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Abstract

Eight run-once experiments split language into measurable layers. Extra reasoning steps im-
prove discrimination only when the input can be re-sampled; the metric is provably blind to compo-
sitionality; efficiency fixes a lexicon’s shape but not its identity. Several hypotheses were withdrawn
and two experiments voided as design failures.

Eight experiments and one paired re-test, run once each on 29–30 July 2026, dissecting language into
layers a machine can measure. The nine scores were 2/7, 1/4, 4/4, 4/5, 3/4, 2/3, 5/5, 1/4 and 0/1, and—
as usual in this project — the informative results were mostly the misses. Two hypotheses were with-
drawn outright, one mechanism turned out to be mostly wrong under a paired re-test, two experiments
were voided as design failures, a later prior-art sweep took back three more claims, and one result is a
two-line proof that closes off an entire line of attack.

Depth buys discrimination, but only from evidence you can re-sample

The campaign opened on a slogan worth testing: that no amount of thinking repairs a distinction de-
stroyed at encode time.

Take one recurrent architecture, one task, one noise scale, matched training depth, and vary only what
the input does. When the encoding is re-drawn every step, node accuracy goes from 0.978 at sixteen
steps of thinking to a perfect 1.000 at 256, with discriminability d′ growing at a log-log slope of 0.519
— the √k rate, which is Wald’s sequential-probability-ratio result from 1945 arriving as a control that
works. When the encoding is drawn once and frozen, accuracy is 0.935 at sixteen steps and 0.935 at 256.
Flat.

The mechanism is not inferred; it is measured in the increments. Under the frozen encoding, the per-
step change in the hidden state decays by a factor of 347 — the contractive update converges to a fixed
point, and that fixed point contains exactly the information in the one look it got. Under the re-sampled
encoding the same network never settles, its increment holding steady, and it accumulates to perfection.

No amount of thinking repairs a distinction destroyed at encode time; only re-encoding
does.

A ceiling rather than a wall— the frozen network still reaches 0.935— but the ceiling is flat from thirty-
two steps to 256 while the re-samplable arm climbs to 1.000. And the half of the original framing that
is simply false is worth stating: “test-time compute buys composition, not discrimination” is wrong.
Depth buys discrimination fine. What it cannot buy is discrimination from a sample it cannot take
again.
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One retraction, visible. A companion experiment had proposed that contractivity caps evidence inte-
gration — that the gate this project introduced to stop networks from overthinking also prevents them
from accumulating, making stability and integration one knob pointed in opposite directions. The pre-
registration named the condition under which that must be withdrawn, and the condition occurred.
The hypothesis was backwards. The non-contractive residual network does not integrate; it degrades
with depth under noise, and collapses outright when trained long. The contractive network is the one
that integrates. The binding constraint was the training-depth distribution all along.

The correct statement is a correction to how this repo had been describing contraction: contractivity
is defined relative to a fixed input. Under a re-sampled input the same map is a stable tracker, not a
converger. It is a property of the map and its input stream, not of the map alone.

And one result that transfers to a shipped tool. A converged consistency residual is a halt signal, not a
correctness signal. Measured on the frozen arm, the residual predicts error at an AUROC of 0.589, and
82% of wrong answers are fully self-consistent — residual exactly zero. The adaptive-halting tool this
project ships still stands, since the residual beats the best fixed depth on ten of ten seeds; but “settled”
carries almost no information about “correct.” The general form:

Internal consistency cannot detect a naming error. A system given the wrong word builds
a flawlessly coherent, entirely wrong world, and every check it can run on itself will pass.

Compositionality is invisible to the instrument this project uses

The first two experiments measured encoding fidelity, which is a statement about distinctions wearing
a language costume—nothing in them required a lexicon, a symbol, or a second party. The third tested
what actuallymakes a language a language: a finite reusable vocabulary, composition, and transmission
to a second learner.

Every code tested is a bijection from 256meanings onto the samemessage space, so capacity is matched
exactly, and the codes differ only in how meanings map to messages. The result is a total dissociation
across three payoffs.

Against noise, the compositional code and the holistic code are identical: error rates of 0.380 and 0.375.
Against the shape of errors, they diverge completely: given an error, the compositional code lands 1.18
attributes away and the holistic code 3.04, where chance is 3.00. Against a new learner shown only part
of the meaning space, they diverge totally again: 1.000 against 0.250, where chance is 0.250.

Compositionality buys nothing against noise and everything against a new learner.

And the middle claim is not an experiment, it is a proof. Under position-wise embedding of a shared
vocabulary, every one of these codes is a bijection onto the same set of points in embedding space
— verified numerically at a maximum difference of 0.000e+00 after sorting. The codes differ only in
which meaning is attached to which point, and a nearest-codeword decoder’s error rate cannot see that.
Therefore:

Exploitability — the discriminability quantity this program has measured across four cam-
paigns — is provably blind to compositionality. At matched capacity, the property that
makes language language is exactly invisible to the instrument the program has been us-
ing.

That is why a distinction-based framework could not see language. Language’s payoff is not in the
signal-to-noise of one agent’s cuts; it is in what a second agent can do with them, and in where the code
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fails when it fails.

One pre-registration error is reported as one rather than quietly fixed. The tolerance set for the error-rate
spread was 0.005, and the observed spread was 0.00514— a formal miss. But the Monte Carlo standard
error of a single estimate in that design is 0.00215, so the expected maximum spread across the grid is
about 0.0075. The threshold was tighter than the sampling noise, and should have been computed in
advance. The claim itself is not in doubt, because the point-set check returns exactly zero. The identity
holds; the numerical test of it was invalid.

Speech and writing are not two notations for one thing

If re-samplability is the axis that matters, then writing is not a way of recording speech. It is the tech-
nology that converts an un-re-samplable channel into a re-samplable one — which means an earlier
experiment about frozen encodings had, unknowingly, been an experiment about literacy.

Four conditions with total exposure held equal at three looks per symbol: one hearing; blocked rep-
etition, each symbol said three times in a row; interleaved re-passes, the whole message three times
through; and a page, with all looks available in parallel and no working memory at all in the decoder.

The persistent page beats the best transient condition by +0.096 when memory is scarce relative to
message length, and by +0.001 when memory is ample. The interaction is clean:

Writing buys nothing when the listener has enoughworkingmemory, and buys a great deal
when they do not — and the shortfall grows with message length. The advantage of the
written form is not fidelity, resolution, or capacity; those are matched here by construction.
It is that the page holds the partial results, so the reader does not have to.

That also explains what long, syntactically deep sentences have to do with literacy. At short message
lengths the ear is already nearly at the page; at double the length it falls behind by a tenth. Length is
the variable that converts a memory bound into a comprehension bound.

The blocked-versus-interleaved prediction came out in the right direction but underpowered, so it was
re-tested with a paired analysis — same code, same cell, changing only the analysis and the sample,
disclosed as a power fix rather than a second bite. Pairing worked as an instrument: the standard error
fell from ±0.05 to ±0.0041, a twelvefold power gain, confirming that the variance had been entirely the
shared symbol-embedding draw.

The effect is real and the explanation for it was mostly wrong. Blocked repetition does beat interleaved
re-passes at matched exposure — fifteen of sixteen seeds positive across both cells, with mean-over-
standard-error of 4.0 and 6.7. But it is small, +0.017 against a predicted 0.05, and at eight times the
working memory the effect shrinks by only about 43% while becoming more reliable. If a working-
memory bound were the mechanism, ample memory should have abolished it. So working memory
accounts for atmost ~43%, and the remainder ismost likely temporal distance between related evidence
— in blocked order the three looks at a symbol are two steps apart, in interleaved order they span the
whole message, which is harder for credit assignment through a recurrence regardless of capacity. That
is a learnability effect, not a capacity effect, and the pre-registration did not distinguish them.

This costs the mapping onto oral-formulaic composition something real. Both readings are relevant to
a singer working without a text, but only the capacity reading is what the classic claim asserts, and the
capacity reading is not supported here. A clean discriminator exists and is cheap: hold memory fixed
and vary only the gap between a symbol’s repeated looks. It also makes the page-versus-transient result
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more trustworthy by comparison, since that one does collapse to zero with ample memory exactly as a
capacity account requires.

The falsifier: efficiency explains the shape of a lexicon, not its identity

The synthesis emerging from all of this — that every payoff of language lives across a boundary — was
too loose to be worth anything, so it was sharpened before being tested, and the sharpening cost two of
the three examples it had been built on:

A payoff is a crossing payoff if and only if it requires a decoder that does not already hold
the code.

Under that definition, more looks and memory-on-the-page are not crossings; they are bounded-
resource effects inside one agent. Only transmission survives. The defensible residue: exploitability
presupposes that the decoder already holds the codebook. Language is what happens when it does not.

Layer six — economy — was then chosen as the falsifier, because its payoff looks like it belongs to a
single agent at a singlemoment: a good lexicon carves ameaning space efficiently, and you can evaluate
that alone with the codebook in hand. Meanings are drawn from a six-cluster mixture; a lexicon is a
set of centroids; rate is matched exactly; eight independently initialised optimal lexicons are built per
vocabulary size, and cross-understanding is scored with the exact best index alignment via a solver
validated against brute force.

Two equally efficient eight-word lexicons understand each other 2.1× worse than themselves, even un-
der optimal alignment. At sixteen words, 3.1× worse. Degeneracy grows monotonically with vocabu-
lary size.

Efficiency explains the shape of a lexicon; it cannot explain its identity.

A first reading of the table also claimed that efficiency uniquely determines a small lexicon — the four-
word row showed all eight optimisations finding the same partition. That was flagged as single-world
and needing a check; the checkwas run across fiveworlds and it failed. Four-word lexiconswere unique
in only two of five worlds, and in one world a four-word lexicon is already 4.2× degenerate. The claim
is withdrawn.

A replacement mechanism was proposed on the spot — that degeneracy tracks the mismatch between
vocabulary size and the number of natural kinds in the world, rather than vocabulary size as such,
so the degeneracy curve should be U-shaped with its minimum where the vocabulary matches the
world’s joints. Two attempts to test that both failed as instruments, and it remains untested. The story
is recorded here as an unsupported hypothesis, not a finding, because the way it failed is more useful
than the story was.

Read against the literature, what does survive is a precise correction to how the efficiency account of
vocabulary should be taken. Real lexicons being near-optimal is necessary and nowhere near sufficient
to specify one. The efficiency account explains why lexicons look the way they do without explaining
why a community has this one — and the residue is a coordination problem, which these numbers
locate and measure.

The most persuasive result in the campaign was the invalid one

The mismatch test was fully pre-registered, scored 1/4, and both of its kill conditions fired — the most
convincing output an experiment can produce. Every verdict was void.
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It inherited the previous experiment’s code, its metric and its exactly-validated alignment solver, but
not its validity gate: the requirement that the lexicons being compared are genuinely equally efficient, a
distortion spread of at most 0.15, which the parent passed at 0.083. The child never checked. Measured
afterwards, its spreads were 2.16 to 2.46 — best-quality lexicon 0.60 against worst 13.34, a 22× gap. It
had been comparing good lexicons against broken ones and calling the difference degeneracy. What it
actually measured was the failure rate of the clustering algorithm’s random initialisation.

The irony is worth keeping. The design used well-separated clusters precisely to make “natural kinds”
unambiguous — and well-separated clusters make random initialisation worse, because an initialisa-
tion that drops two centroids inside one cluster and none in another is catastrophically costly and the
algorithm cannot escape it.

A repair attempt enforced the premise directly: forty initialisations per cell, keep the best eight, and
refuse to report any cell whose survivors still were not equally efficient. The gate failed anyway, four
cells of nine, so the repair declared a design failure and voided its own remaining predictions rather than
reporting them. That is the behaviour the method is supposed to produce, and it leaves the question
simply unanswered.

A fourth explanation is available and was deliberately not pursued — that degeneracy may require
overlapping structure, since a world with sharp joints has a genuinely best carving while a smooth
world does not. It is plausible, it fits both the surviving result and the failure, and it is exactly the kind
of fluent post-hoc story this project’s gate exists to distrust. Three post-hoc explanations had already
been killed in a row. It is recorded for a future pre-registration rather than tested as a rescue.

When you extend an experiment, carry its controls forward. A pre-registered kill condition
firing is evidence only if the measurement’s premises were checked, not assumed.

What a late prior-art sweep took back

The sweep assigned to this territory had died partway through and was resumed after the campaign
closed. It cost three corrections, which are applied here rather than left in the working notes.

The transmission row is near-analytic too. The three payoffs were presented as one provable and two
measured. In fact two of the three are forced. A holistic code is a random bijection, so for a meaning
the learner has never seen there is, by construction, zero information anywhere in its training data.
The 0.250 is chance because chance is the only available answer. The genuinely empirical rows are the
error-shape result and the graded ladder between them. This also fixes the relation to the literature:
the published claim that compositionality is not necessary for generalisation concerns emergent codes,
where structure is discovered rather than imposed. A random bijection is a strictly harder and degener-
ate case, so these experiments are not evidence about that claim and must not be cited as though they
were.

The motivating example was false. The whole line was inspired by tokenisation — the familiar failure
where a model miscounts the letters in a word. That intuition does not survive contact with the liter-
ature: chain-of-thought approaches recover tokenisation-induced deficits (shown for arithmetic under
different number tokenisations), and the gap shrinks with scale; subword embeddings robustly encode
character-level information, recoverable by a probe, across several scripts. The distinctions are present
and elicitable, not destroyed. It is an elicitation failure, not an encoding failure. The frozen-encoding
result here genuinely destroys information — a noise draw that cannot be re-taken — which is a far
stronger condition, and the result must not be carried over to tokenisers.
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And the general form of the slogan is not merely empty but false. “Depth cannot buy discriminability”
is the data-processing inequality for Shannon information, which is empty; in the usable-information
sense it is wrong, since predictive information can be created through computation in explicit violation
of that inequality. What survives is narrow and architectural: this bounded network, on this task, cannot
extract more from a sample it cannot re-take.

What the sweep cleared: the compositionality metric used here survives its own critical literature, be-
cause those critiques attack inferring structure from a metric value in a code the experimenter did not
control. Here compositionality is an independent variable set by construction and the metric is a ma-
nipulation check on a known quantity — a legitimate use, provided it is never called a measurement.

What is not claimed

The √k integration result is Wald’s. The zero-margin limit is the data-processing inequality and is
empty. That a settled network stops learning from a fixed input is Banach’s fixed-point theorem. The
transmission result is Kirby’s and Chaabouni’s, the coding-theory direction is Shannon’s and Ham-
ming’s, the orality material is Parry’s, Lord’s, and Ong’s, the memory model is Baddeley and Hitch’s,
and the efficiency baseline is Lloyd–Max. The complexity classes reachable by more thinking steps are
a published theorem, and so is the taxonomy of where extra thinking helps at scale. Nothing in the
campaign is filable or publishable.

What is contingent, measured, and this project’s own is the set of numbers separating the regimes —
and the sharpest of them, the invariance identity, is two lines of linear algebra that nonetheless close a
question an adversarial sweep had independently flagged as the highest-value open one in the territory.
That convergence is worth something on its own: the sweep, working from the literature and blind
to these experiments, named “is the efficient-lexicon optimum unique or degenerate?” as the single
unchecked residue with the right shape — which is exactly the question the falsifier answered.
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