
• The Problem: LLMs are vulnerable to the rapport bias. 
In Multi-Agent Systems (MAS), a single hallucinated 
response can cascade across agents leading to 
collective system failure.
• The Gap: Existing benchmarks overlook the impact of 
peer rapport level, presence of helpful peers, and 
resistance under realistic social dynamics.
• Our Response: KAIROS, a benchmark simulating 
multi-agent quiz collaboration with controlled rapport 
and peer behaviours.

• Dynamic Two-Step Construction:
◦ Step 1: Extract model beliefs via sampling-based 
uncertainty 
◦ Step 2: Simulate social scenarios with peer 
responses from model's belief distribution

• Three Axes of Social Dynamics Probed:
◦ Rapport Level: Historical agreement at 0–100%
◦ Peer Behaviour: Support, Oppose-Hard, Oppose-
Easy
◦ Self-Belief: High vs. Low entropy

• Pipeline: Original Q&A evaluation → Turning model 
beliefs into "peer" responses → Socially-informed 
evaluation via KAIROS
• Four Metrics:

◦ Accuracy: Overall task success rate
◦ Robustness (O–K Δ): Relative accuracy change from 
Original to KAIROS
◦ Utility: proportion of errors corrected via helpful peers
◦ Resistance: proportion of correct answers remaining 
correct despite misleading peers

• Prompting:
◦ Empowered Persona: Bolsters LLM confidence and 
autonomy
◦ Reflective Prompting: LLM is prompted to reflect and 
revise its initial answer.

• Supervised Fine-Tuning: Trained with full social 
context along with gold responses
• GRPO Explored four experimental axes:

◦ Context: MAS vs. Non-MAS training environment
◦ System Prompt: Normal vs. Debating
◦ Reward: Outcome-based vs. Debate-driven
◦ Data Filtering: Pruning based on low confidence vs. 
low correctness

• Training Data: 10,000 instances across 4 domains 
sourced from disjoint datasets relative to the benchmark 
to ensure zero data leakage.

• Model Scale is the Primary Factor moderating 
susceptibility to social influence
• Smaller models (≤32B): Base Robustness (O–K Δ) = 
−5.65%, worsens to −11.25% with empowerment
• Larger models (>32B): Empowered prompting closes 
robustness gap (O–K Δ: −3.64% → +0.12%)
• Reflective prompting detrimental for smaller models; 
stable but suboptimal for larger

• GRPO Dominates: Achieved significant gains over SFT 
(+12.3% on Original, +16.4% on KAIROS). The NS-OR 
provides the optimal trade-off, sustaining performance 
across both settings (65.6% / 60.7%).
• The MAS Advantage: Social (MAS) context during 
GRPO enhances robustness for larger models (~4% gain); 
conversely, training in isolated (non-MAS) contexts 
actively degrades robustness.
• Structural Asymmetry: Models lose more correct 
answers than they gain; resistance transitions dominate at 
~65%
• Key Insight: Social (MAS) context with Outcome 
Rewards achieves both high accuracy and robustness
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