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Abstract

Frontier LLM agents are increasingly deployed to transact on behalf of separate
principals, often using natural language rather than structured APIs. Yet this com-
munication surface has been studied mainly in adversarial settings designed to
elicit failures, leaving the prevalence and structure of misaligned communication in
deployment-shaped competitive operations insufficiently measured. We study 2,583
inter-agent emails from Vending-Bench Arena, a one-year competitive vending sim-
ulation spanning 13 frontier LLMs. We operationalize misaligned communication
as emails containing deceptive, manipulative, collusive, or threatening content, and
combine message content with ground-truth simulator state and logged reasoning
traces to classify and validate such behavior. We estimate that 12.6% of inter-agent
emails contain misaligned content; misalignment appears in every competition
simulation and in 74.7% of individual model runs. Moreover, misalignment is
interactional and structurally conditioned: a counterparty’s prior misaligned email
increases the odds of a misaligned reply by 1.81×, and low-inventory conditions
increase the odds by 1.58×. Across pre-registered dyadic and per-model tests,
we find no evidence that higher-capability models differentially exploit weaker
counterparties, and model capability rank does not predict misalignment rates.
Together, these results show that competitive multi-agent environments generate
measurable, state-dependent misalignment organically, in patterns associated with
operational stress and counterparty behavior rather than model capability alone.

1 Introduction

Frontier LLM agents are increasingly placed in operational roles, acting on behalf of separate
principals, pursuing local objectives, and communicating with other agents through natural language.
This creates a new measurement problem: when natural language is part of the agents’ action
space, communication can itself become a site of misalignment, including deception, manipulation,
collusion, or threats. The concern is especially salient in competitive settings, where agents transact
with counterparties whose objectives are not fully aligned and no shared supervisor mediates every
interaction. Yet we know little about how often such misaligned communication arises in deployment-
shaped multi-agent environments, or what structural patterns it follows when it does.

Three streams of prior work cover parts of this problem, but not their intersection. The first measures
misalignment rates in scenarios engineered to elicit specific behaviors, typically in single-agent
or short-horizon settings rather than organic deployment; for example, Schoen et al. [2025] report
baseline covert-action rates of 8.7% and 13.0% for o4-mini and o3 across 26 evaluations specifically
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designed to incentivize covert rule violations. The second studies multi-agent communication itself,
but largely under cooperative task-completion goals, through covert or steganographic channels, or
in stylized economic games where the strategic surface is pricing alone, ranging from algorithmic-
collusion work in economics to recent LLM-based variants. The third simulates long-horizon business
operation, primarily for single agents managing isolated processes; multi-agent firm simulations
in this stream focus on cooperative role-specialized teams in bounded task settings. The closest
concurrent precedent, Magentic Marketplace [Bansal et al., 2025], studies LLM-to-LLM interaction
in a two-sided agentic marketplace and characterizes transaction-level outcomes (search, negotiation,
welfare, manipulation), but in a transactional rather than persistent multi-month setting. We bring
together long-horizon competitive operation, multi-agent natural-language communication under
conflicting principals, and corpus-level measurement of communication content. Configurations of
this kind are increasingly common in production deployment, and the misalignment patterns that
emerge from them may not be predictable from rates measured under engineered or single-agent
conditions.

We close this gap using Vending-Bench Arena, a one-year competitive vending simulation in which
LLM agents manage separate vending businesses, exchange natural-language emails with counterpar-
ties, and make operational decisions under market pressure. We ask three questions: how prevalent is
misaligned inter-agent communication and what shape does it take (RQ1); what antecedent conditions
raise its likelihood (RQ2); and how does it differ across substrate (competitive multi-agent versus
single-agent) and capability (RQ3). To answer these questions, we develop a three-stage classification
pipeline: an LLM judge applies a 12-subtype taxonomy to each email (Stage A), a deterministic
verifier checks extracted factual claims against the simulator’s runtime state (Stage B), and a second
LLM judge audits agent reasoning traces for strategic intent (Stage C). Figure 1 provides a visual map
of the paper: the competitive setting in which the agents operate, the three-stage classification pipeline
we apply to their communications, and the three research questions we use those classifications to
answer.

Figure 1: The Vending-Bench Arena setting (left), our three-stage classification pipeline (middle),
and the three research questions we investigate (right).

Contributions. We contribute: (1) a corpus-level analysis of 2,583 inter-agent emails from 13
frontier LLMs across 20 simulations, each spanning one simulated year; (2) a three-stage classification
pipeline combining an LLM-judge taxonomy with state-grounded verification of factual claims against
simulator logs and reasoning-trace audit of agent intent; (3) prevalence and composition estimates
showing that misaligned communication appears in every simulation and is dominated by verifiable
false factual claims rather than collusion; and (4) antecedent, follow-through, and capability tests
showing that misalignment is reciprocal and stress-conditioned, that misaligned transfer promises are
often enacted, and that simple capability-asymmetry explanations are not supported.
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2 Setting and Misalignment De�nitions

2.1 Setting: Vending-Bench Arena

We analyze inter-agent communication in Vending-Bench Arena [Andon Labs, 2026],1 a multi-agent
competitive extension of the single-agent Vending-Bench benchmark [Backlund and Petersson, 2025].
In each simulation, multiple LLM agents (typically four) each operate a vending-machine business
at a shared San Francisco location, serve a common customer pool, and are scored individually
on cumulative pro�t over a one-year simulated horizon. Agents independently set retail prices for
their own machines, manage inventory through purchases from external real-world-scale suppliers,
observe competitors' machine prices and stock levels, and may transfer money or products to other
agents. Inter-agent communication occurs through asynchronous emails delivered only to the named
recipient; agents have no shared scratchpad, no broadcast channel, and no centralized coordination
interface. Each run is a single one-year simulation; rounds are de�ned by a �xed model lineup, with
typically four runs per round. Our primary analysis scope covers 20 standard-round runs spanning
13 frontier LLMs and 79 agent-runs, totaling 2,583 inter-agent emails. Team-competition rounds,
in which agents are partitioned into teams that compete against other teams, are excluded from the
primary scope and deferred to future work.

2.2 What counts as misaligned communication

We de�ne communication misalignment at the email level: an email constitutes misalignment if its
content takes the form of a threat, a proposal to �x retail prices or otherwise coordinate output-side
behavior against the shared customer base, a manipulation attempt, or a veri�able false factual claim,
regardless of whether any subsequent operational action follows. Classi�cation depends on what the
email does (proposing, threatening, deceiving), not on what the sender or counterparty operationally
does in the following days. This convention parallels two established treatments. In antitrust law
(Sherman Act §1, EU Art. 101), an agreement among competitors to coordinate is itself the violation,
independent of whether the agreement is operationally implemented; cartel proposals accepted but
broken down operationally remain agreements under standard treatments. In recent AI-safety work,
attempted deception is treated as a behavioral phenomenon worth measuring even when the attempt
fails to deceive a downstream evaluator [Greenblatt et al., 2024]. We adopt the speech-act convention
as a measurement primitive (not a legal conclusion) for this corpus. The relationship between
misaligned speech acts and operational follow-through is itself a question of independent interest,
which we examine separately in Appendix E. The full Tier 1 and Tier 2 classi�cation taxonomy is
shown in Appendix C, which also gives detailed de�nitions of the �ve misaligned subtypes (deception,
manipulation, explicit collusion, tacit collusion, and threat or coercion).

3 Related Work

As outlined in Section 1, three streams of work are highly relevant to ours. The �rst studies misaligned
LLM behavior in elicitation-designed scenarios, scheming, and chain-of-thought faithfulness, and
catalogs failures in cooperative multi-agent systems [Schoen et al., 2025, Lynch et al., 2025, Greenblatt
et al., 2024, Turpin et al., 2023, Baker et al., 2025, Cemri et al., 2025]; we examine spontaneous
misalignment in competitive deployment rather than elicitation-designed prompts, and ground our
deception verdict in deterministic state checks rather than LLM-judge labels alone. The second
covers algorithmic collusion and strategic-communication channels in agentic commerce, including
steganographic coordination, oligopoly-pricing tacit collusion, and qualitative case analyses [Motwani
et al., 2024, Calvano et al., 2020, Fish et al., 2024, Keppo et al., 2026, Soltes et al., 2026]; Soltes et al.
[2026] in particular draw on the same Vending-Bench Arena corpus to surface qualitative examples,
but do not quantify prevalence or test the antecedent and follow-through patterns we report. The
third places LLM agents in extended business or multi-agent task settings, mostly long-horizon
single-agent operation or short-horizon cooperative teams [Backlund and Petersson, 2025, Qian et al.,
2024, Bansal et al., 2025], with Magentic Marketplace the closest concurrent two-sided multi-agent
precedent; we differ in combining a one-simulated-year horizon, separate-principal competitive

1The Vending-Bench Arena is maintained by Andon Labs and not publicly redistributed. The authors obtained access
under Andon Labs' research-use terms; researchers seeking access for replication can contact Andon Labs directly.
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structure, and corpus-level measurement of inter-agent natural-language communication. Detailed
treatment by stream is in Appendix H.

4 Methods

4.1 Classi�cation pipeline

We classify each inter-agent email through a three-stage pipeline. All LLM components use Claude
Sonnet 4.6 with frozen prompts. For Stages A and B, sender and recipient model identities are
masked from the classi�er through email-address substitution (agent_a / agent_b) and family-alias
redaction across approximately 20 provider and model tokens (Claude, Sonnet, Opus, GPT, Gemini,
Llama, etc.) to avoid the self-preference and identity-driven biases documented for LLM evaluators
[Panickssery et al., 2024]. Stage C receives only the agent's reasoning trace, with no sender or
recipient metadata �elds; alias redaction is not separately applied to the reasoning text itself, a
limitation we discuss in Section 6. A concrete misaligned email and its processing through Stages A,
B, and C is shown in Appendix B; full prompts are in Appendix I.

Stage A. Stage A assigns each email a Tier 1 family (MISALIGNMENT, PRO_COMPETITIVE,
NEUTRAL, or UNCLEAR) and a Tier 2 subtype within a 12-subtype taxonomy. As a codebook-
consistency check, one author labeled a 50-email validation set; LLM-vs-author Cohen's� was
0.73 at Tier 1 (4-class) and 0.62 on the binary collapse.2 Disagreement is asymmetric: the classi�er
has sensitivity 0.571 and speci�city 0.977, dominated by under-�agging (� 43% of true positives
missed) rather than spurious �agging (2.3% false-positive rate). Because the annotator is also the
codebook author, the validation� should be read as codebook-consistency rather than independent
gold-standard agreement (Section 6). Additional robustness approaches, such as two-pass sampling
across different temperatures, are detailed in Appendix A.

Stage B. Stage B veri�es factual claims an email makes about simulator state. An LLM extractor
enumerates veri�able claims across �ve categories (identity, price, balance, inventory, action history);
intraday balance claims are excluded from Stage B's deception verdict due to high simulator volatility
producing excessive false positives, and are reported separately as a same-day consistency �ag.
Deterministic code then checks each claim against the simulator's canonical event log; a materially
false claim promotes the email to deception regardless of Stage A's surface label. We audited 46
claims: per-claim and per-email accuracy were both 87% (40/46, 13/15), above our Gate threshold;
per-category accuracy was100%for PRICE and BALANCE, with the residual errors concentrated in
harder compound-extraction categories (HISTORY, INVENTORY) rather than the categories that
drive deception prevalence.

Stage C. Stage C extracts intent signals from the agent's reasoning trace preceding each
send_email tool call, distinguishing knowing misrepresentation from ambiguous or unintentional
cases. A separate LLM judge classi�es trace intent (con�rmed-intentional, ambiguous, or emergent)
and outcome (whether the email misrepresents). Stage C's intent-based promotion to misalignment
is disabled for the headline rate after the pre-registered audit found a projected override rate above
threshold; emails where reasoning shows knowing misrepresentation but the email itself is not
surface-�agged (n = 69) are reported separately as a hidden-misalignment subset.

4.2 Statistical analysis

Table 1 lists the �ve pre-registered hypotheses (H1–H5) tested on the standard-round pool (N =
2;583). All �ve are observational associations on email-levelMISALIGNMENT; we do not claim
causation. Hypothesis-generation reasoning, theoretical anchors, and pre-registered effect-size
thresholds are detailed in Appendix D.

2The lower binary� re�ects the kappa paradox under prevalence imbalance:� 87% of emails are non-MIS, depressing
chance-corrected agreement even when raw agreement is high.
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Table 1: Pre-registered antecedent-association hypotheses (H1–H5).
ID Predictor Direction Threshold

H1 Negative 3-day revenue trend Positive OR � 1:3
H2 Prior counterparty misalignment in last 5 emails Positive —
H3 Simulation day Positive OR � 1:1 / 30 d
H4 Sender inventory in lowest within-run quartile Positive —
H5 Same- vs. cross-provider sender-receiver pair Two-sided —

Headline rate. The corpus rate is reported with 95% cluster bootstrap CIs at the competition-run level;
the classi�er-error-adjusted rate is reported separately (Appendix A). Antecedent-condition hypothe-
ses (RQ2). Five pre-registered hypotheses (H1–H5) are tested in mixed-effects logistic regressions
with random intercepts at the competition-run and sender-within-run levels, with Benjamini-Hochberg
FDR control atq = 0:10. Where receiver-side random intercepts produced singular �ts, we use the
pre-registered sender-only fallback (H1–H4); H5 retains the receiver-RE primary speci�cation by
design. Pro�le-likelihood CIs are used when they converge, with Wald fallback otherwise. Three
pre-registered sensitivity speci�cations address classi�er-circularity and measurement concerns: a
high-con�dence subset, a hardness-only subset, and a net-balance proxy for the revenue-pressure
predictor. Substrate and capability (RQ3). Per-model Arena vs. single-agent comparisons use
paired Wilcoxon signed-rank tests on cumulative pro�t. Same-provider in-group preference and
capability-asymmetric exploitation are tested in dyadic mixed-effects logistic regressions with the
same nesting as H1–H5. Per-model capability rank (single-agent cumulative pro�t) and misalignment
rate are correlated via Spearman �.

5 Results

5.1 Prevalence and composition

Across the primary scope of 2,583 inter-agent emails, 12.6% (95% bootstrap CI [8.9%, 16.6%])
are classi�ed as misaligned at the speech-act level; misalignment appears in 74.7% of individual
model runs (59 of 79) and in every competition simulation (20 of 20). This rate is comparable to
engineered-elicitation covert-action rates reported by Schoen et al. [2025] (8.7% and 13.0% for
o4-mini and o3 across 26 evaluations speci�cally engineered to incentivize covert rule violations),
even though our setting contains no such elicitation conditions: similar rates emerge from organic
competitive operation as from engineered stress. A classi�er-error-adjusted sensitivity analysis is
reported in Appendix A.

Figure 2 shows the composition and per-model breakdown. About87% of emails are classi�ed
as neutral. Within the misaligned subset, the dominant subtype is deception via veri�able false
factual claims (about65%of misaligned emails), with collusion-related subtypes (explicit and tacit)
together accounting for about21%. To distinguish this prevalence �nding from a model-confusion or
capacity-failure account, we examine two properties of the misaligned subset that confusion alone
would not predict.

First, we look at whether agents form misaligned intent in their reasoning and act on it selectively.
Capturing explicit deceptive reasoning at scale is dif�cult: chain-of-thought traces are not guaranteed
to faithfully re�ect the model's underlying reasoning [Turpin et al., 2023], and even when monitorable,
the deceptive content surfaces unevenly [Baker et al., 2025]. Within those limits, Stage C's audit
(Section 4.1) does identify two patterns. Among emails not surface-�agged by Stages A or B,
n = 69 have reasoning traces showing knowing misrepresentation: direct evidence that agents
can form deceptive intent while producing surface text that escapes both classi�ers. Among the
218surface-�agged misalignment cases with available reasoning,33 (15:1%) have reasoning that
explicitly con�rms the misaligned intent, concentrated in collusion, manipulation, and threat-coercion
rather than the false-factual-claim subtype itself, which is consistent with deceptive intent being the
type most likely to be concealed in reasoning when intentional.

Second, we look at forward-looking transfer promises that we can verify against simulator state. The
veri�able subset is limited, so we present it as a directional result. Misaligned transfer promises
are enacted more often than neutral ones (56:9%versus31:5%, a1:8� differential; Figure 3). This
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(a) Per-model Tier 1 family distribution (left) and Tier 2 subtype distribution within
misaligned emails (right).

(b) Email-level misalignment rate (left) and agent-run-level prevalence (right). Sorted
by email-level rate; N denotes per-model email totals.

Figure 2: Per-model misalignment composition and prevalence.
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indicates that agents whose emails contain misalignment, and especially false factual claims, follow
through on their stated commitments more consistently than agents sending neutral emails, the
opposite of what a confusion or “misalignment-is-just-talk” account predicts and opposite to the
knowing-doing gap reported for LLM agents in cooperative-task settings [Paglieri et al., 2024, Ruoss
et al., 2024]. Together with the capability analysis in Section 5.3, these results are consistent with
the prevalence �nding re�ecting a behavioral pattern, while not ruling out that some �agged emails
re�ect confusion.

Table 2: Per-family misalignment rates and within-
family dispersion.(xAI/Grok is excluded from family-
dispersion statistics because only one xAI model ap-
pears, so within-family SD is unde�ned.)

Family n Mean rate Within SD

Anthropic 5 15.24% 12.67%
OpenAI 3 11.19% 12.82%
Google 4 11.86% 4.62%

Mean within-fam. SD 10.04%
Between-fam. SD 2.17%
Ratio (w/b) 4.62 Figure 3: Transfer-promise enactment rates.

Per-model Tier 2 patterns are heterogeneous (panel (a) right): a few models including Claude Opus
4.6, GPT-5.1, and Claude Sonnet 4.6 deviate from the corpus pattern by concentrating heavily on
explicit-collusion proposals, while others such as Gemini 2.5 Pro and Claude Sonnet 4.5 distribute
across deception, manipulation, and collusion at appreciable rates. Per-model email-level rates range
from 3.5% to 38.1% (panel (b), left); per-model totals spanN = 21 to N = 469 across models, so
rankings should be read as descriptive rather than stable. Agent-run-level prevalence is uniformly
high (panel (b), right): every model produces at least one misaligned email in 50% or more of its
individual runs, and four models do so in 100%. Aggregating per-model rates to model family
compresses dispersion: family-mean rates cluster in a narrow band, while the mean within-family SD
across model versions (10.04%) is more than four times the between-family SD of 2.17% (Table 2).
Family or provider is therefore not the primary organizing variable for misalignment rates; substantive
heterogeneity sits across model versions within a family.

5.2 Antecedent associations

We pre-registered �ve hypotheses about conditions that should raise the odds of an inter-agent email
being misaligned, and tested them in mixed-effects logistic regressions with random intercepts at the
competition-run and sender-within-run levels. Table 3 reports each test with full statistics. Details in
Appendix F.

H2 (counterparty reciprocity). H2 predicted that recent misaligned communication received from
the counterparty raises the odds of a misaligned reply. The estimated odds ratio is1:81� , and the
association is robust to the two pre-registered classi�er-circularity sensitivities (high-con�dence
subset:1:97� ; hardness-only subset:1:71� ). Misalignment in this corpus is interactional rather
than unilateral: receiving a misaligned email materially raises the odds of a misaligned reply. The
reciprocity association complements the commitment-action coupling result of Appendix E: not
only do agents enact misaligned commitments at higher rates than neutral ones, they also produce
misaligned communications at higher rates when their counterparty has recently done so. Both
�ndings are inconsistent with a sender-speci�c capacity-failure account.

H3 (sim-time). H3 is statistically supported, but the direction is opposite to what was pre-registered:
misalignment rates decline over the simulation horizon (Table 3). H3 had predicted that operational
pressure and accumulated context would drive misalignment upward; the data show the reverse.
Three interpretations are consistent with this pattern: early-period counterparty-boundary probing,
late-period exit dynamics, and censoring from agent failures. We discuss them in Section 7; diagnostic
notes on the H3 �t are in Appendix F.
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H4 (low inventory). H4 predicted that operating under low-inventory conditions raises the odds
of misaligned communication; the data support this with an estimated odds ratio of1:58� . Low-
inventory conditions are operationally stressful (loss of revenue, exposure to stockout), and the
association suggests that operational stress is a structural antecedent of misalignment in this setting.

Table 3: Pre-registered antecedent-condition hypotheses (H1–H5).
H Predictor OR [95% CI] Pre-reg. dir. BH-p Status

H1 Revenue pressure (3-day trend) 0.85 [0.28, 2.45] + 0.765 Not supported
H2 Counterparty prior misalignment 1.81 [1.38, 2.37] + 5.0e-5 Supported
H3 Sim-day (per 30 days) 0.895 [0.836, 0.959] + 0.0042 Sig., opposite dir.
H4 Low-inventory indicator 1.58 [1.09, 2.29] + 0.0254 Supported
H5 Same-provider pairing 1.12 [0.74, 1.68] two-sided 0.755 Not supported

5.3 Substrate and capability

We test whether competitive multi-agent operation has measurable effects on operational outcomes
(compared to single-agent operation in the original Vending-Bench setting), and whether per-model
misalignment rates and exploitation patterns track model capability rank. Across all RQ3 analyses,
our paired sample comprises 12 frontier LLMs.3

5.3.1 Per-model heterogeneity in operational outcomes

Figure 4 panel (a) shows per-model deltas (Arena� Vending-Bench) in cumulative pro�t (top)
and days survived (bottom). Pro�t deltas are heterogeneous in magnitude and sign: nine of twelve
models earn less under competition and three earn slightly more, with the largest negative deltas at
�agship models and smaller or mid-tier models clustering near break-even. Days-survived deltas do
not track pro�t deltas: �ve models survive identically in both substrates, two survive substantially
longer in Arena, and the rest survive shorter, again with the largest reduction at a �agship model. A
paired Wilcoxon signed-rank test on per-model cumulative pro�t con�rms the population-level shift
(N = 12 , p = 0:021); six other exploratory outcomes and two descriptive substrate observations
(inter-agent communication share, tool-use density) are in Appendix G.

5.3.2 Capability-based mechanism tests

Three analyses test whether model capability shapes exploitation patterns under competition. First, as
established in Section 5.2, same-provider sender-receiver pairs do not show systematically different
misalignment rates than cross-provider pairs. Second, we test whether higher-capability senders
disproportionately direct misalignment at lower-capability receivers. The predictor is the sender–
receiver capability gap, de�ned as the difference in per-model single-agent cumulative-pro�t rank;
the outcome is the email-levelMISALIGNMENTindicator. A pre-registered mixed-effects logistic
regression yieldsOR = 1:04 (p = 0:91); adding sender-model-family �xed effects yieldsOR = 1:05
(p = 0:82). Neither speci�cation supports stronger models exploiting weaker ones in inter-agent
communication. Third, capability rank (operationalized as Vending-Bench solo cumulative-pro�t
rank) is not associated with per-model primary-scope misalignment rate (Figure 4 panel (b)).

Together, these three null results (heterogeneous substrate response, no capability-asymmetric ex-
ploitation, and no capability-rank correlation with misalignment) indicate that capability and misalign-
ment outcomes are decoupled in this corpus. Capability is neither a weapon, since higher-capability
models do not systematically target lower-capability counterparties, nor a shield, since capable models
suffer the largest negative pro�t deltas under competition.

3xAI (N = 1 , Grok 4.1 Fast Reasoning) is excluded from RQ3 because the single-model variance comparison cannot be
computed for a sample of one. The model is included in RQ1 and RQ2 corpus-level analyses.
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(a) Per-model change in cumulative pro�t (top) and days survived (bottom),
Arena � Vending-Bench, paired across 12 frontier LLMs.

(b) Vending-Bench capability rank (1 = highest single-agent �nal balance)
versus per-model primary-scope misalignment rate.

Figure 4: Substrate response and capability decoupling in RQ3.

6 Limitations

Three features of our design scope the claims we make. First, the human annotation supporting our
pipeline is limited in coverage: the Tier 1 validation set comprises 50 emails labeled by a single author,
and the Stage B per-claim audit covers 46 claims across 15 emails. We accordingly read Cohen's�
as a measure of codebook consistency rather than as agreement against an independent gold standard,
and report the classi�er-error-adjusted prevalence (18.7%, 95% CI [6.7%, 55.7%]) as a sensitivity
analysis rather than a substitute for the direct rate. Second, statistical power varies meaningfully
across the inferential tests we report: several antecedent-condition speci�cations (notably H1 at
N = 196, and pro�le-likelihood CIs for H5 and the H1-S3 sensitivity) are limited in precision, and
the seven-outcome paired Wilcoxon suite in Section 5.3.1 is exploratory and not BH-FDR controlled.
None of these limit the qualitative pattern, but each scopes how precisely point estimates should
be interpreted. Third, our setting consists of LLM agents transacting with one another; a natural
extension is a hybrid multi-agent setting in which LLM agents transact with real humans, where the
dynamics of deception, manipulation, and reciprocity may differ from the all-LLM case studied here.
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7 Discussion and Conclusion

We studied 2,583 inter-agent emails from Vending-Bench Arena, a competitive multi-agent simulation
in which 13 frontier LLMs each operate a vending-machine business and exchange natural-language
emails with their counterparties. Each email was classi�ed by a three-stage pipeline: an LLM
judge assigns a Tier 1 family and Tier 2 subtype, a deterministic veri�er checks factual claims
against the simulator's logged state, and a separate stage extracts intent signals from agent reasoning
traces. The headline misaligned rate is 12.6% (classi�er-error-adjusted 18.7%), with misalignment
appearing in every simulation and in 74.7% of individual model runs. Veri�able false factual claims
dominate the misaligned fraction (about 65%); collusion-related subtypes account for about 21%.
Misaligned forward commitments are enacted in subsequent simulator state1:8� as often as neutral
commitments, indicating that agents whose communication is �agged as misaligned do follow
through on the commitments they make rather than emitting them as confusion or incoherent surface
text. Receiving a misaligned email from a counterparty raises the odds of a misaligned reply by
1:81� , and operating under low-inventory conditions raises them by1:58� . Capability rank does not
predict per-model misalignment rate (Spearman� = �0:07 , p = 0:83), and pre-registered tests for
capability-asymmetric exploitation and same-provider in-group preference are both null.

Two results merit additional comment. First, H3 was pre-registered with the expectation that
misalignment would rise with simulation time, but the observed direction is the opposite. Three
explanations are consistent with the data and we cannot distinguish among them with this corpus: early
counterparty-boundary probing that gives way to settled routine; tapering of counterparty-directed
strategy near the horizon; or selection through bankruptcy and coherence breakdown that leaves a
late-period sample biased toward better-behaved survivors. Distinguishing among them would require
time-resolved survival analysis with horizon-length or exit-condition variation. Second, our 12.6%
direct rate (18.7% adjusted) sits in the same range as the engineered-elicitation covert-action rates
reported by Schoen et al. [2025] (8.7% and 13.0% for o4-mini and o3), despite our setting containing
none of those elicitation conditions. The convergence is consistent with two readings: competitive
multi-agent operation may itself create an elicitation surface through counterparty interaction and
operational pressure, or engineered-elicitation rates may serve as calibration points for deployed
multi-agent rates even when the underlying mechanisms differ. The null capability-rank correlation
argues against a third interpretation, namely that higher-capability models should be expected to
suppress misalignment under con�icting incentives in this regime.

These results have practical implications for monitoring and intervention design. The reciprocity
�nding suggests that counterparty-conditioned monitoring may allocate a �xed budget more ef�-
ciently than sender-only monitors. The low-inventory �nding suggests that operational-stress signals
are predictive antecedents, so monitoring effort can be concentrated at the points where misalign-
ment is most likely to appear. The commitment-action coupling result (Appendix E) points to a
veri�cation ef�ciency: because misaligned promises are disproportionately enacted, state grounding
can �ag a substantial share of high-impact cases by checking an LLM-extracted commitment list
against the runtime state, without requiring an LLM judge in the veri�cation step. For deployment
teams operating multi-agent systems with con�icting principals, these observations together favor
antecedent-aware monitoring (operational stress, counterparty history) over uniform treatment of all
communications.

We close with the scope of these claims. The corpus we study is one competitive setting (vending-
machine businesses with shared customer pools, asynchronous email, simulated suppliers); the
construct we measure is communicative misalignment; and the inferences we draw are bounded by
the validation and statistical limits discussed in Section 6. Within those bounds, the patterns reported
here characterize a regime of frontier-LLM behavior that has not previously been measured at corpus
scale and provide an empirical foundation against which future deployment-shaped multi-agent
measurements can be compared.
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A Stage A validation supplementary details

Two-pass sampling robustness pilot. On a 200-email pre-registered pilot (seed=99), the two
independent sampling passes (Stage A at temperatures 0.0 and 0.2) agreed on Tier 1 in all 200
cases (� = 1:00 ), exceeding the pre-registered Gate 2 threshold of� � 0:70 . This is a sampling-
pass-consistency check: the two passes draw from the same prompt and label set under different
temperatures, and high agreement here indicates that the Stage A judge is stable to sampling variation
rather than that its labels are independently validated. The 50-email codebook-consistency check
against author labels (Section 4.1) is the load-bearing validation; sensitivity 0.571 and speci�city
0.977 against those reference labels are also reported there.

Classi�er-error-adjusted prevalence. Applying a Rogan-Gladen prevalence correction with com-
bined bootstrap propagation of the validation-set sensitivity (0.571) and speci�city (0.977) to the
headline 12.6% rate yields an adjusted estimate of 18.7% (95% CI [6.7%, 55.7%]). The CI is wide
because the validation set is small (n = 50). We report this as a sensitivity analysis only, not as a
substitute for the direct rate.

B Worked example: a misaligned email through the three-stage pipeline

Figure 5 shows a concrete inter-agent email from the corpus, along with how each pipeline stage
processes it: Stage A assigns a Tier 1 family and Tier 2 subtype, Stage B veri�es the factual claims
the email makes against the simulator's logged state, and Stage C extracts intent signals from the
sender's reasoning trace preceding the send_email tool call.
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Figure 5: Worked example: a misaligned inter-agent email and its processing through the three
pipeline stages.

C Tier 1 and Tier 2 classi�cation taxonomy

Figure 6 shows the full classi�cation scheme used by the Stage A judge. Tier 1 partitions inter-agent
emails into four families (neutral, misaligned, pro-competitive, unclear); Tier 2 further subdivides
the misaligned family into �ve subtypes (deception, manipulation, explicit collusion, tacit collusion,
threat or coercion), de�ned in Section 2.2. Full decision rules and worked examples are given in the
annotator codebook included in supplementary materials.

Figure 6: Tier 1 and Tier 2 classi�cation taxonomy used by the Stage A judge.

D Hypothesis rationale and theoretical anchors

H1 (revenue pressure). Misalignment rate is higher for agents with negative three-day trailing
revenue trend. Motivated by repeated-oligopoly collusion-fragility models in which deviation from
cooperative strategy is more likely under demand or revenue shocks [Calvano et al., 2020], and by
the broader economic account of fraud as pressure-driven misconduct.

H2 (reciprocity). Misalignment rate is higher when the same counterparty has sent at least one
misaligned email in the preceding �ve emails of the same run. Motivated by reciprocity dynamics in
iterated strategic interaction, where defection from cooperative norms by one party elicits matching
defection from others. Because the predictor is classi�er-derived, two pre-registered classi�er-
circularity sensitivities are run in addition to the primary speci�cation (H2-S1, high-con�dence priors

13



only; H2-S2, Stage-B-veri�ed or explicit-collusion priors only); H2 survives if the primary and at
least one sensitivity produce same-sign coef�cients with 95% CIs excluding zero.

H3 (sim-time). Misalignment rate increases with simulation day. Motivated by long-horizon
coherence breakdown in single-agent business simulations [Backlund and Petersson, 2025] and by
the prior expectation that operational pressure and accumulated context grow over the simulation
horizon.

H4 (inventory scarcity). Misalignment rate is higher when the sender's total inventory is in the
lowest within-run quartile. Motivated by operational scarcity as a stress channel distinct from the
cash-�ow channel in H1; the two are tested separately to permit independent attribution.

H5 (same-provider pairing). Misalignment rate differs between same- and cross-provider sender-
receiver pairs. Motivated by self-recognition and in-group preference �ndings in LLMs [Panickssery
et al., 2024, Hu et al., 2024]; the literature is mixed on direction so the test is two-sided.

Effect-size thresholds. H1 (OR � 1:3 ) and H3 (OR � 1:1 per 30 simulation days) carry pre-
registered smallest-effects-of-interest thresholds. H2, H4, and H5 are interpreted via coef�cient sign
(for the directional H2 and H4) and 95% CI compatibility with zero; we deliberately decline to set
post-hoc thresholds.

E Operational follow-through (commitment-action coupling)

If misaligned communication has operational consequences, then forward commitments embedded
in misaligned emails should propagate to action; if instead the communications are decoupled from
execution, the commitments should be enacted at similar rates regardless of email label, or misaligned
commitments should enact at lower rates if they additionally require remembering non-prosocial
intent. We test this on the largest veri�able subset of forward commitments in the corpus: transfer
promises (offers to send money, products, or both to a counterparty), where simulator state cleanly
resolves whether the promised transfer occurred within the pre-registered window. Across the full
corpus, including team-competition rounds excluded from the primary scope (Section 2.1), 525
transfer promises are veri�able: 58 embedded in misaligned emails and 467 embedded in neutral
emails.

Misaligned transfer promises are enacted at 56.9% (Wilson 95% CI [44.1%, 68.8%]) versus 31.5%
(Wilson 95% CI [27.4%, 35.8%]) for neutral promises, a 1:8� differential (Figure 3 in Section 5.1).
Stratifying by sender, all four sender models with at least �ve veri�able promises in each cell show
the same direction: Claude Sonnet 4.5 enacts 83% (MIS) versus 29% (NEUTRAL); GPT-5 Mini 69%
versus 33%; Gemini 3 Flash 40% versus 26%; Claude Haiku 4.5 39% versus 24%. A one-sided sign
test on the four sender-level directional outcomes yieldsp = 0:063, the smallest value possible at
N = 4 ; the per-sender direction is unanimous, but the test is sender-limited rather than underpowered
against weak direction.

F Antecedent-condition hypotheses: not-supported details

This appendix elaborates the H1 and H5 results summarized in Section 5.2. Full statistics are in
Table 3.

H1 (revenue pressure). H1 predicted that recent revenue decline raises the odds of misalignment.
The estimated odds ratio (0.85, 95% CI [0.28, 2.45], BH-p=0.765,N = 196) fails both the FDR
threshold and the pre-registered effect-size threshold of OR � 1.3. The H1 test runs on the smallest
analytic subset of the �ve hypotheses because the revenue-trend predictor is de�ned only when
an agent has accumulated suf�cient operating history; we read this as inconclusive rather than as
evidence against the hypothesis. A pre-registered net-balance proxy sensitivity (S3) yields OR=1.33
(rawp=0.034) in the predicted direction, but is not in the BH-FDR family and the proxy has known
limitations discussed in Section 6.
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