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●Calibration sets need prior knowledge of the 
perturbation types.

●Paraphrase-induced instability is hardest — entangled 
with genuine semantics.

●Future: monitor unstable SAE features live during 
RLHF to catch reward hacking early.
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THREE TAKEAWAYS

●Reward models are unstable: paraphrasing, pattern injection, 
and backdoor triggers flip which response they prefer.

●The cause is a few unstable features: invisible in raw hidden 
states, but separable in an SAE latent space (>90% detection).

●We fix it without retraining: Feature Steering and Residual 
Correction restore preferences while preserving benign utility.

TL;DR1

Preference Instability Definition2

Limitations and Discussion4

Unstable Feature Dimension3

●Decompose. SAE splits hidden states into 
stable vs. unstable features.

●Detect. MLP on SAE pairwise differences 
flags inverted preferences (Acc. > 90%).

●Correct. Feature Steering suppresses 
anomalous features; Residual Correction 
learns an adaptive reward fix.
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What causes reward-model 
preference instability?
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