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Machine Learning (ML)
ML developer

Ronneberger et al. U-net: Convolutional networks 

for biomedical image segmentation. MICCAI 2015

Qadir et al. Polyp Detection and Segmentation using 

Mask R-CNN: Does a Deeper Feature Extractor 

CNN Always Perform Better? ISMICT 2013



Data set design,

Annotations, 

Metrics, 

Rankings, 

Reporting,

Infrastructure, 

…

Machine Learning (ML)ML developer

Image source: 

Regulatory Affairs Professional Society
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Assessment of AI algorithms

⇔
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Biomedical image analysis competitions

Up to €1 million price money

New state-of-the art method

Fame for researcher

…
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✓ Challenges have led to common data sets used for validation

✓ Various fields of application covered

✓ Various modalities covered



6/29/2022   | Page 7 Annika Reinke

Algorithm benchmarking

Rouhi, et al. Benign and malignant breast tumors classification based on region growing 

and CNN segmentation. Expert Systems with Applications 2015.

Tan and Le. EfficientNet: Rethinking model scaling for convolutional neural networks. 

International conference on machine learning 2019.

Jarrett and van der Schaar. Target-embedding autoencoders for supervised representation 

learning. arXiv 2020.

Niemeyer and Geiger. Giraffe: 

Representing scenes as 

compositional generative neural 

feature fields. IEEE/CVF 2021.
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Is the winner 

really the best?
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Reporting
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The one practice that can universally

commended is the transparent and complete 

reporting of all facets of a study, allowing a 

critical reader to evaluate the work and fully 

understand its strengths and limitations

(Nature Neuroscience 2017, 

https://doi.org/10.1038/nn.4500)

“

”
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What is/are the 

metric(s) used for 

performance 

assessment?
How many training/test 

cases are available?

What comprises a 

training/test case?

…

© Copyright PresentationGO.com

The free PowerPoint template library 

A lot of challenge parameters matter (the obvious)
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How are missing values 

handled in the rankings?

Are challenge participants 

allowed to complement the 

training data with their own 

data?

Who annotated the data? 

How many observers? 

Based on which 

instructions?

…

© Copyright PresentationGO.com

The free PowerPoint template library 

?

A lot of challenge parameters matter (the “not so obvious”)
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Analysis of > 500 competitions

• A median of 64% of parameters were reported

• Only 6% of parameters were reported by all 

challenges

• Examples: 

• 85% of challenges did not give instructions on 

whether training data provided by challenge 

organizers may be complemented by other 

publicly available or private data

• In 66% of all tasks, there was no description on 

how the reference (i.e. gold standard) annotation 

was performed

Analysis of > 500 competitions

Maier-Hein et al. Why rankings of biomedical image analysis competitions should be interpreted with care. Nature Commun 2018
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Reporting guideline

Maier-Hein, Reinke et al. BIAS: Transparent reporting of biomedical image analysis challenges, Med Image Anal 2020

BIAS Reporting guideline

• BIAS (Biomedical Image Analysis 

ChallengeS) initiative: bring challenges to 

next level of quality

• Formed by MICCAI board challenge 

working group

• Developed guideline for designing and 

reporting challenges

• Registered BIAS with equator network
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Solution:

Challenge registration

STEP 1 STEP 2 STEP 3STEP 2

© Copyright PresentationGO.com

The free PowerPoint template library 

Challenge 

submission

Challenge 

review
(with modifications of 

document)

Challenge 

accepted

Challenge 

execution

Direct quality control

Icons created by the Icons8

Problem: Quality control after challenge acceptance

No quality control
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Solution:

Challenge registration

STEP 1 STEP 2 STEP 3 STEP 4STEP 2

© Copyright PresentationGO.com

The free PowerPoint template library 

Challenge 

submission

Challenge 

review
(with modifications of 

document)

Challenge 

accepted

Challenge 

execution

Upload 

challenge 

document

Direct quality control Indirect quality control

Icons created by the Icons8

Solution: Challenge registration
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Challenge registration
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Rankings
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Rankings

…
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Maier-Hein et al. Why rankings in biomedical image analysis competitions should be interpreted with care. Nature Commun 2018

Rankings

RANK 1

RANK 2

RANK 3

RANK 4

RANK 5

RANK 6

RANK 7

RANK 8

RANK 9

RANK 10

RANK 11

RANK 12

RANK 13

A1

A2

A3

A4

A5

A6

A7

A8

A9

A10

A11

A12

A13

A5

A2

A3

A4

A1

A8

A7

A6

A9

A10

A11

A12

A13

Data from MICCAI 2015 segmentation 

challenges

Aggregate 

by mean

Aggregate 

by median

Challenge rankings are sensitive to a 

range of challenge design parameters:

• Metric variant

• Type of test case aggregation

• Annotator
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Analysis of > 500 competitionsExample: Exchange ranking schemes

Reinke et al. How to Exploit Weaknesses in Biomedical Challenge Design and Organization. MICCAI 2018

Maier-Hein et al. Why rankings of biomedical image analysis competitions should be interpreted with care. Nature Commun 2018
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Analysis of Results

27% of all reports are based solely on

ranking lists (without further visualization) 
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Why result analysis and visualization is 

critical: Example

Why result analysis and visualization is critical: Example

Wiesenfarth, Reinke et al. Methods and open-source toolkit for analyzing and visualizing challenge results. Scientific Reports 2021
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Try it yourself: 

Metric values in, full PDF report out

Input:

Metric values in csv file

Icons created by the Noun Project

Try it yourself: Metric values in, full PDF report out

Wiesenfarth et al. Methods and open-source toolkit for analyzing and visualizing challenge results. Scientific Reports 2021

https://github.com/wiesenfa/challengeR

https://github.com/wiesenfa/challengeR
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Try it yourself: 

Metric values in, full PDF report out

Output:

Full PDF report

...

Try it yourself: Metric values in, full PDF report out

Icons created by the Noun Project

Wiesenfarth et al. Methods and open-source toolkit for analyzing and visualizing challenge results. Scientific Reports 2021

https://github.com/wiesenfa/challengeR

https://github.com/wiesenfa/challengeR
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Cheating



You don’t think people cheat?

of the MICCAI 2020 

challenge organizers

reported cheating! 

20%
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Reinke et al. How to Exploit Weaknesses in Biomedical Challenge Design and Organization. MICCAI 2018

Example: Weaknesses in challenge design can be exploited

MICCAI 2018 challenges:

No report on

… full ranking scheme (50%)

… metrics (15%)
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Reinke et al. How to Exploit Weaknesses in Biomedical Challenge Design and Organization. MICCAI 2018

Example: Weaknesses in challenge design can be exploited

Ranking schemes are often not published before the challenge

Ranking  

scheme 1

A1

A2

A3

A4

A5

Ranking 

scheme 2

A3

A2

A1

A4

A5

Organizer‘s 

main 

competitor

Tuning?
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Reinke et al. How to Exploit Weaknesses in Biomedical Challenge Design and Organization. MICCAI 2018

Reinke et al. Common Limitations of Image Processing Metrics: A Picture Story. arXiv 2021

Example: Missing value handling

82% of tasks provide no information about how missing data is handled
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Reinke et al. How to Exploit Weaknesses in Biomedical Challenge Design and Organization. MICCAI 2018

Example: Missing value handling

What happens if algorithms systematically submit only the most 

plausible results?

• 25% of non-winning algorithms would have been ranked first

• In 9% of tasks, every single participating algorithm could have 

been ranked first
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Metrics
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How metrics are currently selected

Is commonly used for the 

validation of reconstruction 

data.

The two metrics are widely 

used to measure 

segmentation accuracy.

One of the commonly used 

metrics to validate scene

segmentation

Standard computer vision 

segmentation metrics.

It is widely used in the field.

Is a common metric in 

clinical diagnosis validation.

Citations from http://www.miccai.org/special-interest-groups/challenges/miccai-registered-challenges/

Maier-Hein et al. Why rankings of biomedical image analysis competitions should be interpreted with care. Nature Commun 2018

http://www.miccai.org/special-interest-groups/challenges/miccai-registered-challenges/
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Class imbalance

Accuracy = 97%



Page 36 Annika Reinke6/29/2022   |

Class imbalance

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
=

97 + 0

97 + 0 + 3 + 0
= 0.97

Accuracy = 97%

Specificity = 0%
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Most common metric: Dice Similarity Coefficient (DSC)

Reinke et al. A discovery dive into the world of evaluation — Do’s, don’ts and other considerations. Medium Blogpost 2021
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Shape unawareness

Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022

Reinke et al. Common Limitations of Image Processing Metrics: A Picture Story. arXiv 2021
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Inappropriate phrasing of the problem:

Object detection vs. segmentation

Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022

Reinke et al. Common Limitations of Image Processing Metrics: A Picture Story. arXiv 2021
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Metric aggregation

Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022

Reinke et al. Common Limitations of Image Processing Metrics: A Picture Story. arXiv 2021
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Uncovering problems is good…
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Solving them is 

even better!
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Problem-aware metric recommendation framework

Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022



Problem fingerprint

Maier-Hein/Reinke et al. Metrics reloaded: 

Pitfalls and recommendations for image 

analysis validation. arXiv 2022



Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022



Maier-Hein/Reinke et al. Metrics reloaded: Pitfalls and recommendations for image analysis validation. arXiv 2022



Maier-Hein/Reinke et al. 

Metrics reloaded: Pitfalls and 

recommendations for image analysis 

validation. arXiv 2022



Maier-Hein/Reinke et al. 

Metrics reloaded: Pitfalls and 

recommendations for image analysis 

validation. arXiv 2022



Instantiation for common 

biomedical use cases

Maier-Hein/Reinke et al. Metrics reloaded: 

Pitfalls and recommendations for image 

analysis validation. arXiv 2022



Metrics Reloaded –
A new recommendation framework for biomedical image analysis validation

https://arxiv.org/abs/2206.01653

Working on web-based tool 

for guiding the user through 

the process!

https://arxiv.org/abs/2206.01653
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Intelligent Medical Systems

DKFZ

@DKFZ_CAMI_lab

#BiomedicalChallenges

#benchmarking

v
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New for MICCAI:

Structured challenge submission system

DEVELOPERS: 

Annika Reinke, Sinan Onogur, Matthias Eisenmann, Keno März, Sebastian Pirmann 

Div. Computer Assisted Medical Interventions (CAMI), German Cancer Research Center, DKFZ)

New: Structured challenge submission system 2018
MICCAI 2018

2019
MICCAI 2019

2020
MICCAI 2020

ISBI 2020
MIDL 2020

2021
MICCAI 2021

ISBI 2021

© Copyright PresentationGO.com

The free PowerPoint template library 

2022MICCAI 2022



Page 53 Annika Reinke6/29/2022   |

New for MICCAI:

Structured challenge submission system
Problem: Quality control after challenge acceptance
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