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Examining 1.8 billion citations among 90 
million papers across 241 subjects, we find a 
deluge of papers does not lead to turnover of 

central ideas in a field, but rather to ossification 
of canon.

Most common causes : 

●  Small sample size 

●  Analytical flexibility 

●  p-hacking 

●  Poor statistical training

PNAS 2021



●  Data sharing

●  Statistical procedures 

●  Open access / open 
science

●  ...

Many non reproducible papers



Many non reproducible papers : PD and MRI
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● 53 papers examined at Amgen in 
preclinical  cancer research

● Papers were selected that described  
something completely new and in very 
high  impact factor journals

● Scientific findings were confirmed in 
only  6 (11%)

Begley and Ellis, Nature, 2012

Amgen replication



Altered Brain Activity in Unipolar Depression  
Revisited Meta analyses of Neuroimaging Studies

Veronika I. Müller, PhD, Edna C. Cieslik, PhD, Ilinca Serbanescu, MSc, Angela R. Laird, PhD, Peter T. Fox, MD, and
Simon B. Eickhoff, MD

Followed the Genomic reproducibility crisis (GWAS) ?
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JAMA Psychiatry 2017



●  Potti et al., Nat. Med. 2006, 2008 vs Baggerly and Coombes, “Forensic 
analysis”, Annals of applied Stat., 2009

●  Choose cell lines that are most sensitive / resistant to a drug, use 
expression profiles to build a model that predicts patient response

Baggerly and Coombes Forensic: 

 “with poor documentation and irreproducibility even well 
meaning investigator may argue for drug that are contraindicated 
to some patients”

“the most common errors are simple
(e.g.,row or column offsets); conversely, 

the most simple errors are common.”

Forensic Analysis
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Our love of “significance” pollutes the literature with many a statistical fairytale. We reject important confirmations. In  
their quest for telling a compelling story, scientists too often sculpt data to fit their preferred theory of the world.

In the general public 



Collins and Tabak. 2014. Nature 505: 612–13.
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Funding agencies reaction



Credit: UK software institute

Think generalizability across Data, Software, 
 Time, Scanner, Stimuli, etc
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Think generalizability across Data, Software, 
 Time, Population, Scanners, etc

The Turing 
 institute
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 A single event-related fMRI experiment to a  large number 
of unique analysis procedures

 Ten analysis steps for which multiple strategies  appear in 
the literature : 6,912 pipelines

 Plotting the maximum peak
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Analytical flexibility
J. Carp, f. Neuroscience, 2012



70 independent teams  
analyzing the same fMRI  
dataset
No team had the same  
pipeline
Results show three “clusters”
Even within clusters decision  
to reject H0 varies

Botvinik-Nezer, 2020
18

Analytical flexibility



Botvinik-Nezer, 2020
19

Analytical flexibility
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Tractography: what happens when 42 groups  
dissect 14 white matter bundles on the same dataset?

Kurt G. Schilling, … M. Descotaux, bioRxiv, 2020



● Open data with ABIDE

● Measuring brain region connectivity with 
different segmentation pipelines

● Poor correlation between pipelines and 
very different networks found

Nikhil Baghwat, Gigascience 2020

Analytical flexibility



Jerome Dockès, Gigascience 2021

● UK Biobank: N=500,000
 

● Machine Learning with simple or complex 
learners

● Change in population demographics and 
usual corrections methods can lead to 
significant loss in accuracy 

Dataset shift issues



See also : Mier, 2009: COMT and DLPFC  

Molendijk, 2012: BDNF and hippocampal volume

Sample size: One problem



Varoquaux, 2017, PsyArXiv, Neuroimage, Cross validation failure

Sample size: One problem



The distribution of more than one million z-values from Medline (1976–2019) 

Zwet, E.W. van, Cator, E.A., n.d. The significance filter, the winner’s curse and the need to shrink. 
Statistica Neerlandica n/a. https://doi.org/10.1111/stan.12241 

Z-values reported in Medline

https://doi.org/10.1111/stan.12241
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 Implementation : good software dev practice + versatile and 
modular ecosystem

 Sustainability : transparent funding mechanism, distributed 
development

 Distributed governance (e.g BIDS governance)

 Building communities and standards:

 GH4GH, INCF, W3C, BIDS++, etc

Principles for the next generation: 
FAIR – and open infrastructures



Proposed workflow 
and ecosystem
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 https://doi.org/10.7554/eLife.94909.1 

https://doi.org/10.7554/eLife.94909.1
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Example: Replicating and extending Poldrack et al. 
(2017) 
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Nipoppy Neurobagel

individual site

Adopt a lightweight neuroinformatics framework
for multi-centric clinical research consortia

What: Streamline and simplify existing solutions
How: Focus on concrete use cases and usability
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●Extend BIDS for 
phenotypic data 
and imaging 
derivatives

●Containerized 
pipelines

●Provenance 
information

●Flexibility: run many 
types of pipelines

●Output-aware 
trackers

●Participant-level 
status

●Web dashboard

end to end framework for processing of single dataset

Nipoppy: protocol for the individual dataset



Nipoppy individual site

Curate Proc. Track

How many participants 
● with PD diagnosis
● under 65
● 2 imaging sessions
● run with freesurfer v6

are in this one dataset?
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Curate Proc. Track
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Neurobagel individual site

Curate Proc. Track

How many participants 
● with PD diagnosis
● under 65
● 2 imaging sessions
● run with freesurfer v6

do our PIs have?

Curate Proc. Track

… harmonization



Neurobagel multiple sites

Curate Proc. Track

How many participants 
● with PD diagnosis
● under 65
● 2 imaging sessions
● run with freesurfer v6

exist within our network?

Curate Proc. Track

…

external 
collaborator

harmonization
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How can we:
harmonize distributed data



…

…
…

Diagnosi
s
…

Sex

Age

How can we:
harmonize distributed data

● use common data model
● distribute intuitive GUI



Common participant level data model

Diagnosis

…

Sex

Age

DX

PAT

CTL

PAT

…

GROUP

1

0

2

…



Common participant level data model

Diagnosis

…

Sex

Age

Parkinson's disease (49049000)

Anxiety disorder (197480006)

Depressive disorder (35489007)

…

DX

PAT

CTL

PAT

…

GROUP

1

0

2

…

Shared Vocabulary



Imaging Modality

Age

Sex

Diagnosis

Assessment tools

Distribute model as graphical annotation tool
(that makes / augments BIDS data dictionaries)

expert 
annotation

+

automatic 
annotation



Imaging Modality

Age

Gender

Diagnosis

Assessment tools

1: Integration 2: Harmonization

what do your metadata meanlocal metadata

“019Y”

“M”

“PD”

“MCTOT”

19.0

“male”

“Parkinson’s 
disease”

Montreal Cognitive 
Assessment

cognitiveAtlas (URI)

SNOMED-CT (URI)

vocab term 
(string)

years (int, float)

imaging metadata

observational metadata

Use existing controlled vocabularies
Limited and specified terms for query

gathering the metadata 
(where)



controlled terms

semantic 
data dictionary
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search distributed data



…

…
…

How can we:
search distributed data

● create query federation
● intuitive search interface

query.neurobagel.org/ 

https://query.neurobagel.org/


…

Connect harmonized dataset representations via knowledge graph 
stores

…

Neurobagel CLI

</>
Local 
query

Local knowledge 
graph Federated 

SPARQL query

Harmonized 
subject data

Query tool: https://query.neurobagel.org

https://query.neurobagel.org/


query.neurobagel.org



…

…
…

How can we:
control access to search



One tunable neurobagel node for each data owner 



…

…
…

How can we:
control access to search

● local control of visibility
● data curated by owner



Federated dataset search, local data access/visibility control
…

… …

Do you have participants with
● Parkinson’s disease
● UPDRS scores
● T1-weighted MRI?

3  yes
4  no

5

6

1

3

4

2

5

6

Neurobagel API

1  n = 120/260
2  n = 305/623

Data owner controls 
response detail

● Extendable model for harmonizing dataset 
variables

● Cross-dataset, cross-site data findability at 
the subject level

● Decentralized data storage & governance

Neurobagel is developed in active 
collaboration with:

For more info: https://neurobagel.org

https://neurobagel.org/


International projects



International projects

https://openneuro.org/search 

https://openneuro.org/search


How do I get my data into a Neurobagel node



Ongoing work

● Authentication / Authorization
 
 

● Search for preprocessed data / derivatives
 
 

● Expand what phenotypic variables can be annotated / searched
 
 

● Ease of use, helper features



Computer assisted data annotation Federated identity + local control



Interoperability with Beacon



Neurobagel and the community



Take home messages

 Build standards and communities of practices

 Be sustainable: cheap, >3 lab bus factor, can scale, 
can update

 Distributed governance for distributed 
infrastructures / ecosystems

 Love, Fame, Money, and Rules



https://neurobagel.org  

Thank you

https://neurobagel.org/
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