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2. When results cannot be reproduced, it is 
often very difficult to understand why this is 
happening

Sharing research artefacts to 
help future researchers 
(including ourselves) build on 
our work!
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Definitions of reproducible 
neuroimaging (COBIDAS)

Table 1. A partial taxonomy of reproducibility in neuroimaging
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[Nichols et. al, Nature Neuroscience 2017]

Definitions of reproducible 
neuroimaging (COBIDAS)

Dataset Method
Post-processing

Table 1. A partial taxonomy of reproducibility in neuroimaging

Method
Acquisition

Method
Experiment

Who is doing 
the replication
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On our way to fix irreproducibility
Irreproducible with... Same Data



3

Irreproducible with...

Solutions: Sharing code, 
containerization, etc.

Same Data

On our way to fix irreproducibility
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Irreproducible with...

about 30 participants 
per study

[Poldrack et. al, Nature Neuroscience 2017]

Analysis

Data preparation

Derived data

Different Data

On our way to fix irreproducibility
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Towards 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.

1. False positive finding
Low statistical power
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X-ray: Lung opacity detection
Model trained on male images, tested on 
female images

We need representative 
and diverse data 

*and* teams

[Larrazabal et. al, PNAS 2020]

2. Lack of generalizability and 
equitability

Lack of representativity and diversity

https://www.nytimes.com/2019/12/19/technology/facial-recognition-bias.html
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A family of acceptable pipelines
over 10^30 combinations…
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Many analysts project : NARPS
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[Botvinik-Nezer et. al, Nature 2020]

Analysis

Data preparation

Derived data

Image credits : Teams, undraw.co. 

https://undraw.co/


Many analysts project : NARPS

45
[Botvinik-Nezer et. al, Nature 2020]

Analysis

Data preparation

Derived data

e.g. Is there a parametric effect of gain: 
Positive effect in ventromedial PFC - 
for the equal indifference group?

Image credits : Teams, undraw.co. 

1 dataset

9 ‘yes/no’ questions

https://undraw.co/
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Image credits : Teams, undraw.co. 

1 dataset

9 ‘yes/no’ questions

https://undraw.co/
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[Botvinik-Nezer et. al, Nature 2020]

Results over the 70 post-processing pipelines:



Significant finding
(>80% of teams agree)

Non-significant finding
(>80% of teams agree)

Many analysts project : NARPS

48
[Botvinik-Nezer et. al, Nature 2020]

Results over the 70 post-processing pipelines:
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[Botvinik-Nezer et. al, Nature 2020]

Results over the 70 post-processing pipelines:

Contradictory results
(Teams disagree)

Significant finding
(>80% of teams agree)

Non-significant finding
(>80% of teams agree)



Different levels of variability in 
post-processing pipelines

● Different end-to-end pipelines [Carp 2013]
● Different Software Version  [Gronenschild 2012]
● Different operating system [Glatard 2015]

● Different post-processing software packages 
[Bowring 2019, 2021]
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Variability across software

Pipeline

Software 1

Pipeline

Software 2

Pipeline

Software 3

Alex Bowring Tom Nichols

● Reproduced 3 published functional MRI studies 
○ ds001, ds109, ds120 (from Openneuro)

● Using 3 different software packages
○ AFNI, FSL, SPM

https://openneuro.org/
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Software Comparison Project

[Bowring et. al, HBM 2019]

Comparison of the final results Comparison of the statistic maps



Code overview

https://github.com/nisox-bdi/Software_Comparison/ 

SC1 as an example of computational reproducibility (shared  
code) -- no docker
A walkthrough -- Reproducing SPM, FSL, AFNI studies

SC1 results running and exploring. What is a BA plot what is a 
Dice coefficient what is Euler characteristics. (in relation with the 
conclusions of the paper)

SC2 a walkthrough of the code

SC2 results viewing a bit
Sharing code / Sharing research artefacts 
NeuroVault upload
Provenance on the way…

https://github.com/nisox-bdi/Software_Comparison/


Conclusions
● Observed differences with aligned  pipelines across 

software packages
● More pronounced with thresholded maps
● How to explain those variations
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Software Comparison Project 2

[Bowring et. al, HBM 2021]

Alex Bowring Tom Nichols
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Software Comparison Project 2

[Bowring et. al, HBM 2021]



Code overview

https://github.com/NISOx-BDI/SC2 

https://github.com/NISOx-BDI/SC2


Main sources of variations
● Different across datasets

○ ds001: software's first-level signal model 
○ ds109: preprocessing and first-level noise model 
○ ds120: group-level model and inference



Going further to 
understand analytical 
variability



Why studying analytical 
variability?

➢ Impacts the reliability of existing 
findings

➢ Impacts the reusability of derived 
datasets
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Explaining analytical variability…

?

Numerical 
uncertainty
(e.g. ≠ OS)

Different 
implem.

Unwanted 
variability

[Glatard 2015, 
Kiar 2021]

[Gronenschild 2012, 
Bowring 2019]
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Explaining analytical variability…

?

Numerical 
uncertainty
(e.g. ≠ OS)

Different 
implem.

Unreliable 
results

Assumption 
violations

Better fit 
to the data Variability 

of interest

Data
induced 

variability

Unwanted 
variability



● Sharing a variety of research artefacts and in 
particular code along with paper

● Storing and sharing provenance (BIDS-Prov)
● Benchmarking different methods

On our way…
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