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Abstract

High aggregate scores can make language
agents appear socially responsive even when
they merely repeat a prompt-conditioned ac-
tion. We introduce an identifiability-first frame-
work that separates observed outcomes from
evidence of adaptation. Across 3,465 released
iterated-prisoner’s-dilemma simulations, 94.5%
never change joint regime, leaving reciprocity
largely unidentifiable. Controlled histories
across nine models reveal opponent-dependent
responses that vary substantially across equiva-
lent interfaces. The released checkpoints have
the smallest opponent-recency effects. Only the
intervention cohort shows reliable propagation
after a scripted defection. The diagnostic trans-
fers to longer histories, a multiplayer game, and
released-interface wrappers, although model
rankings do not. Outcome-only evaluation con-
flates regime selection with adaptive behavior.
Separating opportunity, response, and robust-
ness prevents stable outcomes from being mis-
taken for social dynamics.

1 Introduction

Language models are increasingly evaluated in task
benchmarks (Liu et al., 2024) and social applica-
tions (Park et al., 2023; Aher et al., 2023; Horton
et al., 2023; Argyle et al., 2023; Santurkar et al.,
2023; Wang et al., 2024). Existing evaluations of-
ten summarize interaction quality with aggregate
outcomes such as task success or cooperation rates.
These scores can hide the process that produced
them.

Consider two agents playing repeated Prisoner’s
Dilemma. Each round, both choose cooperate
(C) or defect (D) before seeing the other’s cur-
rent choice. Our controlled prompts specify the
rules, previous actions and payoffs, and the next
choice. Mutual cooperation gives each agent 3
points; unilateral defection gives the defector 5 and
the cooperator 0; mutual defection gives each 1.

The released logs also include payoff and framing
variants. A ten-round trace of mutual cooperation
cannot distinguish always cooperating from copy-
ing a cooperative opponent: both rules predict the
same observed actions. Testing reciprocity requires
a history on which those predictions differ.

Recent work examines robustness, reproducibil-
ity, and behavioral validity (Sarangi et al., 2026;
Ye et al., 2026; Zhou et al., 2025; Pandey and Ja-
joo, 2026; Ziems et al., 2026), strategic behavior in
games and negotiations (Fontana et al., 2025; Duan
et al., 2024; Abdelnabi et al., 2024), payoff scal-
ing (Huynh et al., 2026), and contextual framing
(Robinson and Burden, 2025). Static evaluations
also show prompt-format sensitivity (Sclar et al.,
2024). We ask: does the observed interaction test
the proposed mechanism? Candidates agreeing on
every observed history are observationally equiv-
alent; trajectory fit cannot distinguish them. This
is a classical identification problem (Barrie and
Törnberg, 2025; Pearl, 2009).

We organize evaluation around three questions
(Fig. 1). First, opportunity asks whether logged
decisions distinguish candidate behaviors. We call
this audit the Cooperation Regime Profile (CRP).
Second, response asks how a model acts when the
missing histories are supplied. The Counterfactual
History Cube (CHC) presents all three-round joint
histories, including contexts that distinguish repeti-
tion from copying an opponent. Finally, robustness
asks whether the response survives interface and
decoding changes. Paired sequential tests then mea-
sure its persistence over later rounds.

The underlying identification principle is clas-
sical. Our contribution is to operationalize it for
LLM-agent evaluation: we define claim-specific
coverage measures for interaction logs, pair them
with controlled history interventions, and require
interface checks before interpreting a response as a
model property. Table 1 separates the reused logs
from the experiments newly run for this study. Re-
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Figure 1: Three evaluation questions: did the logged histories test adaptation, can the model respond when relevant
histories are supplied, and does that response survive interface changes? Capacity refers to response under controlled
histories.

Table 1: Study map: released-log reanalysis and controlled experiments.

Setting Material and procedure Question answered

Released-log audit Reused: 3,465 ten-round Social Sim’26
trajectories.

Did play contain opportunities to distinguish
candidate behaviors?

Controlled histories Supply all 64 three-round histories in three
renderings.

Does changing opponent history change the
next action?

Sequential shock Paired ten-round runs with one scripted
defection.

Does the response extend to later rounds?

Robustness and boundary
tests

Vary seeds, payoff/label choices, history length,
game, and prompt wrappers.

Which effects survive changes in sampling,
interface, and game?

leased runs mostly settle into absorbing regimes
and rarely expose adaptation. Under controlled
variation, models do respond to their opponents,
but the strength of that response depends on the
checkpoint, game, and interface.

2 Identifiability-first evaluation

The three stages deliberately support different
claims. The log audit measures whether adaptation
was testable, controlled histories measure response
when relevant variation is supplied, and robustness
controls test whether that response is stable enough
to interpret.

2.1 Opportunity: observational CRP

For binary actions a1t , a
2
t ∈ {0, 1}, CRP maps each

round to mutual cooperation (CC), one-sided de-
fection (ASYM), or mutual defection (DD). It re-
ports how often play occupies, enters, or leaves
each regime. It also counts identifying opportuni-
ties: player-rounds in which copying the opponent
and repeating one’s own action predict different
choices, alongside opportunities following an op-
ponent action change. A conditional metric is un-
defined when its required event never occurs.

We score five diagnostic rules on rounds 2:T ,

treating the first action as given. Repeat-first re-
peats that initial choice; inertia repeats the previous
own choice; tit-for-tat (TFT) copies the opponent’s
previous choice. Grim defects after any opponent
defection. Win-stay/lose-shift (WSLS) repeats the
own action after a payoff of 3 or 5 and switches af-
ter 0 or 1 in the base game (Axelrod and Hamilton,
1981; Nowak and Sigmund, 1993).

2.2 Response under controlled histories

CHC presents each model with all 43 = 64 three-
round joint histories and asks for its round-four
action. Write each round as (focal action, opponent
action). After (C,C), (C,D), (D,C), TFT predicts
cooperation because the opponent last cooperated;
inertia predicts defection because the focal agent
last defected. We render each history as lines, a
table, and abstract GREEN/BLUE labels with identi-
cal payoffs. The primary probes use temperature
0.5, 20 fixed seeds, and constrained two-choice
decoding.

The cube balances focal and opponent actions.
Balanced policy agreement averages agreement
separately on histories where a candidate predicts
C and D, giving both groups equal weight. A con-
stant agent scores 0.5. We also pair histories that
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change one action: the opponent’s latest, the focal
agent’s latest, or an earlier opponent action. Dis-
played payoffs are recomputed consistently. For
opponent recency, H contains the 32 histories with
the opponent’s third action left unspecified. Let
px(h) denote round-four cooperation probability
when that action is x, averaged over the three for-
mats:

∆opp = |H|−1
∑︂

h∈H
[pC(h)− pD(h)]. (1)

Thus ∆opp > 0 means more cooperation after op-
ponent cooperation than defection. Own-recency
and remote-history effects use analogous contrasts.
The same seed is reused within pairs; effects mea-
sure response to the complete action–payoff record.

2.3 Robustness: interface and propagation
controls

For each history, we subtract the lowest coopera-
tion rate across formats from the highest. We com-
pare this spread with the difference between two
disjoint ten-seed estimates under the same format.
Resampling histories summarizes variation across
contexts in this exhaustive set; it does not estimate
uncertainty over a deployment population. Sepa-
rately, 2,000 resamples of seed clusters quantify
decoding uncertainty while retaining all histories
and formats. Greedy and alternative-temperature
runs check decoding sensitivity.

We further apply five game-isomorphic transfor-
mations: positive payoff scaling, common payoff
shift, reversed choice order, neutral labels, and la-
bel permutation. For each format, we generate 20
paired trajectories against an always-cooperative
opponent or one that defects only in round three.
Prefixes share focal draws until the shock is observ-
able. Round four measures immediate response,
and rounds 5:10 measure propagation. Seed-cluster
intervals retain all formats and trajectories.

3 Observational audit of repeated play

We analyze all 3,465 released Social Sim’26
iterated-PD runs. The core grid contains 2,160 runs
crossing instruction framing, payoff scale, vignette,
model, persona, and five seeds. The remaining
1,305 runs isolate representation variations. Our
analysis uses only canonical action events.

Table 2 shows that two constant paths cover
94.5% of runs. Only 174 runs expose an agent
to any opponent action change. The reciprocal per-
sona has no trial distinguishing reciprocity from

Table 2: Natural-log dynamics and identification cover-
age across 3,465 released runs.

Diagnostic Result

No joint-regime switch 3,276/3,465 (94.5%)
Distinct exact 10-round paths 25
Runs with CC → ¬CC collapse 124/3,465 (3.6%)
Recovery within two rounds 0/124
Reciprocal persona identifiable 0/540
Same path under all five seeds 674/693 (97.3%)

always-cooperate. Four candidates achieve 97.5–
99.5% raw action accuracy, yet no run has a unique
perfect explanation. All 3,276 constant runs admit
multiple policies, and none of 189 dynamic runs
perfectly matches a candidate.

Aggregate effects do not repair this support fail-
ure. In our reanalysis of the released logs, mor-
alized instructions raise cooperation by 6.7 per-
centage points, and risk framing lowers it by 25.2
percentage points. Most differences are already
present in round one. Across nine isolated repre-
sentation arms, the moralized effect ranges from
0 to +43.3 points, and both payoff-scale conclu-
sions reverse direction. The risk effect keeps its
preregistered direction in all 10 arms. The other
four effects do so in only 1–4 arms. The released
logs therefore support prompt-conditioned regime
selection, not reciprocity.

Observed responsiveness is localized. Across
328 player-rounds following an opponent action
change, agents switch 114 times (34.8%). Across
55,112 no-change trials, they switch only 244
times (0.44%). Competitive personas account for
267/328 change trials, while cooperative and recip-
rocal personas generate none (Appendix B).

4 Counterfactual history intervention

We apply CHC to three Qwen2.5 scales (7B, 14B,
72B), Qwen3-8B, Mistral-7B, and Seed-OSS-36B.
These six models form an intervention cohort rather
than replacements for the four models in the re-
leased logs. Figure 2 summarizes the evidence
chain. Appendix C provides the complete tables
and prompts.

Identifying histories elicit response, but not one
mechanism. Across the six intervention models,
the opponent-recency effect is positive (8.6–44.7
points). Across all nine models, seed-cluster in-
tervals exclude zero for seven, while the Qwen3.5-
4B/9B intervals include zero (Fig. 6). Own-action
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Figure 2: The evidence chain. (a) 94.5% of released runs never change joint regime. (b) The released checkpoints
have the three smallest opponent-recency effects, and the Qwen3.5-4B/9B intervals include zero. (c) Cooperation
rates under the three released personas. (d) The one-defection impulse propagates in the intervention cohort, while
no released-cohort cumulative interval excludes zero. Bands span model ranges.

and remote-history effects vary in magnitude and
sign, and the best candidate changes across mod-
els. Controlled histories therefore reveal response
capacity that the logs cannot identify. They do not
reveal one mechanism shared across models.

The released cohort responds least. The three
Qwen3.5 checkpoints represented in the released
logs have the smallest opponent-recency effects un-
der the common CHC interface (+0.9–+5.3 points,
Table 9). The seed intervals for the 4B and 9B
checkpoints include zero. The 9B and 27B check-
points also have the two lowest exact three-format
agreements (18.4% and 11.2%). This pattern is
consistent with the absorbing logs. It does not
show that checkpoint identity caused those trajec-
tories, since CHC does not reconstruct the released
simulator (see Limitations).

Released personas shape behavior when history
varies. Persona-conditioned probes prepend the
three released texts and re-probe all nine models
(108,864 decisions, Table 6). The cooperative in-
struction raises cooperation for every model by
+0.5 to +62.6 points. The reciprocal instruction
never lowers ∆opp and raises it by up to +33.0
points. Balanced tit-for-tat agreement also rises for
every model (Appendix E). These shifts indicate
approximation when histories vary, not fixed-rule
compliance. In reciprocal runs, opponents never
change action. Reciprocity remains unidentifiable
(0/540), and the mirror rule remains untested.

Representation effects exceed sampling noise.
Across histories, mean format-induced coopera-
tion ranges are 8.8–56.2 points. Independent 10-
seed halves differ by only 1.1–4.8 points. All

format-range intervals exclude zero. Per-history
format span exceeds split-half noise by 7.7–51.3
points, with every model’s interval excluding zero.
This dominance holds in at least 17.2% of histo-
ries per model. Greedy agreement remains only
43.8–90.6%. Alternative temperatures keep coop-
eration and opponent-recency within four points.
We report these measures together as the interface-
robustness diagnostic.

Game-equivalent interfaces change conclusions.
Positive-affine payoff transformations preserve all
greedy actions in only 70.3–96.9% of histories, de-
spite preserving every trajectory ranking. Neutral-
label permutations are less stable (7.8–53.1%).
Across the six renderings, the opponent-recency
effect can change sign for Qwen2.5-14B and Mis-
tral. Evaluators should therefore report whether
mechanism estimates are invariant, not only aver-
age cooperation.

A single defection can affect later rounds. In
the intervention cohort, the scripted defection low-
ers immediate cooperation by 55.0–98.3 points.
Cumulative shock-minus-control cooperation over
rounds 4:10 ranges from -6.43 to -0.65, with all 6
intervals excluding zero. Later-round divergence
spans 1.7–98.3%. Qwen2.5-14B realigns, while
Seed-OSS does not. Because Seed-OSS is effec-
tively deterministic (11/192 CHC cells vary), we
report its cluster estimate as a point. In the re-
leased cohort, no cumulative interval excludes zero
(Fig. 7). CHC thus detects propagation only in the
intervention cohort, although it does not reconstruct
the original simulator.
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Table 3: Evidence required for interaction claims.

Level Question Required report

Outcome What occurred? Occupancy and trajectory,
not only a mean.

Opportunity Was adaptation
testable?

Identifying-event counts
and undefined cells.

Response Does behavior
change under
support?

Matched history effects
and policy equivalence.

Robustness Does the claim
survive
interfaces?

Model and representation
ranges.

CHC diagnoses capacity, not the mechanism be-
hind past runs. A positive ∆opp in Equation (1)
shows that a focal model can use opponent his-
tory under controlled support. It does not turn
an always-CC simulation into evidence for TFT
because the original agents never faced the counter-
factual context. Sparse dynamics likewise do not
prove incapability (Appendix E). The remaining
explanations include checkpoint behavior, prompt
representation, and endogenous history generation.
This comparison cannot separate them.

5 What should an agent evaluation claim?

Occupancy records what happened. Identifying-
event coverage tests whether a mechanism could
have affected an observed decision. Controlled his-
tories measure response when the needed variation
is supplied, and interface controls test whether that
response is stable.

Table 3 summarizes the required reports. Since
97.3% of conditions repeat one path, we recom-
mend separate outcome metrics, opportunity de-
nominators, intervention responses, and representa-
tion ranges.

Outcome claims require a fixed interaction dis-
tribution. Mechanism claims require identifying
events and matched counterfactuals. Model rank-
ings require the same diagnostic across interfaces.
A claim should stop at the first failed link.

Extension beyond binary games. The frame-
work does not require fitting the five policies used
here. An evaluator can follow four steps: (1) state
the behavioral claim and a competing explanation;
(2) identify history features on which those explana-
tions predict different next actions; (3) report how
often those contrasts occur naturally, then construct
matched histories when coverage is sparse; and (4)
repeat the contrast under equivalent interfaces and
in a short rollout. The public-goods experiment in

Appendix F illustrates the change from two-player
actions to a multiplayer joint state: the relevant
input is the coplayers’ contribution history.

A concrete dialogue example. To test whether
an agent revises a plan after partner feedback, com-
pare that claim with repeating the previous plan.
Construct paired contexts in which a prerequisite
either succeeds or fails, while holding the task, pre-
vious plan, and other information fixed. Update any
downstream facts implied by the changed prerequi-
site. Define and validate a rubric for plan revision
before scoring free-text responses, and report am-
biguous cases. Equivalent phrasings test interface
dependence; short rollouts test whether the revised
plan persists and remains usable. This is guidance
for applying the diagnostic, not an additional dia-
logue experiment or evidence that the tested game
responses generalize to dialogue.

Coverage at larger scales. For n players, m ac-
tions per player, and L rounds, exhaustive enumer-
ation requires mnL histories before formats and
seeds. Our binary dyad therefore grows from 64
histories at three rounds to 1,024 at five. Exhaus-
tive coverage removes history-selection freedom
in these small spaces. For larger spaces, sample
complete contrast pairs from declared strata, such
as feedback type and task difficulty, and report the
untested strata. If contrasts are selected adaptively,
use a separate fixed evaluation set. Responses
then support claims about the sampled contexts;
broader deployment claims additionally require
natural-history coverage and validation in the target
environment.

6 Conclusion

Repeated cooperation is not evidence of reciprocity
unless the interaction gives reciprocity an opportu-
nity to change a decision. The released logs mainly
establish regime selection: 94.5% never change
joint regime. Controlled histories show that models
can respond to opponent behavior, but the magni-
tude depends strongly on checkpoint and interface,
and a scripted response does not guarantee that
the behavior will arise endogenously. Separating
observed outcome, identifying opportunity, con-
trolled response, and robustness yields claims that
match the evidence. The diagnostic logic trans-
fers across longer histories and a multiplayer game,
while model rankings do not.
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Limitations

Findings are limited to the tested models, prompts,
and games. Controlled probes do not reconstruct
the original simulator, establish adaptation in natu-
ral interactions, or reveal internal mechanisms.
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A CRP definitions and coverage

Table 4 defines each CRP metric and the event
required for its denominator.
CC persistence is defined for 2,570/3,465 runs

(74.2%), recovery for 124 (3.6%), and reciprocity
over inertia for 140 (4.0%). Only 174 runs contain
an opponent-change opportunity. Of 693 condi-
tions, 674 have one path across all seeds, 15 have
two, four have three, and none has five.

B Observational mechanism audit

Treating the opening action as fixed, we score
repeat-first, inertia, TFT, grim, and WSLS on 18
later player-rounds. All five score 100% on the
540 reciprocal-persona runs because those runs re-
main at CC. On the full data, raw accuracy is high
for several candidates, while accuracy falls on the
189 dynamic runs and no candidate fits one exactly.
This is why we use identifying coverage before
policy fit.

The signal decomposition further separates ini-
tial selection from later dynamics. Moralized, risk,
low-stakes, high-stakes, and fictional effects are
respectively +6.7, −25.2, −7.9, −5.7, and −4.6
cooperation points overall, but their later-minus-
initial components are only +1.0, +4.0, +1.2,
+1.1, and −0.5. Competitive persona is the ex-
ception: its −32.2-point overall effect includes a
−14.1-point later component.

C Counterfactual History Cube details

C.1 Protocol
CHC crosses all 43 ordered histories with three rep-
resentations and sampling seeds 8001–8020. Each
prompt specifies a fixed opponent, the standard
(T,R, P, S) = (5, 3, 1, 0) payoff matrix, all three
completed rounds, and a request for the fourth ac-
tion. The canonical-line and canonical-table forms

use COOPERATE/DEFECT. The abstract form re-
places them with GREEN/BLUE everywhere while
preserving payoff semantics.

vLLM uses a two-choice guided grammar. The
Transformers fallback uses a token-prefix trie that
permits only prefixes of the same two labels and
then EOS. Normalization strips surrounding whites-
pace, normalizes case, and requires an exact legal
label. Any other output aborts the run, with no retry
or silent fallback. All 177,048 stored raw outputs,
including appendix controls, are valid (0 invalid).

The model receives no policy name or recom-
mendation. For example, a canonical history is
rendered as:

Round 1: you=COOPERATE (3); oppo-
nent=COOPERATE (3)
Round 2: you=COOPERATE (0); oppo-
nent=DEFECT (5)
Round 3: you=DEFECT (5); oppo-
nent=COOPERATE (0)
Choose your action for round 4.

This case distinguishes static/TFT (cooperate) from
inertia/grim/WSLS (defect). Exhaustive enumera-
tion avoids selecting examples favorable to a pre-
ferred strategy.

C.2 Policy-score interpretation
We retain raw agreement as a diagnostic only. Grim
predicts defection on 87.5% of the exhaustive his-
tories. An always-defect agent would therefore
achieve 87.5% raw grim agreement but exactly 50%
balanced agreement. All policy comparisons in Ta-
ble 5 use the latter.

C.3 Persona-conditioned CHC
Each of the three released persona instructions
is prepended to the CHC user message exactly
as the released runs rendered it (PERSONA: A
game player with no prior information about the
other player. <text>). The system role, rules,
payoffs, history, and round-four request are un-
changed. The COMPETITIVE persona in the re-
leased data is the strategic instruction. The probe
contains 108,864 decisions (9 models × 3 personas
× 64 histories × 3 representations × 20 seeds, plus
the greedy slice). Table 6 reports the cooperation
and opponent-recency effects. Figure 3 shows the
opponent-recency shift for each model and persona.

C.4 Robustness controls
The seed extension adds 15 seeds without chang-
ing histories, prompts, temperature, or decoding
constraints. For each model and history, the format
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Table 4: Definitions and coverage conditions for CRP metrics.

Metric Definition

Occupancy Fraction of rounds in CC, ASYM, or DD, summing to one.
Collapse CC → ¬CC transitions divided by all transitions.
CC persistence CC → CC divided by transitions originating in CC. Undefined without a CC origin.
Recovery within 2 Collapses followed by CC within two rounds, divided by collapses. Undefined without collapse.
Switch rate Adjacent joint regimes that differ, divided by T − 1.
Endgame delta Last-three minus first-three cooperation rate.
Reciprocity over inertia Mean of +1 or −1 where copying the opponent and repeating oneself disagree.
Path fingerprint Base-4 encoding of ordered joint actions.

Table 5: Twenty-seed CHC results. Rates and agreements are percentages. The ∆ columns are paired cooperation
effects in percentage points. Best/Bal. is the highest balanced candidate agreement. Format is exact three-format
agreement.

Model Coop. Best Bal. ∆opp ∆own ∆remote Format

Qwen2.5-7B 36.8 WSLS 63.5 +15.1 -19.6 +21.7 56.7
Qwen2.5-14B 47.1 WSLS 70.3 +36.0 +25.3 +4.6 49.4
Qwen2.5-72B 38.1 TFT 72.4 +44.7 +21.8 -3.5 61.3
Qwen3-8B 20.6 INERTIA 63.2 +19.5 +26.3 +1.9 79.5
Mistral-7B 42.2 INERTIA 57.8 +8.6 +15.6 -5.8 43.3
Seed-OSS-36B 8.4 GRIM 60.0 +16.6 +16.6 +4.2 90.9

Table 6: Persona-conditioned CHC. Cooperation rates are percentages and opponent-recency effects are percentage
points. Columns compare no persona (NONE) with the three released instructions.

Model Cooperation rate Opponent-recency ∆opp

None Coop. Comp. Recip. None Coop. Comp. Recip.

Qwen2.5-7B 36.8 73.0 30.7 35.5 +15.1 +21.7 +11.9 +44.6
Qwen2.5-14B 47.1 74.0 38.9 38.8 +36.0 +24.7 +34.8 +69.0
Qwen2.5-72B 38.1 48.9 31.2 31.9 +44.7 +43.6 +39.1 +63.8
Qwen3-8B 20.6 83.2 23.2 35.8 +19.5 +0.5 +21.5 +29.6
Mistral-7B 42.2 81.7 5.9 47.3 +8.6 -1.1 +3.6 +16.1
Seed-OSS-36B 8.4 46.3 8.8 15.2 +16.6 +32.7 +15.1 +30.3
Qwen3.5-4B 28.4 50.9 49.6 46.1 +5.3 +10.6 +5.6 +7.4
Qwen3.5-9B 51.7 73.0 74.1 54.3 +0.9 +8.9 +6.6 +2.6
Qwen3.5-27B 69.8 70.3 65.7 60.1 +3.0 +3.8 +3.6 +19.1

statistic is maxr phr −minr phr. Seed noise is the
mean absolute difference between estimates from
seeds 8001–8010 and 8011–8020. Percentile inter-
vals use 2,000 deterministic bootstrap samples of
the 64 histories. Every model’s format-spread in-
terval excludes zero. The separate greedy pass asks
all 1,152 model–history–format cells once. Both
passes cover the same 64 histories.

The metamorphic pass contains 384 greedy de-
cisions per model. It crosses 64 histories with the
base prompt and five game-isomorphic transfor-
mations. Payoff scale and shift are positive-affine.
Neutral-label variants map OPTION_A/OPTION_B

to actions in both orders. Invariance is exact
normalized-action agreement across all members
of a transformation family. The reversed neutral-
label variant is the least base-consistent transfor-
mation for seven of nine models, with 44.8% mean

agreement across models. It reverses ∆opp for
Qwen2.5-14B (+43.8 → −9.4 points) and Mis-
tral (+18.8 → −18.8).

The deterministic sequential slice contains six
10-round trajectories per model. The primary se-
quential experiment adds 20 sampled pairs per for-
mat and model, for 7,200 decisions. The opponent
scripts differ only in round three, after the focal
action is chosen. Identical prefixes reuse one sam-
pled focal action. Percentile intervals use 2,000
resamples of the 20 seed clusters. Table 7 reports
the aggregate results. Figures 4 and 5 break down
the policy, format, invariance, and propagation di-
agnostics.

C.5 Paired effects with intervals

For each paired effect, 2,000 resamples of the 32
history pairs summarize context heterogeneity in
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Figure 3: Opponent-recency effect under each released persona across the nine models, in percentage points.

Table 7: Robustness results. Format p span and Seed noise are percentage points. Greedy, Payoff, and Label are
percentages. Shock area is the mean shock-minus-control sum over focal rounds 4–10.

Model Format p span Seed noise Greedy Payoff Label Shock area

Qwen2.5-7B 42.9 4.3 54.7 70.3 46.9 -3.90
Qwen2.5-14B 50.2 3.5 46.9 84.4 45.3 -0.65
Qwen2.5-72B 38.5 1.9 64.1 90.6 48.4 -4.77
Qwen3-8B 19.9 3.6 81.2 81.2 7.8 -3.50
Mistral-7B 56.2 4.8 43.8 87.5 53.1 -4.92
Seed-OSS-36B 8.8 1.1 90.6 96.9 42.2 -6.43
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Figure 4: Detailed intervention panels. (a) Balanced candidate agreement. (b) Paired cooperation effects. Error bars
span the three representations. (c) Exact sampled action agreement across formats.

the exhaustive cube. Separately, 2,000 cluster re-
samples of the 20 decoding seeds quantify Monte
Carlo uncertainty while retaining all histories and
formats. Figure 6 shows the latter.

C.6 Same-cohort sequential shock

We apply the identical 20-seed paired shock proto-
col to the three released checkpoints. In contrast to
the six-model cohort, all three cumulative shock-

minus-control intervals include zero (Fig. 7).

C.7 Temperature sensitivity

Table 8 compares five-seed CHC subsets at temper-
atures 0.1 and 1.0 with the declared 0.5 protocol.
Constrained decoding is identical across tempera-
tures.
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Figure 6: Paired CHC effects with 95% seed-cluster intervals, in percentage points. Released-cohort checkpoints
occupy the top three rows.

Table 8: Cooperation rate (%) and opponent-recency
effect (pp) across sampling temperatures.

Model Cooperation rate ∆opp

0.5 0.1 1.0 0.5 0.1 1.0

Qwen2.5-7b 38.4 37.2 41.8 +14.4 +14.0 +15.2
Qwen2.5-14b 47.7 46.2 48.4 +37.9 +40.4 +35.6
Qwen2.5-72b 39.5 36.7 40.5 +44.8 +45.4 +44.8
Qwen3-8b 21.2 18.6 24.4 +20.0 +18.5 +18.8
Mistral-7B 42.3 42.5 44.7 +8.8 +10.0 +7.7
Seed-OSS-36B 8.6 8.1 9.3 +16.9 +16.2 +16.0

C.8 Same-cohort CHC

The three released-cohort checkpoints (Qwen3.5-
4B/9B/27B) use the same protocol, prompts, seeds,
and decoding constraints as the six-model CHC. Ta-
ble 9 reports 11,520 decisions. The 27B checkpoint
is the BF16 release, while the released simulations

served an fp8 build of the same checkpoint. The
greedy metamorphic pass is stable under positive-
affine payoff transformations, which preserve all
actions (100%). Neutral-label permutations pre-
serve only 29.7–46.9%.

D Identifiability of constant trajectories

Let h1:t be an observed joint-history prefix and π
and π′ deterministic candidate rules. If π(h1:t) =
π′(h1:t) for every scored prefix, their action-
agreement scores on those prefixes are identical.
They may still disagree on unobserved histories.
A constant focal path makes repeat-first and iner-
tia indistinguishable. An all-CC path also admits
TFT and grim. Constant paths can reject incompat-
ible rules: WSLS, for example, predicts a switch
after DD. Constancy does not make every policy
equivalent.
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Table 9: Twenty-seed CHC on the released-cohort Qwen3.5 checkpoints. Columns as in Table 5.

Model Coop. Best Bal. ∆opp ∆own ∆remote Format

Qwen3.5-4B 28.4 TFT 52.6 +5.3 +1.8 +3.3 55.9
Qwen3.5-9B 51.7 STATIC 52.6 +0.9 -0.8 -1.0 18.4
Qwen3.5-27B 69.8 WSLS 52.1 +3.0 +2.0 +0.2 11.2

Identifying-event counts refer to specified candi-
date contrasts. A zero count means that recorded
decisions never distinguish those candidates. A
positive count provides an opportunity whose value
depends on the type, dependence, and statistical
strength of the observed events.

The equivalence argument applies beyond the
five candidate policies, but informative histories
depend on the claim and its competing explana-
tion. CHC supplies contrasts involving opponent
recency, own recency, and remote defection.

In the released data, 3,276 of 3,465 runs keep
both players’ actions constant and admit multiple
candidate explanations. Only 174 runs contain an
opponent action change, and 140 contain a trial dis-
tinguishing TFT from inertia. These counts estab-
lish missing coverage for the specified reciprocity
contrast, without implying that every behavioral
distinction is unidentifiable.

E Window, mixture, and ceiling controls

Memory window. A two-round variant of the
CHC (16 exhaustive joint histories, three repre-
sentations, 20 seeds) leaves the opponent-recency
conclusions unchanged. Effects remain posi-
tive: Qwen2.5-14B changes from +36.0 to +37.3,
Qwen2.5-72B from +44.7 to +47.7, and Mistral-
7B from +8.6 to +5.2. The conclusions are robust
to this window change.

Mixture mechanisms. Allowing convex mix-
tures of candidate policies (α·inertia+(1−α)·TFT
and related pairs, α ∈ [0, 1]) does not improve bal-
anced agreement over the best single candidate for
any of the nine models: the fitted α is always 0 or 1.
This comparison covers only fixed-weight mixtures
and does not rule out context-dependent policies.

Ceiling effects. The released cohort’s absent
shock propagation is not a ceiling artifact. Its
baselines are not always-cooperate (Qwen3.5-4B
28.4%, 9B 51.7%, 27B 69.8%). Within the
same baseline interval, the intervention cohort
propagates strongly. Shock areas are −4.92 for
Mistral-7B, −3.90 for Qwen2.5-7B, and −4.77 for
Qwen2.5-72B. Qwen3.5-4B has a similar 28.4%
baseline but a shock area of only −0.08. The co-
hort difference in dynamic sensitivity is therefore
not attributable to baseline cooperation.

Label associations. The abstract GREEN/BLUE

rendering may carry unintended color–action as-
sociations (“green = go”). We test this possibility
with neutral-label metamorphic variants that use
OPTION_A/OPTION_B in both orders. Label invari-
ance remains low at 7.8–53.1% across models, so
the observed format sensitivity is not specific to
color semantics. Order sensitivity remains a sepa-
rate concern.
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Persona and mechanism alignment. Under
the reciprocal persona, balanced tit-for-tat agree-
ment rises for every model by 3.7 to 16.5
points. Qwen2.5-14B rises from 68.0% to 84.5%,
Qwen2.5-7B from 57.5% to 72.3%, and Seed-OSS
from 58.3% to 65.2%. This pattern is consistent
with the mirror instruction shifting behavior toward
tit-for-tat. It is directional evidence of approxima-
tion, not proof of rule-following.

F Boundary tests: what transfers?

Our claim is not that a checkpoint has an immutable
responsiveness rank. It is that interaction claims
require an evidence chain whose links must be re-
measured when the available history, game, or in-
terface changes. Three extensions test the tempting
shortcuts that low response is caused only by a
short window, that the diagnostic is confined to
two-player IPD, or that CHC simply omits the re-
leased scaffold.

Memory windows. Four- and five-round exhaus-
tive CHC variants (256 and 1,024 joint histories,
76,800 decisions per model) do not uncover a hid-
den large recency effect in the released 4B/9B
checkpoints. Both intervals include zero at both
lengths. Qwen3.5-9B remains the smallest respon-
der (+0.8/+1.4). The 9B/27B checkpoints also
retain the largest format spans (73.9–83.3%). Mis-
tral enters the low-effect group at five rounds, so
the substantive pattern survives additional history
even though the exact rank does not (Table 10).

Three-player public goods. A two-round, three-
player public-goods cube enumerates all 64 joint
histories (3,840 decisions per model). The con-
trolled contrast transfers: Qwen3.5-4B (+1.6
[−0.6, +4.0]) and 9B (−0.2 [−2.3, +1.8]) remain
indistinguishable from zero, and 9B has a 90.8%
format span. The model hierarchy does not trans-
fer: Mistral is lower (−1.8) and Qwen3.5-27B is
positive (+4.1). Thus CHC’s diagnostic logic gen-
eralizes beyond dyads, while responsiveness should
not be narrated as a game-invariant model trait (Ta-
ble 11).

Interface scaffold. Five conditions comprise the
base CHC and four wrappers using the exact re-
leased Goal/Style text, Memory framing, neutral
persona wrapper, and their combination (20,160 de-
cisions per model). Stability is checkpoint-specific:
Qwen3.5-9B remains weak (+1.5 to +6.1) and
27B is tightly bounded (+2.8 to +4.5), whereas

4B moves from +4.6 to +11.1. The overall order-
ing changes under the system and full wrappers.
The ablation therefore does not “control away” the
interface. It localizes which checkpoint claims sur-
vive it, exactly the role of the interface-robustness
diagnostic (Table 12).

Together, these boundary tests sharpen the pa-
per’s claim. The evaluation logic survives longer
support and a multiplayer game, while individual
effects and ranks can depend on the game and scaf-
fold. A single outcome score would hide that dis-
tinction. The evidence chain makes it reportable.

G Controlled evaluator validation

The complete noiseless candidate confusion matrix
contains one expected alias. Repeat-first and iner-
tia both generate a constant focal action without an
external perturbation. TFT, grim, and WSLS are
uniquely recovered. At execution-error rates of 0, 5,
10, and 20%, the validation uses 500 deterministic-
seed replicates for every policy–noise cell. Even
with 20% execution error, the planted policy re-
mains top-scoring in at least 99.6% of replicates
per cell. Equal-cooperation but dynamically dis-
tinct trajectories receive distinct CRPs, and 100
log perturbations produce zero metric mismatches.
These checks establish sensitivity within the tested
candidate class; identifying-event counts establish
the coverage missing from the released logs.

H Reproducibility

The released-log CRP audit operates on the inde-
pendently released Social Sim’26 trajectories. The
supplementary artifact contains the CHC, cohort,
and persona prompt generators, constrained model
runners, Ray dispatcher, deterministic aggregate
scripts, intervention raw decisions, CSV tables, fig-
ures, and tests. The code declares every interven-
tion variable, including history space, representa-
tions, temperature, seeds, transformations, oppo-
nent scripts, payoff matrix, and policy definitions.
None is inferred from result labels.

Five models use vLLM 0.10.0 and Transform-
ers 4.55.4. Seed-OSS uses the Transformers revi-
sion pinned by its model card because the installed
vLLM does not yet register the architecture. The
Qwen3.5 checkpoints use the Transformers release
required by their model cards because neither in-
stalled vLLM nor the pinned revision registers the
architecture. All fallbacks use the same chat mes-
sages and prefix-constrained two-choice decoding.
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Table 10: Four- and five-round CHC windows: opponent-recency effects and format spans in percentage points.

Model ∆opp w4 95% CI ∆opp w5 95% CI Fmt span w4/w5

Qwen2.5-7B +17.2 [+16.3, +18.1] +10.5 [+10.0, +11.0] 44.9/47.5
Qwen2.5-14B +33.7 [+33.0, +34.3] +34.9 [+34.4, +35.4] 42.0/34.7
Qwen2.5-72B +33.0 [+31.4, +34.6] +32.5 [+31.2, +33.8] 45.9/47.6
Qwen3-8B +17.0 [+15.8, +18.3] +14.4 [+13.9, +14.8] 37.9/37.7
Mistral-7B +6.0 [+5.1, +6.8] +3.1 [+2.5, +3.8] 44.0/59.9
Seed-OSS-36B +20.4 [+19.7, +21.1] +16.9 [+16.4, +17.4] 9.7/8.7
Qwen3.5-4B +4.1 [-1.4, +9.5] +5.6 [-0.2, +11.6] 29.3/36.1
Qwen3.5-9B +0.8 [-3.8, +5.1] +1.4 [-3.4, +5.6] 80.1/74.9
Qwen3.5-27B +3.4 [+1.4, +5.3] +5.3 [+3.2, +7.4] 83.3/73.9

Table 11: Three-player public-goods cube. Contribution and format agreement are percentages. Coplayer effects
and format spans are percentage points.

Model Contrib. Coplayer ∆ 95% CI Fmt agree Fmt span

Qwen2.5-7B 70.4 +9.6 [+8.4, +10.9] 51.2 48.1
Qwen2.5-14B 50.2 +16.8 [+16.0, +17.9] 70.0 29.5
Qwen2.5-72B 28.9 +27.3 [+26.5, +28.2] 79.1 20.2
Qwen3-8B 73.9 +6.4 [+6.1, +6.6] 80.5 19.5
Mistral-7B 91.1 -1.8 [-2.2, -1.5] 79.8 20.1
Seed-OSS-36B 39.6 +17.9 [+16.5, +19.2] 36.4 63.6
Qwen3.5-4B 13.5 +1.6 [-0.6, +4.0] 63.4 31.9
Qwen3.5-9B 53.0 -0.2 [-2.3, +1.8] 9.0 90.8
Qwen3.5-27B 75.5 +4.1 [+2.6, +5.5] 27.6 72.4

Table 12: Scaffold ablation: opponent-recency effects under the CHC base prompt and four released-scaffold
wrappers, in percentage points.

Model Base +Sys +Mem +Pers +Full

Qwen2.5-7B +14.4 +5.8 +22.6 +19.3 +9.2
Qwen2.5-14B +36.3 +39.6 +24.4 +38.8 +39.0
Qwen2.5-72B +44.8 +37.2 +42.4 +43.3 +39.6
Qwen3-8B +20.0 +17.0 +13.1 +14.7 +19.2
Mistral-7B +8.2 +5.0 +13.7 +8.6 +0.8
Seed-OSS-36B +16.4 +17.1 +14.4 +19.3 +15.7
Qwen3.5-4B +4.6 +9.9 +7.9 +7.7 +11.1
Qwen3.5-9B +2.2 +1.5 +4.2 +4.2 +6.1
Qwen3.5-27B +3.3 +2.8 +4.5 +2.9 +3.7

Thinking is disabled for Qwen3 and set to budget
zero for Seed.

The stored non-boundary data contain 34,056
core, 16,848 same-cohort, 108,864 persona, 11,520
temperature, and 5,760 two-round-window deci-
sions (177,048 total). The boundary archive con-
tains 691,200 long-history, 34,560 public-goods,
and 181,440 scaffold decisions (907,200 total).
Strict checks or SHA-256 manifests cover each file.
Code, data, tests, and exact tables are included.
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