





























	Introduction
	Concept removal: Background and problem statement
	Attribute removal using probing classifier can be counter-productive
	Fundamental limits to learning a clean classifier: Probing and Main Classifier
	Failure mode of post-hoc removal methods: Null-space removal (INLP)
	Failure mode of adversarial removal methods
	Implications for real-world data: A metric for quantifying degree of spuriousness

	Experimental Results
	Datasets: Main task and spurious/sensitive concept
	Results: Null space removal
	Results: Adversarial removal

	Related work
	Conclusion
	Broader Impact and Ethical Consideration
	Probing and Main Classifier Failure Proofs
	Notation and Setup: Max-margin Classifier
	Problem with learning a clean main-task classifier
	Proof of Sufficient Condition: Lemma 3.1 and Lemma B.1
	Proof of necessary condition

	Null-Space Removal Failure: Setup and Proof of Theorem 3.2
	Null-Space Setup
	Null-Space Removal Failure : Proof of Theorem 3.2

	Adversarial Removal: Setup and Proof
	Adversarial Setup
	Adversarial Proof

	Experimental Setup
	Dataset Description
	Creating a ``clean'' dataset with no spurious correlation with main-label
	Creating datasets with spurious correlated main and concept label
	Encoder for real datasets
	Encoder for synthetic Dataset
	Null-Space Removal Experiment Setup
	Adversarial Removal Experiment Setup
	Metrics Description
	Compute and Resources

	Additional Results
	Probing classifier Quality
	Extended Null-Space Removal Results
	Extended Adversarial Removal Results
	Synthetic-Text dataset Ablations

	Comparison between Spuriousness Score and Prob 

