
A Appendix

Theorem 1: The marginal instance contribution from an Additive MIL model, g(xi) is proportional

to the Shapley value of that instance, �i.
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X

S✓F\i

|S!|(|F |� |S|� 1|!)
|F !| VS[i(xS[i)� VS(xS) (7)

Proof: The interpretation for the value function VS is taken from [28] where it’s defined as the
expected value of the model given a specific input set x⇤

S .

VS(xS) = E[g(x)|xS = x⇤
S ] (8)

Since the conditional expectation is for the case where only the set S is known, rewriting the equation
in the form of integrals and breaking it down by set S and its complement S̄ gives:
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Equation 10 uses the model definition from equation 5 to express the function g into its linearly
additive components over all instances which are either in set S or in S̄. Similarly, we can write the
value function when the ith index is included in S by removing it from set S̄ and adding it to S:

VS[i(xS[i) = VS(xS) + g(x⇤
i )� E[g(xi)] (14)

VS[i(xS[i)� VS(xS) = g(x⇤
i )� E[g(xi)] (15)

Since the second term here is the expected value of the model output, we can put this back in equation
7 to get an equivalence between the Shapley value and the instance contribution from an Additive
MIL model.

�i(V, x) / g(xi)

15


	Introduction
	MIL Models & Interpretability
	Interpretability in Attention MIL
	Additive MIL Models
	Proof of equivalence between Additive MIL and Shapley Values
	Features of Additive MIL Models

	Experiments & Results
	Experimental Setup & Datasets
	Implementation Details
	Experimental Results
	Predictive Performance of Additive MIL Models & Applicability to Previous Methods
	Region-level Alignment of Additive Heatmaps with Expert Pathologist
	Faithful Representation of Patch-level Contributions to Slide-level Predictions
	Qualitative Assessment of Multi-Class & Excitatory-Inhibitory Heatmaps
	Model Debugging Using Additive MIL Heatmaps
	Limitations


	Conclusion & Broader Impact
	Appendix

