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OrdShap: Feature Position Importance for Sequential Black-Box Models

Introduction

Davin Hill1, Brian Hill2†, Aria Masoomi1, Vijay Nori3, Robert Tillman3, Jennifer Dy1

• Context: Sequential deep learning classification / regression 
models (e.g. Transformers, RNNs) excel in domains with 
temporal dependencies.
• Feature attribution methods quantify the importance of each 

feature with respect to the model prediction.
• Problem: Current attribution methods mask / perturb feature 
values – but sequential models are also dependent on feature 
order:
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Experiments

1. OrdShap

2. Value Importance (OrdShap-VI)

Illustrative Example

Overview

2. OrdShap-VI 3. OrdShap-PI

3. Position Importance (OrdShap-PI)

Approximation

• OrdShap framework: First method to disentangle value 
importance (VI) from position importance (PI) in sequential 
models

• Theoretical grounding: Established game-theoretic 
connection to Sanchez-Bergantiños values with desirable 
axiomatic properties

• Algorithms: Two efficient methods to approximate OrdShap

Method

1. OrdShap(B)

Shapley Values
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Competing Attribution MethodsOrdShap Attributions

Right: Evaluation on 
nonlinear, synthetic data.
Tokens are generated with 
positional dependency; this 
dependency can be 
detected using OrdShap.

Synthetic Data Definition

Right: Qualitative Case Study For 
Length-of-Stay Prediction
We apply OrdShap and KernelShap to 
a sample and investigate tokens with 
high attribution

Top: Quantitative 
evaluation of OrdShap-PI.
Model output is evaluated 
while iteratively permuting 
tokens according to 
attribution magnitude.

Bottom: AUC evaluation 
of OrdShap-VI
We calculate IncAUC and 
ExcAUC while randomly 
permuting token order.

(A) Input (B) Evaluate (C) Summarize

Naïve Calculation:
MC Sampling:
Least-Squares Algorithm with MC Sampling:

Theorem 2: Optimal ɑ, β  
corresponds to OrdShap
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Novel characteristic function for sequential models:

OrdShap: Attributions conditioned on feature position

Shapley Value [1]

Sanchez-Bergantiños Value [2]

OrdShap-VI𝑖	:

OrdShap-PI𝑖	:

Background

Main Contributions

Theorem 1: OrdShap-VI satisfies the SB axioms. Given !𝜔, 
there exists a corresponding function 𝜔 representing !𝜔 
averaged over all              which contain a given                       . 
Then                                 .


