Masters/Bachelors Thesis: Validation
of Novel Al Generalizability Metric in
Time-Series Downstream Tasks

Motivation

A generalizable model performs well on source data (original training and test sets) and on
unseen target data. However, generalizability is not guaranteed across all scenarios,
necessitating criteria for determining when a model remains sufficiently generalizable for
target deployment. Despite the importance of generalizability in many applied fields, a gap
remains between theoretical foundations and practical application. While established
statistical learning theories provide generalization bounds and error guarantees, these
theoretical limits often prove too abstract and wide. Consequently, recent research has
shifted toward empirical experimentation to develop more practical decision-making
guidelines and to validate theoretical findings.

In empirical work, model generalizability is often reported using scenario-averaged
performance metrics, which are useful for comparing methods in general. However, in
applied Al, a model’s generalizability needs to be evaluated within a specific context, and it
must be possible to estimate the model’s behavior across varying magnitudes of distribution
shift. For example, in clinical applications, a model trained in one clinic may not generalize
well when applied at Cologne’s hospital, due to differences in patient demographics,
measurement devices, or clinical policies that manifest as a data distribution shift.

During previous work, we identified the so-called Robustness Slope as a potential metric for
generalizability. The Robustness Slope is the slope of the linear relationship between
performance degradation and distribution shift across the source train, source test, and
target test. Once the Robustness Slope is validated, it would provide a practical approach to
defining use-case-specific acceptable shifts between source and target domains, as well as
estimating a model’s performance over unobserved source-to-target scenarios.

In this thesis, you will work towards validating the robustness slope, gain research
experience, and deepen your understanding of the relationship between covariate shift and
performance degradation. In particular, you will address the following two research
questions:

Research Question

(RQ1) Can the Robustness Slope be validated by the results presented in the literature?
(RQ2) How to best measure Covariate Shift (distribution shift in the feature space) for
different time-series downstream tasks?

Methodology
1. Based on the literature, define and understand how to choose a suitable covariate
shift measurement. It would be good to integrate explainability methods to identify the
feature-space attributions.
2. Identify papers that report the performance of machine learning methods over
multiple source-to-target (generalization) scenarios via a systematic literature review.



Identify papers that evaluate their methods on public source and target data and
report the respective performance on the source and target domains. Focus on
time-series input data;; the downstream task may be classification or regression.

For the retrieved papers, measure the covariate shift between the source and target
scenarios based on the guidelines you defined in Step 1.

For each paper, relate the performance drop and measured covariate shift across the
source-to-target scenarios via the Robustness Slope.

Based on the results of Step 4, conclude whether the Robustness Slope holds and is
a suitable proxy for generalizability. Identify limitations of the Robustness Slope.

Prerequisites

final phases of computer science or math bachelor/master studies
programming skills - ideally in Python

interest in machine learning, time-series data

interested in improving the safety of Al applications in safety-critical fields

Contact

For further information and to apply, please reach out to:

Mayra Elwes, M. Sc. (mail: mayra.elwes@uk-koeln.de)

Institute for Biomedical Informatics, University Hospital Cologne

Please provide your CV and shortly outline your motivation for this topic.
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