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A crisis in experimental research
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The reproducibility crisis has led to reduced 
confidence in research findings
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Low reproduction rates in many fields :  
Cancer research: <11% Psychology: 36%
Medicine: 44%

(Begley & Ellis 2012 - Open Science Collab  2016 -Ioannidis 2005)



A crisis in experimental research
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The reproducibility crisis has led to reduced 
confidence in research findings

Wasted money 
& effort for 

research

Reduced trust 
in science

Delayed 
translation into 
clinical practice

Low reproduction rates in many fields :  
Cancer research: <11% Psychology: 36%
Medicine: 44%

(Begley & Ellis 2012 - Open Science Collab  2016 -Ioannidis 2005)
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A brain imaging study
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Analysis

Data preparation

Derived data
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+ Participants



7[Nichols et. al, Nature Neuroscience 2017]
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Fixing the reproducibility issue
Irreproducible with... Same Data
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Fixing the reproducibility issue
Irreproducible with...

Solutions: Sharing code, 
containerization, etc.

Same Data

[Glatard et. al, Neuroinformatics 2015]

Open question: impact of different 
software environments?
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Fixing the reproducibility issue
Irreproducible with...

about 30 participants 
per study

[Poldrack et. al, Nature Neuroscience 2017]

Analysis

Data preparation

Derived data

Different Data



The Atlantic Science, “A waste of 1000 research papers”, Ed Yong. 3

Expl. 1: False positive finding
Low statistical power

https://www.theatlantic.com/science/archive/2019/05/waste-1000-studies/589684/


The Atlantic Science, “A waste of 1000 research papers”, Ed Yong. 3

Expl. 1: False positive finding
Low statistical power

[Button et. al, Nat Rev Neurosci 2013]

Power of neuroscience studies
Power = Prob. to correctly find a significant effect when a the 
alternative hypothesis is true.

https://www.theatlantic.com/science/archive/2019/05/waste-1000-studies/589684/


The Atlantic Science, “A waste of 1000 research papers”, Ed Yong. 3

Solutions: We need 
bigger datasets

[Button et. al, Nat Rev Neurosci 2013]

Power of neuroscience studies
Power = Prob. to correctly find a significant effect when a the 
alternative hypothesis is true.

Expl. 1: False positive finding
Low statistical power

https://www.theatlantic.com/science/archive/2019/05/waste-1000-studies/589684/


15The New York Times, “Many Facial-Recognition Systems Are Biased, Says U.S. Study”, By Natasha Singer & 
Cade Metz,. 2019

Expl. 2: Lack of generalizability
Lack of representativity and diversity

https://www.nytimes.com/2019/12/19/technology/facial-recognition-bias.html


16The New York Times, “Many Facial-Recognition Systems Are Biased, Says U.S. Study”, By Natasha Singer & 
Cade Metz,. 2019

X-ray: Lung opacity detection
Model trained on male images, tested on 
female images

[Larrazabal et. al, PNAS 2020]

Expl. 2: Lack of generalizability
Lack of representativity and diversity

https://www.nytimes.com/2019/12/19/technology/facial-recognition-bias.html


17The New York Times, “Many Facial-Recognition Systems Are Biased, Says U.S. Study”, By Natasha Singer & 
Cade Metz,. 2019

X-ray: Lung opacity detection
Model trained on male images, tested on 
female images

Solutions: We need 
representative and diverse 
datasets

[Larrazabal et. al, PNAS 2020]

Expl. 2: Lack of generalizability
Lack of representativity and diversity

https://www.nytimes.com/2019/12/19/technology/facial-recognition-bias.html


Open data

+ Images
+ Homogenous
-  Datasets

Unique study
30 participants

6Credits : Brains, Neil Conway, Flickr (CC BY 2.0)

https://www.flickr.com/photos/neilconway/3792906411/in/photolist-6MaCW8-9AoVSy-8ajhBL-4SFpbS-wj8x-5Rb9yi-e7fiGr-e3y8nB-5VXQcq-bHP3dX-7jqTcv-qotvur-f5Ft6P-biWvrF-2HK2p7-8FTRy-aiJN6e-38tSbQ-4KQeHf-LPMMQ-3GZbnM-bHna3t-4nbnn-5wCW3k-6R74eH-5H2bU-4BcLA2-5Hiz61-6mvYy9-ae4vwx-6VtSLB-927ABc-e34siN-NDMUU-7HnAbz-34zhV8-ebhPY4-MgV5m-cgJcUs-5ATsq5-fmhVbR-dogRX8-oQhneu-bvWoTx-6PiEFb-7WBVYc-52ek22-9bme7D-8RVDLY-7iyTYu


Open data

+ Images
+ Homogenous
-  Datasets

Unique study
30 participants

Consortium
1000 participants

6Credits : Brains, Neil Conway, Flickr (CC BY 2.0)
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Open data

+ Images
+ Homogenous
-  Datasets

Unique study
30 participants

Consortium
1000 participants

Cohort
100 000 participants

6Credits : Brains, Neil Conway, Flickr (CC BY 2.0)
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Fixing the reproducibility issue
Irreproducible with...
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Different Methods

Analysis

Data preparation

Derived data



Denoising

Segmentation

etc.

Fixing the reproducibility issue
Irreproducible with...

5

Different Methods
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≠ algorithm
≠ algorithm
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Irreproducible with... Different Methods



≠ parameters

≠ software

≠ parameters

≠ software version
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Fixing the reproducibility issue
Irreproducible with... Different Methods



A family of acceptable pipelines
100 000+ combinations

Fixing the reproducibility issue
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Irreproducible with... Different Methods

≠ software

≠ parameters

≠ software version

≠ algorithm



70 teams of experts

9 yes/no 
research questions 

1 dataset

Many analysts project : NARPS

29
[Botvinik-Nezer et. al, Nature 2020]

1 dataset

Analysis

Data preparation

Derived data

Q1 : Parametric effect of gain: Positive 
effect in ventromedial PFC - for the 
equal indifference group

Image credits : Teams, undraw.co. 

https://undraw.co/


Many analysts project : NARPS

30
[Botvinik-Nezer et. al, Nature 2020]

70 teams of experts

80% of teams agree on 
Presence of significant finding

80% of teams agree on 
No significant finding

Contradictory results

(Teams disagree)



18

Variability across software

Pipeline

Software 1

Pipeline

Software 2

Pipeline

Software 3

Alex Bowring Tom Nichols

● Reproduced 3 published functional MRI studies 
● Using 3 different software
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Software Comparison Project

[Bowring et. al, HBM 2019]

Comparison of the final results

Comparison of the statistic maps
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Software Comparison Project 2

[Bowring et. al, HBM 2021]



Fixing the reproducibility issue

6

Irreproducible with... Different Methods

≠ software

≠ parameters

≠ software 
version

≠ algorithm

Explanations ???

[Bowring et. al, 
HBM 2021]

[Gronenschild et. 
al, PlosOne 

2012]



Fixing the reproducibility issue
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Irreproducible with... Different Methods

[Eklund et. al, PNAS 2016]

No ground truth to most 
neuroimaging problems.

Validation is a challenge

Explanation 1: There is a bug!

Multiple levels:
● Inadequate methodology 

(assumption violations) 
● Boggus implementation

Science Alert, “A Bug in FMRI Software Could Invalidate 15 
Years of Brain Research”, By BEC CREW. 2016.

https://www.sciencealert.com/a-bug-in-fmri-software-could-invalidate-decades-of-brain-research-scientists-discover
https://www.sciencealert.com/a-bug-in-fmri-software-could-invalidate-decades-of-brain-research-scientists-discover


Fixing the reproducibility issue
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Irreproducible with... Different Methods Explanation 2: False positive finding

Published results

Selection bias

Result of 
interest

𝛍 Pipeline A 𝛍 Pipeline B

𝛍 Pipeline C 𝛍 Pipeline D
𝛍 Pipeline E

𝛍 Pipeline F

Vibration of effects

0

Emerging solutions: Multiverse analyses…
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Irreproducible with... Different Methods Explanation 3: Different pipelines 
inform us in different ways

Fixing the reproducibility issue

Image 

Solutions: Finding common ground for 
comparisons…

Image credit : Brain suite.

http://brainsuite.org/processing/svreg/


On our way to study the “pipeline 
space”

● Huge pipeline space : 100 000+ combinaisons

● Which pipelines are suitable to answer a given problem? 
○ Expert knowledge
○ But also dependent on characteristics of the dataset under study…

● Which pipelines are used in the community? Lack of transparency.
○ Very coarse descriptions in scientific papers, and still limited code sharing.

● Even when code is shared, it is difficult to compare pipeline.
○ Which pipelines are “equivalent”? 

■ Implementation of the same method in two different software packages 
might “hide” crucial implementation details.

● And many more…
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Thank you!

Credit: Sculpture by Malin Bjornsdotter “Cerebia”, OHBM Brain Art SIG; Presentation template by 
SlidesCarnival, adapted @cmaumet

Beyond computational reproducibility: 
what does it mean for neuroimaging results to be 
irreproducible?

Camille Maumet

March 8, 2022

Experimentation users-group [Xug] Meetings

https://www.neurobureau.org/galleries/brain-art-competition-2019-2/
http://www.slidescarnival.com/

