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Abstract

Aggregate benchmarks report that LLM agents perform worse in Arabic than English; they do not
say why. We introduce a mechanism-level diagnostic built on matched task variants: instances
byte-identical in tools, semantics and phrasing but for a single toggled property. The pilot isolates
Hijri calendar reasoning, entity transliteration and serialization discipline across the language
boundary, with an Eastern-numerals control. Five arms are tested: four open-weight (20B to
397B), including a hybrid pair holding identical weights with reasoning toggled, plus one closed
lite-tier model. Gregorian dates in Arabic pass at 0.90-1.00 on every arm, while the matched
Hijri variants collapse to 0.00-0.20. Across arms, 45 of 50 matched set pairs flip against Hijri
and none the other way; the isolated Hijri delta is 0.80-1.00. Two arms survive Holm correction
in the pre-specified 25-test primary family (adjusted p = 0.0488 each). A deterministic heuristic
finds an attempted conversion in every failure but one, where gwen3.5-397b asks for clarification.
Mean absolute error among failed dated records ranges from 145.1 to 20.6 days, never reaching

exactness. Transliteration failures show a different, contract-like signature.

Scoring is deterministic, calendar golds derive mechanically from the Umm al-Qura calendar,
and hypotheses and thresholds were frozen before any model call. The scorer audit remains
below its own 0.95 gate (0.9070), with the author as one annotator. The primary Hijri dates
occupy 1448 AH, a near-future window; a separately frozen control repeats the same ten M2
sets in 1440 AH, well before the arms’ likely training cutoffs. The matched penalty persists on
all five arms at 0.50-1.00. The control protocol did not pre-specify a separate five-test Holm
family, so its multiplicity analysis is post-hoc sensitivity only, not confirmatory significance. This
weakens a recency-only or cutoff-only account, while heterogeneous movement across arms

leaves temporal exposure a possible moderator rather than a settled mechanism.
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1 Introduction

LLM agents are crossing from conversation into action. They
book appointments, schedule transfers and file requests by
emitting structured tool calls against real APIs, and for Arabic
this is where the language gap bites hardest. Recent evalua-
tions consistently report degraded agentic performance: per-
category drops from 80-90% to 40-60% when user prompts
are Arabic [P1], placement near the bottom of a 52-language
function-calling suite at 36.13% against 57.37% for English [S1],
and sharp declines across translated training regimes [P2].

These reports share a shape: the aggregate number. The av-
erages reported in [P1] conceal those per-category collapses,
and the 21.2-point multilingual gap in [S1] is a ranking rather
than a diagnosis. An aggregate can motivate concern. It
cannot direct repair, because it never says which property of
Arabic input breaks which stage of the agentic pipeline. A fast-
growing failure-taxonomy literature [MAST] classifies what
failed — planning, tool selection, argument filling — without
asking which property of the input produced it. The two axes
have not met. This paper is where they meet.

We introduce mechanism-level diagnosis for Arabic agentic
failure. Eleven candidate linguistic mechanisms (M1-M11,
Table 1), grounded in error traces reported across prior work,
are operationalized through matched variants: task instances
byte-identical except for one toggled property, such as the
calendar system of a date, the script of an entity name, or
the language of the user turn.

Scoring is deterministic, with no human raters and no LLM
judges inside the measurement loop, which avoids the cir-
cularity of Arabic judging Arabic [S2]. Calendar golds are
machine-derived from the official Umm al-Qura calendar,
and hand-written conversions are prohibited by construc-
tion. Hypotheses, thresholds and kill conditions were frozen
in-repository before the first model call.

The frozen paper numbers and figures regenerate from com-
mitted derived/scored artifacts. Original raw response logs
from the historical runs are no longer retained; this limita-
tion and its consequences are disclosed in §3.7, §6, and Ap-
pendix D.

Five arms enter: four open-weight models from 20B to 397B
parameters — among them a hybrid pair holding identical
weights with reasoning toggled — plus a closed lite-tier arm.
In this experiment, language alone is not the dominant bar-
rier; the calendar is. Gregorian dates expressed in Arabic pass
at 0.90-1.00 on every arm, and the language-only delta spans
—0.20 to +0.10 across arms. The same sentences carrying Hi-
jri dates collapse to 0.00-0.20 on all five arms. Across arms,
45 of 50 matched Gregorian/Hijri set pairs flipped against
Hijri and none flipped the other way. The two arms that failed
all ten Hijri sets survive Holm-corrected exact tests in the
pre-specified 25-test primary family. Under the deterministic

forensic heuristic, every non-clarification failure attempts a
Hijri-to-Gregorian conversion; one qwen3.5-397b case asks
for clarification instead. Mean error falls from 145.1 days to
20.6 at best, unevenly across arms, and never reaches exact-
ness. Transliteration is real but model-dependent, dominated
by a consistent but non-canonical spelling. Serialization disci-
pline largely holds at scale.

Because the primary Hijri dates lie at or beyond the tested
arms’ likely training cutoffs, the frozen 1440 AH control uses
a historical window well before those likely cutoffs. The
matched calendar penalty persists on all five arms at 0.50-
1.00. This materially weakens a simple recency-only or cutoff-
only explanation, but a cutoff does not prove that the relevant
calendar correspondences were actually present in training
data. The arm-level changes are heterogeneous, so tempo-
ral exposure remains a plausible moderator. No separately
pre-specified Family 2 significance claim is made.

Contributions. (1) A taxonomy of eleven linguistic failure
mechanisms for Arabic agents (Table 1) and a matched-variant
isolation protocol; (2) a native-authored, canary-protected
diagnostic benchmark of 107 tasks with a fully determinis-
tic harness, held privately as a reusable diagnostic instru-
ment; (3) a five-arm study establishing the calendar gap, a
mechanism-isolated collapse invisible to aggregate bench-
marks; (4) a statistical decomposition separating contract
from stability failures, together with a heuristic, and as yet
unvalidated, forensic classification separating accuracy from
awareness failures (8§3.4, 86); (5) a civic-systems framing and
a transferable protocol for other language communities.

Beyond benchmark diagnosis, this is an ethics and gover-
nance problem. A system that responds fluently in Arabic but
silently misinterprets a locally authoritative calendar can offer
nominal linguistic access without equal operational reliabil-
ity. The UNESCO Recommendation on the Ethics of Artificial
Intelligence explicitly links fairness and non-discrimination
to different cultural systems and language groups, calls for
locally relevant Al services that respect multilingualism and
cultural diversity, and requires safety, accountability, trace-
ability and human oversight [UNESCO]. We therefore treat
mechanism-level evaluation as an audit instrument for cultur-
ally situated deployment as well as a model-ranking exercise.

2 Related Work

Arabic tool calling and agentic evaluation. [P1] adapts BFCL
to Arabic through automated translation and factorially varies
system-prompt language, invocation style, query language
and tool-description language across sixteen configurations.
It reports the per-category degradation noted above, and
establishes that English tool descriptions outperform localized
ones, a compounding language penalty. [P2] translates Glaive
and xLAM into Arabic and studies training strategies for Arabic
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Table 1. The eleven candidate mechanisms and their status in this pilot.

Definition and illustrative surface form Status in pilot

M1 Bidi text corruption

sentence

M2 Calendar duality

RTL/LTR embedding and directional marks altering the byte sequence
a model receives or emits. E.g. Latin identifier embedded in an Arabic

Excluded — rendering-layer corruption not
separable from model behaviour with our
harness (§6)

Hijri <+ Gregorian conversion under an observational (Umm al-Qura) calen- Measured — dominant mechanism

dar.E.g. Vo ()L,'a.nJ \ ¢ ¢ A for a Gregorian target date

M3 Eastern-Arabic numerals
2026

M4 Transliteration instability

Digit forms U+0660-U+0669 in place of ASCII digits. E.g. ¥ + ¥ "\ vs

Arabic entity names rendered into Latin APl parameters without an agreed

Measured — designed control

Measured — contract mechanism

convention. E.g. . & — Abdullah / Abdallah / Abd Allah

M5 Dialectal variation
Gulf/Egyptian/Levantine request forms

M6 Serialization discipline

Regional spoken varieties in place of Modern Standard Arabic. E.g.

Holding English enum/type contracts on arguments while answering in

Taxonomized, unmeasured (MSA-only by
design)

Measured — largely recovers with scale

Arabic. E.g. Arabic request, English-enum tool, Arabic-facing answer

M7 Orthographic variants
optional tashkeel

M8 Morphological packing
and pronouns fused to the stem

M9 Interaction-language drift
clarification to an Arabic request

M10 Tool-schema language

M11 Token-fertility cost

Clitics and affixes bundling arguments into single tokens. E.g. prepositions

Clarifications and refusals emitted in the wrong language. E.g. English

Language of tool and parameter descriptions. E.g. Arabic vs English schema

Higher token count per unit of Arabic meaning, consuming context and

Diacritics, hamza and alef/ya variants altering surface strings. E.g. \/T/\‘, ;_G/u: , Taxonomized, unmeasured

Taxonomized, unmeasured

Taxonomized, unmeasured

Answered by prior work [P1; S1] —

schemas fixed in English

Taxonomized, unmeasured

budget. E.g. Arabic prompt tokenization overhead

function calling; its error analysis attributes 53.1% of Arabic
argument errors to a Translation Discrepancy class, the closest
published signal to our M6, though as a post-hoc taxonomy
over 249 cases without isolation or a leakage metric. [P3] fine-
tunes a 270M function-calling model on a repaired 41k-sample
Arabic corpus, moving parse failures from 87% to under 1%,
reporting a five-dialect accuracy table, and observing that
government-services tasks are the weakest domain. It also
notes qualitative semantic drift in date formats — smoke for
our M2 that was never isolated.

Its enum normalization of Arabic surface forms is repair rather
than measurement, and the study includes no English control.
[P4] contributes a bilingual (EN/AR) telecom-vertical agent
benchmark with process-level metrics including tool-order
stability, measuring a domain workflow rather than linguis-
tic mechanisms. Across all four, evaluation data is machine-
translated [P1; P2] or synthetically expanded from seeds [P3
source corpus]. No study isolates a linguistic mechanism with
matched pairs.

Multilingual function calling. MASSIVE-Agents [S1] reformats
a human-localized 52-language corpus into a BFCL-style suite,
placing Arabic near the bottom. Two of its design choices an-
chor our work. Its prompt-translation ablation independently
confirms the English-schema finding of [P1]. And it explicitly
does not post-process date timestamps, excluding calendar
reasoning by construction. The largest multilingual function-
calling benchmark therefore cannot see the mechanism we

find dominant — a point we return to in §4.2, because it
determines what our result can and cannot be compared
against. Because its gap persists on human-localized data,
the Arabic degradation cannot be dismissed as a translation
artifact either.

Arabic temporal processing before agents. A separate liter-
ature predates the agentic setting: Arabic temporal expres-
sion extraction and normalization (TimeML-style annotation
and TempEval-era systems), and a long line of computational
Hijri-Gregorian conversion work that distinguishes tabular
arithmetic calendars from the observational Umm al-Qura
standard. That work establishes both that the conversion is a
solved engineering problem given the right tables, and that
Arabic date expressions are a recognized processing challenge
in their own right. It does not measure whether a generative
model performs the conversion when acting through tools,
which is the question here; we use its conversion machinery
as our oracle rather than as a baseline.

Arabic evaluation methodology. A recent survey [S2] docu-
ments the community shift toward natively authored bench-
marks (e.g. OALL v2), a consensus against translated evalu-
ation content, and pervasive validation gaps in Arabic LLM-
as-judge pipelines, where judges share the failure modes of
the systems they judge. Our design adopts both mandates:
native authorship and fully deterministic scoring.

Agent failure taxonomies. A parallel literature classifies agent
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failures in English. [MAST] develops fourteen failure modes
through analysis of 150 traces at x = 0.88 inter-annotator
agreement, and applies the resulting taxonomy to MAST-Data,
a dataset of more than 1,600 annotated execution traces
across seven frameworks. These taxonomies classify what
failed, without attributing a failure to a property of the input.
The nearest work on the axis we propose is MLCL [MLCL], a
diagnostic benchmark for multilingual tool calling in Chinese,
Hindi and Igbo, which isolates parameter-value language mis-
match as a dominant execution-level failure mode and tests
inference-time mitigations. MLCL establishes that a single
linguistic convention can be named and measured; we dif-
fer in three ways: we isolate through byte-identical matched
variants rather than post-hoc error analysis, we taxonomize
eleven candidate mechanisms and measure four, and our
dominant mechanism is not a linguistic convention at all but
a civic system, the calendar. Our contribution is that axis,
and we import this literature’s annotation rigor — stratified
blind dual-annotation with chance-corrected agreement —
for validating our own scorer.

Positioning. [P1] closes by calling for native Arabic tool-calling
benchmarks built from scratch and for investigation of the
root sources of degradation. This paper answers that pub-
lished open question with a natively authored diagnostic that
replaces the aggregate gap with a mechanism-resolved fin-
gerprint.

3 Method

3.1 Mechanism taxonomy

From error traces reported across [P1-P4; S1] and Arabic NLP
practice, we define eleven candidate mechanisms. Table 1
gives each mechanism, its definition, an illustrative surface
form and its status in this pilot.

M10 we treat as answered by [P1] and independently con-
firmed by the [S1] ablation: English schemas win, so all our
tasks fix schemas in English. The pilot measures M2, M4 and
Mé, selected on literature evidence of impact, coverage ab-
sence, isolation feasibility and deployment relevance, plus
M3 as a designed control expected to pass.

3.2 Matched-variant isolation

The unit of measurement is a set: task instances byte-identical
in tools, semantics and phrasing except one toggled property.
M2 sets are triplets. A greg_ar variant carries a Gregorian
date in an Arabic sentence, hijri_ar carries the same real-
world date expressed in Hijri inside the byte-identical Arabic
template, and greg_en is the English anchor.

Two orthogonal deltas follow:

Ayijri = score(greg_ar) — score(hijri_ar) isolates the calen-
dar with language held constant.

Ajang = score(greg_en) — score(greg_ar) isolates language
with the calendar held constant.

M4 sets embed an Arabic personal or company name that
must be transliterated into a Latin name_latin parameter
twice within one task (find, then act), with variants toggling
single against cross-call mention and an English-name an-
chor. All entity names are synthetically authored for this suite
and are neither sourced from nor intended to represent real
individuals or organisations. Mé sets pose Arabic requests
against English-enum tools with a required Arabic-facing fi-
nal answer, mirrored by an English variant. M3 sets toggle
only numeral representation. Authoring rules are enforced in
script: Modern Standard Arabic only, with dialects reserved
for M5. Dates are fully absolute. Non-toggled arguments
appear verbatim in the prompt so only the target mechanism
carries difficulty. Hijri renderings span four registered formats,
from fully worded with Eastern digits to Western-numeric.

3.3 Task suite and contamination control

The suite comprises 39 sets and 107 task records (M2: 10
sets / 30 records, M4: 10 / 30, Mé: 10 / 20, M3: 9 / 27),
natively authored from scratch with no translation at any
stage, in deliberate contrast to the provenance of existing
Arabic tool-calling data. Every record embeds a canary GUID.
The repository is private and the suite is not released; see
the data-availability declaration. The canary enables leak
detection should any task record later appear in a public
corpus, and pilot tasks are permanently quarantined from
any training-data release.

Hijri date windows. The primary Hijri dates fall inside 1448
AH (2026-06-16 to 2027-06-04), with the original runs exe-
cuted 2026-08-03; the window therefore begins near the
experiment and extends beyond it. The historical-window
control repeats the same ten M2 sets in 1440 AH (2018-09-11
to 2019-08-30), a window well before the tested arms’ likely
training cutoffs. The control protocol was frozen before addi-
tional model outputs were collected. It did not pre-specify
a separate five-test multiplicity family, so §4.7 reports effect
sizes and paired intervals as the primary control evidence and
treats any five-test Holm calculation as post-hoc sensitivity
only.

3.4 Deterministic scoring and its audit

A task passes only if every applicable component passes.
Component (i) is structural call match, comparing function
name and typed arguments with NFC normalization and
directional-mark stripping. Component (ii) is the calendar
oracle: all Hijri <+ Gregorian golds are machine-derived from
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the Umm al-Qura calendar at authoring time and re-verified
by the validator. Component (iii) is the transliteration
contract, which requires the Latin rendering to fall within
the task-declared alias set and to be byte-identical across
calls. Alias sets are generated by documented phonetic
rule families and pruned by a deterministic signature check
preserving the consonant skeleton and vowel-class sequence.
Component (iv) is language discipline: Arabic-facing final
text must reach a 0.90 Arabic-script letter ratio excluding
declared allowed tokens, arguments must satisfy English
enum and type contracts, and leakage is reported in both
directions. Call-set semantics are order-free. Every gold call
must be matched by a distinct emitted call; benign extra
calls that share a gold tool name without contradicting it on
any shared key do not fail strict scoring, and any wrong or
contradicting call does. No human raters and no LLM judges
participate in measurement.

Forensic classes are not part of this contract. The failure
classes reported in §4.3 (GROSS_ERROR, NEAR_MISS, FOR-
MAT_FIELD, CLARIFY) are assigned by deterministic heuristics
over the emitted date arguments. They were not covered
by the audit below, which graded pass/fail verdicts only, and
they carry no validity evidence. We therefore scope every
claim resting on them accordingly (84.3, §5.2, 86).

The scorer audit. Humans appear once, to validate the scorer
itself. Fifty records were sampled with a fixed seed, stratified
over mechanisms and outcomes, and judged by two native-
Arabic annotators working independently, each blind to the
other’s verdicts and to the scorer (inter-annotator Cohen &
= 0.71). We state the composition plainly, since it bounds
what the audit can establish: annotator A is the author, who
wrote the tasks, the golds and the scorer; annotator B is
independent of the project and received only the task text,
the model output and the judging rules. An author-annotator
can be blind to the scorer verdict on a record, and cannot be
blind to the design.

Two features bias the measured agreement upward, and
both must be read into the figure below. First, the author-
annotator composition: the bias runs toward agreement, so
the gate result inflates rather than depresses. Second, the
pre-specified adjudication rule compares the scorer to human-
consensus records only — 43 of 50 — which discards exactly
the seven records the two annotators found ambiguous. The
gate is therefore computed on the easier subset. Taken to-
gether, 0.9070 is an upper bound on scorer validity, not a
point estimate.

Two observations bound the failure in the other direction: the
author was the stricter annotator in all seven inter-annotator
disagreements, and M2 judgments reduce to comparing a
date against a mechanically derived gold, which leaves little
room for design familiarity to operate. A fully independent
replication with two non-author annotators is declared future
work.

Per the pre-specified rule, the gate compares the scorer to the
43 human-consensus records at a 0.95 threshold. The frozen
scorer agreed with consensus at 0.8837. One pre-committed
calibration iteration — the order-free call-set semantics above
— raised agreement to 0.9070. That falls short of the thresh-
old. The audit gate did not pass, and no further scorer iter-
ation is permitted under our own governance. §4.8 scopes
what that failure does and does not bound.

3.5 Pre-specification and governance

Hypotheses (H1 rankability of mechanism effects, H2 ex-
planatory power, H3 capability-localization dissociation,
H4 reasoning-shield direction), success thresholds, and
three kill conditions (DC1 prior art, DC2 explanatory power,
DC3 scorer validity) were written and frozen in-repository
before the first model call, with git history as the timestamp
authority. This is prospective in-repository pre-specification
rather than registration in an external registry. The scorer
is version-frozen with exactly two declared amendment
iterations for the project lifetime, both now spent. The
first widened alias sets under a published rule set, with
pre/post scores released and zero pass/fail records flipped.
The second is the audit-driven call-set recalibration of §3.4,
with the full agreement journey published. Because that
amendment came after the data, we report a sensitivity table
(Appendix A) giving every headline figure under both scorer
versions: 5 of 45 rows move, all of them Mé, and M2 and
M3 are asserted bit-identical across versions by a continuous
test. One post-hoc temptation was declined on the record:
when strict scoring penalized reasoning arms for exploratory
extra calls, the metric stayed frozen until the blinded audit
independently surfaced the same issue and the reserved
iteration was spent under pre-committed constraints.

3.6 Arms and execution

Five arms: gpt-oss-20b; a hybrid pair, deepseek-v4-flash
(284B MoE), holding identical weights with reasoning tog-
gled on and off — the cleanest available isolation for H4;
gwen3.5-397b; and gemini-3.5-flash-lite as the closed arm.
The four open-weight arms therefore comprise three distinct
checkpoints. The closed arm is a lite-tier model of a current
generation, reached via free-tier access; it is referred to
throughout as closed-lite rather than as a frontier model, and
§6 scopes the claims accordingly. All runs use temperature
0 and native tool calling with invocation style recorded.
The four open-weight arms were served through an Ollama
Cloud Pro subscription and the closed arm through free-tier
API access; no arm ran on local hardware. Transport errors
alone were retried, while model-output errors remained
data. An adapter-effect check re-ran one open arm through
both serving endpoints; the largest per-mechanism score
shift was 0.05, inside the pre-set 0.10 confound bound. Run
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manifests and retained artifacts record the git commit and
seed. Original raw response logs from the frozen historical
runs are no longer retained; §3.7 and §6 state the resulting
reproducibility boundary.

3.7 Statistics and reproducibility

Analysis is paired over sets. Notation: square brackets de-
note 95% intervals only. Ranges of point estimates across
arms are written out as “x to y across arms.” The pre-specified
interval was a bootstrap 95% Cl from 1,000 seeded resamples.
Bootstrap intervals collapse on unanimous small samples, so
for every headline delta we additionally report a Tango score
interval for the paired difference, and quote the Tango in-
terval wherever the two disagree materially. We also report
Clopper-Pearson intervals for comparability with v1 of this
analysis, and state their estimand precisely: Clopper-Pearson
is an exact interval for a single binomial proportion, here the
net pair-flip count b out of n = 10, which coincides with A
only when the reverse-flip count c is zero. Since c = 0 is an
observed outcome rather than a structural constraint, the
Clopper-Pearson figures are intervals on the net flip propor-
tion conditional on no reverse flips, and they are narrower
than the corresponding interval on the paired difference (Ta-
ble 4). The Tango intervals carry the inferential claim.

Significance uses exact McNemar/sign tests on discordant
matched pairs. The pre-specified confirmatory multiplicity
family is the primary pilot: 25 tests, one mechanism contrast
per arm, Holm-corrected as reported in Table 4.

The 1440 AH control was also frozen before its outputs were
collected, including its ten M2 sets, five arm identities, tem-
perature, effect-size quantities, paired intervals, and all-arm
reporting. However, that protocol did not pre-specify a sepa-
rate five-test Holm multiplicity family. We therefore do not
treat the control as a confirmatory ‘Family 2.” The five arm-
wise exact p values and a five-test Holm calculation may be
shown as a post-hoc sensitivity analysis, but the control’s sci-
entific interpretation rests on effect sizes and paired intervals.
A pooled 30-test analysis is likewise not the governing pre-
specification; it is useful only as a sensitivity check showing
how strongly inference at n=10 depends on family definition.

Reproducibility is stated at two different strengths. The com-
mitted derived/scored artifacts — including numbers.json,
per-record scored files for the four open pilot arms, foren-
sic/statistical outputs, the 50-record audit sample with ver-
batim model outputs, and the figure inputs — preserve the
frozen reported results and support byte-stable regeneration
of the paper-level derived outputs. The original raw response
logs for the frozen historical runs are no longer retained be-
cause results/raw/ was excluded from version control and the
temporary execution environment was later recycled. Con-
sequently, source-level regeneration from the original raw
responses is no longer executable. No raw-dependent statistic

M2 decomposed

greg_ar  hijri_ar M3
gpt-o0ss-20b

ds-v4 (think)

ds-v4 (no-think)
qwen3.5-397b

closed-lite

=
[e]
[e]

Strict score, 0-1. Outlined tiles (< 0.20) are the Hijri variants. M3, M4 and Mé are mechanism aggregates over all
variants.

Figure 1. Strict-score fingerprints by arm, with M2 decomposed
into greg_ar and hijri_ar.

Table 2. Strict scores per arm and mechanism. Reported in two
parts: this table gives the mechanism-level strict scores, Table 3
the per-variant decomposition the deltas are computed from. All
records for that mechanism (M2, M4: 30; M3: 27; Mé: 20).

TEEEE "N TE 7EE TEE

gpt-oss-20b 0.633 0.926 0.600 0.700
deepseek-v4-flash 0.700 0.852 0.833 0.800
(think)

deepseek-v4-flash 0.667 0.963 0.667 0.850
(no-think)

qwen3.5-397b 0.667 1.000 0.833 0.900
closed-lite 0.667 1.000 0733 0.800

is reconstructed where the surviving artifacts do not identify
it. A future re-execution archive would be a new replication,
not recovery of the historical raw.

4 Results

4.1 Failure fingerprints

Figure 1 and Tables 2-3 report strict scores per arm and mech-
anism, together with the per-variant decomposition that the
deltas are computed from. The instrument discriminates
rather than condemns. On the same arms and harness, scores
span 0.00 on Hijri variants to 1.00 on the numerals control,
with best-worst spreads of 23 points on M4 (0.60-0.83) and
20 points on Mé (0.70-0.90), meeting the pre-specified dis-
crimination criterion of at least 15 points.

Profiles differ by arm. qwen3.5-397b leads on M4 and Mé
(0.83 and 0.90) and the closed-lite arm sits mid-table (0.73
and 0.80), yet both score 0.00 on Hijri.

The 20B arm is weakest on M4 and Mé, though not on the
numerals control, where the thinking arm is lowest.
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Table 3. Per-variant decomposition the deltas are computed from. Apjji =

— east_ar.

greg_ar — hijri_ar; Ajang = greg_en — greg_ar; M3 delta = west_ar

_m

gpt-oss-20b 0.90 +0.90
ds-v4 (think) 0.90 1.00 0.20 +0.80
ds-v4 (no-think) 0.80 1.00 0.20 +0.80
qwen3.5-397b 1.00 1.00 0.00 +1.00
closed-lite 1.00 1.00 0.00 +1.00

+0.10

—0.10 0.89 0.67 1.00
—0.20 0.89 1.00 1.00
0.00 1.00 1.00 1.00
0.00 1.00 1.00 1.00

pm s s cosscall m s a8 m

gpt-oss-20b 0.40 0.40
ds-v4 (think) 0.70 0.80
ds-v4 (no-think) 0.70 0.60
qwen3.5-397b 0.80 0.80
closed-lite 0.50 0.70
+0.90
gpt-0ss-20b @ o)
+0.80
ds-v4 (think) ® O
+0.80
ds-v4 (no-think) ® O
+1.00
qwen3.5-397b @ 0)
+1.00
closed-lite @ o)
0.00 0.25 0.50 075 1.00

Strict score (10 matched sets per arm)
@ hijri_ar (Hijri date, Arabic) (O greg_ar (Gregorian, Arabic)

Figure 2. The calendar gap: matched Gregorian versus Hijri vari-
ants.

4.2 The calendar gap

Figure 2 shows the central result. Gregorian dates in Arabic
pass at 0.90-1.00 on every arm. The byte-identical sentences
carrying Hijri dates collapse to 0.00-0.20. Table 4 gives the
M2 block of the 25-test family in full.

Bootstrap intervals for the two unanimous arms collapse to
[1.00, 1.00], an artifact of resampling ten identical outcomes;
the Tango intervals in Table 4 are the ones we rely on. Ajyng
spans —0.20 to +0.10 across arms, and the sign is not consis-
tent: two arms show Arabic and English performing identically,
one shows English ahead by a single set, and two show Arabic
ahead — by one set on the thinking arm and two sets on
its twin. Switching the language of a Gregorian date costs
nothing systematic at this resolution. Switching the calendar
inside Arabic costs nearly everything. Accounting across the
five arms: 46 of 50 hijri_ar runs failed absolutely, 45 consti-
tute pair flips in which the Gregorian twin passed, and none
flipped the other way. The single both-fail case lost its Gre-
gorian variant to an enum-language error unrelated to the
date, so even the lone exception leaves the calendar isolation
intact.

Under exact McNemar tests with Holm correction over the

1.00 0.90 0.70
0.70 0.80 0.90
0.90 0.90 0.90
1.00 0.80 0.80

25-test family, the two arms that fail all ten Hijri sets remain
significant (adjusted p = 0.0488 each). We note the margin
plainly: an exact binomial 10/10 gives p = 0.001953, and at
Holm rank 1 over 25 tests this becomes 0.0488 — inside the
0.05 threshold by 0.0012. A single reverse flip on either arm
would leave nothing in the paper significant under family-
wise correction. The remaining contrasts at n = 10 sets do not
survive correction and are reported by effect size and interval,
per pre-specification. This fragility is the explicit statistical
motivation for the n = 30 expansion declared in §6.

On magnitude, and what it can be compared against. We
state carefully what this comparison is and is not. It is not a
decomposition of the [S1] gap, and this mechanism explains
none of it: as §2 records, [S1] does not post-process date
timestamps and therefore excludes calendar reasoning by
construction, so the Hijri mechanism contributes zero of those
21.2 points and cannot be expressed as a fraction of them.
What the comparison establishes is a magnitude claim: a
single mechanism, isolated, produces a gap several times
larger than the whole aggregate language gap reported by
a benchmark that cannot observe that mechanism. The gap
the field currently measures and the gap we measure are
disjoint, and the unmeasured one is larger. We also compute
the aggregate gap inside our own suite (Table 2), where the
Hijri delta is larger still, and flag that internal comparison as
illustrative rather than probative: its denominator depends
on how many Hijri sets our suite contains, a quantity we chose.
§4.8 records the consequence for H2 as pre-specified.
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Table 4. The 25-test family, Holm-corrected. b = sets where the Gregorian variant passed and the Hijri twin failed; c = the reverse. Exact
two-sided McNemar/sign tests on discordant pairs; Holm correction over all 25 tests. Clopper-Pearson is an interval on b/n conditional on ¢ =
0 (83.7); the Tango score interval is the interval on the paired difference and is the one we rely on.

M2 — Ay (calendar isolated, language held constant)

qwen3.5-397b +1.00 [0.44,1.00]
closed-lite 10 +1.00 [0.44,1.00]
gpt-oss-20b 9 +0.90 [0.37,0.98]
ds-v4 (think) 8 +0.80 [0.30,0.94]
ds-v4 (no-think) 8 +0.80 [0.30,0.94]

[0.69, 1.00]
[0.69, 1.00]
[0.55, 1.00]
[0.44,0.97]

[0.44,0.97]

0.00195 0.0488

0.00195 2 0.0488 yes
0.00391 3 0.0898 no
0.00781 4 0.1719 no
0.00781 5 0.1719 no

Note. ¢ = 0 and n = 10 on every row. The remaining 20 tests of the family follow in Table 4.

Table 4. The 25-test family, Holm-corrected (continued). Remaining 20 tests (Ajang, M3 numerals, M4 cross-call, M6 discipline; 5 arms each).

m_-_m_

6 M4 cross gpt-oss-20b +0.60

7 M4 cross closed-lite +0.30 3
8 M6 discipline gpt-oss-20b +0.20 2
9 M4 cross ds-v4 (think) +0.20 2
10 M3 numerals ds-v4 (think) +0.22 2
17 Alang ds-v4 (no-think) —0.20 o
12 M6 discipline ds-v4 (think) —0.20 1
13 Alang gpt-oss-20b +0.10 1
14 M3 numerals gpt-oss-20b 0.00 o)
15 Alang ds-v4 (think) —0.10 o
16 M4 cross ds-v4 (no-think) +0.10 2
17 M6 discipline ds-v4 (no-think) +0.10 2
18 M3 numerals ds-v4 (no-think) —o.M o
19 Ajang gwen3.5-397b 0.00 o
20 M4 cross qwen3.5-397b +0.10 2
21 M6 discipline qwen3.5-397b 0.00 o
22 M3 numerals qwen3.5-397b 0.00 o
23 Alang closed-lite 0.00 o
24 Mé discipline closed-lite 0.00 1
25 M3 numerals closed-lite 0.00 o

THE CENTRAL RESULT

Across all five arms, Gregorian dates in Arabic pass
at 0.90-1.00; the byte-identical sentences carrying

Hijri dates collapse to 0.00-0.20. Language alone
costs nothing systematic. The calendar costs nearly
everything.

4.3 Anatomy of the collapse

Forensic classification of every failed hijri_ar record across all
five arms (46 records) yields a sharp picture (Figure 3). These

o 0.03125 0.625

o 0.25000 1.000 no
o 0.50000 1.000 no
o 0.50000 1.000 no
o 0.50000 1.000 no
2 0.50000 1.000 no
3 0.62500 1.000 no
o 1.00000 1.000 no
o 1.00000 1.000 no
1 1.00000 1.000 no
1 1.00000 1.000 no
1 1.00000 1.000 no
1 1.00000 1.000 no
o 1.00000 1.000 no
1 1.00000 1.000 no
o 1.00000 1.000 no
o 1.00000 1.000 no
o 1.00000 1.000 no
1 1.00000 1.000 no
o 1.00000 1.000 no

classes are heuristic and unvalidated (§83.4); the claims below
are scoped accordingly.

Zero records fall in the no-conversion class under the de-
terministic forensic heuristic. Every non-clarification failure
attempts a Hijri-to-Gregorian conversion; the single CLARIFY
record is qwen3.5-397b / M2-006-hijri_ar and emits no tool
call. Gross error accounts for 39 of 46 failures. The remaining
seven comprise five NEAR_MISS records (within <2 days of at
least one gold date under the heuristic), one FORMAT_FIELD
record on the no-think arm, and the single CLARIFY case.

The frozen strict metric scores clarification as failure, even
though it is the only deployment-safe behavior observed
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gpt-0ss-20b
ds-v4 (think)
ds-v4 (no-think)
qwen3.5-397b

closed-lite

o
N
IS
o
®
o

Failed hijri_ar records (of 10 per arm)
M GROSS_ERROR 39 NEAR_MISS 5

I FORMAT_FIELD 1 M CLARIFY 1 (safe deferral)

Heuristic, unvalidated classes (§3.4). No record falls in the no-conversion class.

Figure 3. Heuristic forensic classes of failed Hijri records.

across the 50 Hijri runs. These classes were not covered
by the scorer-validity audit and remain descriptive heuristics
rather than validated labels.

Error magnitude. Failure-conditioned mean absolute error
is 145.1 days on gpt-0ss-20b, 20.625 days on deepseek-v4-
flash-think (reported as 20.6), 54.4 days on the no-think twin,
21.0 days on gqwen3.5-397b, and 97.7 days on closed-lite. This
statistic does not support a clean capacity trend because
failure denominators and class composition differ by arm.
Appendix D therefore reports the deployment-relevant de-
composition. For the four open arms, per-record date errors
were reconstructed from retained scored mismatch details
plus the frozen gold tasks using the original forensic rule,
and each reconstruction was accepted only after reproducing
the frozen published mean. For closed-lite, retained aggre-
gate/scored evidence identifies 2 near misses, 8 gross errors,
total absolute error 977 days and unconditional mean 97.7
days; the historical medians are not uniquely identifiable and
are explicitly left non-imputed. No new model outputs are
used in this reconstruction.

Because these failure-conditioned distributions are highly
skewed by single extreme records — 772 days on gpt-oss-20b
and 364 days on the no-think arm — Appendix D reports
medians alongside the means: 78.5 and 4.0 days respectively.
The medians give the typical-error view while the means
retain the tail-risk signal, and both matter for deployment:
an arm that is usually within days but occasionally wrong by a
year carries a different risk profile from one that is consistently
wrong by weeks.

4.4 Transliteration: a contract problem

All M4 strict figures below are post-freeze. Strict scores span
0.60-0.83 on the open arms with the closed-lite arm at 0.73,
and Acosscall Funs from +0.10 [—0.20, 0.40] to +0.60 [0.30,
0.90] on the open arms — real but model-dependent, unlike
the calendar universality.

The failure anatomy is the finding, and the diagnostic counts
below are stated pre-alias-widening, as marked. Before
alias widening, the consistent-but-unlisted diagnostic — one

10

M4 transliteration _ +0.17
M2 calendar - +0.03
Mé serialization oos [N
M3 numerals (control) -0 _

+0.10 +0.20

Strict score, thinking on minus thinking off
deepseek-va-flash, identical 284B weights. No difference survives Holm correction.

Figure 4. Reasoning toggle (H4) by mechanism.

spelling held byte-identically across both calls yet outside the
declared alias contract — accounted for 12, 5, 7 and 9 of 20
Arabic-variant runs on the four open arms.

These models are largely stable. They are stable on spellings
no system agreed to. Amendment iteration one widened
alias sets under published phonetic rule families (pre — post
strict: 0.60 — 0.60, 0.77 — 0.83, 0.63 — 0.67, 0.63 — 0.83),
and deterministic pruning of rule-violating generator artifacts
flipped zero records. One in-the-wild corroboration: the sole
output error in 320 open-arm pilot records was an arm loop-
ing a search call with four different transliterations of the
same name until the round cap. The closed-lite arm fits the
pattern, at 0.70 cross-call against a 1.00 English anchor.

M4 correctness is defined relative to the declared alias reg-
istries under the stated phonetic ruling, so the contract itself
bounds what counts as right (86).

4.5 Serialization discipline and the reasoning
toggle

Mé largely holds at scale: 0.70-0.90 across arms under the
recalibrated call-set semantics, with discipline deltas from
—0.20 to +0.20 across arms (Table 4) and none significant
after Holm. Only the 20B arm shows measurable leakage:
Arabic into English enum arguments at 0.075 and English into
Arabic-facing answers at 0.025, with answer-side rates at or
below 0.06 elsewhere. Capability is enough for language
discipline and does nothing for the calendar.

The reasoning toggle (Figure 4), identical 284B weights with
thinking switched on and off, gives the pre-specified direc-
tional readout for H4. Thinking helps transliteration (+0.17),
is marginal on the calendar (+0.03), and sits at —0.05 on
Mé; no Holm-adjusted result passes the family-wise thresh-
old. The earlier apparent —0.20 penalty on Mé proved to
be mostly scorer order-and-duplicate sensitivity, exposed by
the audit and removed in the pre-committed recalibration.
What remains true descriptively is call economy: the thinking
arm makes exploratory extra calls, up to seven weather calls
for a two-call task. Where the reasoning shield exists, it pro-
tects entity handling, at the price of extra calls rather than of
language.
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gpt-o0ss-20b
ds-v4 (think)
ds-v4 (no-think)

qwen3.5-397b

Strict score (9 matched sets per arm)
west_ar (ASCII digits) W east_ar (Eastern digits)

Figure 5. Eastern-Arabic numerals control (M3).

4.6 The Eastern-numerals control: clean on four
of five arms

The Eastern-numerals control behaves as a control should on
four of five arms, and we report it on the same convention
we use for M2 — the toggled variant, not the mechanism
aggregate (Figure 5, Table 3). On the toggled east_ar variant
the arms score 0.89, 0.67, 1.00, 1.00 and 1.00.

The mechanism aggregate across all three M3 variants is
higher, 0.85-1.00, because the untoggled west_ar and an-
chor variants are included; quoting that aggregate as “the
control passes at 0.85-1.00” would apply a more forgiving
convention to the control than to the mechanism under test,
and we no longer do so.

Read on the toggled variant, the control range is 0.67-1.00.
Four arms are clean. Two arms carry a nonzero numerals
delta and they run in opposite directions, so only one of the
two is a drop. On the thinking arm the toggled variant falls 22
points below its own matched west_ar twin (0.89 — 0.67),
A =+0.22 with a 95% interval of [0.00, 0.56] whose lower
bound touches zero; it is not significant after Holm, but it is
not nothing either, and it means the control does not establish
digit-parsing cleanliness on that arm.

On the no-think twin the deltais —0.11[—0.33, 0.00] — that is,
east_ar (1.00) scores above west_ar (0.89), also not significant
after Holm. An arm reading Eastern digits better than ASCII
digits is not a control failure, which is why that arm counts
among the four clean ones; we report the delta rather than
suppress it.

Two consequences follow, and both are carried by the four
clean arms rather than by the table as a whole. First, the
zeros elsewhere in the table are earned rather than manu-
factured: qwen3.5-397b and closed-lite read Eastern-Arabic
digits (U+0660 to U+0669) at 1.00 without a single error and
still miss Hijri conversions by weeks. Second, on those two
arms the Hijri collapse demonstrably cannot be an Eastern-
digit parsing artifact. On the thinking arm that inference is
weaker and we do not draw it.

+1.00

gpt-0ss-20b O—e
ds-v4 (think) +0.80 @
ds-v4 (no-think) +070 @<

qwen3.5-397b +070 @«——O

closed-lite +0.50 @ ')

+0.00 +0.25 +0.50 +0.75 +1.00

Hijri penalty: greg_ar - hijri_ar (10 sets per arm)
O 1448 AH (primary) ® 1440 AH (historical control)

Figure 6. Historical-window control, 1448 AH versus 1440 AH.

4.7 The historical-window control (1440 AH)

The frozen control repeats the ten M2 sets in 1440 AH (2018-
09-11 to 2019-08-30), a historical window well before the
tested arms’ likely training cutoffs, while holding arm iden-
tities, harness, and temperature o fixed and changing only
the calendar year. greg_ar scores 1.00 on all five arms in this
window.

Two findings follow, and they point in different directions.

A simple recency-only or cutoff-only account is insufficient to
explain the observed pattern. The matched Gregorian-Hijri
penalty persists on every arm in the 1440 AH historical win-
dow, at +0.50 to +1.00. This persistence materially weakens
the idea that the primary gap exists only because its dates are
near-future. It does not prove that the models actually saw
the relevant Umm al-Qura correspondences during training,
and the post-hoc five-arm Holm sensitivity values are not
confirmatory significance. Temporal exposure nonetheless
appears to modulate the effect. Closed-lite improves by 0.50
and gwen3.5-397b by 0.30 in the historical window, the no-
think arm improves slightly, the thinking arm is unchanged,
and gpt-oss-20b widens from +0.90 to +1.00.

Descriptively, Hijri success rises from 4/50 (8%) to 13/50 (26%)
while Gregorian success is 49/50 and 50/50. The repeated
ten semantic sets across models make this cross-arm aggre-
gate descriptive only; arm-level paired effect sizes remain the
primary control evidence.

4.8 Hypothesis readout against frozen
thresholds

H1, rankability: supported. M2 is far ahead of M4, and M4
ahead of Mé, on four of five arms; the exception is deepseek-
v4-flash (no-think), where M6 (0.850) exceeds M4 (0.667)
and the ordering of the two lower mechanisms reverses.

The pre-specified expectation ordered Mé first, and the data
reversed it — a correction the pre-specification converts from
liability into result.

H2, explanatory power: not evaluable as pre-specified. H2
was frozen as “explanatory power at >30% of the aggregate
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Table 5. Historical-window control. b = sets where the Gregorian variant passed and the Hijri twin failed; c = 0 and n = 10 on every row.
Tango score intervals carry the paired effect-size uncertainty. The exact p values are shown for transparency. The five-arm Holm-adjusted p
values are a post-hoc sensitivity analysis only: the control protocol was frozen before outputs, but it did not pre-specify a separate five-test
multiplicity family. No confirmatory ‘Family 2’ significance claim is made.

pm | _ 2 a0 flanso 55 M o | _

gpt-0ss-20b +1.00 +0.90 [0.44, 1.00] 0.0020 0.0098

ds-v4 (think) 8 +0.80 +0.80 [0.30, 0.94] 0.0078 2 0.0312 yes
ds-v4 (no-think) 7 +0.70 +0.80 [0.23, 0.89] 0.0156 3 0.0469 yes
qwen3.5-397b 7 +0.70 +1.00 [0.23,0.89] 0.0156 4 0.0469 yes
closed-lite 5 +0.50 +1.00 [0.08, 076] 0.0625 5 0.0625 no

gap,” with [S1] as the external anchor. That form of the hypoth-
esis is inoperable against that anchor, for a reason our own §2
identifies: [S1] excludes calendar reasoning by construction,
so the Hijri mechanism contributes zero of its 21.2-point gap
and no fraction of that gap can be attributed to the mecha-
nism. We record H2 as inoperable-as-specified rather than
cleared, and report in its place the magnitude claim of §4.2,
which the data does support: the isolated Hijri delta is four
to five times the aggregate Arabic-English gap reported by a
benchmark that cannot observe it. A pre-specified hypothesis
that turns out to be inoperable is a result of the same kind
as H1'’s reversal, and we report it the same way. Restating H2
against a denominator the mechanism actually lives in — the
share of date-bearing agentic tasks in deployment that carry
Hijri input — is a different and harder claim, and is declared
future work.

H3, capability-localization dissociation: supported. Two
arms score 0.83-1.00 on every other mechanism and 0.00
on Hijri.

The historical-window control: diagnostic evidence in the
predicted direction, not a separate confirmatory significance
gate. The control was frozen before outputs and predicted
that Apjri would persist if a simple recency-only account were
insufficient. Persistence is observed on all five arms. Because
the protocol did not pre-specify a separate five-test multi-
plicity family, we do not call the control ‘passed’ on Family-2
significance grounds. Instead, it materially weakens the sim-
ple recency-only explanation while the heterogeneous arm
movement constrains the mechanism claim and motivates
the follow-up interaction hypothesis in §5.2.

H4: mixed and mechanism-specific, publishable in either
direction per pre-specification (84.5).

Kill-condition status. DC1 cleared at scan and reverified at
submission. DC2: the pre-specified form is inoperable (see
H2), and the substituted magnitude claim is reported rather
than gated. DC3, the scorer-validity gate, fell short at 0.9070
against 0.95 and stands published.

What the DC3 failure does and does not bound. We scope it
rather than concede it wholesale, because the audit record
supports a scoped reading. On M2 — the mechanism carrying

the headline — scorer and human consensus agree on all 15
consensus records, with no misses in either direction. All four
remaining gate misses fall on M4 and Mé (Appendix C, C.2:
AUD-001 M6, AUD-014 M4, AUD-025 M4, AUD-040 Mé). In
three of those four the scorer is stricter than the humans,
failing records both annotators accept, which biases the re-
ported M4 and Mé scores downward rather than upward; the
fourth, AUD-040, is a duplicate-call record the amended rule
passes and the annotators penalized. The correct statement
is therefore: the DC3 failure bounds the precision of the M4
and Mé figures, in the conservative direction, and does not
touch M2.

It remains a failed kill condition, published as such, and it
is compounded by the two upward biases on the gate itself
set out in §3.4 — the author-annotator composition and the
consensus-only record selection. The named residual defect
is unchanged: allowed-token exclusion lists in the answer-
language check carry only seed subsets, declared as future
engineering because the general fix falls outside the pre-
committed amendment families.

5 Discussion

5.1 From “Arabic is harder” to a mechanism map

The aggregate framing that motivated this work survives none
of our isolations intact. Language alone costs nothing system-
atic, spanning —0.20 to +0.10 across arms with inconsistent
sign. The calendar costs +0.80 to +1.00 (Table 4). Translitera-
tion sits between, model-dependent. Discipline recovers with
scale. A single number could not have told this story, because
the story is that the number is a composite: one catastrophic
mechanism, one contract mechanism, one solved mechanism,
averaged into an uninformative gap. Diagnosis directs repair
in a way ranking cannot.
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5.2 Why the calendar: what the control settles
and what it leaves open

We measured that Hijri conversion fails broadly across all
five arms. Under the deterministic heuristic, every non-
clarification failure attempts a conversion; one gqwen case
asks for clarification instead. The original pilot could not
distinguish cleanly between two explanations: H-structure,
that exact conversion under an observational calendar
depends on authoritative tabular grounding, and H-coverage,
that the tested near-future correspondences were poorly
represented in training.

The historical-window control of §4.7 was designed to sepa-
rate them and does so only partially.

H-coverage alone is not sufficient to account for the observed
gap. In 1440 AH — a historical window well before the arms’
likely training cutoffs — the matched penalty persists on ev-
ery arm at +0.50 to +1.00. This materially weakens a simple
recency-only or cutoff-only explanation. It does not establish
actual training exposure to the relevant correspondences, and
the five-arm Holm calculation is post-hoc sensitivity rather
than confirmatory evidence.

Exposure nevertheless remains a plausible moderator.
Closed-lite and gwen improve markedly on historical dates,
the no-think arm improves slightly, the thinking arm is
unchanged, and gpt-oss worsens. We therefore keep both
calendar representation and temporal exposure in view. The
present control does not establish a unique causal mech-
anism; its heterogeneity instead motivates the follow-up
hypothesis that the gap reflects an interaction between
calendar representation and temporal exposure.

The heterogeneity itself constrains what can be claimed.
A single calendar-processing deficit, uniform across models,
predicts a uniform response to the exposure manipulation,
and that is not what we observe. One arm getting worse on
better-attested dates is not predicted by either hypothesis as
stated. This raises a follow-up hypothesis — that the calendar
gap reflects an interaction between calendar representation
and temporal exposure rather than a single failure mode —
which the present control is not sufficient to establish. We
record it as an emerging research direction rather than a
result of this paper, and hold both explanations open until
they can be tested directly.

Under H-structure the remedy is explicit civic-systems ground-
ing — conversion tables or tools in training and inference
— rather than larger models, with the falsifiable prediction
that an arm given a calendar tool, or fine-tuned on machine-
derived Umm al-Qura pairs, should close Ay to approxi-
mately 0, or fail informatively and thereby localize the deficit
deeper than data coverage. That experiment is the natural
successor to the control reported here, and it discriminates
the interaction hypothesis as well: an exposure-mediated ac-
count predicts residual sensitivity to date recency even once

a tool is supplied, while a purely structural account does not.

5.3 The one safe behaviour nobody rewards

The single clarify case deserves its own paragraph. Under
strict scoring it is a failure. In deployment it is the only ac-
ceptable response we observed to a Hijri date across 50 runs:
asking rather than silently booking a wrong day. Many exact-
execution benchmarks, including ours under its frozen metric,
treat a safe clarification as a failure; that can make confident
wrongness look better than calibrated deferral in evaluation.
Abstention-aware scoring for calendar-critical deployments
is an open design question the field should not leave to acci-
dent.

5.4 A contract problem

The transliteration finding reframes a familiar complaint.
Models hold one spelling with striking consistency, so the
dominant failure is the absence of any agreed convention
between model and system. That is an interface bug in the
ecosystem rather than a cognition bug in the model — the
same class of problem once solved for airline reservation sys-
tems by machine-readable passport conventions. Its remedy
is correspondingly infrastructural: canonical alias registries or
transliteration confirmation loops, cheap relative to retrain-
ing.

5.5 The civic-systems gap

Assembled, the results outline a candidate civic-systems
failure class. The historical-window control weakens the
strongest simple alternative reading — that the primary re-
sult was only a near-future date-coverage artifact — but does
not eliminate exposure as a contributing factor and does not
establish a unique mechanism. We therefore state the civic-
systems interpretation as a supported hypothesis rather than
a settled causal finding. Models can appear fluent in a lan-
guage while remaining unreliable on locally authoritative sys-
tems such as calendars, naming conventions, and institutional
formats. The Hijri result is a mechanism-isolated example in
agentic tool use; whether the broader class generalizes to
Solar Hijri, Buddhist, Ethiopian, or naming-system conven-
tions remains a testable prediction, not a result of this paper.
The matched-variant protocol with deterministic local oracles
transfers naturally to those settings, and such replications
would directly test the class claim. Linguistic benchmarking
is necessary, but this study motivates a distinct civic-systems
evaluation axis.

5.6 Practical stakes

Across the five evaluated arms, Hijri input in date-sensitive
Arabic tool use failed near-certainly despite strong Gregorian-
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Arabic performance. Increasing tested model scale did not
eliminate the failure. Aggregate multilingual scores alone
would not reveal it. This holds whichever reading of §5.2 is
correct, and the historical-window control extends it: the fail-
ure is not confined to near-future dates, so a deployment han-
dling historical Hijri dates — archival records, contract anniver-
saries, date-of-birth fields — is exposed on the same terms.
For Gulf deployments involving appointments, contracts, pay-
roll or government deadlines, procurement and evaluation
should therefore include calendar-mechanism tests as a de-
ployment gate rather than a footnote.

5.7 Ethical and governance implications

Mechanism-level failure has direct ethical consequences
when equal surface-language performance masks unequal re-
liability on locally necessary civic infrastructure. The UNESCO
Recommendation on the Ethics of Artificial Intelligence calls
for fairness and non-discrimination across different cultural
systems and language groups, locally relevant services that
respect multilingualism and cultural diversity, safety through-
out the Al life cycle, auditability and traceability, and ultimate
human oversight [UNESCO]. Our results translate those princi-
ples into concrete deployment checks. For high-consequence
date handling, an Arabic-language pass rate is not sufficient:
evaluators should test Hijri calendar conversion explicitly,
log the calendar basis used, require a verified conversion
tool or authoritative table when exactness matters, and
treat clarification or abstention as acceptable safe behaviour
when the system lacks such grounding. This narrow policy
implication follows from the measured mechanism and does
not amount to a claim that the evaluated systems are globally
unfair.

DEPLOYMENT CHECKS FOR ARABIC DATE HANDLING

Test Hijri calendar conversion explicitly; log the calen-
dar basis used; require a verified conversion tool or
authoritative table when exactness matters; treat clar-
ification or abstention as acceptable safe behaviour
when the system lacks such grounding.

6 Limitations

Statistical resolution and multiplicity. Ten sets per mech-
anism sharply limit inference. In the pre-specified 25-test
primary family, only the two arms failing all ten Hijri sets sur-
vive Holm correction, and only narrowly: adjusted p = 0.0488.
One reverse flip would remove family-wise significance. The
1440 AH control was frozen before outputs, but its protocol
did not pre-specify a separate five-test multiplicity family;
consequently, its five-arm Holm calculation is reported only
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as post-hoc sensitivity and carries no confirmatory claim. A
pooled 30-test sensitivity analysis would also leave no result
significant at n=10. The control should therefore be read pri-
marily through effect sizes and paired intervals. The planned
n=30 expansion is the natural route to greater statistical res-
olution.

Date-window coverage remains narrow, and exposure is
only partially controlled. The primary window is one Hi-
jri year near and beyond the experiment date; the control
adds one historical year well before the arms’ likely training
cutoffs. This persistence weakens a simple recency-only ex-
planation, but a cutoff does not establish that the relevant
correspondences were present in training data. Two years
do not characterize an exposure gradient, quantify moder-
ation, or identify what about a year matters. A multi-year
sweep with per-date attestation estimates is the natural next
step. The heterogeneous arm response, including one arm
worsening on historical dates, remains unexplained (§5.2).

Scorer validity. Our audit gate was not met and we publish
that prominently. Against a dual-annotator audit (human
= 0.71), scorer-consensus agreement reached 0.9070 after
the single pre-committed calibration iteration, below the pre-
specified 0.95, with no further iteration permitted under our
governance. Two features bias that figure upward and it
should be read as an upper bound: the audit is not fully
independent, since annotator A is the author (83.4), and
the gate is computed on the 43 human-consensus records
only, which discards the seven records the annotators found
ambiguous — that is, the hardest ones. A replication with two
non-author annotators is the first audit-side item of future
work. The failure is scoped in §4.8: agreement on M2 records
is complete, and in three of the four remaining consensus
misses the scorer is stricter than the humans.

The forensic classification is unvalidated. The classes un-
derpinning 84.3, and therefore the “accuracy not awareness”
reading and contribution (4), are assigned by deterministic
heuristics over date arguments and were not covered by the
audit, which graded pass/fail verdicts only. Handing the 46
failed records to the annotators for class agreement is de-
clared future work; until then the no-conversion-class result
should be read as a property of the heuristic, not an estab-
lished property of the models.

Error statistics. Mean absolute error is conditioned on failure
and its denominators and class composition differ by arm
(84.3), so it does not support a clean capacity trend. Uncondi-
tional and class-separated figures are reported in Appendix D;
non-identifiable closed-lite medians are explicitly left non-
imputed.

Measurement scope. M4 correctness is defined relative to
the declared alias registries under the stated phonetic rul-
ing, so the contract itself bounds what counts as right. Tool
environments are simulated with canned outputs, no exe-
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cutable backends, and at most four tool rounds. Structural
call matching bounds semantic equivalence of free-form Ara-
bic arguments, mitigated by declared language-check keys.

Coverage. M1 (bidirectional text) was excluded from the pilot
as an infra-confound noted in the Phase-0 analysis: rendering-
layer corruption cannot be separated from model behaviour
with our harness. Tasks are MSA-only by design, with dialects
reserved as mechanism M5. Mechanisms M1, M5, M7-M9
and M11 are taxonomized and unmeasured. The atlas is a
program, and this paper is its pilot.

Arms and serving. The four open-weight arms were served
through a self-funded Ollama Cloud Pro subscription; closed-
lite used the Google/Gemini API free-tier route. An adapter-
effect check on one open arm bounded the tested endpoint
influence at 0.05. The closed arm is a lite-tier model rather
than a flagship closed model, so no result should be read as
characterising frontier closed-weight systems. Runs are single-
pass at temperature 0. The original raw response logs from
the frozen historical runs are no longer retained; therefore ex-
act source-level regeneration from those raw responses is not
currently possible. Re-execution, even with the same tasks
and model identifiers, would be a new observation rather
than recovery of the original run and may not be behaviorally
identical, especially for the closed API.

Auditability is reduced in three independent ways, and they
compound. First, the task suite, harness, and committed
evidence remain private, so readers cannot independently
inspect the pre-specification timeline or rerun the internal
checks. Second, the original raw response logs for the frozen
historical runs are no longer retained: results/raw/ was ex-
cluded from version control and the temporary execution
environment was later recycled. The surviving evidence in-
cludes all 107 tasks and golds, the deterministic harness and
scorer freezes, per-record scored files for the four open pilot
arms, the 50-record audit sample with verbatim model out-
puts, numbers.json, and the committed forensic/statistical
outputs. This is sufficient to preserve the frozen reported
results but not to recover every raw-dependent historical
statistic; Appendix D marks the remaining closed-lite medi-
ans as non-identifiable rather than imputing them. Third, the
scorer audit is not fully independent because annotator A is
the author (83.4). Independent verification would require
release and third-party audit; a future re-execution archive
would be replication evidence, not restoration of the lost raw.

Literature verification. The load-bearing characterisations
of [S1] and [MAST] used in 82 were verified against the full
texts. Other secondary taxonomy citations are used only for
bounded contextual claims.

7 Conclusion

We replaced the question of how much worse Arabic agents
perform with the question of which input property breaks
which stage. Within this pilot, changing language alone costs
nothing systematic while changing the calendar inside Arabic
creates a large matched penalty across every evaluated arm.
Names expose a contract problem, serialization discipline
largely holds at scale, and the Eastern-numerals control shows
that Arabic digit handling alone does not explain the calendar
result.

It does not establish actual training exposure or a unique
causal mechanism, and its five-arm Holm calculation is post-
hoc sensitivity rather than confirmatory significance. Date
exposure appears to modulate the effect, with heterogeneous
movement across arms. The result is therefore evidence that
language competence can coexist with missing civic-system
competence, while the mechanism behind that gap remains
open. Authoritative tables, conversion tools, validation gates,
audit traces, and safe-deferral policies are the practical repair
path suggested by the measured failure.
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Table A1. Model arms.

arm

deepseek-v4-flash-think deepseek-v4-flash

deepseek-v4-flash-nothink deepseek-v4-flash

gpt-oss-20b gpt-0ss:20b

qwen3.5-397b gwen3.5:397b

closed-lite gemini-3.5-flash-lite

those historical raw logs are not retained (83.7, 86).

The endpoint labels above are corrected from vi/v2, where
two rows read “ollama native” and could be misread as local
serving.

The paper and figure label frontier-gemini used in v1 has been
replaced by closed-lite, which accurately reflects the arm’s
lite-tier status. Historical artifact filenames are not relabelled
retroactively.

Task pool: 39 matched sets / 107 task records (M2 30, M3
27, M4 30, M6 20).

Hijri windows: primary 1448 AH = 2026-06-16 to 2027-06-
04; historical-window control 1440 AH = 2018-09-11 to
2019-08-30 (see §3.3, §4.7, §5.2, §6).

Multiplicity: Family 1= 25 pre-specified primary-pilot tests.
The 1440 control was frozen before outputs but was not
assigned a separate pre-specified five-test Holm family; its
five-arm Holm values are post-hoc sensitivity only (§3.7).

Temperature O everywhere; max 4 tool rounds; canned
tool outputs.

Retries: transport errors only; model-output errors were
never retried.

Scorer state: scorer-freeze-v2; both declared amendment
iterations spent.

Bootstrap: 1000 resamples over sets, seed 1234, per-
centile 2.5/97.5. Tango score intervals computed in closed
form over the paired 2x 2 table; Clopper-Pearson on b/n
retained for comparability.

Deterministic scorers only; no LLM judge anywhere in the
measurement pipeline.

At the frozen paper-validation state: Python 3.11.15; 78
tests passed; contamination canary verified in all 107 task
records.

Unchanged from v1: 5 of 45 rows move between scorer ver-
sions, all of them Mé (gpt-oss-20b Mé 0.6000 — 0.7000;
deepseek think M6 0.6000 — 0.8000; deepseek no-think Mé
0.8000 — 0.8500; Ape_discipiine think +0.0000 — —0.2000;
Awme_discipline NO-think +0.0000 — +0.1000; H4 M6 —0.2000
— —0.0500). M2 and M3 rows are bit-identical across scorer

Ollama Cloud Pro (native API)
Ollama Cloud Pro (/v1)
Ollama Cloud Pro (/v1)

Google OpenAl-compatible

17

provider mode adapter / params

Ollama Cloud Pro (native API)

ollama_native; think=True
ollama_native; think=False
openai_compatible
openai_compatible

closed-weight, lite tier, free tier

versions and the regeneration test asserts this continuously.

The 1440 control ran under two commits: gpt-oss-20b at
the protocol-freeze commit 3a18ea4573b03e7c65063d8
1a4362fe62faldec9, and the remaining four arms at a6
Tbc71ab0e6fc243b962cac46269003665d23ab5, a direct
child of it. That follow-up commit was presentation-only — it
revised figure labels and layout and submission-generation
presentation — and did not modify the control tasks, the gold
values, the scorer or the execution protocol.

B Audit protocol and amendment record

Unchanged from v1. B.1 alias rule families and the determinis-
tic signature check (554/7712 generated candidates pruned);
B.2 the call-set amendment record (family (b) spent; families
(a) and (c) not spent; three residual misses left uncovered by
design); B.3 the annotator protocol (identical fillable sheets,
one judgment block per record showing user request, de-
clared tools, model calls and final answer, with no scorer
verdicts, gold values, oracle dates or model names; sheets
with fewer than 50 filled verdicts rejected mechanically).

C DC3 scorer audit: full adjudication

Unchanged from v1. C.1 inter-annotator anatomy at v1 (raw
agreement 43/50 = 0.86; Cohen x 0.7117; scorer-consensus
38/43 = 0.8837; scorer-vs-consensus k 0.7661; scorer vs A
0.86; scorer vs B 0.80). C.2 re-gate after the pre-committed
calibration (verdict changes AUD-017 0—1, AUD-040 0—1,
AUD-043 0—1; scorer-consensus 39/43 = 0.9070; k 0.8059;
remaining gate misses AUD-001 M6, AUD-014 M4, AUD-025
M4 all human 1/ scorer 0, and AUD-040 Mé human o / scorer
1). Final DC3 verdict: [AUTHORS TO CONFIRM: text missing
from the supplied manuscript between “Final DC3 verdict:”
and “is permitted.” Likely “FAIL at 0.9070 against 0.95; no
further scorer iteration”] is permitted. 84.8 scopes the con-
sequence.
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Table A2. Runs.

e fimestay commit m ecoris

full pilot (4 open arms) 20260803T081111Z

M3 numeral control 20260803T151642Z-m3

closed-weight arm 20260803T151720Z

pipeline fixture smoke 20260802T185636Z

ollama smoke 20260803T080923Z-smoke

adapter-effect check 20260803T101427Z

1440 AH historical-window control per arm — see provenance table

below

000effbebe46

be033b8d6a37 27 108
5c4eaB814a762 107 107
275b0304d7b7 8 16
c9bb6£65£961 8 8
fdc00fcebbed 80 80
3a18ea4573b03e7c65063d81a4362f 10 sets 50

e62fal0dec? (protocol freeze)

Table A3. 1440 AH control — successful run provenance (UTC).

pn
gpt-0ss-20b 2026-09-06T13:15:56.451889Z
deepseek-v4-flash-think 2026-09-06T14:03:04.203990Z
deepseek-v4-flash-nothink 2026-09-06T14:05:41.567543Z
qwen3.5-397b 2026-09-06T14:07:30.216419Z
closed-lite 2026-09-06T14:26:12.048523Z

Table A4. Scorer-iteration timeline.

oo e o |

scorer-freeze-v1 frozen after alias iteration 1/2 c274542

audit kit out blind 50-record sample sealed d70adcl

D29 declared consensus-gate rule c86£763
before unsealing

gate v1 0.8837 on n=43 consensus — 7437113
FAIL

D30 declared iteration-2 constraints 3a06ect
before amendment code

iteration 2 + gate v2 0.9070 — FAIL; no third iteration 5e0e140

D Error-magnitude decomposition

Supplements the failure-conditioned mean of §4.3. For each
arm: (i) mean and median absolute error over gross-error
records only; (ii) mean and median over all failed records, by
forensic class; (iii) unconditional mean and median over all
ten Hijri records, scoring correct conversions as o days; (iv)
the per-record error distribution.

Provenance is stated only to the level actually retained. Orig-
inal raw response logs for the frozen historical runs are no
longer available. For the four open pilot arms, per-record
date errors can nevertheless be reconstructed from retained
scored mismatch details plus the frozen gold tasks under the
original forensic rule; each reconstruction was accepted only
after reproducing the frozen published mean. For closed-
lite, retained aggregate/scored evidence identifies the class
counts and total mean but not the historical medians. No

succossul unsart (UT0)

3a18ea4573b03e7c65063d81a4362fe62fal0dec9
aB7bc71ab0e6fc243b962cac46269003665d23ab
aB7bc71ab0ebfc243b962cac46269003665d23ab
aB7bc71ab0e6fc243b962cac46269003665d23a5

ab7bc71ab0e6fc243b962cac46269003665d23ab

new model output is used.

Per-record open-arm reconstruction. gpt-oss errors = 59, 32,
77,76, 82,149, 92, 80, 32, 772 days; think gross-error failures
=9,6,22,11,9, 89, 10, 9 days plus two exact successes; no-
think dated failure errors = 364, 0, 1, 2, 4, 5, 5 days, plus one
FORMAT_FIELD record and two exact successes; gqwen dated
gross errors = 20, 36, 8, 19, 9, 34, 12, 38, 13 days plus one
CLARIFY record.
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Table D1. Error-magnitude decomposition (absolute date error, days).

urcondidonal median
78.5 78.5 78.5

gpt-oss-20b 145.1 145.1

ds-v4 (think) 9.5 20.625 9.5 16.5 9.0

ds-v4 (no-think) 4.0 94.5 5.0 38.1 1.5
qwen3.5-397b 19.0* 21.0* 19.0* undefined** undefined**
closed-lite not identifiable 121.625-122.125 T not identifiable 977 not identifiable

* qwen values are over the nine dated gross-error records. ** The tenth gqwen record is CLARIFY and emits no date; an all-ten absolute-date scalar is undefined
without inventing a post-hoc penalty. T closed-lite: 2 near misses + 8 gross errors + mean 97.7 over ten dated failures imply total error 977 days and gross-only
mean 121.625-122.125; exact medians are not uniquely identifiable from retained evidence and are not imputed.
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