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Single Feature Tips the Balance: Reducing Language 
Model Over-Refusal with Sparse Representations

1. Safety-aligned LLMs tend to over-refuse.

2. LLMs can be steered via representation editing.

3. The benefit of Sparse Autoencoder (SAE) representations:

• Atomic, specific patterns

• Interpretable

• Learned in an unsupervised way

Key Idea

We treat each SAE feature as high-quality “atomic feature” and analyze 

its individual impact on refusal behavior.

We extract vectors from SAE decoders and intervene in the model by adding 

them to specific layers. By measuring harmful scores and over-refusal scores 

after intervention, we categorize features into three types:

1. Harmful Compliance: features with highest harmful scores

2. Safe Compliance: features with low harmful and over-refusal scores 

3. Refusal Trigger: features with high over-refusal scores

TL;DR:
We intervene on models using SAE decoder vectors to analyze feature effects, 
identifying three categories: harmful compliance, safe compliance, and refusal triggers.

Examples in Llama3.1-8B-Instruct

(Harmful Compliance) Feature 6536: Symbols and special characters that
 express strong emotions or reactions 

For Llama3.1-8B-Instruct

• Harmful Compliance: symbols, special characters, non-

English characters, etc.

• Safe Compliance: features related to sentence structure.

• Refusal Trigger: political content, blaming or other  

negative or sensitive topics.

We select  safe compliance features for intervention and evaluate performance 
on over-refusal, safety and general capability  benchmarks.

HR -- Harmful Rate; CR – Compliance Rate

Key Takeaways

1. We empirically link individual SAE features to model refusal behavior.

2. We observe various interesting feature effects; for example, some features (e.g. 

emoji-related, non-English) can drive harmful compliance.

3. Safe compliance feature interventions reduce over-refusal while preserving 

performance.
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