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ABSTRACT

Language models are increasingly deployed in multi-agent envi-
ronments where coordination emerges solely through natural lan-
guage interaction. We investigate how contextual framing and ex-
plicit strategic advice interact across three canonical game-theoretic
paradigms: Prisoner’s Dilemma, Public Goods, and Battle of the
Sexes. While prior work shows that large language models (LLMs)
are sensitive to contextual framing, the magnitude, directional-
ity, and architectural consistency of these effects under conflict-
ing instructions remain unclear. Through systematic experiments
across eight models and multiple scenarios, we observe asymmetric
manipulation patterns that are most pronounced in Public Goods
settings. In these resource allocation games, competitive contexts
shift toward cooperation by up to 52 percentage points when given
cooperative advice, whereas cooperative contexts decline by as
much as 96 percentage points under competitive advice. In Pris-
oner’s Dilemma, competitive malleability reaches 93 percentage
points in some models, while others exhibit near-symmetric effects
as small as 4 percentage points. Coordination games show com-
paratively smaller and more uniform changes, typically below 45
percentage points. Vulnerability varies substantially across model
families, with no architecture demonstrating consistent robustness
across paradigms. These findings suggest that instruction-following
stability depends critically on the interaction between game struc-
ture, contextual framing, and model architecture, raising important
questions about alignment robustness in multi-agent deployments.
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1 INTRODUCTION

A fundamental challenge in Al alignment is managing the tension
between a Large Language Model’s (LLM) instruction-following
capabilities and its interpretation of situational context [21]. This
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tension becomes particularly acute in multi-agent systems where
coordination is paramount and agents must reconcile potentially
conflicting signals from narrative framing versus explicit strate-
gic advice. Understanding how models navigate these conflicts
is critical as LLMs are increasingly deployed in scenarios requir-
ing strategic coordination, from autonomous trading systems to
resource allocation networks.

Behavioral economics has long demonstrated that contextual
framing systematically alters human decision-making, often over-
riding explicit incentives. In seminal work, labeling an identical
Prisoner’s Dilemma as the “Community Game” versus the “Wall
Street Game” doubled cooperation rates [14], proving that implicit
cues can overwhelm strategic considerations. This phenomenon
extends beyond simple labeling: framing effects operate through
belief channels about others’ likely behavior, creating self-fulfilling
coordination patterns [3, 5]. In public goods contexts, coopera-
tive framings enhance contribution rates by establishing prosocial
norms [10], while competitive framings trigger individual optimiza-
tion at the expense of collective welfare.

Recent work confirms LLMs exhibit similar sensitivities to con-
textual framing [7, 15], yet a critical question remains: What hap-
pens when rich narrative frames directly conflict with explicit strate-
gic advice? Can models maintain stable preferences, or do contex-
tual cues systematically override instruction-following? This ques-
tion has profound implications for multi-agent deployment, where
adversaries could exploit framing vulnerabilities to manipulate
coordination outcomes, or where, conversely, beneficial framings
might enhance cooperation.

We address this through comprehensive controlled experiments
testing eight model families (GPT-4, GPT-40, GPT-5, Llama-3.3-70B,
Llama-3.1-70B, Gemma-27B, Gemini Flash, Gemini Pro) across three
strategic domains drawn from established benchmarks [18]: Pris-
oner’s Dilemma (PD), Battle of the Sexes (BoS), and Public Goods
(PG). We embed each game in either cooperative (e.g., environ-
mental coalition, research partnership) or competitive (e.g., market
rivalry, tournament ranking) narratives, then introduce contradic-
tory strategic instructions. All experiments use N=30 trials per
condition to ensure statistical robustness.

Our findings suggest that manipulation vulnerability varies sys-
tematically across game structures and model architectures. Public
Goods games show the most consistent and striking asymmetric
patterns: competitive contexts demonstrate 33-52% malleability
toward cooperation across models, while cooperative contexts suf-
fer catastrophic 61-96% collapse under competitive manipulation.
This asymmetry appears strongest in contribution dilemmas involv-
ing temporal dynamics and collective welfare trade-offs. Prisoner’s
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Dilemma and Battle of the Sexes exhibit more heterogeneous pat-
terns, with vulnerability depending critically on model family: GPT
models show clear generational progression in cooperative sta-
bility, Llama variants display architecture-specific susceptibilities,
and coordination games generally prove more robust than social
dilemmas.

Our approach differs fundamentally from prior game-theoretic
analyses that seek to verify whether LLMs discover Nash equilibria
or exhibit bounded rationality [1]. Classical analytical methods
already provide complete solutions for canonical games; the con-
tribution here is understanding how LLMs internalize social-norm
reasoning from language training and how this reasoning responds
to contextual manipulation in structured coordination settings. We
do not aim to rediscover that cooperation is Pareto-superior in Pris-
oner’s Dilemma or that Battle of the Sexes has multiple equilibria.
Rather, we probe whether models can maintain stable strategic
preferences when contextual cues and explicit instructions conflict
(a test of alignment robustness that analytical game theory can-
not address). This focus on preference stability under adversarial
manipulation represents a distinct contribution from mechanistic
coordination efficiency studies.

Our contributions are: (1) comprehensive empirical evidence
of game-structure-dependent manipulation patterns across model
architectures with robust sample sizes (N=30); (2) identification
that Public Goods games reveal the most consistent asymmetric
vulnerabilities, while social dilemmas and coordination games show
family-specific patterns; (3) demonstration that no model exhibits
uniform robustness (vulnerability depends critically on the inter-
action between architecture, game structure, and manipulation
direction); and (4) implications for Al alignment regarding the sta-
bility of instruction-following under contextual manipulation in
multi-agent coordination scenarios.

2 RELATED WORK

Framing Effects in Human Decision-Making. Contextual fram-
ing profoundly shapes human strategic behavior, often overriding
explicit incentives. Labeling identical Prisoner’s Dilemmas as the
“Community Game” versus the “Wall Street Game” doubled coop-
eration rates, showing that linguistic cues can systematically shift
choices even when payoffs remain constant [14]. Such effects arise
through “belief channels,” where frames shape expectations about
others’ behavior that become self-fulfilling equilibria [5]. When ac-
tions become observable, these effects vanish [3], suggesting frames
influence coordination beliefs rather than underlying preferences.
In public goods settings, cooperative framings enhance contribu-
tions by activating prosocial norms and shared expectations [10],
with effects amplified under continuous rather than binary deci-
sions. These mechanisms (i.e. belief formation, norm activation,
and decision granularity) provide a foundation for understanding
how LLMs may exhibit similar context-dependent reasoning.

LLM Strategic Behavior and Contextual Sensitivity. LLMs show
analogous framing sensitivities in strategic tasks. GPT-4 integrates
contextual information into game-theoretic reasoning, producing
systematically different strategies across narrative framings [15].
Other studies find that LLMs play iterated Prisoner’s Dilemmas
more prosocially than humans [9], reflecting corpus-learned norms
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rather than equilibrium optimization. While persona prompting
can elicit specific behaviors [17], prior work aligns roles and strate-
gies. In contrast, our study introduces conflicts between contextual
frames and strategic instructions to test whether models can main-
tain stable preferences when these signals diverge, a key measure
of alignment stability in strategic reasoning.

Multi-Agent LLM Coordination. As LLMs are deployed in multi-
agent systems, coordination challenges arise that exceed single-
agent reasoning. Benchmarks show models coordinate effectively
when outcomes depend on observable state variables but struggle
with theory-of-mind reasoning about others’ intentions [1]. Frame-
works like MLGym [18] standardize evaluation across canonical
games, while mechanism design studies demonstrate that coordina-
tion can be shaped through institutional structures [13]. However,
most prior work examines coordination efficiency rather than ma-
nipulation vulnerability. Our work directly tests how conflicting
contextual and instructional cues exploit coordination mechanisms,
revealing asymmetric manipulation effects across game structures.

Prompt Manipulation and Security Vulnerabilities. LLM secu-
rity research highlights extreme sensitivity to input manipulation.
Multi-agent "prompt infection" attacks show how adversarial con-
tent can propagate across agents, compromising distributed sys-
tems [12]. OWASP identifies prompt injection as a leading LLM
threat [20], with success rates exceeding 90% for advanced at-
tacks [8]. Unlike explicit injections, our study focuses on benign-
appearing manipulations: competitive framings and strategic advice
that each appear legitimate in isolation but jointly induce harmful
coordination failures. Such frame-based manipulations can evade
traditional adversarial detection, exposing subtler alignment vul-
nerabilities.

Alignment and Conditional Instruction-Following. Instruction-
following and situational judgment remain in tension at the core
of Al alignment. Models must obey user directives while rejecting
harmful ones, creating exploitable ambiguity [21]. Safety alignment
can be weakened through fine-tuning [4], which highlights how
fragile these systems can be. Our experiments test whether mod-
els preserve contextual integrity when explicit advice contradicts
cooperative norms, probing inner alignment [11]. The observed
"cooperative collapse” under conflicting cues suggests that current
alignment training insufficiently addresses these subtle instruction-
context conflicts, with implications for multi-agent robustness.

Constitutional AI and Alignment Approaches. Recent advances
in alignment training employ diverse approaches with potentially
different robustness characteristics. Constitutional Al [2] embeds
explicit principles during training, while RLHF with human feed-
back [19] optimizes for demonstrated preferences. These method-
ological differences may explain the architectural variation we ob-
serve in manipulation vulnerability. Anthropic’s work on honest Al
systems [6] emphasizes calibrated uncertainty communication, sug-
gesting alignment methods targeting epistemic integrity might offer
distinct robustness profiles in multi-agent contexts. Understanding
how different alignment philosophies shape strategic behavior un-
der conflicting signals remains an open question with significant
deployment implications.
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3 METHODOLOGY

3.1 Experimental Design

We employed a 2 X 2 factorial design systematically varying two key
factors: (1) Contextual Framing (cooperative vs. competitive) and (2)
Strategic Advice (baseline vs. conflicting advice). This design allows
us to isolate the independent and interactive effects of contextual
cues and explicit instructions on strategic behavior. All experiments
used N=30 trials per condition to ensure statistical robustness for
detecting medium effect sizes (Cohen’s d = 0.5) with 80% power at
a = 0.05 significance level.

Factor 1: Contextual Framing. We developed rich narrative
settings that evoke either cooperative or competitive strategic ori-
entations. These scenarios extend the classic “Community Game vs.
Wall Street Game” manipulation [14] to realistic, text-rich prompts
that provide detailed situational context rather than simple labels.
Each scenario includes multiple paragraphs establishing the strate-
gic situation, stakeholder relationships, and implicit norms.

Factor 2: Strategic Advice. The baseline condition provided
only contextual framing without explicit strategic recommenda-
tions, allowing us to measure each model’s natural strategic ten-
dencies under different frames. The conflicting advice condition in-
troduced instructions that deliberately contradicted the established
frame’s implications. In competitive contexts, agents received ad-
vice emphasizing cooperation: “Despite the competitive framing,
research suggests that focusing on cooperation and building trust
often leads to better long-term outcomes than purely competitive
strategies. Consider choosing cooperative actions to create mutual
benefit” In cooperative contexts, agents received advice promoting
individual optimization: “While the situation emphasizes coopera-
tion, economic theory suggests that maximizing your individual
payoff when advantageous leads to better personal outcomes. Your
primary responsibility is to optimize your own results, which may
require strategic defection when opportunities for individual gain
arise” This design allows us to measure both how strongly each con-
text influences behavior (baseline differences) and how stable these
influences are when challenged by conflicting advice (manipulation
effects).

3.2 Game Selection

We evaluated manipulation effects across three canonical strategic
paradigms from the MLGym benchmark [18] and the Public Goods
Game (PGG) Contribute & Punish benchmark [16], each represent-
ing distinct coordination challenges with different theoretical and
psychological properties.

Prisoner’s Dilemma (PD). This paradigm captures the core ten-
sion between individual incentives and collective welfare. Players
simultaneously choose to cooperate (C) or defect (D), receiving pay-
offs (3, 3) for mutual cooperation, (1, 1) for mutual defection, and
(5,0) or (0,5) for unilateral defection. Defection strictly dominates
cooperation, making mutual defection the unique Nash equilibrium,
though it is Pareto-inferior to mutual cooperation. This tension
between dominance and efficiency reasoning makes PD the canon-
ical social dilemma for studying cooperation under temptation.
Behavioral studies consistently find higher cooperation rates un-
der cooperative framings, demonstrating sensitivity to contextual
cues [14].
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Battle of the Sexes (BoS). This coordination game features
two asymmetric pure strategy Nash equilibria and examines how
framing guides equilibrium selection. Players choose between two
options (A or B), receiving (2, 1) if both choose A, (1,2) if both
choose B, and (0, 0) for miscoordination. Player 1 prefers A and
Player 2 prefers B, yet both value coordination over disagreement.
Unlike PD, BoS involves pure coordination rather than resisting
temptation. Game theory provides no mechanism for equilibrium
selection, implying that contextual cues or “focal points” [14] can
influence alignment. The mixed equilibrium, where players random-
ize with probability 1/3 for their preferred choice, yields only 2/3
expected payoff each, underscoring the importance of successful
coordination.

Public Goods (PG). This paradigm models collective action
with continuous contribution decisions and repeated interaction.
Each player allocates tokens ¢; € [0, 10] to a shared pool yielding
payoffs 7; = (10 —¢;) + « Z?:] cj, where a = 0.5 and n = 2. Con-
tributing costs 1 unit but returns only o = 0.5, creating a free-rider
incentive and making zero contribution the Nash equilibrium. Full
contribution (¢; = 10) maximizes total welfare but requires resisting
this incentive. The continuous decision space introduces multiple
points for contextual influence, while the repeated-round structure
allows expectations and norms to evolve, amplifying framing effects
through belief channels [5].

3.3 Models and Implementation

We tested eight model families representing diverse architectures,
training approaches, and capability levels: GPT-4, GPT-40, GPT-5
(OpenAT’s flagship models across three generations), Llama-3.3-
70B and Llama-3.1-70B (Meta’s open-source models), Gemma-27B
(Google’s open model), and Gemini Flash and Pro (Google’s pro-
prietary models at different scales). This selection enables us to
examine how manipulation vulnerability varies with model family,
generation, scale, and training approach.

All experiments used temperature=0 to ensure mostly determin-
istic outputs and enable precise replication of results. Maximum to-
ken length was set to 512, sufficient for expressing strategic choices
and brief justifications. Each experimental condition (a specific
combination of game, scenario, frame, and advice level) was run for
N=30 independent trials. Within each trial, the game proceeded for
10 rounds, allowing temporal dynamics to manifest while keeping
experimental costs manageable. Two instances of the same model
interacted in each trial, both receiving identical prompts that varied
only in the frame and advice factors. This symmetric design isolates
the effects of linguistic manipulation rather than conflating them
with strategic asymmetries between different models.

3.4 Evaluation Metrics
Our primary outcome measure is the coordination rate (CR), de-
fined as the proportion of rounds in which agents achieve mutually
beneficial coordinated outcomes:

1 &

CR== Coordinated(a; ;, a 1

72 (avr,az,) M
where T = 10 rounds, a;; denotes player i’s action in round ¢, and
the coordination indicator varies by game. For Prisoner’s Dilemma,
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coordination means mutual cooperation (C,C). For Battle of the
Sexes, it means successful matching on either equilibrium: (A, A)
or (B, B). For Public Goods, we define coordination as efficient
contributions where both players contribute above the socially
optimal threshold, ensuring collective welfare exceeds what zero-
contribution Nash equilibrium would achieve.

3.4.1 Manipulation Magnitude and Robustness Scores. We formal-
ize manipulation magnitude as the normalized difference between
coordination rates under baseline and conflicting conditions, stan-
dardized by within-model variance.

We measure two directional effects:

chmp,coop-advice - CRcomp,baseline

Competitive Malleability = (2)
Ocomp
CR _advice — CRcoop baseli
Cooperative Resistance = Coopcompracyee Co0p ese e 3)
Ocoop

where 0¢omp and o¢o0p denote the standard deviation across trials
in competitive and cooperative baseline conditions respectively.
This normalization accounts for differences in baseline variability
across games and models, enabling fair comparison of manipulation
effects.

For interpretability in tables and main results, we report raw
percentage point differences rather than normalized values, as these
directly indicate practical impact magnitude. However, statistical
significance testing uses the normalized metrics.

Competitive malleability captures how much coordination in-
creases when cooperative advice is introduced into competitive
contexts. High positive values indicate vulnerability to manipula-
tion toward cooperation. Cooperative resistance (typically negative)
measures how much coordination decreases when competitive ad-
vice disrupts cooperative contexts. Large negative values indicate
fragility of cooperative norms.

The asymmetry ratio quantifies the relative magnitude of direc-
tional effects:

|Competitive Malleability|

Asymmetry Ratio = - - (4)
|Cooperative Resistance|
Ratios substantially above 1.0 (e.g., > 2 : 1) indicate extreme
asymmetry where competitive contexts are far more malleable
than cooperative contexts are resistant. Ratios substantially below
1.0 (e.g., < 0.5 : 1) indicate inverted patterns where cooperative
collapse dominates. Ratios near 1.0 indicate symmetric vulnerability
in both directions. This metric appears only in comprehensive tables
and allows characterization of architectural signatures across model
families.

4 RESULTS
4.1 Public Goods Games

Table 1 presents contribution rates across all eight model families
in public goods contexts. The results reveal a striking pattern that
emerges consistently across nearly all architectures: a pronounced
asymmetry between how models respond to manipulation in coop-
erative versus competitive contexts.

When cooperative framings are disrupted by competitive advice,
contribution rates collapse dramatically across all models, typically
by 43 to 96 percentage points. Six of eight models experience drops
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exceeding 43%, with four models (Llama-3.3-70B, Llama-3.1-70B,
Gemma-27B, and Gemini Flash) showing catastrophic collapses
greater than 60% that reduce contributions to near-zero levels. In
contrast, when competitive contexts receive cooperative advice,
models demonstrate moderate increases in contributions, gener-
ally ranging from 7 to 52 percentage points. Six of eight models
show increases between 33 and 52%, indicating substantial but not
extreme malleability. Standard deviations across trials are remark-
ably low in baseline conditions (typically ¢ < 0.10), with GPT-4
(0 = 0.131) and Gemma-27B (0 = 0.126) showing slightly higher
variance in cooperative Public Goods contexts. This low variance
indicates manipulation effects reflect stable model behavior rather
than sampling noise.

These results mirror human behavioral findings where coopera-
tive framings activate shared norms that collapse when competi-
tive cues break mutual expectations [5, 10]. Repeated interactions
amplify this dynamic as early defection cascades across rounds,
explaining the greater collapse observed in temporally extended
Public Goods games. Cooperative advice, conversely, reactivates
latent prosocial tendencies [9], producing moderate but reliable
cooperation gains.

Across architectures, Gemini models exhibit the strongest brittle-
ness: near-perfect cooperative baselines (97-100%) collapse under
conflicting cues (71-96% loss). GPT models are notably more sta-
ble, with GPT-4 and GPT-5 showing modest 18-22% cooperative
collapse. Llama and Gemma models occupy an intermediate zone
with balanced but weaker asymmetry (~0.5:1). Overall, continuous
contribution structures expose a larger attack surface than binary
games, as each incremental decision provides an opportunity for
contextual interference.

4.2 Prisoner’s Dilemma

Prisoner’s Dilemma results (Table 2) reveal greater heterogene-
ity across architectures. GPT-5 shows the strongest robustness:
near-perfect cooperation (95-100%) with only +4% change under
manipulation, achieving a symmetric 1.0:1 ratio. This represents
significant progress over GPT-4 and GPT-4o, which exhibit larger
directional effects but still moderate stability. The Llama models, by
contrast, display extreme competitive malleability (79-93 percent-
age point increases) from very low baselines (6—-18%), indicating
absence of stable cooperative priors rather than deliberate flexibil-
ity. The key generational improvement is the dramatic reduction
in variability: GPT-40 shows ¢ = 0.281 in cooperative Prisoner’s
Dilemma, while GPT-5 achieves o = 0.015, an order-of-magnitude
decrease indicating far more consistent strategic reasoning.

Gemini variants again show high cooperative baselines that col-
lapse under competitive advice, particularly Gemini Pro (74% drop),
while Gemma-27B shows symmetric but large-magnitude vulner-
ability in both directions. These results suggest that alignment
training emphasizing instruction-following can increase prosocial
defaults but not necessarily their robustness.

Overall, Prisoner’s Dilemma could be used to highlight architecture-
specific reasoning: GPT-5 internalizes stable cooperative norms,
Llama lacks reliable competitive-context reasoning, and Gemini’s
cooperative defaults are brittle. Compared to Public Goods games,
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Table 1: Public Goods: Multi-model contribution rates and manipulation effects (N = 30 trials; mean + SD).

Model Coop Base  + Conflict (Comp) Comp Base + Conflict (Coop) Asymmetry
Llama-3.3-70B  0.787 + 0.057 0.043 (—0.744) 0.606 + 0.108 0.974 (+0.368) 0.5:1
Llama-3.1-70B  0.760 + 0.050 0.042 (—0.718) 0.621 + 0.090 0.947 (+0.326) 0.5:1
Gemma-27B 0.627 £ 0.126 0.018 (—0.609) 0.438 £ 0.130 0.959 (+0 522) 0.9:1
GPT-40 0.497 + 0.010 0.062 (—0.434) 0.461 + 0.028 0.886 (+0.425) 1.0:1
GPT-4 0.720 + 0.131 0.500 (—0.220) 0.579 + 0.094 0.658 (+0.079) 0.4:1
GPT-5 0.486 + 0.016 0.302 (—0.184) 0.490 £ 0.022 0.560 (+0.070) 0.4:1
Gemini Flash 1.000 £ 0.000 0.292 (—0.708) 0.948 + 0.145 1.000 (+0.052) 0.1:1
Gemini Pro 0.969 + 0.054 0.010 (—0.958) 0.170 £ 0.210 0.562 (+0.392) 0.4:1

Table 2: Prisoner’s Dilemma: Multi-model cooperation rates and manipulation patterns (N = 30 trials; mean + SD).

Model Coop Base + Comp Adv Comp Base + Coop Adv Asymmetry
GPT-4 0.707 £ 0.425  0.660 (—0.047) 0.273 £ 0.341  0.370 (+0.097) 2.1:1
GPT-40 0.893 + 0.281  0.520 (—0.373)  0.120 +0.298  0.950 (+0.830) 2.2:1
GPT-5 0.998 + 0.015  0.959 (—=0.039)  0.950 + 0.075  0.990 (+0.040) 1.0:1
Llama-3.1-70B  0.333 £ 0.225  0.153 (—0.181)  0.181 £ 0.066  0.972 (+0.792) 4.4:1
Llama-3.3-70B  0.375 £ 0.300  0.069 (—0.306) 0.056 + 0.066  0.986 (+0.931) 3.0:1
Gemma-27B 0.667 = 0.479  0.092 (—0.575) 0.725 + 0.441  0.125 (—0.600) 1.0:1
Gemini Flash 0.708 + 0.415  0.028 (—0.681)  0.056 + 0.127  0.847 (+0.792) 1.2:1
Gemini Pro 0.972 = 0.083  0.236 (—0.736)  0.569 + 0.438  0.986 (+0.417) 0.6:1

binary cooperation decisions show smaller but more variable ma-
nipulation effects, with higher trial-to-trial variance (o = 0.07-0.48)
reflecting context sensitivity.

4.3 Battle of the Sexes

Table 3 summarizes coordination outcomes across models. Com-
pared to social dilemmas, Battle of the Sexes shows smaller and
more uniform manipulation effects, with most changes below 45
percentage points. Models generally maintain high baseline co-
ordination (51-97%), suggesting that coordination incentives can
override competitive framings. The limited effect of competitive
cues reflects the game’s structure—any coordination yields mutual
benefit, leaving little leverage for adversarial advice.

Most models display mild or inverted asymmetries (ratios <
0.7:1), where cooperative collapse exceeds competitive malleability.
GPT models retain patterns similar to those seen in other games
(0.4-0.7:1), while Llama-3.3-70B shows almost no effect (0.3:1), in-
dicating strong resistance once cooperation depends on focal-point
matching rather than defection avoidance. Gemini and Gemma
models exhibit moderate, symmetric declines. Overall, coordination
games appear inherently more robust: manipulation has limited
impact when success depends on mutual alignment rather than
belief-driven cooperation. This aligns with behavioral findings that
framing effects diminish as strategic uncertainty decreases [5]. The
residual variability (o = 0.12-0.36) reflects indeterminacy in equi-
librium selection rather than systematic vulnerability.

4.4 Cross-Game Synthesis

Table 4 summarizes manipulation patterns across game structures
and model families, revealing consistent dependencies between
game type and architectural robustness.

Public goods games consistently produce the largest manipu-
lation effects across nearly all models, with cooperative collapse
typically ranging from 43 to 96 percentage points and competitive
malleability from 7 to 52 percentage points. Only GPT-4 and GPT-5
show relatively modest effects (18-22% cooperative collapse), sug-
gesting these models have developed general resistance to public
goods manipulation that other architectures lack. The effect sizes
in Prisoner’s Dilemma show considerably more variation, from as
little as 4 percentage points (GPT-5 in both directions) to as much
as 93 percentage points (Llama-3.3-70B competitive malleability),
though the latter must be interpreted cautiously given the 6% base-
line. Battle of the Sexes consistently shows the smallest effects, with
most models exhibiting changes below 45 percentage points and
some (Llama-3.3-70B) showing minimal effects below 5 percentage
points.

This ordering with public goods most vulnerable, coordination
games least vulnerable, and social dilemmas intermediate and vari-
able, holds across disparate architectures and suggests that game
structure imposes fundamental constraints on manipulation sus-
ceptibility that transcend model-specific characteristics. The con-
tinuous contribution structure in public goods creates more attack
surface than binary decisions, allowing contextual cues to influ-
ence multiple incremental choices rather than a single threshold
decision. The pure coordination requirement in Battle of the Sexes
without defection incentives limits manipulation leverage com-
pared to social dilemmas where competitive framing can activate
individualistic reasoning aligned with game-theoretic predictions.

The GPT series illustrates incremental alignment progress. GPT-
5 achieves symmetric stability in PD (1.0:1 ratio, 4 percentage point
effects), suggesting genuine resistance to conflicting advice, though
its robustness does not fully extend to BoS or PG. Llama variants
display strong game-specific fragility—extreme asymmetry in PD
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Table 3: Battle of the Sexes: Multi-model coordination rates and manipulation patterns (N = 30 trials; mean + SD).

Model Coop Base + Comp Adv Comp Base + Coop Adv  Asymmetry
GPT-4 0.972 £ 0.083  0.792 (=0.181)  0.722 +£0.363  0.972 (+0.250) 0.7:1
GPT-40 0.962 +0.099 0.513 (—0.448) 0.685 +0.233  0.863 (+0.178) 0.4:1
GPT-5 0.888 +0.175  0.508 (—0.380)  0.658 +0.259  0.811 (+0.153) 0.4:1
Llama-3.1-70B  0.694 + 0.266  0.361 (—0.333)  0.625 + 0.258  0.825 (+0.120) 0.6:1
Llama-3.3-70B  0.653 +£0.232  0.611 (—0.042) 0.514 £0.116  0.528 (+0.014) 0.3:1
Gemma-27B 0.796 + 0.351  0.596 (—=0.200)  0.892 + 0.212  0.975 (+0.083) 0.4:1
Gemini Flash 0.944 +0.167  0.667 (—=0.278)  0.722 +£0.214  0.861 (+0.139) 0.5:1
Gemini Pro 0.764 +0.202  0.569 (—=0.194) 0.778 £ 0.163  0.889 (+0.111) 0.6:1

Table 4: Cross-game manipulation pattern synthesis by model architecture

Moderate PD asymmetry transitioning to inverted patterns in
BoS and PG; relatively small absolute effects suggest general

Variable patterns across games: strong PD asymmetry, inverted
BoS pattern, symmetric PG vulnerability; substantial absolute

Exceptional PD robustness with minimal effects (4%); inverted
patterns in BoS and PG suggest game-specific rather than

Extreme PD asymmetry limited by very low competitive base-
lines (18%); inverted patterns in other games; PD-specific vul-

Strong PD-specific asymmetry; minimal BoS vulnerability (4%
effects); PG inversion; suggests coordination robustness with

Symmetric collapse patterns across all games; large absolute
effects (58-60%) indicate general vulnerability to advice-based

Moderate asymmetry in PD, inverted in BoS, extreme inverted
in PG (0.1:1 with 71% collapse); game-dependent vulnerability

Model PD BoS PG Cross-Game Signature
GPT-4 2.1:1 071 0.4:1

robustness
GPT-40 2.2:1 041 1.0:1

effects indicate moderate fragility
GPT-5 1.0:1 0.4:1 0.4:1

universal stability
Llama-3.1-70B  4.4:1 0.6:1 0.5:1

nerability
Llama-3.3-70B  3.0:1 0.3:1 0.5:1

social dilemma fragility
Gemma-27B 1.0:1 041 0.9:1

disruption
Gemini Flash ~ 1.2:1  0.5:1 0.1:1
Gemini Pro 0.6:1  0.6:1 0.4:1

Consistent inverted patterns across all three game structures;
cooperative collapse dominates in social dilemmas and coordi-
nation contexts

Note: Ratios > 1 favor competitive malleability; ratios < 1 indicate inverted patterns where cooperative collapse dominates

but moderate or inverted patterns elsewhere—implying context-
dependent reasoning rather than uniform bias. Gemini models show
the opposite pattern: consistently high cooperative baselines but
severe collapse under competitive cues, reflecting overfitting to
cooperative alignment. Gemma-27B exhibits symmetric but large-
magnitude effects across games, indicating broad sensitivity to
instruction overrides.

Taken together, no model achieves uniform robustness. High
baseline cooperation often coincides with fragility: systems that
perform ideally under aligned cues collapse most sharply under
conflict. This brittleness-robustness trade-off underscores a core
alignment challenge—models trained for strong prosocial defaults
may lack resilience to adversarial or contradictory framing.

Finally, structural and behavioral parallels with human decision-
making remain clear. Continuous contribution games mirror known
amplification of framing effects through belief channels [5, 10],
while coordination tasks like BoS exhibit inherent resistance due

to reduced strategic uncertainty [3]. These findings suggest that
linguistic manipulation in multi-agent LLMs is fundamentally con-
strained, and amplified, by the same cognitive principles that govern
human cooperation.

5 DISCUSSION

5.1 Theoretical Implications and Behavioral
Parallels

Our findings extend principles from human decision-making re-
search, showing that LLMs exhibit framing vulnerabilities driven
by mechanisms analogous to those in behavioral economics. In
both humans and models, cooperative framings establish prosocial
norms that collapse when contradicted by competitive cues, while
competitive framings form weaker representations more easily
shifted toward cooperation [10].
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These effects appear mediated by belief channels: contextual
frames create expectations about others’ likely behavior, which
become self-fulfilling over repeated interactions [5]. When coop-
erative expectations are disrupted by competitive advice, agents
predictably reduce cooperation, triggering defection cascades. The
temporal structure of repeated games amplifies these effects as
early defection reinforces pessimistic expectations, explaining why
continuous, multi-round Public Goods settings yield the largest
cooperative collapses.

Conversely, cooperative advice in competitive contexts activates
latent prosocial tendencies internalized during training [9]. The
asymmetry we observe, moderate cooperative gains but severe
cooperative losses, suggests that cooperative defaults are strong
but fragile once contradicted.

Finally, the relative stability of coordination games like Battle
of the Sexes reflects reduced strategic uncertainty: when outcomes
depend primarily on matching actions, framing provides limited
leverage. This mirrors human findings that framing effects diminish
when beliefs about others’ choices are unambiguous, underscor-
ing that manipulation vulnerability is strongest when cooperation
depends on inferred rather than observable behavior.

5.2 Architectural Characteristics and Training
Implications

Model vulnerability patterns reveal that architecture and training
critically shape how LLMs process conflicting contextual cues. The
GPT series shows systematic improvements in alignment stability,
with GPT-5 achieving near-perfect cooperative baselines and sym-
metric resistance to manipulation in Prisoner’s Dilemma (1.0:1, 4%
effects). These gains may reflect improvements in adversarial or
conflict-exposure training to conflicting signals during training or
adversarial fine-tuning that stabilizes preference representations.
However, this robustness does not generalize fully: GPT-5 still ex-
hibits inverted patterns in Public Goods and Battle of the Sexes,
indicating that alignment progress remains game-specific and con-
centrated in binary social dilemmas.

Llama variants demonstrate prosocial responsiveness without
contextual stability—adopting cooperative strategies readily when
prompted but failing to maintain them under conflicting frames.
Their extreme competitive malleability in PD and collapse in PG
suggest that cooperation is learned as a stylistic pattern rather
than a context-aware norm. Gemini models display the opposite
tendency: strong cooperative defaults that collapse when contra-
dicted, implying overfitting to cooperative alignment rather than
genuine robustness. Variation between Gemini Flash and Pro fur-
ther indicates that post-training fine-tuning substantially modulates
susceptibility.

The observed vulnerability patterns reflect fundamental differ-
ences in how model families implement alignment objectives. RLHF-
trained models like GPT-4 and GPT-40 optimize for helpfulness
and harmlessness through human preference learning [19], creat-
ing strong prosocial defaults that can become brittle when con-
tradicted. Constitutional Al approaches embed explicit principle-
following that may provide different robustness characteristics [2].
Pure instruction-tuning methods focus on task completion fidelity,
potentially at the expense of contextual reasoning stability. GPT-5’s
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exceptional robustness in Prisoner’s Dilemma likely reflects adver-
sarial fine-tuning that stabilizes cooperative preferences even under
contradictory advice, while Gemini models’ pattern of high coop-
erative baselines with catastrophic collapse suggests alignment
overfitting—strong prosocial behavior under aligned conditions
without corresponding robustness under adversarial contexts.

These architectural differences have deployment implications:
systems prioritizing user utility (RLHF) may exhibit different multi-
agent robustness than those prioritizing instruction fidelity. Under-
standing this alignment-vulnerability relationship is essential for
selecting appropriate models for specific coordination contexts and
for developing training procedures that balance prosocial defaults
with adversarial resilience. Overall, current alignment methods
succeed at promoting prosocial defaults but not at ensuring stabil-
ity under contextual conflict. Broader adversarial training across
diverse game structures may be required to achieve consistent
multi-agent robustness.

5.3 Public Goods as a Benchmark for
Manipulation Vulnerability

Among all paradigms, Public Goods games provide the clearest and
most consistent test of manipulation vulnerability. Cooperative col-
lapse exceeds 40% in nearly all models, often reaching catastrophic
levels (up to 96%), with minimal trial variance, which constitutes
evidence of structural rather than stochastic fragility. Continuous
contribution decisions expose multiple points for contextual influ-
ence, and repeated rounds amplify belief-channel effects, making
these games a natural stress test for coordination stability.

Because many real-world systems—from resource allocation and
collective investment to collaborative research—resemble Public
Goods dynamics, such scenarios should serve as benchmarks for
evaluating manipulation resilience. Future robustness and align-
ment audits should explicitly test LLM coordination under contin-
uous, repeated, and norm-dependent settings, where competitive
framing can induce cascading cooperation failures.

5.4 Deployment Implications and Mitigation
Strategies

The patterns we document have direct implications for organiza-
tions deploying LLMs in multi-agent coordination scenarios. First,
vulnerability is not uniform: manipulation susceptibility depends
critically on the interaction between model architecture, game
structure, and manipulation direction. Public Goods-like scenarios,
where agents make continuous contribution decisions toward col-
lective objectives, represent the highest-risk contexts. Applications
such as distributed resource allocation, infrastructure investment
coordination, supply chain management, or collective action prob-
lems could be particularly susceptible to adversarial manipulation
through competitive framing or advice injection.

Second, organizations should strategically select models based
on deployment context. For applications requiring robust binary
cooperation decisions (contract execution, two-party negotiations),
GPT-5 offers exceptional stability. For pure coordination without
defection incentives (scheduling, standard selection), most mod-
els show reasonable robustness with Llama variants performing
particularly well. For continuous contribution scenarios (resource
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pooling, collective funding), no model shows strong resistance, sug-
gesting this domain requires additional safeguards regardless of
model choice.

Third, the consistent competitive malleability (33-52% increases
in Public Goods) presents opportunities for beneficial intervention
in genuinely competitive but mutually beneficial scenarios. Indus-
try standard-setting, environmental treaty negotiation, research
collaboration, and open-source community coordination could ben-
efit from carefully designed cooperative framings that enhance
outcomes beyond what traditional mechanism design achieves. The
key distinction is that competitive contexts appear to lack strong
default strategic representations, making them amenable to pos-
itive influence through cooperative cues without the brittleness
observed in cooperative contexts.

Fourth, input filtering and adversarial detection systems should
focus on detecting frame-advice conflicts rather than only screen-
ing for explicitly malicious content. Unlike direct prompt injection
attacks that trigger security filters, frame-based manipulation op-
erates through components that appear individually legitimate.
Detecting scenarios where established contextual frames are sub-
sequently contradicted by strategic advice could identify manip-
ulation attempts that would otherwise bypass traditional content
filtering.

Fifth, multi-model ensemble approaches may provide better over-
all robustness than relying on any single architecture. Different
models show complementary vulnerability patterns: GPT-5 excels
in binary social dilemmas while showing moderate Public Goods
vulnerability; Llama variants show extreme binary asymmetry but
minimal coordination game effects. Combining models with dif-
ferent vulnerability profiles through ensemble methods or task-
specific model selection could provide defense-in-depth against
manipulation.

5.5 Limitations and Future Research Directions

Our experiments capture short-term coordination dynamics (10
rounds), offering only a snapshot of manipulation effects. Longer
interactions—spanning tens or hundreds of rounds—may reveal new
dynamics, such as adaptive resistance or compounding defection
cascades driven by belief updating. Extending horizons is essential
to determine whether vulnerabilities are transient or persistent
features of multi-agent interaction. Similarly, real-world validation
in domains like distributed trading, resource allocation, or vehicle
coordination would clarify whether these laboratory patterns hold
under environmental feedback and human oversight.

Future work should also pursue mechanistic and generalization
analyses. Interpretability studies examining how frames and advice
are represented could reveal why cooperative defaults are strong yet
brittle. Testing additional architectures, reasoning-enhanced mod-
els, and culturally or linguistically varied contexts will help assess
whether vulnerabilities generalize or reflect dataset biases. Finally,
longer-horizon and adversarial fine-tuning experiments—explicitly
training on conflicting frames and instructions—may improve ro-
bustness beyond canonical social dilemmas, bridging the gap be-
tween alignment under idealized scenarios and resilience in com-
plex multi-agent deployments.
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6 CONCLUSION

Through systematic experiments across three canonical game paradigms

with eight model families (N=30 trials per condition), we provide
robust evidence that LLM multi-agent coordination exhibits game-
structure-dependent manipulation vulnerabilities varying with model
architecture. Public Goods games reveal the most severe patterns:
competitive contexts show 33-52 percentage point malleability
toward cooperation for most models, while cooperative contexts
suffer 61-96 percentage point collapse under competitive manipu-
lation for most models. Prisoner’s Dilemma displays heterogeneous
patterns with clear generational progression in GPT models (GPT-5:
symmetric 1.0:1 ratio, 4 percentage point effects) while other fami-
lies show variable vulnerabilities. Battle of the Sexes proves most
robust with effects typically below 45 percentage points.

No model exhibits uniform robustness across game structures.
Every architecture shows significant vulnerability in at least one
paradigm, with high cooperative baselines often experiencing the
most catastrophic collapses when challenged. This suggests current
alignment approaches may create brittleness by establishing strong
prosocial defaults without ensuring stability under adversarial chal-
lenges.

These findings present both risks and opportunities. Adversaries
could exploit cooperative collapse vulnerabilities in applications in-
volving continuous contribution decisions. Conversely, consistent
competitive malleability suggests cooperative framings could en-
hance coordination in competitive but mutually beneficial scenarios.
As LLMs are increasingly deployed in multi-agent systems requir-
ing strategic coordination, understanding these game-structure-
dependent vulnerabilities while leveraging beneficial asymmetries
becomes essential for ensuring safety, reliability, and robustness.
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