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Abstract. Scientific judgments about properties that cannot be directly observed require
distinguishing identifiability from observation laws, estimation from finite data, and theoret-
ical premises linking indicators to target properties. This paper connects established ideas of
observational equivalence and partial identification with a claim-level audit of arguments in
published scientific papers. It specifies rules for selecting and segmenting claims, separates
tests of observational predictions from attributions of properties, and compares the scope
of statements in titles, abstracts, bodies, and conclusions. Bohm (1952) and Cogitate Consor-
tium (2025) serve as limited reference contrasts, while a conceptual argument by Porebski
and Figura (2025) is examined in greater detail. In the latter case, the audit distinguishes
challenges to the evidential force of self-reports from categorical assertions of the absence of
consciousness, and examines the inferential bridges and scope restrictions needed to move
from multiple plausibility-based arguments to the published conclusion. The findings con-
cern the structure of the selected arguments and their outstanding justificatory conditions;
they neither determine the presence or absence of consciousness nor establish whether the
original authors’ conclusions are true or false.

Keywords. Observational equivalence;identifiability; underdetermination; scientific judg-
ment; argument audit; scientific publications.

1 The Problem and the Scope of This Paper

In the scientific study of properties that cannot be directly observed, the question is what may
legitimately be inferred from indirect observations. A property being inaccessible to direct
observation does not imply that it is indistinguishable by every possible indirect experiment.
Conversely, the distinguishability of theoretical predictions, the reliable detection of their
differences in finite samples, and the validity of an observed indicator as a measure of the
target property require separate justification.

Previous research has addressed identifiability[1], the underdetermination of theories[”],
construct validity[3], argument structure[4], the falsifiability of theories[5], and overinter-
pretation in published reports[6]. These approaches concern different levels of analysis.
Mathematical conditions on observation maps do not directly audit categorical wording in
titles and conclusions, whereas an audit of the wording of published claims cannot by it-
self establish observational equivalence or the identity of properties across theories. In con-
sciousness research, there are also approaches to deriving indicators from theories[11] and
validating tests for consciousness[12]. The proposal of an indicator can nevertheless be dis-
tinguished from auditing whether particular published claims respect the scope of that indica-
tor and its assumptions.

The aim of this paper is to examine, at the level of individual claims, the relationship
among observations, theoretical premises, modes of inference, and the strength of
published assertions. Its contribution is not a new theorem on identifiability, but a limited
methodological application that connects existing mathematical criteria to argument audit-
ing and illustrates differences in their use across three published cases. Section 2 presents
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the mathematical foundations; Section 3 gives the coding and judgment rules; Section 4 dis-
cusses the cases; Section 5 addresses scope, limitations, and ethics; Section 6 considers post-
publication updating; and Section 7 concludes. Limits on empirical validation are consoli-
dated in Section 5.

2 Observational Equivalence, Identifiability, and Theory De-
pendence

2.1 Conditions for Unique Determination from Observation Laws

Definition 2.1 (Experimental protocols and observational equivalence). Let X be a set of
objects or models and £ a specified family of experimental conditions. For an experiment e, let
Y. be its measurable outcome space and K.(x) € P().) its observation law. Define

Og(x) = (Ke(x))ees € [[PDe). 1)

ec&

Write z ~¢ y when Og(x) = Og¢(y). When experimental histories or their order matter, e denotes
an entire sequential experimental protocol, including its ordering and adaptive policy, and
Y. is the measurable space of complete histories. Then K.(x) is the joint distribution of that
history; it is not assumed to be a product of independent marginals.

Definition 2.2 (Unique determination of a property from observation laws). A binary prop-
erty F : X — {0, 1} is uniquely determined by the observation law if there exists a function g on
the image Og¢(X) such that F = g o Og.

Proposition 2.3 (Factorization through observational equivalence classes: an established
mathematical fact). A necessary and sufficient condition for F to be uniquely determined by
the observation law is

Ve,y e X, x~gy = F(z)= F(y). (2)

Proof. If F = goOg¢, then for z, y with identical observation laws, F'(z) = g(Og(x)) = g(Oe(y)) =
F(y). Conversely, for each o € Og(X), choose any = such that Og(z) = o and set g(o) = F(z).
Equation (2) makes this independent of the choice of x. O

This proposition is the standard factorization through equivalence classes, not a new the-
orem. Here g is a set-theoretic function on the image; its existence does not automatically
guarantee measurability or computability from finite data. Nor does the ability to define F
through the observation map independently establish the physical meaning of F.

For an observation law o € O¢(X), define the set of property values still compatible with
that law by
I(o) ={F(z): Og(x) =0} C{0,1}. (3)
If I(0) is a singleton, the property is point identified at that observation law; if I(0) = {0, 1}, itis
not identified there. This is the basic perspective of partial identification[13]. Proposition 2.3
states the condition for singleton identification at every o.

2.2 Theoretical Identifiability Versus Finite-Data Discrimination

Let Py and P, denote the probability distributions over an entire finite observation record
D under two simple hypotheses. With equal prior probabilities and 0-1 loss on a common
measurable data space, the minimum average classification error is

_ 1P = Rollty

R 2

4)
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Here the total variation distance is || P, — Py|ltv = SUp 4¢x, | P1(A) — Po(A)[, where ¥ contains
all measurable events in the shared data space. If the distributions coincide, R* = 1/2; if they
differ, a substantial error may nevertheless remain for finite samples. Equation (4) does not
assume independent and identically distributed responses. Moreover, the family of feasible
experiments .., Mmay be narrower than the family of theoretically conceivable experiments,
so identifiability claims are always relative to the specified family. This equation concerns
two simple hypotheses: it is not a general formula for the testing error of composite hypothe-
ses comprising sets of models with F = 0 and F = 1. If two models assign exactly the same
observation law to the specified experiments, the likelihood ratio for those data (when de-
fined) equals one, and those data alone cannot update their relative weight. This differs from
comparisons using prior weights, other experiments, or domain-restricting premises.

2.3 Premises for Comparing Properties Across Theories

Let X1 be the model space of theory 7" and Fr : X; — {0,1} a property defined within that
theory. Comparing several Fr as a single property requires more than the use of the same
word: a semantic and operational correspondence identifying a common property must be
justified first. Restricting attention to a domain on which such a correspondence is assumed,
consider Z C {(T,z) : x € Xr} and a property F : Z — {0,1}.

If a common family £.ommon Of experimental protocols can be specified and outcome spaces
aligned, write the shared observation-law space as

o= [] PO

e€&common

and define an observation map O : Z — Q. Applying Proposition 2.3 to Z shows that the
necessary and sufficient condition for unique determination is

O(z) = 0() = F(2) =F(<) (2,2 € 2). (5)

Crucially, having a shared observation space does not guarantee that a shared property has
been legitimately defined. Where the meaning of 7 cannot be made comparable across the-
ories, the comparison must be suspended before the empirical condition in Equation (5) is
evaluated.

Failure of unique determination from the observation laws does not rule out comparisons
of relative support based on justified theoretical weights or additional experiments. For two
models with strictly identical observation laws, however, data from those same experiments
alone cannot update their relative support.

Remark 2.4 (Identification conditional on additional premises). When a bridging premise B
restricts the admissible models to Xz C X, examine

Ip(o) ={F(x):z € Xp, Og(x) = o}.

Even when nonempty /5(0) is a singleton, identification is then conditional on adopting B,
not an empirical justification of B itself. Bridging involves more than domain restriction: it
may also include premises establishing the meaning of the property or auxiliary assumptions
used to construct predictive models.

Remark 2.5 (Scope of application to actual systems). Equation (5) alone establishes neither
the actual existence of observationally equivalent rival models, nor the attribution of the
property to a real object, nor indistinguishability under all future experiments.
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3 A Method for Auditing the Inference from Observation to Con-
clusion

3.1 Two Inferential Pathways and Types of Judgment

Distinguish the observation record D, the core theory 7, an observational prediction P, and
the target property F(z) € {0,1}. The first pathway is prediction from a theory to observa-
tions, using auxiliary premises Bexp concerning experimental conditions, implementation,
and related matters:

(' \ Bexp) = P (P is checked against D). (6)

If a deductive prediction conflicts with observations, what is challenged is the conjunction
T A Bexp, not T in isolation. Actual statistical testing also requires assessment of error and
decision rules.

The second pathway is attribution of a property on the basis of observations. For example,
inferring F(z) = 1 from a tested indicator A(D,x) separately requires an appropriate suffi-
cient bridging condition By, including a specification of the relevant target domain:

A(D,z) A Bp = F(z)=1. @)

Deductive arguments for the absence of a property instead require appropriate necessary or
exclusion conditions. By contrast, probabilistic or abductive inferences to the best explana-
tion need not satisfy a deductive implication such as Equation (7). An audit of such inferences
must instead examine alternative hypotheses, explanatory coverage, grounds for weighting
explanations, and the strength of confidence actually asserted. Undercutting evidence for a
competing hypothesis and establishing the negation of the target hypothesis are not the same
operation.

3.2 Rules for Claim Selection, Segmentation, and Classification

The following rules govern registration of the selected claims in a paper. They make an ex-
ploratory textual audit more explicit; they do not imply that inter-rater agreement has al-
ready been measured.

1. Selection. At minimum, select the title, principal conclusions of the abstract, central
propositions or experimental results supporting those conclusions, their qualifying con-
ditions, and statements in the conclusion. Trace intermediate explanations when they
are needed for a selected conclusion. Do not treat unexamined passages as evidence
against an entire paper.

2. Segmentation. Separate statements within a single sentence if they concern different
targets, assumptions, or degrees of confidence. Link multiple sentences under the same
claim ID when they establish one proposition. Preserve section, paragraph, and short
passage locations in the original.

3. Mode of inference. Classify each claim as an “observation report,” “deduction,” “ab-
ductive or probabilistic inference,” “objection to a rival hypothesis,” or “normative pro-
posal.” Record explicit statement of a premise (whether it appears in the source) sepa-
rately from its independent justification (whether it is adequately supported).

4. Scope of assertions. Compare universal versus restricted targets, time frames, condi-
tional versus categorical statements, and possibility versus plausibility versus certainty.
Record a scope discrepancy when a title, abstract, or conclusion makes an unrestricted
claim where the body establishes a restricted one. However, omission from a heading
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alone is not automatically counted as an error: check whether the scope is restored in
the abstract or nearby text.

5. Audit outcomes. Use multiple labels for each unit: “explicit premise confirmed,” “addi-
tional justification condition identified,” “scope discrepancy,” and “source not checked.”
Do not equate not checked with no evidence, or automatically turn these codes into a bi-
nary verdict on the original article.

3.3 Auxiliary Target-Substitution Test and Its Constraints

We describe Ueoka’s target-substitution idea as an inspection of a judgment rule J(D,S).
Holding fixed the comparable portion of an observation record D, change only the origin la-
bel S € {H,A} (human/Al) and compare J(D,H) with J(D,A). If they differ, ask whether
information associated with S is relevant to inferring the target property F and what justifies
its relevance. If substrate differences are themselves included in D, exchanging only the la-
bel while holding substrate measurements fixed is a hypothetical test of label dependence, not
an experimentally established counterfactual. A difference J(D,H) # J(D, A) by itself proves
neither bias nor the presence or absence of consciousness. No actual substitution experiment
or blinded assessment was conducted for the cases in this paper.

Table 1: Claim-level audit dimensions and the recorded outcomes
Audit dimension Questions and records

Title and abstract  Target scope, strength of confidence, and correspondence to qualifications in the
body.

Observations and Experimental protocols, data and formal results, distinguished from data not

proofs reanalyzed.

Bridging premises  Bexp versus Bp, and whether a premise is stated versus independently sup-

ported.
Mode of inference Deduction, abductive explanation, objections to rival views, and normative pro-
posals.
Cross-theory com- Shared meaning of a property and observational equivalence under the same
parison experimental protocols.
Target substitu- Whether common data D can be held fixed; grounds for dependence on origin
tion (auxiliary) label S.

Conclusions and Whether restrictions are preserved; unexamined sources versus unestablished
unchecked mate- conditions.
rial

The local validity of a proposition differs from the validity of a paper as a whole. Con-
versely, a problem in the connection among claims does not negate the observational results
themselves. Audit records explicitly identify the material to be rechecked by third parties;
they do not amount to an empirical demonstration of the audit method’s detection perfor-
mance.

4 Limited Applications in Physics and Consciousness Research

The three cases are arranged under the same categories of questions—observations, bridging
premises, and scope of claims—but have not been audited to the same depth. Bohm (1952)
and Cogitate Consortium (2025) are brief reference contrasts; Porebski and Figura (2025) is a
detailed case of argument auditing. This is not a comparison claiming that the first two papers
have undergone complete audits.
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Table 2: Correspondence between formal variables and the three cases (no numerical esti-
mates are reported)

Case and Roleof X/Z, &, and obser- Property F, additional premises, and audit question
scope vation laws

Bohm: refer- Compare conventional Differences in hidden-variable interpretations. Check
ence contrast quantum theory and a conditional claims about matching predictions under
hidden-variable model specified dynamics and distributional assumptions.
over specified measure-
ments. O gives predicted
measurement statistics.

Cogitate: Neural measurement pro- Bexp linking a theory of consciousness to measurements.
reference tocols € and laws K. used Testing animplementation prediction does not uncondi-
contrast to test predictions from tionally refute a core concept.
IIT/GNWT.
Porebski— Target domain Xgrger: F: whether consciousness is present. Audit the differ-
Figura: de- current and foreseeable ence between objections to evidence for its presence
tailed audit Al. D denotes known and categorical claims of its absence, together with Br
structures, behaviors, and scope.

and cited evidence.

Since we do not estimate exact P,, P; or numerical total variation distances for these cases,
Equation (4) provides a foundational constraint on inference, not a calculated error rate for
any paper. Likewise, the correspondences involving X and Z are schematic; they do not
exhaustively formalize all models in the original sources.

4.1 Bohm (1952): Conditional Observational Equivalence

Bohm proposed a hidden-variable interpretation of quantum theory and discussed its agree-
ment with the observational predictions of conventional quantum theory under a specified
mathematical form and distributional conditions[&8]. In the abstract and Sections 1, 3, and 9 of
Part I, which we examined, agreement of predictions under the retained mathematical form
is distinguished from the possibility of different predictions if that form is modified. Thus, the
conditional statement “the same predictions under the specified present conditions” should
not be recast as “indistinguishable by every possible future experiment.”

For the selected claim we confirmed that the condition is retained. We did not indepen-
dently recheck the entirety of Part II or reanalyze all cited sources. The audit is not an en-
dorsement of the entire original paper.

4.2 Cogitate Consortium (2025): Theoretical Cores and Implementation-
Level Predictions

The Cogitate study preregistered differing neural activity predictions associated with inte-
grated information theory (IIT) and global neuronal workspace theory (GNWT), and exam-
ined them using fMRI, MEG, and iEEG data from 256 human participants[9]. The original arti-
cle distinguishes central theoretical constructs from predictions connected to neuroscientific
measurements. Our audit concerns only claims about the predictions tested. Constraining
such predictions through measurement is not equivalent to unconditionally determining the
truth of a theory’s central concept or the presence of subjective experience.

The examined abstract, description of preregistered predictions and results, and discus-
sion distinguish testable predictions from interpretations of the theories. However, we have
not established that IIT’s notion of experience and GNWT’s notion of conscious access have



Scientific Judgment and Observation / Paper I Scientific-methodology research

entirely equivalent meanings; this leaves an additional question about cross-theory compar-
ison. Nor have we reanalyzed all raw data and supplementary materials, so the validity of
every claim in the source paper is not certified.

4.3 Porebski-Figura (2025): Connecting Multiple Arguments to an Ontologi-
cal Conclusion

This peer-reviewed article is a conceptual argument addressing primarily current and fore-
seeable technologies. It categorically rejects the existence of conscious Al in its title and sec-
tion headed “The answer;,” while also presenting an argument restricted to current and fore-
seeable technologies in the abstract[10]. The lack of new experiments is not itself a defect
in conceptual research. Our question is whether the adopted theoretical premises and cited
empirical findings support the stated strength of the conclusion.

The article discusses at least four different considerations: (i) structural differences be-
tween biological and computational substrates; (i) the known operation of semiconductors
and computations; (iii) differences in energy consumption between humans and AI; and (iv)
the evidential value of linguistic self-reports. Its body restricts the primary target to current
and foreseeable technologies and avoids claims about unknown future technologies. By con-
trast, the title and the standalone wording of “The answer” do not themselves express that
restriction. We therefore audit the difference between the body’s target domain and the scope
implied by the headings separately. Crucially, an examination of (i) alone cannot justify a
verdict on the article as a whole. The relevant textual locations and the required inferen-
tial connections are set out below.

Table 3: Audit of selected claims in Porebski-Figura (2025), based on locations checked in the
public full-text HTML

Location in the Claim confirmed and remaining argumentative requirement
source

Title, abstract, Categorical assertion of nonexistence. Compare its strength and range of targets
and “The an- with those specified in the body.

swer”

“Biological argu- Structural differences between brains and computers, GPU operation, and power

ment” efficiency. A bridge is required for each difference to imply absence of conscious-
ness.

“Critical re- Objections to the sufficiency of language and self-report as evidence of conscious-

marks” ness. Whether these also demonstrate absence is a distinct question.

“Potential limita- Limited understanding of causal links between neural activity and consciousness,

tions” challenges to human/Al analogies, and uncertainty in classification criteria. Ex-
amine their treatment in the final categorical wording.

“Final remarks”  Proposal to treat Al as nonconscious tools. Normative premises require examina-

tion in addition to ontological premises.

We distinguish two ways of evaluating the relevant inference. The first is a structural test
of a deductive claim. Let B(z) mean that x has the specified biological substrate, and F'(z) that
x 1s conscious. Even if —=B(a) holds for an AI system a, this alone does not deductively imply
—-F(a). For instance, an independently supported necessary condition

YV S Xtarget, F(.T) = B(SU) (8)

would provide one sufficient bridge for inferring absence from the substrate difference. A
model with two objects {h, a} satisfying F(h) = B(h) = 1, B(a) = 0, and F(a) = 1 establishes
non-entailment from structural difference alone. It neither treats the original article as solely
a deductive proof nor supplies evidence that real Al is conscious.
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The second approach examines the article as an abductive or plausibility-based inference
combining multiple considerations. That known computational processes explain observed
outputs, that structures and energy demands differ, and that linguistic self-reports may be
weak indicators can all weaken particular reasons to attribute consciousness to AL. Neverthe-
less, “there is insufficient warrant to attribute F'(a) = 1” and “F'(a) = 0 has been established”
are different conclusions. To give stronger support to the latter, the argument needs to artic-
ulate the adopted theory of consciousness, rules for comparing alternatives, differences in
explanatory power, or independent grounds for the necessity of a biological substrate. This
is not a demand that philosophical arguments always calculate numerical prior probabilities.

From the perspective of the auxiliary substitution test, one can pose the auditing question
whether any difference between J(D,H) and J(D, A), for a common record D restricted for
example to linguistic output, can be supported by independent biological or computational
premises. The source paper’s measurements of structure and energy consumption differ be-
tween humans and AI; we do not claim to have performed a physical substitution experiment
holding those measurements fixed. Nor have we conducted a separate quantitative test of .J.

Accordingly, the specific findings are a discrepancy in scope between the body text’s restric-
tion to current and foreseeable technologies and the broader standalone assertions in the title
and “The answer”, and the justificatory connections required between objections to affirma-
tive attributions of consciousness and categorical negations (Table 3). The original includes a
discussion of its own limitations, and we do not conclude that its argument is wholly invalid
under the philosophical assumptions adopted by its authors. Instead, the analysis evaluates
the argument according to the kind of inference it actually employs, without imposing deduc-
tive criteria uniformly from outside.

5 Scope, Limitations, and the Distinction from Ethical Judgment

5.1 What Does Not Follow from the Present Results

The choice of X, the family of experiments &, and the target property F depends on theoreti-
cal and practical assumptions. A proof concerning observational equivalence neither deter-
mines whether actual objects are conscious nor establishes indistinguishability under every
future experiment. Empirical identifiability, successful discrimination in finite samples, and
comparability of property definitions across theories each require separate arguments. The
cases audited here are not a sample from which to estimate the prevalence of such issues
across entire research fields. Nor has the reproducibility of the auditing procedure been
quantitatively assessed using, for example, preregistered inter-rater agreement.

5.2 Scientific Assessment Versus Ethical Choice of Action

Scientific assessment examines observational likelihoods, theoretical assumptions, and al-
ternative explanations. Ethical action, by contrast, may require a choice even when the sci-
entific question remains unresolved. Consider hypotheses H; (the property is present) and
Hy (it is absent), ethical losses L(«a, H;), and an action « € A. In a decision model in which a
probability p = P(H;) is assumed, expected loss can be written as

R(a;p) = pL(c, Hy) + (1 — p)L(e, Hp). 9)

This is an illustrative normative model, not an empirical measurement of consciousness prob-
abilities or losses for actual Al systems. In particular, observational equivalence does not by
itself identify a unique value of p, and additional prior assumptions may be required. If a
set II of admissible probabilities is assumed, a robust criterion such as sup,.;; R(«; p) may
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be considered, although II itself requires justification[13]. Irreversibility, uncertainty in the
assessment of losses, and alternative actions also require consideration.

Thus, scientific indeterminacy does not directly imply that ethical consideration is
unnecessary; nor does the possibility of consciousness determine a unique ethical
policy. This paper does not assign particular rights or welfare protections. The distinction
is not unique to consciousness, but applies more generally to decisions involving properties
that cannot be directly observed.

6 Post-Publication Updating and General Discussion

A scientific article is fixed as a record at publication, but subsequent research may change
the scientific status of individual claims. Tools for finding citations from newer work to older
studies, as well as mechanisms for corrections, retractions, and annotations, already exist.
The Micropublications framework represents structured relations among claims, evidence,
and annotations[7]. Nevertheless, it is not guaranteed that every claim in a paper is continu-
ously and appropriately linked to later support, objections, and independent reexaminations.
We have not measured the coverage of existing systems or the time required for corrections.

An unresolved inferential condition in a published article is also distinct from a claim that
reviewers failed to recognize that condition. Cross-disciplinary review difficulty is a pos-
sible explanation, but its causal role cannot be established without reviewing the editorial
record. This paper identifies a general question: to what extent are established scientific-
methodological standards applied to particular published arguments, and how is the
resulting evaluation carried forward into subsequent knowledge? Future work should
consider records connecting claim IDs, source locations, observations D, bridging premises
B, modes of inference, and later support, objections, or corrections, and assess reproducibil-
ity through independent third-party coding and inter-rater agreement. Such infrastructure
and evaluation are proposals for future work, not results implemented or measured here.

7 Conclusion

We distinguished the unique determination of a property on observational equivalence
classes, partial identification at a given observation law, discrimination from finite data,
shared meaning of properties across theories, auxiliary premises for empirical predictions,
and bridging premises for property attribution. The underlying mathematical principles
are established; the main results of this paper are explicit auditing rules connecting those
principles to published claim units and the resulting records from a small selection of cases.

Bohm (1952) and Cogitate Consortium (2025) were used as brief reference contrasts for
the preservation of conditions. The biological and computational arguments and objections
to linguistic self-reports in Porebski and Figura (2025) were examined as distinct deductive
and plausibility-based considerations. The audit identified a discrepancy between the tar-
get restriction in the original body text and the standalone scope of its headings, as well as
additional justificatory conditions needed to move from objections to positive attributions
of consciousness to strong claims of its absence. These findings do not show that the origi-
nal conclusion is false, that actual Al is conscious, how the paper was evaluated during peer
review, or that the proposed audit procedure is generally superior to existing methods.

Scientific judgments concerning properties that cannot be directly observed benefit from
records distinguishing what follows from observations, what depends on explicit theo-
retical premises, what is chosen as an interpretation, and what is decided on ethical
grounds. Post-publication knowledge updating and empirical measurement of the audit pro-
cedure’s reproducibility remain tasks for subsequent research.
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