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KernelSHAP: 

Shapley values via 

least squares

PolySHAP:

Linear to polynomial 

regression

Recovering Shapley 

values from 

interactions

Theoretical foundation

Motivation Contribution Algorithm Interactions improve estimation quality

Paired KernelSHAP is 2-PolySHAP

➢ Computational Bottleneck: Exact 

Shapley values are exponentially 

expensive (2d).

➢ Interaction Gap: KernelSHAP 

assumes linearity, missing complex, 

non-linear feature interactions.

➢ Theoretical Mystery: "Paired 

sampling" is a ubiquitous heuristic 

lacking rigorous theoretical 

justification.

➢ PolySHAP: Extends KernelSHAP to 

capture higher-order interactions 

using polynomials.

➢ Theoretical Bridge: Proves 

equivalence between paired 

KernelSHAP and second-order 

PolySHAP (Theorem 5.1).

➢ Impact: Theoretical foundation for 

the paired sampling heuristic for all 

games.

PolySHAP outperforms KernelSHAP
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