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about 30 participants 
per study

[Poldrack et. al, Nature Neuroscience 2017]



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

(Ir)-Reproducibility

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


Faster in their forties 
than twenties?

The Guardian, “Why are middle-aged marathon runners faster than twenty somethings?”. Oliver Balch 4

Selection bias

https://www.theguardian.com/lifeandstyle/shortcuts/2019/apr/22/why-are-middle-aged-marathon-runners-faster-than-twentysomethings
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A brain imaging study
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We need bigger & more 
representative samples



Open data

+ Images
+ Homogenous
-  Datasets

Unique study
30 participants

6Crédits : Cerveaux, Neil Conway, Flickr (CC BY 2.0)
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6Crédits : Cerveaux, 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

Cohort
100 000 participants

6Crédits : Cerveaux, Neil Conway, Flickr (CC BY 2.0)
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Lack of diversity of the 
input data

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

7

Algorithmic bias

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


Lack of diversity of the 
team

8

Data privacy

Quartz, “Using a fitness app taught me the scary truth about why privacy settings are a feminist issue”. R. 
Spinks, 2017.

https://qz.com/1042852/using-a-fitness-app-taught-me-the-scary-truth-about-why-privacy-settings-are-a-feminist-issue/
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A brain imaging study

We need bigger and 
representative samples

Analysis

Data preparation

Derived data
We need diversity in 

datasets *and* in 
leadership teams
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A new level of 
variability
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Levels of variability 

13

● Variability in single-lab studies 
○ Across subjects
○ Across scans

● Variability in multi-lab studies
○ All of the above plus
○ Across machines 
○ Across sites
○ Across acquisition protocols

● Variability in data integration studies
○ All of the above plus
○ Across preparation protocols
○ Across analysis protocols

Analytic Variability



Analytic variability

Analysis

Data preparation

Derived data

“Different acceptable analysis methods” 

Carp et al. (2012)
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Analytic variability
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Analytic variability

Spatial registration

Segmentation

Cross-modality registration

etc.
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Analytic variability

≠ software

≠ software
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[Paul et al. 2016, 
Bowring et al. 2019]



Analytic variability

≠ software 
    version

≠ software

≠ software version

≠ algorithm

15

[Groenenschild et al. 2012]
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Analytic variability

≠ environment

≠ software

≠ parameters

≠ software version

≠ environment

≠ algorithm

15

[Glatard et al. 2015]



Analytic variability

≠ software

≠ parameters

≠ software version

≠ environment

≠ algorithm

15[Carp 2012; Nørgaard et al. 2019; Botvinik-Nezer 2020]



Towards data 
integration in brain 
imaging



17

Statistical modelling 
of analytic variability

Standards for 
data sharing

Towards data integration 
in brain imaging studies

Image credits: Sculpture by Malin Bjornsdotter “Cerebia”, OHBM Brain Art SIG

https://www.neurobureau.org/galleries/brain-art-competition-2019-2/
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Statistical modelling 
of analytic variability

Standards for 
data sharing

Towards data integration 
in brain imaging studies

Image credits: Sculpture by Malin Bjornsdotter “Cerebia”, OHBM Brain Art SIG
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Variations across software

Statistical 
modelling of 
analytic var.

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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Variations across software

Statistical 
modelling of 
analytic var.

[Bowring et. al, HBM 2019]

Comparison of the final results

Comparison of the statistic maps
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Statistical modelling 
of analytic variability

Standards for 
data sharing

Towards data integration 
in brain imaging studies

Image credits: Sculpture by Malin Bjornsdotter “Cerebia”, OHBM Brain Art SIG

https://www.neurobureau.org/galleries/brain-art-competition-2019-2/
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Analysis

Data preparation

Derived data

Sharing more research outputs

Image credits: Parcels 1 2 & 4 (CC0), Parcel 3 (CC0), Parcel 5 (CC0).

Standards for 
data sharing

https://www.publicdomainpictures.net/en/view-image.php?image=61696&picture=parcel
https://creativecommons.org/publicdomain/zero/1.0/
https://www.publicdomainpictures.net/en/view-image.php?image=61695&picture=parcel
https://creativecommons.org/publicdomain/zero/1.0/
https://www.publicdomainpictures.net/en/view-image.php?image=61694&picture=parcel-wrapped-in-brown-kraft-paper
https://creativecommons.org/publicdomain/zero/1.0/
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● Extensions: MEG, iEEG, EEG

Slide by R. Poldrack & K. Gorgolewski (CC BY), adapted. 

Brain Imaging Data Structure 
(BIDS)

Standards for 
data sharing

[Gorgolewski et al., Sci. Data 2016]

Krys 
Gorgolewski

https://figshare.com/articles/Towards_a_robust_data_organization_scheme_for_neuroimaging_the_Brain_Imaging_Data_Structure_BIDS_/6949577/1
https://creativecommons.org/licenses/by/4.0/
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fMRI Results 
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Publication

Peak locations
Figure

(selected slices)
Thresholded 

statistics

❌ Incomplete statistical results
❌ Ambiguous/incomplete methods
❌ Metadata is not searchable

Standards for 
data sharing



NIDM-Results pack

NIDM-Results
.nidm.zip
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[Maumet et al., 
 Sci. Data 2016]

Standards for 
data sharing
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[Maumet et al., 
 Sci. Data 2016]

Standards for 
data sharing
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BIDS Provenance

Image credits: Parcels 1 2 & 4 (CC0), Parcel 3 (CC0), Parcel 5 (CC0).

Satra 
Ghosh

Rémi 
Adon

Looking for 
contributors and 
community input

https://github.com/bids-standard/BEP028_BIDSprov 

29

Standards for 
data sharing

https://www.publicdomainpictures.net/en/view-image.php?image=61696&picture=parcel
https://creativecommons.org/publicdomain/zero/1.0/
https://www.publicdomainpictures.net/en/view-image.php?image=61695&picture=parcel
https://creativecommons.org/publicdomain/zero/1.0/
https://www.publicdomainpictures.net/en/view-image.php?image=61694&picture=parcel-wrapped-in-brown-kraft-paper
https://creativecommons.org/publicdomain/zero/1.0/
https://github.com/bids-standard/BEP028_BIDSprov


References

30

Bowring, A., Maumet*, C., & Nichols*, T. E. (2019). Exploring the impact of analysis software 
on task fMRI results. Human Brain Mapping, 0(0). https://doi.org/10.1002/hbm.24603 
Carp, J. (2012). On the Plurality of (Methodological) Worlds: Estimating the Analytic 
Flexibility of fMRI Experiments. Frontiers in Neuroscience, 6. 
https://doi.org/10.3389/fnins.2012.00149 
Gorgolewski, K. J., Auer, T., Calhoun, V. D., Craddock, R. C., Das, S., Duff, E. P., Flandin, G., 
Ghosh, S. S., Glatard, T., Halchenko, Y. O., Handwerker, D. A., Hanke, M., Keator, D., Li, X., 
Michael, Z., Maumet, C., Nichols, B. N., Nichols, T. E., Pellman, J., … Poldrack, R. A. (2016). 
The brain imaging data structure, a format for organizing and describing outputs of 
neuroimaging experiments. Scientific Data, 3(1), 160044. 
https://doi.org/10.1038/sdata.2016.44 
Maumet, C., Auer, T., Bowring, A., Chen, G., Das, S., Flandin, G., Ghosh, S., Glatard, T., 
Gorgolewski, K. J., Helmer, K. G., Jenkinson, M., Keator, D. B., Nichols, B. N., Poline, J.-B., 
Reynolds, R., Sochat, V., Turner, J., & Nichols, T. E. (2016). Sharing brain mapping statistical 
results with the neuroimaging data model. Scientific Data, 3, 160102. 
https://doi.org/10.1038/sdata.2016.102 
Poldrack, R. A., Baker, C. I., Durnez, J., Gorgolewski, K. J., Matthews, P. M., Munafò, M. R., 
Nichols, T. E., Poline, J.-B., Vul, E., & Yarkoni, T. (2017). Scanning the horizon: Towards 
transparent and reproducible neuroimaging research. Nature Reviews Neuroscience, 
18(2), 115–126. https://doi.org/10.1038/nrn.2016.167 

https://doi.org/10.1002/hbm.24603
https://doi.org/10.3389/fnins.2012.00149
https://doi.org/10.1038/sdata.2016.44
https://doi.org/10.1038/sdata.2016.102
https://doi.org/10.1038/nrn.2016.167


Thank you!

Credit: Presentation template by SlidesCarnival, adapted @cmaumet
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