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Abstract

ecision-making under intensive AI assistance faces a documented paradox: more
analysis does not reliably produce better judgment, because assistants optimized
for user satisfaction tend to confirm rather than contest, inflating confidence and
homogenizing reasoning across the organizations that share them. There is a

structurally adversarial alternative: a cognitive contradictor, whose function is to challenge a
decision rather than validate it. It raises an immediate measurement question. How does
one quantify how hard a decision was contested, in a way that is reproducible in its scoring,
comparable over time, and honest about what it does and does not establish?

This paper defines that quantity. It introduces the Δ-CSI (Cognitive Sovereignty Index,
delta) as a construct — the intensity of the structured challenge applied to a single decision in
a single analysis session — and specifies its operational definition.

The Δ-CSI is a deterministic index in [0, 100], computed from five weighted components:
implicit-assumption count modulated by mean severity, falsification-test count, burden-of-
proof-question count, cited-source count, and thesis-versus-counter-scenario divergence.
Counts are capped, which precludes gaming by verbosity. Weights are constrained to sum
to one hundred, interpretation bands are fixed, and the versioning scheme is explicit. Two
limits remain, and are stated openly: the self-reported severity channel is gameable by con-
struction (§7), and the count components register quantity, not argument quality.

The paper contributes three things. (i) The construct, delimited by four negations: chal-
lenge intensity is not decision quality, not the probability of success, not a verdict on the de-
cision-maker, and not whether the decision was subsequently changed. (ii) The specifica-
tion, together with its reproducibility guarantee, its fail-closed defenses against sycophan-
tic output, and a register of its declared weaknesses. (iii) The comparability and calibration
discipline: cohorts keyed by computation version, divergence method, and weights, with
statistics held to descriptive-only below five recorded outcomes.

The paper makes no claim of empirical validity or effectiveness. It does not assert that a
high Δ-CSI corresponds to better decisions — nor, conversely, to weaker ones — and it does
not assert that the index predicts outcomes; it demonstrates construct definition and mea-
surement method only.

Empirical validation is stated as a deferred programme, structured as a pre-registered
evidence-accumulation roadmap. Its two stages are per-tenant ledger calibration and the
public sealed M&A pilot of the companion Calibrated Dissent, in which the Δ-CSI enters
strictly as non-scoring provenance and an exploratory covariate. We treat this honesty as a
design requirement, not a caveat: an index of challenge intensity that overstated its own
validation would be inconsistent with the very stance it exists to measure.
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§ 1  —  I N T R O D U C T I O N F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  1

Introduction

Leadership now has analytical assistance of a kind without precedent. AI systems synthe-
size evidence, build scenarios, and return arguments faster and in more finished form than
any prior staff function.

From this it is inferred, almost always without checking, that decisions so assisted are
better decisions. There is reason to doubt it.

The model of the world on which a consequential decision rests is seldom tested before
it becomes action. More often it is silently confirmed. The disposition to seek evidence that
corroborates a preferred hypothesis is among the most robust findings in the study of judg-
ment under uncertainty (Kahneman, 2011). And the assistant most pleasant to consult is
precisely the one that supplies that evidence on demand.

The mechanism is documented, not conjectured. Language models fine-tuned from hu-
man feedback exhibit sycophancy: a measurable tendency to conform to the user's stated
view, and to revise correct answers toward the user's error when pressed (Sharma et al.,
2023).

The behaviour compounds two older findings from the study of human–automation in-
teraction. Over-reliance is the tendency to accept an automated recommendation without
the scrutiny one would apply to a human proposal (Parasuraman & Manzey, 2010).
Deskilling is the loss of competence that follows when its exercise is progressively delegated
to a system that performs it (Bainbridge, 1983).

A fourth effect operates across organizations rather than within them, because they in-
creasingly consult the same small number of models: algorithmic monoculture. Correlated
tools induce correlated judgments, and the errors of the shared system cease to be indepen-
dent across the institutions that rely on it (Kleinberg & Raghavan, 2021).

The paradox, stated precisely: abundant analysis can aggravate the failure it appears to
remedy. The more fluent the confirmation, the less a decision is tested — and the more its
untested premises are shared with everyone using the same tools.

The companion paper Cognitive Sovereignty (Canepa, 2026a) develops the construct that
names what is eroded under these conditions: the collective capacity to hold judgment in-
dependent, calibrated, and falsifiable. It also identifies the mechanism that would protect it
— a system whose function is to contest a decision rather than to assist its author's
reasoning.

Following that work we call the mechanism a cognitive contradictor, and we retain the
term throughout. Softer labels will not do: "critic", "advisor", "devil's advocate" admit by
connotation exactly the optional, advisory posture the mechanism is designed to exclude.
A contradictor's output is the challenge: contestation is its objective function, not an occa-
sional by-product of an analysis oriented toward synthesis.
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A mechanism defined by the intensity of the challenge it applies invites an obvious ques-
tion, and it is a measurement question. If contestation is the point, one must be able to say
how much of it occurred. Otherwise the claim that a given analysis was adversarial is unfal-
sifiable, and the distinction between a substantive challenge and a performance of one
collapses.

The quantity is not decision quality: unobservable at the moment of decision, and con-
founded by luck thereafter. Nor is it forecast accuracy, which is a separate property, mea-
sured by separate means (Brier, 1950), and audited in the companion protocol (Canepa,
2026b). The quantity is the intensity of the challenge itself: how forcefully, and along how
many independent dimensions, the contradictor pressed on the assumptions of the deci-
sion under examination.

This paper defines that quantity and specifies its measurement. We name the index the
Δ-CSI — the Cognitive Sovereignty Index, delta. The name is deliberate, and it is the first
thing a careful reader will interrogate (§3.4).

The contribution is threefold. First, the construct: challenge intensity, delimited from
four adjacent notions with which it is routinely and consequentially confused (§3). Second,
the operational definition: a deterministic index in [0, 100], with its five components, its anti-
gaming and comparability rules, its reproducibility guarantee, and its fail-closed defenses,
fixed in a versioned specification (§4–§7). Third, the validation discipline: a precise account
of what the index does and does not establish, and a pre-registered roadmap along which
empirical validity could be accumulated — never assumed (§6, §8).

The stance of the paper on its own validation is not modesty. It is a methodological com-
mitment, and it is load-bearing.

A measurement method presented in fluent, confident prose is especially exposed to se-
lective reporting and overclaiming. And a project whose central premise is that fluent con-
firmation is precisely the thing to distrust cannot exempt its own account from that
suspicion.

We take the lesson literally. Every factual claim below is anchored to the specification, to
the reference implementation, or to a cited source. Every property that is not yet demon-
strated is marked as such. The boundary between what is defined, what is engineered, and
what remains an empirical conjecture is drawn explicitly and kept visible.

A construct whose purpose is to measure the intensity of self-contestation cannot be in-
troduced by a document that declines to contest itself. Section 7 therefore turns the method
on its own index, and records without mitigation the weaknesses that survive.

The remainder of the paper proceeds as follows. Section 2 positions the index against the
literatures it borrows from and the measures it must not be confused with. Section 3 de-
fines the construct and its four negations. Section 4 gives the operational definition. Section
5 situates the scorer in the pipeline that produces its inputs, and states the
provenance/scoring separation that keeps the index interpretable.

Section 6 describes persistence and the calibration discipline: the sense, precise and lim-
ited, in which the index is "calibrated". Section 7 is the self-contradiction — the declared
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weaknesses. Section 8 states the limits and the pre-registered validation roadmap. Section 9
sets out the terms on which the specification is offered as an open standard. Section 10
concludes.
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§ 2  —  R E L AT E D  W O R K  A N D  P O S I T I O N I N G F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  2

Related work and positioning

The Δ-CSI sits at the intersection of four literatures and must be distinguished from a fifth
family of measures with which it shares vocabulary but not object. We take these in turn,
because the paper's contribution is legible only against what it is not.

Structured challenge in decision-making. That the quality of a consequential decision
depends on the architecture of the process that produced it is an old and well-supported
finding. It does not depend on the competence of the participants alone, nor on the quan-
tity of information available.

Schwenk's (1990) meta-analysis of devil's advocacy and dialectical inquiry provided evi-
dence that structured disagreement can improve decision quality relative to consensus-
seeking, with effects contingent on how the procedure is implemented. And it showed, cru-
cially, that the effect is a property of the procedure rather than of the individuals enacting it.

The cognitive contradictor inherits this lesson directly: the mandate to challenge is codi-
fied in the architecture of the system, not delegated to the vigilance or character of a hu-
man advocate who may tire, defer, or be outranked. The Δ-CSI is the instrument that makes
the intensity of that codified challenge observable, and therefore auditable, session by
session.

Adversarial and antagonistic AI. A recent line of work argues that the near-universal de-
sign default of agreeable, accommodating AI is neither inevitable nor always desirable, and
explores deliberately antagonistic interaction as a design space (Cai, Arawjo, & Glassman,
2024). The contradictor is a governance-oriented instance of that stance, narrowed to a sin-
gle function — contesting a decision — and bound to a fixed output contract.

But the same literature supplies the reason the challenge must be measured rather than
merely invoked. Controlled studies of multi-agent debate find that adversarial framings do
not reliably produce genuine disagreement. Debating agents frequently converge, echo a
shared prior, or perform opposition without altering the substance of their reasoning
(Wynn, Satija, & Hadfield, 2025; Wu, Li, & Li, 2025).

An index of challenge intensity is, in part, a defense against this failure mode. It is only a
partial one, and the paper is explicit about the limit.

A staged opposition that is also thin — few assumptions, low declared severity, a counter-
scenario close to the thesis — does score low. But another kind escapes the index: a perfor-
mance that supplies the structural markers of a challenge without its substance, with many
self-rated-severe assumptions, verbose but banal tests, and a lexically distant yet not sub-
stantively opposed counter-scenario.

The current construction does not distinguish that performance from a genuine chal-
lenge. Four of the five components register structure — three of them pure counts, plus the
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structural divergence distance — rather than grade quality, leaving assumption severity as
the sole quality signal (§3.3, §7.2).

The index raises the cost of the crudest performed opposition; it does not detect the so-
phisticated kind. That gap is one of the declared weaknesses of §7.2, not a property the in-
dex claims to have.

Calibration and forecasting. The forecasting literature supplies both a discipline the Δ-
CSI adopts and a measure it must not be mistaken for.

Calibration, in the sense of Tetlock and Gardner (2015) and the scoring tradition that pre-
cedes them (Brier, 1950; Murphy, 1973), is the correspondence between stated confidence
and empirical outcome frequency. It is a property of predictions, established by comparing
probabilities against realized events. The Δ-CSI is not a forecast and has no Brier score: it
makes no probabilistic claim about any outcome.

What the index borrows is the epistemic humility of that tradition — the refusal to assert
predictive validity in advance of outcome data. And it borrows the machinery only down-
stream, in the calibration discipline of §6, where accumulated Δ-CSI scores are compared
against recorded decision outcomes per tenant.

The companion protocol (Canepa, 2026b) is where the contradictor's forecasts are audited
against outcomes under a pre-registered plan. There, the Δ-CSI enters explicitly as non-
scoring provenance, never as a scored quantity. The separation is deliberate and is main-
tained throughout the corpus: this paper measures the challenge; the companion audits the
prediction.

Construct validity. Because the Δ-CSI is a proposed measure of an unobservable prop-
erty, it belongs to the tradition of construct validation in the measurement sciences
(Cronbach & Meehl, 1955; Messick, 1995). That tradition supplies the paper's standard of ad-
equacy and its principal caution.

Cronbach and Meehl require that a construct measure be embedded in a nomological net-
work of theoretical relations, against which its behaviour can be tested. It is a requirement
the corpus can at present only sketch, not satisfy. The construct paper (Canepa, 2026a) situ-
ates challenge intensity among the dimensions of cognitive sovereignty, this paper opera-
tionalizes it, and the companion protocol (Canepa, 2026b) specifies the empirical tests.

But the relations this paper can state today are, in honesty, mostly discriminant — what
the index is not tied to (§3.2) — and definitional rather than demonstrated. The convergent
tests that would confirm the construct are set out in the roadmap (§8.2) and not run here.
They would be, for instance, agreement between the Δ-CSI and independent expert ratings
of the same challenges, or a known-groups separation of genuine from deliberately per-
formed challenges. We state the network as an aspiration with a deferred confirmatory pro-
gramme, not as an achievement.

Messick (1995) insists that validity is a property of inferences drawn from scores, not of the
instrument as such. That dictates the paper's most important restraint: we validate no in-
ference here. We define the score and its arithmetic; which inferences the score will license
is an empirical question, reserved for the roadmap of §8.
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Measuring argument and deliberation quality. The Δ-CSI counts and weights dialectical
moves — assumptions, falsification tests, burden-of-proof questions — and so has ancestry
in two measurement traditions the paper must acknowledge, because they are where a ref-
eree will look first.

In deliberation research, the Discourse Quality Index (Steenbergen, Bächtiger, Spörndli,
& Steiner, 2003) scores the quality of political deliberation along coded dimensions of justi-
fication and respect. In computational linguistics, argumentation mining and argument-
quality assessment (Wachsmuth et al., 2017) build taxonomies for grading the cogency and
reasonableness of arguments in natural language.

The Δ-CSI differs from both in object, and the difference is deliberate rather than an
oversight. Those instruments grade the quality of argumentation, typically through human
or trained-model coding. The Δ-CSI measures the intensity of contestation through mostly
structural counts, precisely so that its quantitative part is reproducible without a coding
scheme (§3.3, §4). It buys reproducibility at the cost of quality-sensitivity — a trade the ar-
gument-quality literature makes in the opposite direction — and §7.2 records the resulting
limitation rather than papering over it.

Adjacent, too, is the decision-analysis tradition that locates the quality of a decision in its
process rather than its outcome (Howard, 1968). The Δ-CSI instruments one facet of that
process — the intensity of applied challenge — without claiming to measure decision qual-
ity itself (§3.2).

What the Δ-CSI is not: the organizational CSI. A measure with a nearly identical name
appears in the surrounding literature on cognitive security, and the collision is consequen-
tial enough to require a paragraph rather than a footnote.

The organizational CSI was introduced in the "Cognitive Rearmament" programme (De
Luca, Giamminola, & Pollicino, 2026). It indexes the cognitive posture of an entire organiza-
tion along structural dimensions: its dependence on algorithmic systems, the degree to
which those systems frame decisions before they are consciously made, and the
organization's residual critical capacity. It is a framework-level construct, assessed over an
institution.

The Δ-CSI is a different object entirely. It is deterministic where the organizational CSI is
framework-based, it operates on a single decision where the organizational CSI operates on
an organization, and it measures the intensity of one challenge where the organizational
CSI measures a standing posture. The two indices share three letters and a lineage of con-
cern; they do not share a level of analysis, a method of construction, or an object of
measurement.

A conceptual bridge between the session level and the organizational level is plausible:
decisions habitually subjected to intense contestation might, over time, strengthen an
organization's cognitive posture. But no such bridge is formalized, no calibrated mapping
between the two indices exists, and nothing in this paper should be read as though one did.

Where this paper writes "CSI" without qualification it refers to the organizational index
of De Luca et al. (2026); the session-level index is always written "Δ-CSI".
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The positioning can be summarized as a single discipline. The Δ-CSI borrows the proce-
dural insight of the structured-challenge literature. It instantiates the adversarial stance
while defending against its known failure to produce real disagreement. It adopts the hu-
mility of the calibration tradition without claiming its predictive machinery. And it submits
to the standard of construct validity while explicitly deferring the validation of any infer-
ence. What remains is to define the construct precisely enough that these commitments
have teeth.
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§ 3  —  T H E  C O N S T R U C T :  C H A L L E N G E  I N T E N S I T Y F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  3

The construct: challenge intensity

3 . 1  D E F I N I T I O N

The Δ-CSI measures the intensity of the structured challenge that a cognitive contradictor
applies to the assumptions of a single decision, in a single analysis session.

"Intensity" here is a compound of extent and force. Extent: how many independent
points of contestation the challenge raised — assumptions surfaced, falsification tests pro-
posed, burdens of proof assigned, sources adduced. Force: how far its counter-scenario de-
parted from the thesis it opposed, weighted by how grave the surfaced assumptions were.

It is a property of the challenge, produced in one session, about one decision. It is not a
property of the decision, of the decision's future, or of the person who made it.

This is a modest object by design: the index does not adjudicate the dispute it measures,
it measures the dispute.

An analogy makes the register precise. A boxer preparing for a bout does not ask a spar-
ring partner to predict the result; the request is to be tested. At the end of a round the boxer
can say how hard it was — how many blows had to be parried, how often they were forced
onto the back foot. That judgment measures the intensity of the session, and it forecasts
nothing about the fight.

The Δ-CSI is that judgment, rendered as a number: how hard the round was between a
decision and its contradictor. It does not say whether the decision will win.

3 . 2  T H E  F O U R  N E G AT I O N S

The construct is defined as much by what it excludes as by what it asserts. Four exclusions
are constitutive. Each corresponds to a category error that the index's name and numeric
scale actively invite.

Not decision quality. A high Δ-CSI does not mean the decision is wrong; a low one does not
mean it is right. The index scores the challenge, not the choice. A decision may survive an
intense contradictor intact — a high score with a sound decision — or collapse under a mild
one. The number does not distinguish these cases, because it is not about the decision at
all.

Not the probability of success. No component of the calculation estimates how the decision
will turn out. The index is silent on outcomes by construction: it reads the structure of the
challenge, and the structure of a challenge contains no forecast. Forecast accuracy is a dis-
tinct property with its own instruments (Brier, 1950), audited elsewhere in the corpus
(Canepa, 2026b).
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Not a verdict on the decision-maker. The index is not a grade for the person or group that
formed the decision, nor an assessment of the work done before the analysis. A poorly
formed decision may attract a high score precisely because it offered the contradictor
abundant purchase. A well-formed one may attract a low score because little remained to
contest. The number describes the contest, not the contestant.

Not whether the decision changed. Most consequentially: the Δ-CSI does not measure
whether the contradictor actually moved the decision-maker's judgment. That effect — did
the analysis change the decision before it was enacted — is a separate, observable fact. The
ledger records it separately, as a Boolean field ( decision_changed ), and never folds it into
the index.

Challenge intensity and judgment change are distinct. An intense challenge may leave a
decision unchanged: the decision-maker considered the objections and held. A mild one
may change it: a single well-placed question sufficed. Conflating the two would make the
index measure its own persuasiveness, which is not what it measures.

These are not caveats appended to a measure that would otherwise assert those things:
they are the boundary of the construct. A category error is not corrected by more preci-
sion. Asking the Δ-CSI whether a decision is sound is like asking a thermometer whether
the weather is pleasant, and no threshold on the thermometer answers the question.
Keeping challenge intensity separate from decision quality, from prediction, from merit,
and from persuasion is the condition under which the index is useful rather than
misleading.

3 . 3  A  P R OX Y,  A N D  W H AT  K I N D

The Δ-CSI is a proxy: an indirect quantification of an unobservable property through ob-
servable signals. This is unremarkable in the measurement sciences, where most con-
structs of interest are latent and reached through proxies. But the kind of proxy matters.
Construct validity (Cronbach & Meehl, 1955) requires us to state two consequences.

First: the index measures the intensity of the challenge produced, not the quality of the argu-
ments within it.

Three of its five components are counts (§4). A falsification test contributes to the score
whether it is incisive or banal. The scorer counts items the pipeline labels as falsification
tests, and does not itself verify that each is a genuine, criterion-bearing test rather than an
exhortation — a limitation inherited from the count-only design (§7.2).

The declared construct holds: if the object is the intensity of contestation, the volume of
well-formed adversarial artifacts is a partial but operationally defined indicator. It does not
hold as a measure of argumentative quality, which the index does not capture and does not
claim to.

The single exception is the assumption component, modulated by the mean severity of
the assumptions surfaced. Severity is the one quality signal that enters the number, and it
enters through a channel with its own vulnerability, as §7 records.
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Second: the proxy is honest in a specific, checkable sense. It is deterministic, decompos-
able, and versioned: any two people computing it from the same challenge obtain the same
number, and can attribute that number to its parts.

Honesty of a proxy is not validity of the inferences drawn from it (Messick, 1995). The
former we guarantee in §4, the latter we defer in §8. Calling the Δ-CSI "an honest proxy" is a
claim about its construction, not about its predictive power.

3 . 4  T H E  NA M E :  W H AT  T H E  D E LTA  M A R K S

The index's name expands to Cognitive Sovereignty Index, delta. A paper that introduces the
index cannot decline to say what the delta marks: the question is the first a reviewer will
raise, and it is raised against the paper's own object. We fix the answer here as a naming
convention, stated rather than derived.

The delta marks the level of analysis. It distinguishes a session-level quantity — the pres-
sure applied within a single analysis of a single decision — from the organizational-level in-
dex: the CSI of De Luca et al. (2026), which assesses the standing cognitive posture of an
institution.

The delta is not a temporal difference: it is not a change in the index between two times.
And it is emphatically not a difference in the decision-maker's judgment, which is
decision_changed , and which the index excludes (§3.2). It is a level marker. The Δ-CSI is to

the organizational CSI as a single measurement is to a standing characteristic, and the delta
records that the two operate at different levels with no formalized bridge between them
(§2).

We adopt the convention explicitly because no prior document in the corpus defined the
delta, and an index cannot leave its own name unexplained. Where a reader expects a dif-
ference operator, we ask them to read a level index instead. It is a convention of naming,
and we mark it as such rather than dressing it as a result.

3 . 5  T H E  C O N S T RU C T  I N  T H E  W I D E R  F R A M E

Within the framework of Cognitive Sovereignty (Canepa, 2026a), the Δ-CSI is described as a
partial anchor of the construct: one observable quantity among those by which cognitive
sovereignty becomes measurable. It is not its overall measure, and not a predictor of the
decision's correctness.

This paper is consistent with that placement and does not extend it. The Δ-CSI anchors
one dimension — the observability of applied challenge — at one level, the session. It does
not measure cognitive sovereignty: it measures one thing that a sovereign decision process
does, once, and makes that one thing auditable.
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§ 4  —  O P E R AT I O N A L  D E F I N I T I O N F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  4

Operational definition

This section gives the index its exact form.
The definitions are normative. They are fixed, ahead of any further prose, in an accom-

panying specification: the Δ-CSI Specification v1.0 , which binds computation version
csi-v1 . The account here is the readable statement of that contract, and where the two are

read together the specification governs. The design intent is that the formulas below can be
implemented and checked without recourse to any other source.

4 . 1  T H E  I N P U T :  A  S T RU C T U R E D  C H A L L E N G E

The index is computed over a challenge: the structured product of the contradictor's analy-
sis of one decision.

For scoring, a challenge reduces to four counts and one scalar. The counts are the num-
ber of implicit assumptions surfaced — each with an optional integer severity on a 1–5 scale
— the number of falsification tests, the number of burden-of-proof questions, and the num-
ber of cited sources. The scalar is a single divergence value in [0, 1], derived from the thesis
text and the counter-scenario text. The scorer consumes only these: the counts, the as-
sumption severities, and the divergence scalar. It does not read the free text of the chal-
lenge beyond counting.

This boundary is what makes the quantitative part reproducible, while the narrative part
— produced by a language model — is not (§5). It is also the precise sense in which the index
measures the structure the pipeline produced rather than the substance of the arguments
(§3.3).

4 . 2  T H E  F I V E  C O M P O N E N T S

The Δ-CSI is the sum of five independent contributions. In the formulas, norm(n) = min(n,
5)/5  is the capped count normalizer, severity_avg ∈ [1,5]  the mean assumption severity,

d ∈ [0,1]  the divergence; the core weights are (25, 25, 20, 10, 20).

C O M P O N E N T F O R M U L A M A X I M U M

assumptions 25 · norm(n) · (severity_avg / 5) 25

falsification tests 25 · norm(n) 25

burden-of-proof questions 20 · norm(n) 20

cited sources 10 · norm(n) 10
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C O M P O N E N T F O R M U L A M A X I M U M

divergence 20 · d 20

The five sum to a score in [0, 100]. The components are additive with no cross-terms, so any
score is decomposable: given a Δ-CSI, one can always state how many points came from
each dimension. This is a deliberate property. An opaque aggregate would defeat the au-
ditability that is the whole point of measuring the challenge.

Two modelling choices here are stipulations, not results, and the paper marks them as
such.

The Δ-CSI is a formative composite: its components constitute the index by definition,
rather than reflecting a single latent variable that causes them — as items on a reflective
psychometric scale would. Two obligations follow, and neither is discharged in this paper.

The first concerns the selection of components. That it is exactly these five must be ar-
gued to span the domain of challenge intensity. It is a content-coverage claim the paper as-
serts but does not establish: the five in fact mirror the contradictor's fixed output schema.

The second concerns the form. The additive, compensatory form is itself an assumption.
A linear sum lets a strong showing on four components buy back a weak one on the fifth; a
conjunctive construct would instead let a weak channel cap the whole. Both the component
selection and the additive form are listed among the declared weaknesses (§7.2).

This also qualifies the construct-validity framing of §2. A formative composite is vali-
dated primarily through content coverage and criterion relations, not through the internal-
consistency logic of the reflective tradition that Cronbach and Meehl and Messick largely
address. That is why the roadmap's convergent and known-groups tests (§8.2), rather than
internal-consistency statistics, are the relevant evidence.

4 . 3  T WO  RU L E S  T H AT  K E E P  T H E  N U M B E R  H O N E S T

Two construction rules do the load-bearing work, and each answers a specific way the
number could be corrupted.

The cap, against inflation by volume. Every count-based component saturates at five:

norm(5) = norm(50) = 1.0 . The marginal value of a sixth assumption, or a tenth falsifica-
tion test, is exactly zero. Ten shallow objections do not outscore five deep ones.

The rule removes the incentive to fabricate volume. It forces the route to a higher score
through the substance of the challenge — a more distant counter-scenario, or assumptions
rated graver — rather than the length of its lists. That second route, however, itself runs
through the self-reported severity channel whose vulnerability §7.2 records. A reader
should therefore never infer an exact count from a saturated component: a maximal fal-
sifications  contribution certifies "at least five", not a total.

The sum-to-one-hundred constraint, against covert inflation of the ceiling. The five weights
sum to one hundred, so each weight is the maximum share its component can contribute,
and the maximum possible score is one hundred.
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The sum-to-one-hundred is itself a stipulated convention, enforced programmatically.
What follows from it, given fixed weights, is that no reweighting can covertly inflate the
ceiling.

A domain configuration (a "Pack") may redistribute the weights — a clinical or legal-dili-
gence setting might raise the weight of sources at the expense of divergence — but only on
the condition that the sum remains one hundred. The constraint forbids raising one
component's ceiling without lowering another's. The interpretation bands (below) are
never movable. The consequence, which §6 develops, is that scores produced under differ-
ent weightings are not directly comparable and must be kept in separate calibration
cohorts.

4 . 4  A S S U M P T I O N  S E V E R I T Y:  T H E  O N E  Q UA L I T Y  C H A N N E L

The assumption component is the only one modulated by a quality signal rather than a
pure count. Its multiplier severity_avg / 5  ranges from 0.2 (all assumptions at severity 1)
to 1.0 (all at severity 5): two challenges with the same number of assumptions but opposite
gravity produce different scores.

Two default conventions govern missing data. A single assumption with no declared
severity counts as 3, a neutral midpoint. But a challenge that declares no severities at all is
assigned severity_avg = 5  — the maximum — for backward compatibility with the pre-
severity computation version.

The second convention is a known defect, which we flag here and revisit in §7: it rewards
omission over honest mid-range declaration. It is an inverted incentive, one that produc-
tion pipelines are directed to avoid by always declaring severities, and that the paper de-
clines to conceal.

4 . 5  D I V E R G E N C E :  L E X I C A L  A N D  S E M A N T I C

The divergence component measures how far the counter-scenario departs from the thesis,
on a [0, 1] scale. It does so by one of two methods, which measure different properties and are
therefore not mutually comparable.

The lexical method is the Jaccard complement over normalized token sets: 1 − |T(τ) ∩
T(κ)| / |T(τ) ∪ T(κ)|  (Jaccard, 1912). It is deterministic, offline, and dependency-free,
and serves as the guaranteed fallback. It does, however, register a thesis and a counter-sce-
nario that agree in substance but differ in wording as divergent — a distortion relative to
the property of interest.

The semantic method maps the cosine similarity between embedding vectors of the two
texts to a distance: (1 − cos)/2 , in the vector-space tradition of Salton, Wong, and Yang
(1975). It is more faithful to the construct, at the cost of a dependency on an external
encoder.

Which method ran is selected by configuration and, critically, is recorded on every score. If
a semantic encoder is requested but fails at runtime, the computation falls back to the lexi-
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cal method and labels the record accordingly: scores of genuinely different kinds are never
silently merged.

The two divergence measures are not interchangeable even at equal numeric value. The
point recurs as a comparability constraint in §6.

4 . 6  I N T E R P R E TAT I O N  B A N D S  A N D  V E R S I O N I N G

The score is read through three fixed bands — marginal [0, 33), moderate [33, 66), substantial
[66, 100] — identical across every domain and configuration.

Fixity is deliberate. Were installations free to move the thresholds, the word "moderate"
would lose its shared meaning, and the same number would tell different stories to differ-
ent audiences. The canonical interpretation is always a statement about pressure on the
decision's assumptions — "the contradictor applied moderate pressure" — never about the
decision's merit or a change in its author's mind.

The computation is versioned. The current version ( csi-v1 ) differs from its predecessor
( csi-v0 ) in exactly one respect: the severity modulation of the assumption component.

Records carry their version. And because a severity-declared challenge scores differ-
ently under the two versions, scores from different versions are held in separate cohorts
and never pooled (§6). Versioning is not bureaucratic overhead here: it is what allows the
definition of the index to change without silently invalidating the scores computed under
the prior definition.

4 . 7  A  WO R K E D  E X A M P L E

The construction is concrete on a single case, reproduced from the reference implementa-
tion and verifiable by hand.

A challenge surfaces three assumptions with no declared severities (hence severity_avg
= 5.0 ), two falsification tests, two burden questions, one source, and a lexical divergence
of 0.9615. The components are 25·(3/5)·(5/5) = 15.00 , 25·(2/5) = 10.00 , 20·(2/5) =
8.00 , 10·(1/5) = 2.00 , and 20·0.9615… = 19.23 , summing to 54.23 — in the moderate
band. The number is produced deterministically by the reference scorer: given the same
five inputs, it returns 54.23 every time.

This canonical example is retained for continuity with the reference documentation, but
it deliberately runs on two of the index's weakest paths. We flag that rather than hide it. The
assumptions carry no declared severities, so the assumption component runs at the back-
ward-compatibility maximum ( severity_avg = 5.0  — the omission incentive of §4.4 and
§7.2). And the divergence is the lexical Jaccard fallback, the less valid of the two methods
(§4.5).

A methodologically cleaner illustration would declare mid-range severities and use se-
mantic divergence. The number would differ, but the point of the worked example — the
arithmetic and its by-hand reproducibility — would be unchanged.
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The narrative that a real challenge would wrap around these inputs — the actual text of
the assumptions, the scenario, the questions — is generated by a language model and is not
deterministic. Only the quantitative part reproduces exactly. That distinction, between a
reproducible number and a non-reproducible text, is the subject of the next section.
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§ 5  —  T H E  M E A S U R E M E N T  P I P E L I N E  A N D  T H E  P R O V E N A N C E / S C O R I N G
S E P A R AT I O N

F R A N C E S C O  S AV E R I O
C A N E PA

S E C T I O N  5

The measurement pipeline and
the provenance/scoring separation

The Δ-CSI does not arise from nowhere. It is the last link in a chain, and both its guarantees
and its limits are legible only against the process that produces its inputs.

The contradictor operates as three sequential, isolated passes, orchestrated deterministi-
cally. The first (Thesis) extracts the decision's dominant reading — what a competent ana-
lyst would conclude — and is not itself adversarial.

The second (Red Team) is the challenge proper. It surfaces the implicit assumptions, con-
structs the counter-scenario, proposes the falsification tests, and poses the burden-of-proof
questions. It draws its mandate, its bias taxonomy, and its falsification templates from the
resolved domain configuration.

The third (Synthesis) calibrates confidence in light of thesis and challenge, declares the
residual gaps, and attaches sources with their provenance. It has no mandate to conclude
or to recommend.

Two features of the pipeline bear directly on the meaning of the index.
The first is model isolation across passes. The passes may run on different model providers,

so that a decision's dominant reading is not attacked by the same model that produced it.
The providers actually used are recorded with the output.

The motivation is a failure mode documented in the multi-agent-debate literature
(Wynn, Satija, & Hadfield, 2025; Wu, Li, & Li, 2025): adversarial framings imposed on a sin-
gle model tend to produce correlated reasoning and performed rather than genuine dis-
agreement. Isolating the passes across providers is a structural attempt to de-correlate sys-
tematic blind spots, so that the challenge the Δ-CSI measures is more likely to be real.

It is a mitigation, not a proof. Whether it succeeds is one of the things an eventual valida-
tion would have to establish.

It also carries a cost the paper does not hide. Running passes on different providers in-
jects between-model variance into the very counts and severities the index is computed
from: the same decision may yield different components — and therefore a different Δ-CSI
— under different provider routings. The reliability consequence is taken up below and
listed as a weakness (§7.2).

The second feature, and the more important for the index's interpretability, is the sepa-
ration of provenance from scoring. The companion construct paper treats it as one of the
contradictor's four invariants (Canepa, 2026a, §4.4); we restate it here in its measurement
form.

A contradictor equipped with retrieval could introduce a circularity. Evidence found
during analysis might simultaneously shape the content of the challenge and inflate its
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measured intensity. A high Δ-CSI would then become an artifact of how many sources hap-
pened to be available rather than of how forcefully the reasoning was contested, and the in-
dex would cease to measure the property it names.

The separation forecloses this. Sources are retrieved and recorded as provenance, but
the Δ-CSI's components are computed from the logical structure of the challenge — assump-
tions, falsification tests, burden questions, scenario divergence — not from the volume or
quality of retrieved material. The source count enters as one separate component, with its
own bounded weight (ten of one hundred), and does not retroact on the others. This is the
condition under which the Δ-CSI remains interpretable as challenge intensity, rather than a
disguised measure of retrieval richness. The four non-source components are insulated
from the information context, and the source component is bounded at ten of one hundred:
retrieval richness can nudge the score, but cannot dominate it.

An index conflated with the abundance of sources could not be calibrated in the fore-
casting sense at all (Tetlock & Gardner, 2015), because it would be measuring a property of
the corpus rather than of the reasoning.

The pipeline thus produces two qualitatively different outputs, and the distinction is es-
sential to what the paper claims.

The narrative — thesis, scenario, assumptions, questions — is generated by a language
model and is not reproducible: the same decision analysed twice yields different texts. The
score is computed by a deterministic function over the extracted structure and is repro-
ducible: the same components always yield the same number.

When the paper claims reproducibility (§4.7, §7), it claims it for the scorer, not for the
pipeline. A regression test of the index must fix the components as inputs, and must not ex-
pect determinism from the narrative stage. Confusing the two would be a claim the system
cannot honor, and we do not make it.

The honest consequence is that the measure, end to end, is not reproducible in the way
the scorer is. Because the counts, severities, and divergence are extracted from a stochastic
model, the same decision analysed twice will in general receive a different Δ-CSI. The de-
terminism the paper guarantees is that of the aggregation given fixed components: a prop-
erty of the arithmetic, not of the measurement.

How much the end-to-end score varies across runs and across providers — its test–retest
and inter-model reliability — is unquantified here. It heads the validation roadmap of §8.2
and is among the declared weaknesses of §7.2.
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§ 6  —  P E R S I S T E N C E  A N D  T H E  C A L I B R AT I O N  D I S C I P L I N E F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  6

Persistence and the calibration discipline

An index computed once and discarded measures a moment. An index persisted and revis-
ited can, in principle, be validated.

The Δ-CSI is written, for every session, to a per-tenant, local-first Sovereign Decision
Ledger. The ledger records the decision, the full challenge, the index with its component
breakdown and version, and — in deferral, when it becomes known — the outcome. The
outcome has two fields: an outcome_label  (correct, wrong, mixed, or unknown) and the
Boolean decision_changed .

The ledger is per-tenant and isolated, and its accumulated record of challenges and out-
comes is the substrate on which calibration operates. For the purposes of this paper it mat-
ters not as a commercial asset, but as the mechanism that makes empirical validity con-
structible over time rather than assumable in advance.

It is necessary to be exact about what "calibrated" means for the Δ-CSI: the word is doing
narrower work than the forecasting literature from which it is borrowed would suggest.
Calibration here is a discipline, not a state the index has attained. It has three rules.

Cohorts. Calibration statistics are computed per cohort, where a cohort is the triple (com-
putation version, divergence method, weights).

Scores produced under different versions, different divergence methods, or different
weightings are not comparable, and are never pooled. A Δ-CSI of 54 under lexical diver-
gence and a Δ-CSI of 54 under semantic divergence do not assert the same thing about chal-
lenge intensity: their numerical identity is accidental (§4.5). Mixing them would produce
statistics drawn from incommensurable measurements, which cannot be interpreted as
samples of one variable.

A descriptive-only floor. Below a minimum of five outcome-bearing records in a cohort,
the calibration output is explicitly flagged as descriptive only, and no conclusion about the
index's validity is permitted.

This is not a significance threshold: it is an operational floor of minimum good sense.
Clearing it licenses no validity claim, and even above it the evidence remains descriptive
and local to the tenant. The gate exists to prevent a specific error: presenting the Δ-CSI as
empirically validated before any outcomes have accrued.

A local, descriptive statistic. Above the floor, the calibration may report a hit_rate : the
proportion of changed decisions with a definitive outcome that turned out correct.

The definition is deliberately narrow. It conditions on decision_changed , because the
question calibration can honestly ask of the ledger is whether the contradictor, when it ac-
tually moved a decision, moved it well.

The hit_rate  may be undefined even above the floor: if no decision in the cohort was
ever changed, the denominator is zero. This is not an anomaly, but a correct report of the
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absence of the relevant evidence.
Where defined, the hit_rate  is per-tenant, descriptive, and local. It is not a causal esti-

mate, and a high value in one domain implies nothing about another.
Two boundaries of the calibration apparatus deserve statement, because their omission

would overstate what the ledger delivers.
First, the apparatus as specified does not relate the value of the score to outcomes. None

of its statistics, hit_rate  included, is a function of the Δ-CSI magnitude: the apparatus ac-
cumulates the evidence a future validity analysis would require, without itself constituting
a test of the index's validity.

Second, the engine-level floor of five outcomes is far weaker than the statistical power a
confirmatory study would demand. The companion protocol (Canepa, 2026b) sets that bar
explicitly: a floor of at least twenty scored cases per horizon, for any confirmatory calibra-
tion test.

It is important that the two thresholds not be confused. Clearing the product's five-out-
come gate authorizes a tenant to read descriptive statistics, not to claim validation. The dis-
tance between those two acts is the distance between this paper and its empirical
successor.

At the time of writing, that distance has not been closed. No per-tenant cohort has
reached even the five-outcome descriptive floor with real decision-makers: the flywheel is
specified and instrumented, but not yet turned by live use.

The paper reports this as a fact about the state of the evidence, in the same register the
companion protocol uses to report the pre-outcome status of its sealed pilot. The honest
disclosure is part of the contribution: a measurement paper that obscured the emptiness of
its own outcome ledger would be committing, in miniature, the overclaim the whole pro-
gramme exists to resist.
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§ 7  —  S E L F - C O N T R A D I C T I O N :  P R O P E R T I E S ,  D E F E N S E S ,  A N D
D E C L A R E D  W E A K N E S S E S

F R A N C E S C O  S AV E R I O
C A N E PA

S E C T I O N  7

Self-contradiction: properties,
defenses, and declared weaknesses

An index whose purpose is to measure the intensity of self-contestation must be willing to
contest itself, and the willingness has to be demonstrated rather than asserted.

This section turns the method on its own object. It states first the structural defenses that
make the index fail visibly rather than flatter silently; then, without mitigation, the weak-
nesses that survive those defenses.

7 . 1  T H R E E  FA I L - C L O S E D  D E F E N S E S

The system implements three structural protections against sycophantic output, structural
in the sense that they are code-level controls that fire independently of what the model
produces.

The first is the contradiction floor. A challenge is admissible only if it contains at least one
assumption, at least one falsification test, at least one burden question, and a non-empty
counter-scenario.

If the floor is unmet, the system performs exactly one sharpened retry. If it is still unmet,
the pipeline raises a controlled error and emits nothing. When there is no genuine chal-
lenge to be had, the system fails visibly rather than degrading toward a reassuring report:
an empty challenge becomes an error, not a result.

The floor is a floor and not a ceiling, and its threshold is deliberately low — which is itself
one of the declared weaknesses below. But its function is categorical, and it is the first line
against the failure mode the whole index exists to detect.

The second is closed-enumeration provenance. Every source must declare a provenance
from a closed set of five values. With no retrieval available, the synthesis is constrained to
return an empty source list rather than inventing citations.

A source cannot materialize from nowhere: it has a declared origin, or it does not enter
the count. This closes the most insidious failure of a system that cites, namely the fabrica-
tion of plausible but non-existent references.

The third is honest sub-threshold calibration (§6): below five outcomes the system declares
its statistics insufficient, rather than simulating a validation it does not have. The defense is
again one of visible failure over silent degradation. The correct output of an empty ledger
is a declaration of insufficiency, not a reassuring number.

7 . 2  D E C L A R E D  W E A K N E S S E S
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The following weaknesses are open. They are stated here because a measurement whose
validity rests partly on the honesty of its self-account cannot treat its own limitations as a
threat to be managed. In a due-diligence reading, the value of the list is not the absence of
entries: it is the fact that the system declares them itself.

The name and scale invite a category error. The label "Cognitive Sovereignty Index" and the
0–100 scale invite reading the number as a measure of correctness. It is not (§3.2).

The risk is communicative, and is not neutralized by the current implementation. The
mitigation is definitional discipline — the index must always travel with an explicit state-
ment of what it measures — not a structural guarantee. This is the paper's own first-listed
risk, and it is the reason §3 precedes §4.

Three components measure only quantity. Falsification tests, burden questions, and sources
are pure counts (§4): five trivial elements score as five incisive ones, and argumentative
quality does not enter the number. Only the assumption component carries a quality
signal.

The floor is permissive. The contradiction floor requires one element per field: a challenge
with a single obvious assumption, one banal test, one question, and a one-line scenario
clears it. The defense against empty challenges is real, but its threshold is low. A thin-but-
non-empty challenge passes and presents with a marginal score — which is to be read with
suspicion (§3.2), not as reassurance.

A sourceless synthesis passes without warning. An empty source list clears the floor and the
schema validation. The synthesis is stored and scored with the source component con-
tributing zero, and no explicit signal flags the absence to the reader. The behaviour is de-
fensible — an honest absence is better than a fabricated citation — but the silent zero is a
declared gap.

Below five outcomes, nothing is empirically validated. Until a cohort accrues five definitive
outcomes, calibration is descriptive and no validity conclusion is licensed (§6). This is a
limit of evidence, restated as a weakness because it is routinely forgotten in the presenta-
tion of new metrics.

The one quality signal is self-reported by the model. Assumption severity — the sole quality
channel that enters the number — is declared by the same model that generates the
challenge.

The anti-inflation cap governs counts, not severities. A model that systematically over-
states gravity inflates the heaviest component, and no structural defense intercepts it.

This is the index's most consequential open weakness, and it has the structure of a clas-
sic measurement pathology. Once a quantity computed from a model's own severity decla-
rations is used to judge that model's output, the declaration is under pressure to serve the
score rather than to describe the assumption. It is the collapse of a statistical regularity un-
der control, in Goodhart's (1975) original formulation; and, in its now-standard generaliza-
tion, the tendency of a measure to cease being a good measure once it becomes a target
(Strathern, 1997, following Hoskin).
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The index is, in this respect, gameable by construction through the severity channel, and
it says so. The vulnerability is also a specific case of a documented general one. Using a lan-
guage model to evaluate language-model output imports the documented biases of the
LLM-as-judge setting into the single channel that carries quality information — above all
self-preference, a model scoring its own output favourably (Zheng et al., 2023).

Omitting severities scores higher than declaring them honestly. For backward compatibility, a
challenge that declares no severities is assigned the maximum mean severity. An all-omit-
ted challenge therefore outscores an identical one with honestly declared mid-range sever-
ities (§4.4).

It is a known perverse incentive, accepted as the cost of version compatibility.
Production pipelines are instructed to always declare severities; the defect is disclosed
rather than repaired.

The end-to-end measure has unquantified reliability. The determinism the paper guarantees
is the scorer's, given fixed components. The components themselves are extracted by a sto-
chastic model: the same decision re-analysed will in general receive a different Δ-CSI, and
the model-isolation routing of §5 adds between-provider variance on top.

The test–retest and inter-model reliability of the end-to-end score — and hence the stabil-
ity of the band a decision lands in — is not measured in this paper. Because reliability is
prior to validity, this is the most consequential of the pre-empirical gaps, and it heads the
roadmap of §8.2.

The weights and the additive form are stipulated, not derived. The core weights
(25/25/20/10/20) are a default judgment about the relative contribution of the five dimen-
sions, not a quantity estimated from data or elicited from experts. And the additive, com-
pensatory aggregation is a modelling assumption, not a demonstrated property of the con-
struct (§4.2). A weight-sensitivity analysis — how often band assignments flip under reason-
able reweightings — would bound the arbitrariness, and is not yet run.

The assumption component is not monotone in genuine challenge. Because the component
multiplies a capped count by the mean severity, adding a further genuine but milder as-
sumption can lower the score. Five assumptions at severity 5 yield the maximum 25.00, but
a sixth genuine assumption at severity 1 drops the component to 21.67: the count is already
saturated, and the mean falls.

A strictly larger, honest challenge can thus score lower. The non-monotonicity also cre-
ates an incentive to suppress mild assumptions in order to keep the mean high — orthogonal
to the verbosity cap.

It is a real property of the current csi-v1  formula, disclosed here rather than silently
carried. A monotone aggregation, for instance a severity-weighted sum under the same
cap, is a candidate correction for a future computation version.

Under a real encoder, semantic divergence cannot reach its ceiling. The cosine mapping (1 −
cos)/2  assumes cosine spans [−1, 1]. But sentence-embedding cosines for natural-language
pairs are typically positive and high: the semantic divergence occupies roughly the lower
part of [0, 1], and its component realistically contributes only a few of its twenty points. The
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fixed bands therefore partition structurally different effective ranges across the lexical and
semantic cohorts, and the same challenge scored under the two methods can land in differ-
ent bands.

Cohorting keeps the two out of one calibration pool (§6), but it does not make the seman-
tic scale reach as high as the lexical one. A distribution-calibrated mapping of the cosine
would be the principled fix.

Several of these entries — semantic divergence as an available default, severity modula-
tion of the assumption component — were themselves the resolution of earlier entries in
this same self-contradiction. Others — the reliability gap, the non-monotonicity, the stipu-
lated weights — were surfaced by turning an adversarial review on this paper itself.

That is the intended dynamic: the register of weaknesses is a live backlog, not a confes-
sion appended once. What the list demonstrates is not that the index is free of defects, be-
cause it is not. It demonstrates that its defects are surfaced by the same adversarial disci-
pline the index applies to the decisions it scores. A vendor presenting these as already
solved would be asserting more than the system asserts of itself.
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§ 8  —  L I M I T S  A N D  A  P R E - R E G I S T E R E D  V A L I D AT I O N  R O A D M A P F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  8

Limits and a pre-registered validation roadmap

The paper's claims are bounded, and the boundary is the point.
What is established here is a construct and a measurement method: the Δ-CSI is defined,

its arithmetic is deterministic and reproducible, its defenses and weaknesses are specified,
and its comparability rules are fixed.

What is not established is any empirical validity — that a given Δ-CSI level corresponds to
anything about the decisions it scores. That claim is deferred, and this section states the
terms of the deferral precisely enough to be held to them.

8 . 1  W H AT  T H E  I N D E X  I S  N O T :  C O R R O B O R AT I O N

A reader trained in the philosophy of science will hear, in a phrase like the intensity with
which a decision was contested, an echo of Popperian corroboration and of the severe-testing
tradition that formalizes it (Popper, 1959; Mayo, 1996).

The echo is worth addressing directly, because the resemblance is partly real and partly
a trap. It is real in spirit: both traditions prize confronting a claim with what could overturn
it, rather than with what would comfort it.

It is a trap if read as identity, and the reason is precise. Severe testing is defined by the
probative power of a test: a test is severe to the degree that it would probably have exposed
an error had one been present. The Δ-CSI measures no such thing. As §3.3 and §7.2 state
plainly, it counts falsification tests without grading whether any is probative: it captures
the quantity and intensity of contestation applied, not the severity of any test in Mayo's sense.
The word "severity" inside the index refers, moreover, to something else again — the self-
rated gravity of an assumption (§4.4) — and should not be conflated with test-severity.

The decisive distinction, however, is temporal, and it is what makes "not corroboration"
true rather than merely asserted. Corroboration scores a hypothesis by the tests it has sur-
vived, after outcomes are in. The Δ-CSI scores a decision by the challenges applied to it, be-
fore any outcome is known and regardless of whether the decision is later borne out.

The index is therefore not a corroboration measure under a new name. It is an audit of
contestation applied ex ante, and its own validation (below) runs through decision out-
comes in a ledger, not through the survival of hypotheses under experiment. It borrows the
adversarial spirit of the severe-testing tradition; it does not borrow, and does not claim, its
measure of probative severity.

8 . 2  T H E  E V I D E N C E - A C C U M U L AT I O N  R OA D M A P
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Validation is treated as a matter of process design over time, pre-registered rather than as-
serted, and it proceeds through thresholds that must not be conflated.

Before any of the outcome-dependent thresholds below, there is measurement work that
requires no outcomes at all, and this paper defers it rather than performs it. Two studies
are pre-registered here as the immediate next step.

The first is a reliability study: a fixed set of decisions run repeatedly, across at least two
provider routings. It would report the run-to-run and between-model variance of each
component and of the total score, a test–retest reliability coefficient, agreement on band as-
signment, and a standard error of measurement to attach to any reported Δ-CSI.

The second is a discrimination study: a labelled corpus of genuine challenges versus de-
liberately performed ("sham") ones. It is a known-groups test of whether the index sepa-
rates them — the very capability §2 argues the index is for, and the one not yet shown.

A convergent check belongs to the same stage and requires no outcomes either: agree-
ment between the Δ-CSI and independent expert ratings of challenge intensity, on the same
challenges. It would give the otherwise discriminant-only nomological network (§2) its first
confirmatory node.

None of these requires the ledger to fill, nor live users, nor decision outcomes. All three
are the precondition, not the consequence, of the outcome work that follows, and their ab-
sence is precisely why this paper is a definition-and-method contribution rather than a val-
idated measurement.

The first threshold is the engine's descriptive floor: five outcome-bearing records in a co-
hort, at which a tenant may begin to read the accumulating record of scores and outcomes
descriptively (§6).

A pragmatic reading — enough to detect a signal worth pursuing — requires on the order
of twenty to thirty records with a defined decision_changed  field. That is a scale reachable
by a single serious user over months, not a research programme.

Investor-grade evidence, in the corpus's own internal targets, is a different order of mag-
nitude again: hundreds of definitive outcomes per vertical. It is named here only to mark
the gap between a pilot's descriptive signal and a defensible empirical claim, so that the
former is never presented as the latter.

The second threshold belongs to the companion protocol and validates an adjacent
quantity, which the paper is careful not to over-attribute to the index.

Calibrated Dissent (Canepa, 2026b) instantiates a pre-registered, anti-hindsight audit. Its
object is a fixed, publicly sealed pilot of ten high-stakes European M&A decisions, sealed at
a single date (20 June 2026), each carrying forecasts resolved at two horizons: six to twelve
months, and eighteen to thirty-six months.

That protocol scores the sealed forecasts against outcomes by proper scoring rules. It sets
a confirmatory power floor of at least twenty scored cases per horizon — which the fixed pi-
lot of ten is, by design, below. Two points of discipline follow, and both are load-bearing for
the honesty of this paper.
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First, in that protocol the Δ-CSI enters strictly as non-scoring provenance and, at most, an
exploratory covariate. It is recorded, not scored, and no confirmatory hypothesis is stated
on it.

Second, and consequently, the powered stage of the companion validates the
contradictor's forecasts, not the Δ-CSI as such. A well-calibrated forecaster is evidence about
the pipeline, not a direct validation of the challenge-intensity index.

The index's own validation route remains the per-tenant ledger calibration of §6 — the
accumulated relationship between challenge intensity and recorded decision outcomes.
That route, at the time of writing, has produced no outcomes yet.

8 . 3  C O N F L I C T  O F  I N T E R E S T  A N D  T H E  G A M I N G  FA I LU R E  M O D E

Two disclosures close the section, in the register the companion protocol adopts for the
same purposes.

The first is a conflict of interest, declared rather than managed away. The author of this
paper is the author of the construct paper, the builder of the reference implementation,
and a party with an interest in the measurement method being credible. A reader should
weigh the paper's claims in that light.

The mitigations are the ones available to a single author: an open and irrevocable speci-
fication (§9), pre-registration of the empirical tests in the companion, and the intention to
place outcome scoring under independent resolution. None of these removes the conflict.
They make it visible and auditable, which is the most an honest disclosure can do.

The second is the index's own principal failure mode, already stated as a weakness (§7.2)
and repeated here as a pre-registered falsification target: gaming.

Suppose a deployment were found to produce inflated Δ-CSI scores without any corre-
sponding increase in the substance of the challenge, most plausibly through the self-re-
ported severity channel. That would be evidence that the index had become a target and
ceased to be a good measure (Strathern, 1997). The condition is stated in advance, as the
discipline of pre-registration requires, so that its later appearance would count as discon-
firming rather than being explained away.
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§ 9  —  T H E  S P E C I F I C AT I O N  A S  A N  O P E N  S TA N D A R D F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  9

The specification as an open standard

The definition set out in this paper is offered under open terms, so that others may adopt it
independently of the author's own implementation. This section records those terms
briefly; they are governance rather than method, and nothing in §3–§8 depends on them.
Four commitments fix them.

An open, irrevocable specification. The Δ-CSI specification is published under an open li-
cence (CC BY), as an open and irrevocable definition rather than a permission that could
later be withdrawn. Anyone may compute and use the index under the same public terms.

Arm's-length parity. The reference implementation is one conforming implementation,
not the standard. It computes the Δ-CSI under the same public definition available to any
other implementer, and it enjoys no privileged variant. The standard's authority rests on
the definition, not on the implementation.

A citable identity of its own. The specification has an identity — a name, a document, a DOI
— distinct from the product documentation of any implementation. What others cite when
they cite the Δ-CSI is therefore the standard, not a vendor's manual.

This paper is that citable definition, and it supersedes prior internal descriptions of the
index on the question of the definition itself. Implementation-internal documents remain
authoritative on implementation behaviour, and subordinate to this specification on the
definition.

A commitment to independent stewardship. Custody of the standard at this stage rests with
the author as a natural person. That is sufficient for a definition whose priority and author-
ship are established by publication.

The commitment recorded here is that the name and specification are to be conferred on
an independent steward, at the point where external adoption makes that separation neces-
sary. Independent means structurally separate, in control and in funding, from any single
implementer. The purpose is stated plainly: an index of independent judgment cannot
credibly be governed, in the long run, by a party that profits from the scores. Placing the
standard on open and irrevocable terms now is what keeps that future option open rather
than foreclosed.

These commitments are governance, not mathematics, and they change nothing in §4.
They are included because of what the alternative would be: a measurement standard
whose canonical source is an internal product document, revisable at the vendor's discre-
tion. That would undercut, at the level of stewardship, the independence the index exists to
measure at the level of decisions.
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§ 1 0  —  C O N C L U S I O N F R A N C E S C O  S AV E R I O  C A N E PA

S E C T I O N  1 0

Conclusion

This paper has defined the Δ-CSI — the Cognitive Sovereignty Index, delta — as the intensity
of the structured challenge that a cognitive contradictor applies to a single decision. And it
has specified how that intensity is computed: deterministically, from five bounded and de-
composable components, under anti-gaming and comparability rules fixed in a versioned
specification.

It has drawn the construct's boundary in four negations: the index is not decision qual-
ity, not the probability of success, not a verdict on the decision-maker, and not whether the
decision changed. Those four confusions are the ones the index's name and scale actively
invite, and a measure of challenge intensity that permitted them would measure nothing
usable. And it has been explicit, throughout, about the line between what is defined, what
is engineered, and what remains to be shown.

What exists as of this writing is a definition, a reproducible method, and a discipline. A
number that any two parties can compute identically from the same challenge and attri-
bute to its parts. Defenses that make the absence of a real challenge fail visibly rather than
flatter silently. A register of weaknesses surfaced by the same adversarial method the index
applies to the decisions it scores.

What does not yet exist is empirical validity — evidence that a given challenge intensity
corresponds to anything about the decisions scored — and the paper has neither claimed it
nor obscured its absence.

Validation is set out as a pre-registered programme: per-tenant ledger calibration, and
the sealed forecasting pilot of the companion, in which the index enters as provenance and
covariate, never as a scored quantity. The empty outcome ledger is reported as the fact it is.

The stance is not incidental to the subject. A construct built to measure how honestly a
decision confronts what it would rather not examine cannot be introduced by a document
that spares itself the same treatment.

The Δ-CSI's first and most exacting test is the one this paper has tried to pass: to state a
measure precisely, to defend it where it can be defended, to contradict it where it cannot.
And to let the number stand only for what it actually measures, which is the intensity of
the challenge, and not the quality of the decision.
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A P P .  A  —  Δ - C S I  S P E C I F I C AT I O N  V 1 . 0 F R A N C E S C O  S AV E R I O  C A N E PA

A P P E N D I X

Δ-CSI Specification v1.0

This appendix is the normative specification the paper refers to in §4 and §9. Its own cross-refer-
ences use the form A.N (e.g. A.9.1); references to §N without the A. prefix point to the main paper.
It is frozen; any change requires a version bump.

Cognitive Sovereignty Index, delta — normative specification of the challenge-inten-
sity index

AT T R I B U T E VA L U E

Specification version spec-1.0

Binds computation version csi-v1

Status Normative reference. Frozen. Any change requires a version bump.

Language English

Relationship to implementation This specification defines the standard. CounterBrain (brain_engine) is the reference
implementation; where the implementation and this document disagree, this document
defines the standard and the implementation is non-conforming until reconciled. The
implementation's internal source-of-truth (METHODOLOGY.md) documents
implementation behaviour and is subordinate to this specification on the definition of
the index.

Purpose. This document fixes the definition, computation, invariants, and com-
parability rules of the Δ-CSI before any prose is written about it (contracts-first).
It is self-contained: the formulas below can be implemented and checked with-
out any other source. The worked example in A.11 is reproducible by hand and
by the reference scorer.

A . 1  —  S C O P E  A N D  R E A D I N G  O R D E R

This specification defines a single scalar index, the Δ-CSI, computed over the structured
output of one adversarial ("cognitive contradictor") analysis of one decision. It defines:

1. the objects the index is computed from (A.3);
2. the five component functions and their aggregation (A.4–A.7);
3. the interpretation bands (A.8);
4. the two divergence methods (A.9) and the specification's versioning (A.13);
5. the invariants a conforming implementation must not break (A.10);
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6. a reproducible worked example (A.11);
7. the comparability (cohort) and calibration rules (A.12).

The Δ-CSI is an index of challenge intensity. It is not defined here, and must not be pre-
sented, as a measure of decision quality, of the probability that the decision succeeds, of
the decision-maker's competence, or of whether the decision was subsequently changed.
The interpretive burden of that distinction is discharged in the paper, not in this specifica-
tion; this document only fixes the arithmetic and the contract.

A . 2  —  N O TAT I O N

⌊·⌋ , min , max  have their usual meaning.
Counts are non-negative integers; scores are real numbers rounded as specified in
A.7.
A token set of a text is the set of its whitespace-separated, lowercased tokens (the
reference tokenizer; A.9.1).
[a, b)  denotes a half-open interval, a  included, b  excluded.

A . 3  —  I N P U T  O B J E C T :  T H E  C H A L L E N G E

The Δ-CSI is computed from a challenge C , the structured product of the contradictor pipe-
line for one decision. For the purpose of scoring, C  is the tuple:

C = (A, F, B, S, τ, κ)

where

S Y M B O L M E A N I N G C O N S T R A I N T

A list of implicit assumptions, each carrying an optional integer severity sᵢ ∈ {1,…,5} nₐ = |A|

F list of falsification tests n_F = |F|

B list of burden-of-proof questions n_B = |B|

S list of cited sources, each with a declared provenance (A.10.3) n_S = |S|

τ thesis text (the dominant reading) non-empty

κ counter-intuitive scenario text non-empty (A.10.2)

The scorer consumes only the counts nₐ, n_F, n_B, n_S , the severity values of A , and a
single divergence scalar d  derived from (τ, κ)  (A.9). It does not read the free text of A,
F, B, S  beyond counting and (for A ) severity. This is a deliberate boundary: the index
measures the structure the pipeline produced, not the intrinsic quality of the arguments (a
limitation stated openly in the paper, not hidden here).
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A . 4  —  C O U N T  N O R M A L I Z AT I O N  A N D  T H E  C A P

Let CAP = 5 . For any count n :
norm(n) = min(n, CAP) / CAP

so norm(0) = 0 , norm(1) = 0.2 , …, norm(5) = 1.0 , and norm(n) = 1.0  for all n ≥ 5 .
The cap makes the marginal contribution of every count element beyond the fifth ex-

actly zero. It is the anti-inflation rule: verbosity cannot raise the score. A consequence for
readers: a component at its maximum certifies "at least five elements", not an exact count.

A . 5  —  A S S U M P T I O N  S E V E R I T Y

The assumption component is the only one modulated by a quality signal. Define:
severity_avg = (1 / nₐ) · Σᵢ sᵢ if A is non-empty and severities are declared

with two default conventions:

Missing severity on a single assumption counts as 3  (neutral midpoint), so an
accidental omission does not penalize the challenge.
No severity declared anywhere in the challenge sets severity_avg = 5  (the
maximum), for backward compatibility with csi-v0 , which had no severity field.

The second convention is a known perverse incentive — an all-omitted challenge scores its
assumption component higher than an identical challenge with honestly declared mid
severities. It is documented as an open weakness, not silently accepted (it is a disclosed
weakness, not a hidden one). Production pipelines SHOULD always declare severities.

severity_avg ∈ [1, 5] . The modulation factor applied to the assumption component is
severity_avg / 5 ∈ [0.2, 1.0] .

A . 6  —  T H E  F I V E  C O M P O N E N T S

With core weights w = (wₐ, w_F, w_B, w_S, w_D) = (25, 25, 20, 10, 20) , Σ w = 100 :

C O M P O N E N T F O R M U L A M A X

assumptions cₐ = wₐ · norm(nₐ) · (severity_avg / 5) 25

falsifications c_F = w_F · norm(n_F) 25

burden questions c_B = w_B · norm(n_B) 20

sources c_S = w_S · norm(n_S) 10

divergence c_D = w_D · d, with d ∈ [0, 1] (A.9) 20

Each component is independent; there are no cross-terms. Additivity is deliberate: the
score is decomposable, so any Δ-CSI can be attributed component by component.



3 6

A conforming implementation MAY override the weights via configuration (a "Pack"),
subject to the sum constraint (A.10.4). It MUST NOT change the functional form of any com-
ponent, nor the cap, nor the bands.

A . 7  —  A G G R E G AT I O N  A N D  R O U N D I N G

Δ-CSI = round₂( cₐ + c_F + c_B + c_S + c_D )

where round₂  is round-half-to-even to two decimal places for the score. The divergence
scalar d  is carried to four decimal places in the record. Δ-CSI ∈ [0, 100] ; the maximum
100 is attained only when every component is simultaneously maximal (all counts ≥ 5, all
severities = 5, d = 1 ).

A . 8  —  I N T E R P R E TAT I O N  B A N D S

Three fixed bands, identical across every domain and configuration:

B A N D I N T E R VA L

marginal [0, 33)

moderate [33, 66)

substantial [66, 100]

The bands are fixed by specification and MUST NOT be moved by any Pack. The rationale: if
installations could move the thresholds, the word "moderate" would lose its shared mean-
ing and the same number would tell different stories to different readers. The canonical in-
terpretation strings are of the form: "The contradictor applied {marginal | moderate | substan-
tial} pressure to the decision's assumptions." — a statement about challenge pressure, never
about the decision's merit or about a change in the decision-maker's judgment.

A . 9  —  D I V E R G E N C E

The divergence scalar d ∈ [0, 1]  measures how far the counter-intuitive scenario κ  de-
parts from the thesis τ . Two methods are defined; both return [0, 1]  but measure differ-
ent properties and are therefore not mutually comparable (A.12).

A.9.1 — Heuristic (Jaccard, lexical).
Let T(x)  be the token set of text x  (A.2). Then:
d_jaccard = 1 − |T(τ) ∩ T(κ)| / |T(τ) ∪ T(κ)|

Deterministic, offline, dependency-free. It is the guaranteed fallback in any configura-
tion. It measures lexical distance: texts that agree in meaning but differ in wording score as
divergent.

A.9.2 — Semantic (cosine).
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Given a semantic embedding provider embed(·)  returning vectors, with cosine similar-
ity cos :

d_cosine = (1 − cos( embed(τ), embed(κ) )) / 2

mapping cosine from [−1, 1]  to [0, 1] . It measures semantic distance and is more
faithful to the construct, at the cost of a dependency on an external encoder. Because the
encoder varies by deployment, cosine scores from different encoders are not directly com-
parable (A.12).

A.9.3 — Method selection and the recorded method.
Selection reads an environment setting BRAIN_DIVERGENCE ∈ {auto, cosine, heuristic}

(default auto ) and the availability of a semantic embedding provider:

S E T T I N G S E M A N T I C  P R O V I D E R M E T H O D  U S E D

auto available cosine

auto absent Jaccard

cosine available cosine

cosine absent Jaccard (warning logged)

heuristic any Jaccard

Fail-safe. If the encoder raises during embedding, the cosine strategy falls back silently to
Jaccard; the pipeline never crashes on an encoder error. The record's divergence_method

field MUST reflect the method actually executed on that call ( heuristic  on fallback), not
the nominally selected one, so calibration cohorts stay pure.

A . 1 0  —  I N VA R I A N T S  ( A  C O N F O R M I N G
I M P L E M E N TAT I O N  M U S T  N O T  B R E A K  T H E S E )

A.10.1 — Fixed output schema. Every analysis MUST emit the seven contradictor sections
— implicit assumptions · counter-intuitive scenario · falsification tests · burden-of-proof
questions · calibrated confidence · cited sources · Δ-CSI — plus the service fields
( schema_version , decision , thesis , meta ). The contract is schema_version = "1.0"  with
additionalProperties: false  on every object. A Pack MAY change voice, tone, and lexi-

con; it MUST NOT remove, rename, or make optional any section.
A.10.2 — Contradiction floor (fail-closed). A challenge is admissible only if it has ≥ 1 as-

sumption, ≥ 1 falsification test, ≥ 1 burden question, and a non-empty counter-scenario
narrative. If the floor is unmet after the pass that produces the challenge, the implementa-
tion MUST perform exactly one sharpened retry; if still unmet, it MUST raise a controlled
error and emit no score. A reassuring score is never emitted in place of an empty
challenge.
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A.10.3 — Closed provenance enum. Every source MUST declare a provenance drawn
from the closed set {web_search, internal_ledger, internal_doc, osint_module,

user_provided} . With no retrieval available, the synthesis MUST return sources: [] ;
sources are never fabricated.

A.10.4 — Sum-to-100 weights. Any weight override MUST satisfy Σ w = 100 , enforced
programmatically. This forbids covert inflation of the maximum, which stays 100.

A.10.5 — Honest calibration gate. Below MIN_SAMPLE = 5  outcome-bearing records in a
cohort, calibration output MUST be flagged descriptive-only ( sufficient = false ) and no
validity conclusion is permitted (A.12).

A . 1 1  —  R E P R O D U C I B L E  WO R K E D  E X A M P L E  ( G O L D E N )

Inputs: nₐ = 3  with no declared severities (→ severity_avg = 5.0 ); n_F = 2 ; n_B = 2 ;
n_S = 1 ; d = 0.9615384615384616  (heuristic Jaccard).

C O M P O N E N T N  /  VA L U E A R I T H M E T I C C O N T R I B U T I O N

assumptions 3, severity_avg 5.0 25 · (3/5) · (5/5) 15.00

falsifications 2 25 · (2/5) 10.00

burden questions 2 20 · (2/5) 8.00

sources 1 10 · (1/5) 2.00

divergence 0.9615 20 · 0.9615… 19.23

Δ-CSI 54.23

divergence = 0.9615384615384616 score = 54.23 band = moderate

These numbers are produced by the reference scorer score_delta_csi  ( csi-v1 ) and re-
produce deterministically: given the same components, the scorer always returns the same
number. The narrative text of such a challenge is not deterministic (it is produced by a lan-
guage model); only the quantitative part is reproducible by construction.

A . 1 2  —  C O M PA R A B I L I T Y  A N D  C A L I B R AT I O N

Cohort key. Δ-CSI records are comparable only within a cohort defined by the triple:

cohort = (version, divergence_method, weights)

Scores produced with different computation versions ( csi-v0  vs csi-v1 ), different di-
vergence methods (Jaccard vs cosine), or different weight distributions are not comparable
and MUST NOT be pooled. A Δ-CSI of 54 under Jaccard and a Δ-CSI of 54 under cosine do not
assert the same thing about challenge intensity; the numerical identity is accidental.
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Calibration. Calibration computes descriptive statistics only, per cohort. Below
MIN_SAMPLE = 5  outcome-bearing records (outcomes ≠ "unknown"), sufficient = false

and no validity claim is licensed. Above the threshold, a hit_rate  MAY be produced:

hit_rate = (changed decisions with correct outcome) / (changed decisions with de-

finitive outcome)

hit_rate  may legitimately be None  even above threshold (zero denominator when no
decision was ever changed). It is per-tenant, descriptive, local evidence; it is not causal, and
does not generalize across tenants without further analysis. This engine-level gate (≥ 5) is a
product safeguard; it is independent of, and far weaker than, any confirmatory statistical
power floor used in an empirical validation study.

A . 1 3  —  V E R S I O N I N G  O F  T H I S  S P E C I F I C AT I O N

spec-1.0  binds csi-v1 . A change to any formula, weight default, band, cap, invariant, co-
hort key, or the MIN_SAMPLE  constant requires a specification version bump and a new com-
putation version tag. Records always carry the computation version ( csi_delta.version ),
so historical scores remain interpretable under the version that produced them.
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