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Causal Responsibility Based Explainable Al for Raman
Spectroscopy

Deep-learning classifiers are increasingly applied to Raman spectra, but their decisions are difficult to interpret at
the spectral-feature level. There are both regulatory demands for more transparent Al (e.g. EU Al Act [1]), as well
as domain user domain (e.g. clinicians). We introduce Spec-ReX, a causal-responsibility explainable Al method
for Raman spectra, based on a computational framework called actual causality [2]. It is a post-hoc model-
agnostic method which means it does not require access to model internals and can be applied to any Al model.
Spec-ReX recursively partitions a spectrum into contiguous intervals, masks selected regions, and assigns causal
responsibility according to the smallest intervention needed to change the model output [3].

Hoewever, it is notoroiusly difficult to robustly assess the performance of any explainable Al technique. A key
impediment is seperating the Al model itself from the explanations of that model, both of which have their own
potential modes of failure. To assess Spec-ReX’s suitability to biomedical tasks we developed a three-stepped
approach in which an in silico dataset with a known ground truth signal is first utilised, followed by an in vitro
dataset in which laboratory mixtures are created for a controlled but realistic dataset and finally assessing it
against an ex vivo dataset of oesophageal tissue for cancer diagnostics which has no known ground truth signal.
We compare Spec-ReX with gradient SHAP and Grad-CAM.

When a definitive ground truth signal is present Spec-ReX perform better across a range of performance metrics.
When a ground truth signa lis ambiguous or lacking Spec-ReX displays better specificity, meaning its attributions
to spectral regions are more targeted while other methods have more diffuse attributions. These attributions
explain trained model behaviour rather than biological causality, and their clinical value requires user-centred
validation
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