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A few things before we start ...

● to the folks with hearing impairments:
○ There will be live captions at the bottom 

of the screen. If something doesn’t work, 
please let me/us know in the chat.

● to the folks with vision impairments:
○ All graphics (except those taken from 

publications) should be high in contrast 
and color-blind friendly. If there are problems, 
please let me/us know in the chat.

● to everyone:
○ I will try my best to speak loud and clearly.

If you have troubles understanding me,
please say so.

○ If you feel uncomfortable doing this/asking 
questions via the public chat, please send 
me a direct message. 
 

● to everyone (continued):
○ I sincerely hope you feel comfortable indicating 

your pronouns, thus please add them to your 
name if you want to. 

○ During the discussion/questions, please say your 
name as I (and others) would like to avoid
mispronouncing it.

○ I try my best to present an objective overview. 
However, there’s inherent bias to such 
presentations based on personal opinions and 
experience. Thus, I’m looking forward to openly 
discuss every point/comment with you all.

○ Let’s all give our best to create an open, 
supportive and welcoming atmosphere for 
everyone.

● special thanks for pioneering work go to:
○ Kirstie Whitaker, Fernando Perez, 

Elizabeth DuPre, Gael Varoquaux



A few things before we start ...



Who here has reused data?

If so, what kind? 



A data sharing nightmare in three parts … or “A data sharing carole”

https://youtu.be/N2zK3sAtr-4 

http://www.youtube.com/watch?v=N2zK3sAtr-4
https://youtu.be/N2zK3sAtr-4


It gets better! …. Does it really?

https://bizlib247.files.wordpress.com/2014/04/data-editor-labels.png

the classic the solution?

“upon (reasonable) request” = 
you might get it if I (a) can find it and (b) feel like it if “data” is shared = here you go, have fun



The great baking analogy...

https://www.archanaskitchen.com/images/archanaskitchen/0-Archanas-Kitchen-Recipes/Articles/baking_ingredients/Essential_Baking_Ingredients_Every_Baker_Needs-1.jpg

https://www.deerpearlflowers.com/wp-content/uploads/2015/08/huge-wedding-cake-with-pink-flowers.jpg

https://preview.redd.it/f5tus07gtyq31.jpg?width=640&crop=smart&auto=webp&s=a6cafe23934cc986ca6e21c2a49d2362cc4fb830

data/results in 
fancy journal

data as shared
by author

folks interested 
in the data

? ?



The great baking analogy...every ingredient AND the recipe are required

Please make sure to check https://undraw.co/ 

dataset analyses resultsdata acquisitionproject creation

not sufficient not sufficient not sufficientnot sufficientnot sufficient

sufficient if done right

https://undraw.co/


Findable Interoperable Accessible Reusable research outcomes 

Findable
● data and metadata easily findable for both humans and machines 

(machine readable metadata essential for automatic discovery)

Accessible
● data can be easily obtained by humans as well as by machines, 

through well-defined and ideally standardized protocols 
● conditions must be clearly established (license, reuse rights, etc.).
● when the data is inaccessible, the metadata should remain so in a 

way that the dataset remains discoverable

Interoperable
● possible to integrate different data into a single interface
● use of a common programming language, the use of controlled 

vocabulary, as well as non-proprietary formats 
● can also be applied to metadata as well as references to 

other (meta)data

Re-Usable
● data and metadata following best practices -> optimized for reuse 
● data and metadata must be richly detailed, as well as user licenses 
● any information specific to the field of interest of the data in 

question must be made available as well.

https://ogsl.ca/wp-content/uploads/Fair-rectangle-en.png

● https://www.force11.org/fairprinciples

● https://www.go-fair.org/fair-principles/

● https://www.ands.org.au/working-with-data/fairdata

● https://www.nature.com/articles/sdata201618.pdf

https://www.force11.org/fairprinciples
https://www.go-fair.org/fair-principles/
https://www.ands.org.au/working-with-data/fairdata
https://www.nature.com/articles/sdata201618.pdf


Findable Interoperable Accessible Reusable research outcomes 

https://ogsl.ca/wp-content/uploads/Fair-rectangle-en.png

● https://www.force11.org/fairprinciples

● https://www.go-fair.org/fair-principles/

● https://www.ands.org.au/working-with-data/fairdata

● https://www.nature.com/articles/sdata201618.pdf

● FAIR is fuzzy per design 

● a general set of principles that should guide
research across domains

● FAIR has natural variation across domains 
(e.g. metadata in Psychology or Neuroscience)

● each domain needs to develop its own FAIR
standards and terms, as no solution can fit all

https://www.force11.org/fairprinciples
https://www.go-fair.org/fair-principles/
https://www.ands.org.au/working-with-data/fairdata
https://www.nature.com/articles/sdata201618.pdf


The four horsemen of … unFAIR research outcomes

Source: Public domain

research outcomes

no 
standardization

absent sharing intransparent 
reporting

no metadata



We need more data and we need it now, but FAIR

Turner et al. (2018)

Szucs & Ioannidis (2020)

Marek et al. (2020)

n = 12.000 n = 40.000

n ~ 10.000

n > 1.000



FAIR data through standardization … with Marie Kondo

https://bizlib247.files.wordpress.com/2014/04/data-editor-labels.png



FAIR for all? YES!

scale
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• adding alternative evaluation, e.g. with altmetrics
• communicating through social media, e.g. Twitter
• sharing posters & presentations, e.g. at FigShare
• using open licenses, e.g. CC0 or CC-BY
• publishing open access, ‘green’ or ‘gold’
• using open peer review, e.g. at journals or PubPeer
• sharing preprints, e.g. at OSF, arXiv or bioRxiv
• using actionable formats, e.g. with Jupyter or CoCalc
• open XML-drafting, e.g. at Overleaf or Authorea
• sharing protocols & workfl., e.g. at Protocols.io
• sharing notebooks, e.g. at OpenNotebookScience
• sharing code, e.g. at GitHub with GNU/MIT license
• sharing data, e.g. at Dryad, Zenodo or Dataverse
• pre-registering, e.g. at OSF or AsPredicted 
• commenting openly, e.g. with Hypothes.is
• using shared reference libraries, e.g. with Zotero
• sharing (grant) proposals, e.g. at RIOse

ar
ch

Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR by default, from the beginning to the end and beyond

https://www.altmetric.com/
https://web.hypothes.is/
http://datadryad.org/
https://zenodo.org/
http://dataverse.org/
https://figshare.com/
https://openaccess.mpg.de/Berlin-Declaration
http://jupyter.org/
https://www.zotero.org/
https://cos.io/prereg/
https://aspredicted.org/
https://creativecommons.org/
https://twitter.com/
https://arxiv.org/
http://biorxiv.org/
https://osf.io/
https://www.authorea.com/
https://www.overleaf.com/
http://riojournal.com/
https://impactstory.org/
http://plumanalytics.com/
http://onsnetwork.org/
https://www.scienceopen.com/
https://pubpeer.com/
https://cocalc.com/
https://www.protocols.io/
https://doaj.org/
https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://www.sherpa.ac.uk/romeo/
https://github.com/
https://www.peerageofscience.org/
http://doi.org/10.5281/zenodo.1147025


FAIR data through standardization - problem I

https://imgs.xkcd.com/comics/standards.png 

https://imgs.xkcd.com/comics/standards.png


https://www.pinterest.com/pin/516928863456613164/

https://www.pinterest.com/pin/519884350706479534/

FAIR data through standardization - problem II

“The broad adoption of computers in experimental science 
   has both enabled and obscured research” (Marwick, 2015)

● digital literacy, project/data management, FAIR, open 
science, etc. not part of most curricula 
(independent of field of study)

● vast majority across levels not trained in practical skills 
needed for sufficient and FAIR research 

https://www.pinterest.com/pin/516928863456613164/
https://www.pinterest.com/pin/519884350706479534/


    * researchers (looking at you students) are frustrated    
      because their programme did not provide them with an   
      realistic point of view regarding research workflows
      → the folks who do the analyses

https://www.pinterest.com/pin/210895195028199989/

FAIR data through standardization - problem III

http://gph.is/1H5A8VS

   * the people at the top (looking at you PIs) often expect 
     comprehensive and exhaustive skills without providing 
     the means and opportunities to learn them
     → the folks who don’t do the analyses

https://www.pinterest.com/pin/210895195028199989/


   * there’s a ton of open data out there with more participants   
     than folks could have acquired themselves, there’s open  
     source software for everything, there are open and free 
     cloud/remote computing possibilities, there are open 
     and free lecture/tutorials/workshops/etc. 
     → no one trained to use these opportunities

   * PIs/institutes/departments “force” researchers to go the   
     office, acquire data, etc.
  

https://www.pinterest.com/pin/210895195028199989/

FAIR data through standardization - problem III

    * researchers (looking at you students) are frustrated    
      because they can’t acquire data, can’t go to the lab 
      to run analyses, can’t discuss work with peers 
      → a lot of projects/theses are effectively on hold 
          since March

    * PIs/institutes/departments not prepared for any of this  
     → management problems get worse, major problems
          re grant applications, etc.

X
X

X

the year 2020...

https://www.pinterest.com/pin/210895195028199989/


https://doi.org/10.1101/2020.08.13.249847

FAIR data through standardization - problem III (spoilers)

https://doi.org/10.31234/osf.io/sh8xg  

https://doi.org/10.1101/2020.08.13.249847
https://doi.org/10.31234/osf.io/sh8xg


https://tenor.com/view/brent-rambo-thumbsup-nice-90s-kid-gif-11617661

FAIR data through standardization - problem I/II/III - the goal

“Das Internet ist Neuland.”
( “The internet is uncharted territory.”)

      * How do I manage projects and data?
      * Why do I have to conduct the x-th underpowered study with  
      limited resources?
      * Why can’t I access data and run analyses from      
       everywhere?
      * Why do I have to learn everything on my own and am  
      dependent on the good will of my supervisors?

https://www.pinterest.com/pin/210895195028199989/

“The future is now.”

                * I have a solid project and data management plan.
                * I can use open data from thousands of participants.
                * No matter where I am, I can work with my data.
                * There is a large international, open and supportive         
              community that provides help no matter what. 

https://tenor.com/view/brent-rambo-thumbsup-nice-90s-kid-gif-11617661
https://www.pinterest.com/pin/210895195028199989/


what currently only matters in science

what science actually is

“An article about computational science in a scientific publication is not the scholarship itself, it 
is merely advertising of the scholarship. The actual scholarship is the complete software 

development environment and the complete set of instructions which generated the figures.” 
Buckhelt and Donoho
(paraphrasing John Claerbout)
WaveLab and Reproducible Research, 1995

FAIR data through standardization - problem IV

*adapted from Fernando Perez
 and Elizabeth DuPre
  

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
https://figshare.com/articles/presentation/Shareable_Science/9340142
https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code


FAIR data through standardization - problem IV

*adapted from Fernando Perez 

open communities classic science/academia

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code


you

the current 
scientific system

the community

amazing FAIR 
resources

https://i.stack.imgur.com/r6gTv.jpg

https://i.kinja-img.com/gawker-media/image/upload/c_fit,f_auto,g_center,pg_1,q_60,w_645/onna12rl4ghyufb67da9.png

FAIR data through standardization - problem IV

hierarchical top-down power structure

                * A few powerful chosen ones make decisions that affect a  
              tremendous amount of those “below” them, even though they 
              are not aware of latest developments and haven’t worked with  
              data since ages. 

Rhetorical question: did I chose an analogy 
depicting old white men on purpose?  

community based governance

                * The governance and decision making process is clearly 
              structured, open to everyone from the community, actively 
              seeking input from as many folks from as many backgrounds as 
              possible, as well as allows to incorporate changes and updates 
              in a continuous manner.     

vs



FAIR data through community-driven development of standards and beyond 

● openly develop standards, materials, resources 

● empower and equip community members

● consensus in decision-making

● communities grow from conscious investment 
rather than the availability of resources

● communities and science in general need to be
drastically more open, welcoming and supportive 
towards everyone, especially underrepresented and
marginalized groups 

● every single individual can and will bring something 
important to the scientific table, if they get the chance to

*adapted from Elizabeth DuPre
  

* photos from private collection,  
  depicting various hackathons

https://figshare.com/articles/presentation/Shareable_Science/9340142
https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code


FAIR data through community-driven development of standards and beyond 

● combine experience across all levels 
(“big picture” folks and those that actually 
 work with data)   

● open discussion and development
necessary for acceptance and adaptation

● community is required as no one has all
use cases

● community-driven standards enable new 
kinds of science

● everything needed for FAIR research outcomes 
exist but individuals need to be empowered to use
them and supported along the way

*adapted from Elizabeth DuPre
  

* photos from private collection,  
  depicting various hackathons

https://figshare.com/articles/presentation/Shareable_Science/9340142
https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
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• adding alternative evaluation, e.g. with altmetrics
• communicating through social media, e.g. Twitter
• sharing posters & presentations, e.g. at FigShare
• using open licenses, e.g. CC0 or CC-BY
• publishing open access, ‘green’ or ‘gold’
• using open peer review, e.g. at journals or PubPeer
• sharing preprints, e.g. at OSF, arXiv or bioRxiv
• using actionable formats, e.g. with Jupyter or CoCalc
• open XML-drafting, e.g. at Overleaf or Authorea
• sharing protocols & workfl., e.g. at Protocols.io
• sharing notebooks, e.g. at OpenNotebookScience
• sharing code, e.g. at GitHub with GNU/MIT license
• sharing data, e.g. at Dryad, Zenodo or Dataverse
• pre-registering, e.g. at OSF or AsPredicted 
• commenting openly, e.g. with Hypothes.is
• using shared reference libraries, e.g. with Zotero
• sharing (grant) proposals, e.g. at RIOse
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Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR data through community-driven development of standards and beyond 

https://www.altmetric.com/
https://web.hypothes.is/
http://datadryad.org/
https://zenodo.org/
http://dataverse.org/
https://figshare.com/
https://openaccess.mpg.de/Berlin-Declaration
http://jupyter.org/
https://www.zotero.org/
https://cos.io/prereg/
https://aspredicted.org/
https://creativecommons.org/
https://twitter.com/
https://arxiv.org/
http://biorxiv.org/
https://osf.io/
https://www.authorea.com/
https://www.overleaf.com/
http://riojournal.com/
https://impactstory.org/
http://plumanalytics.com/
http://onsnetwork.org/
https://www.scienceopen.com/
https://pubpeer.com/
https://cocalc.com/
https://www.protocols.io/
https://doaj.org/
https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://www.sherpa.ac.uk/romeo/
https://github.com/
https://www.peerageofscience.org/
http://doi.org/10.5281/zenodo.1147025
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• necessities - support
• prerequisites - initiatives 

• necessities - repositories (standardized)
• necessities - more than a PDF

• necessities - reporting (standardized)

• necessities - documentation 
• necessities - virtualization (standardized)
• necessities - workflows (standardized)
• necessities - validation (standardized)
• necessities - standardization 
• prerequisites - data sharing (standardized)
• prerequisites - preregistration (standardized)se
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Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR data through community-driven development of standards and beyond 

https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://doi.org/10.5281/zenodo.1147025


• necessities - standardization 
• prerequisites - data sharing
• prerequisites - preregistrationse
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Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR data through community-driven development of standards and beyond 

https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://doi.org/10.5281/zenodo.1147025


FAIR prerequisites - preregistration (standardized)



FAIR prerequisites - preregistration (standardized)

https://www.cbs.mpg.de/1543216/preregistration-hackathon 

https://www.cbs.mpg.de/1543216/preregistration-hackathon


• necessities - standardization 
• prerequisites - data sharing
• prerequisites - preregistrationse
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Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR data through community-driven development of standards and beyond 

https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://doi.org/10.5281/zenodo.1147025


FAIR prerequisites - data sharing (standardized)

http://doi.org/10.5281/zenodo.3332807

https://open-brain-consent.readthedocs.io/ 

● data privacy & rights > 
FAIR/open science

● data privacy & rights 
need to be protected

● identification attacks & 
data breaches

● complicated legal issues 
and varying 
interpretations of laws

● researchers not trained

http://doi.org/10.5281/zenodo.3332807
https://open-brain-consent.readthedocs.io/


FAIR prerequisites - data sharing (standardized)

https://open-brain-consent.readthedocs.io/ 

https://www.lifewire.com/best-aliens-memes-4163627

GDPR

2018 2018

2019

2019

2020

● GDPR edition, accepted 
example submissions, DUAs
(in over 10 languages) 

● preprint with 35 coauthors from 
all over the world

https://open-brain-consent.readthedocs.io/


• necessities - standardization 
• prerequisites - data sharing
• prerequisites - preregistrationse

ar
ch

Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com DOI: 10.5281/zenodo.1147025

FAIR data through community-driven development of standards and beyond 

https://creativecommons.org/licenses/by/4.0/
https://101innovations.wordpress.com/
http://doi.org/10.5281/zenodo.1147025


FAIR necessities - standardization - fantastic standards in the wild

120+ contributors* 20+ contributors* 

*only some are shown 



How do you manage your data?

● storage, structure, metadata, version control?

How do you share your data?

● colleagues, students, other researchers?

The Problem with heterogeneity in data management is it is
hard for others (and you) to understand your data and keep 
track of changes

● unnecessary metadata input
● codes / scripts have to be adapted
● huge effort to automate workflows and no way to 

automatically validate data sets
● sharing data becomes a hassle

FAIR necessities - standardization - the idea of BIDS

https://bizlib247.files.wordpress.com/2014/04/data-editor-labels.png



FAIR necessities - standardization - the idea of BIDS
* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation

https://osf.io/c9n5p/


FAIR necessities - standardization - the idea of BIDS … with Marie Kondo



● BIDS is a directory structure and 
naming convention, based on 
common practices

● builds on existing open
standards (NIfTI, JSON, TSV)

● intended for human and 
machine legibility

● metadata for all files and across 
different levels

● maintained and extended by a 
clearly structured and open community 

* content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the idea of BIDS

https://effigies.github.io/bids-ecosystem
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the idea of BIDS

https://osf.io/c9n5p/
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the idea of BIDS

https://osf.io/c9n5p/
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the idea of BIDS

https://osf.io/c9n5p/
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the idea of BIDS

● adoption is crucial
○ minimize complexity and 

facilitate adoption
○ don’t reinvent the wheel
○ reuse existing methods and

technologies

● 80/20 rule 
○ tackle 80% of most commonly

used cases

● engagement of a global community
○ everyone can provide input and 

work on maintenance and 
extension

https://osf.io/c9n5p/
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

 

● BIDS is constantly expanded & updated through 
community driven development

○ Positron Emission Tomography (PET)
○ Common Derivatives
○ Models Specification
○ Magnetoencephalography (MEG)
○ Electroencephalography (EEG)
○ intracranial Electroencephalography (iEEG)
○ Eye Tracking including Gaze Position and 

Pupil Size
○ Susceptibility Weighted Imaging (SWI)
○ Genetic information
○ Microelectrode Recordings (MER)
○ ….

FAIR necessities - standardization - the idea of BIDS

https://osf.io/c9n5p/
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

 

FAIR necessities - standardization - the idea of BIDS

https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

 

FAIR necessities - standardization - the idea of BIDS

*only some contributors are shown 

* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/
https://osf.io/c9n5p/


https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

 

FAIR necessities - standardization - the idea of BIDS
* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/
https://osf.io/c9n5p/


https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

 

FAIR necessities - standardization - the idea of BIDS
* content liberally borrowed from 
  Guiomar Niso’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/
https://osf.io/c9n5p/
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FAIR necessities - standardization - the benefits of BIDS



an
aly

sis

• necessities - documentation 
• necessities - virtualization (standardized)
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● vast amount of converters to convert raw 
data to BIDS in a (semi) automated and 
reproducible manner

● support for various modalities and input data 
types

● AFNI BIDS-tools, BIDS2ISATab, 
BIDSto3col, BIDS2NDA, bidsfy, bidskit,
dac2bids, Data2Bids, Dcm2bids, heudiconv,
DCM2NIIx, ReproIn, XNAT2BIDS, bids2xar,
BIDS2NIDM, BIDScoin, MNE-BIDS... 

* content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/ 

FAIR necessities - standardization - the benefits of BIDS - data conversion 

https://effigies.github.io/bids-ecosystem
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/


● BIDS’ machine readable structure 
makes automated validation possible 
and easy 

● BIDS-validator does a comprehensive 
check

● for every single file and aspect in 
dataset:

○ warnings 
○ errors

● fast and reliable integrity check

* content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

https://bids-standard.github.io/bids-validator/  

FAIR necessities - standardization - the benefits of BIDS - data validation 

https://effigies.github.io/bids-ecosystem
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/
https://bids-standard.github.io/bids-validator/


* content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

https://bids-specification.readthedocs.io/en/stable/ 
https://bids.neuroimaging.io/

https://bids-standard.github.io/bids-validator/  

FAIR necessities - standardization - the benefits of BIDS - data validation 

https://effigies.github.io/bids-ecosystem
https://bids-specification.readthedocs.io/en/stable/
https://bids.neuroimaging.io/
https://bids-standard.github.io/bids-validator/
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FAIR necessities - standardization - the benefits of BIDS - data processing

Pavlov et al. (2020) 
#EEGManyLabs 

● a lot of sources of analyses/results 
variability

● every aspect of scientific workflow matters 
and therefore should be FAIR

● acquisition, datasets and metadata 

● computing environment (OS, software 
package, version number, etc.)

● mega & multiverse analyses 
demonstrated the need for FAIR and 
standardization https://psyarxiv.com/528nr/ 

Botvinik-Nezer et al. (2020) 
The NARPS project

https://www.nature.com/articles/s41586-020-2314-9 

https://psyarxiv.com/528nr/
https://www.nature.com/articles/s41586-020-2314-9


https://bids-apps.neuroimaging.io/ 

● BIDS Apps aims to address aspects of this problem via a 
common interface, container technologies and standardization

● open & reproducible analyses on (open) data
● each container/app includes a dedicated pipeline/workflow
● input: BIDS dataset
● pipeline/workflow: virtualization using containers
● output: BIDS conform standardized derivatives
● standardization + flexibility + reproducibility

* content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

FAIR necessities - standardization - the benefits of BIDS - data processing

https://bids-apps.neuroimaging.io/
https://effigies.github.io/bids-ecosystem


● containerized pipelines/workflow that 
understand BIDS datasets

● set of core command line arguments

● should not depend on software outside 
the container

● openly hosted on docker/singularity 
hub and include version tags 

● targeting automated and standardized 
analyses that are reproducible

https://bids-apps.neuroimaging.io/ * content liberally borrowed from 
  Chris Markiewicz’s BIDS ecosystem presentation 

FAIR necessities - standardization - the benefits of BIDS - data processing

https://bids-apps.neuroimaging.io/
https://effigies.github.io/bids-ecosystem


https://bids-apps.neuroimaging.io/ 

FAIR necessities - standardization - the benefits of BIDS - data processing

https://bids-apps.neuroimaging.io/


Esteban et al. (2017),  
https://mriqc.readthedocs.io/en/stable/index.html 

FAIR necessities - standardization - the benefits of BIDS - data processing

  Esteban et al. (2019), 
https://fmriprep.org/en/stable/ 

  
https://fitlins.readthedocs.io/en/latest/index.html 

quality control (MRIQC)

mriqc data/ output/ --specifications

preprocessing (fMRIPREP)

fmriprep data/ output/ --specifications

statistical analyses (fitlins)

fitlins data/ output/ --specifications

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0184661
https://mriqc.readthedocs.io/en/stable/index.html
https://www.nature.com/articles/s41592-018-0235-4
https://fmriprep.org/en/stable/
https://fitlins.readthedocs.io/en/latest/index.html


https://giraffe.tools/ 

FAIR necessities - standardization - the idea of data processing

https://giraffe.tools/


https://neuroscout.org/ 
FAIR necessities - standardization - combining data, processing, outcomes 

https://neuroscout.org/
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FAIR necessities - analyses documentation - Jupyter 

*adapted from Fernando Perez
 and Elizabeth DuPre
  

● a community of people
 

● an ecosystem of open tools and 
standards for interactive computing

● language-agnostic and modular
 

● empower people to use other open 
tools

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
https://figshare.com/articles/presentation/Shareable_Science/9340142
https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code


FAIR necessities - analyses documentation - Jupyter notebooks 

*adapted from Fernando Perez
 and Elizabeth DuPre
  

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
https://figshare.com/articles/presentation/Shareable_Science/9340142
https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
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FAIR necessities - reporting (standardized)

https://ohbm.github.io/cobidas/ https://fmriprep.org/en/stable/outputs.html 

https://ohbm.github.io/cobidas/
https://fmriprep.org/en/stable/outputs.html


FAIR necessities - reporting (standardized)

● plagiarism software flags 
automatically generated method 
sections

● community gets together to gather 
information and draft statement
to address the issue 

● statement posted, continuing 
working together with journals
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FAIR necessities - more than a PDF - binder  

*adapted from Fernando Perez 
https://mybinder.org/ 

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code
https://mybinder.org/


FAIR necessities - more than a PDF - Jupyter Books  

https://jupyterbook.org/ 

https://jupyterbook.org/


https://www.neurolibre.com/ 

FAIR necessities - more than a PDF - Jupyter + binder  

https://www.neurolibre.com/
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FAIR data through community-driven development of standards and beyond 

*adapted from Russ Poldrack 

https://speakerdeck.com/fperez/open-source-software-in-science-beyond-the-code


https://openneuro.org/ 

FAIR necessities - repositories (standardized)

https://openneuro.org/


https://neurovault.org/ FAIR necessities - repositories (standardized)

https://neurovault.org/


https://www.neurosynth.org/ FAIR necessities - repositories (standardized)

https://www.neurosynth.org/


https://neuroquery.org/ FAIR necessities - repositories (standardized)

https://neuroquery.org/


https://www.datalad.org 
http://handbook.datalad.org

FAIR data management

● version-controlling and linking arbitrarily large digital objects 
(data,software, code, results)

● transport mechanisms for sharing, obtaining & collaborating on data 
(analysis) using existing infrastructure without a central service

● Machine-readable, re-executable provenance

*adapted from Adina Wagner

https://www.datalad.org/
http://handbook.datalad.org/en/latest/#
https://zenodo.org/record/4285927#.X8kT26pKjUK


https://www.datalad.org 
http://handbook.datalad.org

FAIR data management

https://www.datalad.org/
http://handbook.datalad.org/en/latest/#
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FAIR initiatives & support 

Project T(eaching) I(ntegrity in) E(mpircal) R(eseach) 

https://www.projecttier.org/ 

https://zenodo.org/record/3695300#.X
8qi_6pK

jU
I 

The Turing Way

https://the-turing-way.netlify.app/ 

https://www.projecttier.org/
https://zenodo.org/record/3695300#.X8qi_6pKjUI
https://the-turing-way.netlify.app/


https://www.repronim.org FAIR initiatives & support 

https://www.repronim.org


https://neurostars.org/ FAIR initiatives & support 

https://neurostars.org/


https://brainhack.org/global2020/ 

http://brainhack.org/ 

FAIR initiatives & support 

● started in 2012, spread across 25 countries, over 140 events, over 4000 members
● over 1000 attendees annually, focus on ECRs-collaboration-community-hacking-teaching
● model for various large scale teaching initiatives 

https://brainhack.org/global2020/
http://brainhack.org/


FAIR initiatives & support 

https://school.brainhackmtl.org/ 

https://neurohackademy.org/ 

https://www.neuromatchacademy.org/ 

● open to everyone interested

● mostly free (if not, dedicated funding to 
support individuals from underrepresented 
and marginalized groups exists)

● all materials publicly available 
(including video recordings of lectures)

● comprehensive, application oriented training

● decentralized and digital

● individual support and supervision

https://school.brainhackmtl.org/
https://neurohackademy.org/
https://www.neuromatchacademy.org/


FAIR initiatives & support 



amazing things - super important

https://www.blackinneuro.com/ 

https://www.blackinneuro.com/


Google form for signing up https://www.ohbmtrainees.com/
mentoring-programme/ 

https://ossig.netlify.app/ 

FAIR initiatives & support 

https://docs.google.com/forms/d/e/1FAIpQLSdWlan83506fBigYQpWd9l6Wx4nwKL3liXtH1RajGzcYXqJuA/viewform
https://www.ohbmtrainees.com/mentoring-programme/
https://www.ohbmtrainees.com/mentoring-programme/
https://ossig.netlify.app/
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FAIR data through community-driven development of standards and beyond 

● community-driven FAIR standards enable new 
kinds of science:

○ open and collaborative development that is fast-paced, 
yet highly structured, understandable and traceable  

● community-driven FAIR standards introduce changes 
on a global scale:

○ highly adapted across all levels of individuals and 
projects

● community-driven FAIR standards empower individuals:

○ support and engagement for as many folks with as 
many backgrounds as possible



FAIR data through community-driven development of standards and beyond 

Standardization driven by an open and structured 
community helps continuous integration, 

development, testing, adaption, extension, control, 
broadens science, includes everyone, 

teaching/training sustainability, getting rid of toxic 
structures and science islands and if done early in 

workflow can drastically benefit entire research 
workflow as every other step can build upon 

standardization and can itself be standardized.

FAIR
(literally and figuratively) 



Big kudos and thank you go out to ...

NIH-NIBIB P41 EB019936

 R01MH096906

funding

community



Von Diliff - Own work , CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=496416

Thank you very much for your attention.

I’m happy to answer questions during the chat and/or via twitter 
(@peerherholz) or email (herholz dot peer at gmail dot com).


