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Abstract

Flaws in machine learning (ML) algorithm validation are an underestimated global
problem. Particularly in automatic biomedical image analysis, chosen performance
metrics often do not reflect the domain interest, thus failing to adequately measure
scientific progress and hindering translation of ML techniques into practice. A large
international expert consortium now created Metrics Reloaded, a comprehensive
framework guiding researchers towards problem-aware metric selection. The
framework is based on the novel concept of a problem fingerprint – a structured
representation of the given problem that captures all aspects relevant for metric
selection, from the domain interest to properties of the target structure(s), data
set and algorithm output. It supports image-level classification, object detection,
semantic and instance segmentation tasks. Users are guided through the process
of selecting and applying appropriate validation metrics while being made aware
of pitfalls. To improve the user experience, we implemented the framework in
an online tool, which also provides a common point of access to explore metric
weaknesses and strengths. An instantiation of the framework for various biomedical
image analysis use cases demonstrates its broad applicability across domains.

1 Introduction

Machine learning (ML)-based automated image processing is gaining increasing traction in biomed-
ical imaging. The critical issue of reliable and objective performance assessment of algorithms,
however, remains largely unexplored. Algorithm performance is commonly assessed through valida-
tion metrics that should serve as proxies for the domain interest. They measure scientific progress in
the field and are the basis for deciding on the practical suitability of algorithms, thus a key component
for translation into biomedical practice. Validation not conducted according to relevant metrics could
be a major reason for why many ML developments in biomedical imaging fail to reach practice.

Increasing evidence shows that the metrics used in common practice often do not adequately reflect the
underlying biomedical problems, diminishing the validity of the investigated algorithms [2, 3, 4, 5, 7].
Among a number of shortcomings recently unveiled by a multi-center initiative [5] performing the
first comprehensive evaluation of biomedical image analysis competitions, for example, the choice of
inappropriate metrics stood out as a core problem. Pitfalls in metric choice commonly relate to either
an inappropriate phrasing of the problem (e.g. disregarding the type of task), poor metric selection
(e.g. disregarding mathematical properties), or poor metric application (e.g. disregarding hierarchical
data structure). To dismantle such – often historically grown – poor practices, we established the
multidisciplinary Metrics Reloaded consortium, comprising 75 international experts from various
relevant fields. Its mission is to foster reliable algorithm validation through problem-aware metric
choice with the long-term goal of (1) enabling the reliable tracking of scientific progress and (2)

∗
Shared first authors.

†Full author list: A. Reinke, L. Maier-Hein, P. Godau, E. Christodoulou, B. Glocker, F. Isensee, J. Kleesiek, M. Kozubek, M. Reyes, M. Riegler, M. Wiesenfarth,
M. Baumgartner, M. Eisenmann, D. Heckmann-Nötzel, A.E. Kavur, T. Rädsch, M.D. Tizabi, L. Acion, M. Antonelli, T. Arbel, S. Bakas, P. Bankhead, A. Benis, M.J.
Cardoso, V. Cheplygina, B. Cimini, G. Collins, K. Farahani, B. van Ginneken, F. Hamprecht, D. Hashimoto, M. Hoffman, M. Huisman, P. Jannin, C.E. Kahn, A.
Karargyris, A. Karthikesalingam, H. Kenngott, A. Kopp-Schneider, A. Kreshuk, T. Kurc, B.A. Landman, G. Litjens, A. Madani, K. Maier-Hein, A.L. Martel, P. Mattson,
E. Meijering, B. Menze, D. Moher, K.G.M. Moons, H. Müller, B. Nichyporuk, F. Nickel, J. Petersen, N. Rajpoot, N. Rieke, J. Saez-Rodriguez, C. Sánchez Guitiérrez, S.
Shetty, M. van Smeden, C.H. Sudre, R. Summers, A.A. Taha, S.A. Tsaftaris, B. Van Calster, G. Varoquaux, P. Jäger.

36th Conference on Neural Information Processing Systems (NeurIPS 2022).



bridging the current chasm between AI research and practical translation. The purpose of this
submission is to present the Metrics Reloaded framework to the image analysis community and
discuss these recommendations that go beyond the state of the art.

2 Results

We first identified metric-related pitfalls in common practice and found these to generalize across
different imaging domains and modalities. We hence followed a multidisciplinary cross-domain
approach critically questioning common practice in different communities. The resulting Metrics
Reloaded recommendation framework (Fig. 1) was developed using a multi-stage Delphi process [1]
comprising numerous international workshops, questionnaires, expert group meetings and crowd-
sourced feedback processes. Its foundation is the new concept of problem fingerprinting. Abstracting
from a specific domain, problem fingerprinting is the generation of a structured representation of a
given biomedical problem that captures all properties relevant for metric selection. These encompass
domain interest-related properties (e.g. particular importance of structure boundary), target structure-
related properties (e.g. shape complexity or relative structure size), data set-related properties (e.g.
class imbalance), and algorithm output-related properties, (e.g. possibility of algorithm output not
containing any target structure). Based on this fingerprint, the user is then transparently guided
through the process of selecting an appropriate set of metrics while being made aware of potential
pitfalls related to the underlying biomedical problem. The framework supports problems in which cat-
egorical output for a given n-dimensional input image (possibly enhanced with context information)
is sought at pixel, object or image level, that is, image-level classification, object detection, semantic
or instance segmentation tasks. The following key design decisions shaped our framework:

Encapsulating domain knowledge: Our approach encapsulates domain knowledge by capturing
the properties relevant for metric selection in a problem fingerprint that ultimately abstracts
from the specific image modality and domain of a given problem.

Exploiting synergies across classification scales: We address all tasks that can be considered clas-
sification tasks at pixel, object or image level in one common framework that also covers
the selection of the problem category itself, a common pitfall.

Exploiting complementary metric strengths: To account for complementary metric strengths and
weaknesses [6], the framework generally recommends the use of multiple metrics. This can
include the metrics not commonly used in the biomedical imaging communities.

Abstracting from methodology: Metrics are chosen based solely on the driving biomedical prob-
lem, not based on algorithm design choices.

Involving and educating users: Rather than providing a black box recommendation, the framework
guides users through the entire process while raising awareness on potential pitfalls. Decision
guides assist in cases of difficult tradeoffs while respecting individual preferences.

To validate the framework, we instantiated it for several common use cases across various biomedical
image processing domains and modalities. We found shared properties of problems from different
domains - captured by the fingerprint - to result in almost identical recommendations, confirming the
framework’s feasibility and broad applicability. Finally, to improve user experience and encourage
widespread adoption, we implemented the framework in an online tool which will soon be publicly
available.

3 Conclusion

The novel Metrics Reloaded framework enables problem-aware selection of validation metrics in
biomedical image analysis, thus addressing a major roadblock in practical ML translation.

It should be noted that our framework only supports classification tasks at pixel, object or image
level. It only addresses reference-based validation metrics; non-reference-based metrics such as
algorithm runtime or carbon footprint are not yet included. As all recommendations are based on the
generation of a problem fingerprint, their reliability depends on users providing correct information
and thoroughly answering the questions posed. Incorrect information by users in relation to the
underlying research problem may result in inadequate metric selection and ultimately yield negative
consequences for patients.
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Figure 1: Contributions of the Metrics Reloaded framework. a) Motivation: Common problems
related to metrics typically arise from (top left) inappropriate phrasing of the problem (here: object
detection confused with semantic segmentation), (top right) poor metric selection (here: neglecting
the small size of structures) and (bottom) poor metric application (here: inappropriate aggregation
scheme). b) Metrics Reloaded addresses these pitfalls. (1) To enable the selection of metrics that
match the domain interest, the framework is based on the new concept of problem fingerprinting; the
generation of a structured representation of the given biomedical problem that captures all properties
that are relevant for metric selection. Based on the problem fingerprint, Metrics Reloaded guides
the user through the process of metric selection and application while raising awareness of relevant
pitfalls. (2) An instantiation of the framework for common biomedical use cases demonstrates its
broad applicability. (3) A publicly available online tool facilitates application of the framework.
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