers from the success of quantum formalism that structure —
particularly correlational or probabilistic structure — is ontologically fundamental.

However, if probabilistic structure is tied to conditions of recordability, then this inference
is not straightforward.

OSR risks confusing the structure of recordable outcomes with the structure of
reality itself.

See also Halvorson [7] for arguments that formal structure alone does not fix ontology.
Quantum theory may constrain what can be said about events and their correlations, but

it does not, on its own, license a direct transition from formal structure to ontology.
A useful distinction here is between epistemic and ontic readings of structure. While it is

uncontroversial that scientific theories capture structural relations in an epistemic sense, it does
not follow that such structure is ontologically fundamental. In particular, probabilistic and
correlational structures are tied to conditions of recordability and prediction, and thus remain
epistemically indexed. Treating them as ontological primitives risks conflating representational
structure with the structure of reality itself.

Probabilistic structure presupposes a domain of distinguishable outcomes. Formally, a prob-
ability measure µ requires a σ-algebra F over a set Ω of possible records. Without recordable
relata, Ω is undefined, and probabilistic structure cannot be ontologically primitive.

Thus, probabilistic structure presupposes distinguishability, which in turn presupposes record-
ability, and ultimately physically instantiated systems. This blocks attempts to treat proba-
bilistic relations as fundamental without relata.

6.1 Quantum Formalism and Recordability
Quantum theory provides a clear illustration of the distinction between events and their proba-
bilistic representation. The Born rule assigns probabilities to measurement outcomes, but these
probabilities are defined over possible records rather than over events as such. Similarly, density
matrices and POVMs (positive operator-valued measures) formalize the structure of possible
measurement results, not the intrinsic ontology of processes.

Decoherence further reinforces this point: it explains the emergence of stable records through
interaction with the environment, rather than grounding probability as an ontological primitive.
Thus, the probabilistic structure of quantum theory is best understood as organizing possible
records under specific conditions, rather than describing the fundamental nature of reality.

7 On What May Be Ontologically Prior
The present analysis does not commit to a specific ontological picture of reality, nor does it
attempt to determine what is fundamentally primary. Its aim is more limited: to clarify the
status of probability relative to events and records.

Within this perspective, events, records, and probabilities appear at different levels of depen-
dence. Events presuppose a domain in which something can occur; records presuppose stability
and distinguishability; probabilities presuppose a space of possible records.

This layered dependence suggests that probability cannot be ontologically primitive. How-
ever, rather than replacing it with a new candidate for fundamental ontology, it is sufficient
to note that any meaningful use of probability presupposes conditions under which distinctions
can arise, be maintained, and be re-identified.
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These conditions are not themselves probabilistic or representational. They do not form a
theory within the present account, but indicate a level of description that precedes the intro-
duction of events, records, and probabilistic structure.

In this sense, probability belongs to a derived layer: it organizes possible records once con-
ditions of recordability are in place. The present analysis therefore refrains from proposing a
positive ontology, and instead identifies a constraint: probabilistic structure cannot be ontolog-
ically primary, since it presupposes a domain of distinguishable and stable outcomes.

Ontology, whatever its final form, must account for these preconditions rather than be
inferred from probabilistic structure alone.

8 Conclusion
Events and processes may be ontologically real. Stable structures may likewise be ontologi-
cally real. However, probability belongs to a different level: it is a representational framework
organizing spaces of possible records under specific conditions of access and registration.

This implies a principled separation between the ontology of processes and the formal struc-
tures used to describe possible outcomes. Probabilistic and correlational structures do not
attach to events as such, but to classes of possible records, and therefore cannot, without fur-
ther argument, be taken as ontological primitives.

Consequently, attempts to read ontology directly off probabilistic structure — as in strong
forms of Ontic Structural Realism — rest on an unargued transition from representational
structure to ontological commitment. If probabilistic structure is indexed to conditions of
recordability, then its ontological status cannot be established by appeal to formalism alone.

The burden therefore shifts: structural realism must provide an independent justification
for treating probabilistic or correlational structure as fundamental, rather than presupposing
that the structure of theory is the structure of reality.

The structure of theory is not, without argument, the structure of reality.
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