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My personal contributions to Open Science

FieldTrip toolbox for MEG/EEG analysis
The EEGsynth project for artistic neuro- and biofeedback

Human Connectome Project (HCP)
The Donders and Radboud Data Repository
Brain Imaging Data Structure (BIDS)

“DIY” projects with with open hardware

OHMB Open Science Room
BrainHack meetings
Hackathons at the Donders





Open Science

Open educational resources

Open access publications
Open peer review

Pre-registration

Registered reports

Open methodology
Open source

Open hardware

Open materials

Open data

…



Why do Open Science?

Democratic

everyone should be able to 
contribute

Pragmatic

it is more efficient to collaborate

Infrastructure

it results in better tools

Public

results should be accessible to all

But also …
to tackle the lack of trust

to address poor reproducibility

to improve quality

because it is the right thing to do

Better



Research cycle

Research Data Lifecycle by LMA Research Data Management Working Group, CC-BY-NC-4.0

https://datamanagement.hms.harvard.edu/


• 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 RIO

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

You can make this cycle more open by …

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/
http://doi.org/10.5281/zenodo.1147025


We can all benefit of it …
and we can all contribute to it



Contributing to a Culture Change

Not everyone can do everything.

Change requires personal and organisational investments.

Brian Nosek, CoS (2019) https://www.cos.io/blog/strategy-for-culture-change

https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
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Contributing to a Culture Change

Each of us is - from our position - only capable of limited influence:
policy makers from the top downwards
research engineers and support staff from bottom-up
many of us in between



Personal experiences with Open Science



Where is Open Science successful?

Open Access publications
More than 18.000 open access publishers, including Elsevier, Springer, etc.

20% - 54% of all papers are now open access (Simard et al. 2022).

However, article processing charges make it hard for some researchers 
to publish in high-impact (=expensive) journals.

Open Source analysis software
Widely used in many research fields (R, Python, Julia, JASP, REDCap, FieldTrip).

However, challenging relation between open source and commercial models.

Open Data
Standard for many national and EU-level funding schemes.

However, privacy considerations and inconsistent interpretation of GDPR.

https://wordsrated.com/open-access-publishing-statistics/ (retrieved 21-11-2023)

open

closed

https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/
https://wordsrated.com/open-access-publishing-statistics/


Where is Open Science successful?

Open Access publications
More than 18.000 open access publishers, including Elsevier, Springer, etc.

20% - 54% of all papers are now open access (Simard et al. 2022).

However, article processing charges (APCs) make it hard for some researchers 
to publish in high-impact (=expensive) journals.

Open Source analysis software
Widely used in many research fields (R, Python, Julia, JASP, FieldTrip).

However, challenging relation between open source and sustainability.

Open Data
Standard for many national and EU-level funding schemes.

However, privacy considerations and inconsistent interpretation of GDPR.



Tension between Open Source/Open Data 
and other interests

Academic software development, support and maintenance requires long-term efforts, but Research Software 
Engineers (RSEs) are rare.

FieldTrip is an Open Source toolbox, but MATLAB is commercial, so FieldTrip is Free-as-in-speech (Libre ) but 
not Free-as-in-beer (Gratis ).

Note: the English language does not distinguish “free ” from “free ”.

Companies like Google (Colab) and Microsoft (Github) are actively trying to bind Open Source software projects 
into their ecosystems on the premise of their services being free ( )…

Companies like FaceBook and Google are funding Open Source development conditional on it being licensed 
under MIT/BSD( ), not GPL ( )…

Data platforms like OpenNeuro and DataDryad use CC0 (“anything goes”) rather than CC-SA (“share alike”)…



Tension between stakeholders

Not as simple as 
free-as-in-speech (libre ) versus free-as-in-beer (gratis ).

Academic researcher needs career incentives and reward.

Interest of the society and community in developing actual products 
based on academic research, and bringing those to market.

Many Open-Science-minded companies would not mind becoming 
the next Elsevier or Novo Nordisk, and companies want to leverage 
Open Science to their advantage.

Very different responsibilities and (sometimes personal) stakes of academic researchers, 
research engineers, librarians, data stewards, privacy officers, institutional management, ...



Changing towards an Open Science culture
inside academia



Incentives

Your career will benefit from 
Many publications

High-impact publications

Spectacular results

This may result in undesired behavior
P-hacking

Harking





Improving scientific procedures

Design and implement your analysis
how to start with new (pilot) analysis pipelines, preregister

how to scale these to publication-quality group analysis

Handling of scripts, data, and results
collaboration and version control

FAIR data management
BIDS for organizing your data

repositories for sharing your raw data

publication of all analysis details, including the ugly ones

Practical issues of sharing analysis details and data

Legal issues and privacy of your research participants

http://bids.neuroimaging.io/


Sharing of analysis details (code)

Manage versions of your analysis scripts
Github, GitLab, Bitbucket

Backup and share with yourself between computers

Collaborate and review

Also used for FieldTrip development
Toolbox code

Website



Managing, versioning and sharing your code

Start with version control

> git init

Write the pipeline for a single subject

> git commit

Manage subject differences

> git commit

Run for all subjects

> git commit

Do group analysis

> git commit

Share your pipeline along with the paper and data

> git push

https://www.coursera.org/learn/version-control-with-git

https://software-carpentry.org/lessons/

https://www.fieldtriptoolbox.org/development/git/

https://www.coursera.org/learn/version-control-with-git
https://www.coursera.org/learn/version-control-with-git
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https://www.fieldtriptoolbox.org/development/git/


A full example

Open Access publication

Data on Donders repository (data.ru.nl)

doi: 10.34973/gvr3-6g88

doi: 10.34973/g4we-5v66

Code on GitHub

https://github.com/Donders-Institute/infant-cluster-effectsize

Transparant reporting, not only p-values, also including effect sizes 

https://doi.org/10.34973/gvr3-6g88
https://doi.org/10.34973/gvr3-6g88
https://doi.org/10.34973/gvr3-6g88
https://doi.org/10.34973/g4we-5v66
https://doi.org/10.34973/g4we-5v66
https://doi.org/10.34973/g4we-5v66
https://github.com/Donders-Institute/infant-cluster-effectsize
https://github.com/Donders-Institute/infant-cluster-effectsize
https://github.com/Donders-Institute/infant-cluster-effectsize
https://github.com/Donders-Institute/infant-cluster-effectsize
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Managing and sharing research data

Why manage research data?

Improve efficiency and quality of research

You and your colleagues can use existing data to jump-start new projects

Research findings can be re-visited upon new insights

Why share data?

Publishers require it

Funders require it

It is just the “right thing to do”



Open Data

Findable
Make your data available on repository with a persistent identifier (DOI, handle) and metadata

Accessible
Be explicit about data usage terms (agreement with downloader)

Interoperable
Make your data human and machine readable, e.g. BIDS

Reusable
Make sure you document enough details, e.g. “data descriptor” paper

this can be cited, along with citing our data -> measurable impact!

www.bids-standard.org

http://www.bids-standard.org/
http://www.bids-standard.org/
http://www.bids-standard.org/


www.bids-standard.org

Brain Imaging Data Structure

http://www.bids-standard.org/
http://www.bids-standard.org/
http://www.bids-standard.org/


What is is?

BIDS is a way to organize your existing raw data
To improve consistent and complete documentation

To facilitate re-use by your future self and others

BIDS is not
A new file format

A search engine

A data sharing platform



BIDS for MRI, MEG, EEG, iEEG … 
also fNIRS, PET, motion, eye-tracker,  genetics, etc.

Actual EEG data

Directory structure

Metadata

data/README
CHANGES

dataset_description.json
participants.tsv

/sub-01/anat/…
/sub-01/meg/…

/sub-01/eeg/sub-01_task-auditory_eeg.edf
/sub-01/eeg/sub-01_task-auditory_eeg.json
/sub-01/eeg/sub-01_task-auditory_channels.tsv
/sub-01/eeg/sub-01_task-auditory_events.tsv 

/sub-01/eeg/sub-01_electrodes.tsv 
/sub-01/eeg/sub-01_coordinates.json



BIDS sidecar files for metadata
see also https://github.com/bids-standard/bids-examples

1) represent otherwise missing data
2) make it easier to query/search

As example for EEG:
_participants.tsv and json
_sessions.tsv and json
_scans.tsv and json

_eeg.json
_channels.tsv and json
_electrodes.tsv and json
_coordinates.json
_photos.jpg

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


BIDS sidecar files for metadata
very convenient for the “_events.tsv“



BIDS conceptual principles

Data and metadata should be organized in a human- and machine-readable format

Reuse existing data and metadata standards where possible
NIFTI, EDF, NWB

DICOM, CogPo, SI units

Metadata should be human-readable, hence TSV and JSON

One BIDS specification, not separate ones, hence consistent definitions and use of 
terms across modalities

Semantic versioning (version x.y.z), hence backwards incompatible changes must 
wait until version 2.0



BIDS technical principles

File naming with some redundance

Inheritence of metadata

“Source” versus “raw” versus “derived”



Making a BIDS dataset

https://www.fieldtriptoolbox.org/example/bids/

sub = {'01', '02', '03', '04', '05', '06', '07', '08', '09', '10'};

% for subject 3 the age is unknown, for subject 2 the gender is not specified
age    = [11  96  nan 77  82  87  18 40  26  80];
gender = {'f' [] 'f' 'f' 'f' 'm' 'm' 'm' 'm' 'm'};

for subindx=1:numel(sub)
cfg = [];
cfg.method    = 'copy';
cfg.datatype  = 'eeg';

% specify the input file name, here we are using the same file for every subject
cfg.dataset   = sprint(‘raw/eeg/sub_%d.vhdr’, i);

% specify the output directory
cfg.bidsroot  = 'bids';
cfg.sub       = sub{subindx};

% specify the information for the participants.tsv file
cfg.participants.age    = age(subindx);
cfg.participants.gender = gender{subindx};

% specify some general information that will be added to the eeg.json file
cfg.InstitutionName = ‘Donders Institute, Radboud University';
% provide the mnemonic and long description of the task
cfg.TaskName        = 'changedetection';

% these are EEG specific
cfg.eeg.PowerLineFrequency = 50;   % since recorded in the EU
cfg.eeg.EEGReference       = 'M1'; % the left mastoid

data2bids(cfg);
end

https://www.fieldtriptoolbox.org/example/other/bids/


BIDS is not a new file format
So which file formats are used?

MRI and PET
NIFTI, not DICOM or Analyze or MINC

MEG
Original manufacturers file formats (*.ds, *.fif)

EEG
BrainVision Core format (*.vhdr/vmrk/eeg)

European Data Format (*.edf)

EEGLAB (HDF5 *.mat file that is renamed to *.set)

Biosemi

iEEG
BrainVision, EDF, EEGLAB

Neurodata Without Borders (*.nwb files)

MEF3 (*.mefd directory)

https://www.edfplus.info/
https://nwb-schema.readthedocs.io/
https://msel.mayo.edu/files/codes/MEF%203%20Specification.pdf


BIDS is not a search engine
But it standardizes the metadata

Generic search engines (i.e., Google and Bing) will not use BIDS metadata and 
structure

Domain specific search engines can use it
https://commons.datacite.org

https://datasetsearch.research.google.com

https://www.datalad.org

Tools based on Large language models (LLMs) like ChatGPT might use it in the 
future…

https://commons.datacite.org/
https://datasetsearch.research.google.com/
https://www.datalad.org/


BIDS is not a data sharing platform
So where to share?

Institutional repository

Donders/Radboud http://data.ru.nl

Utrecht Uni Yoda

In the UK Oxford, Cambridge, Edinburg

…

National repository (in NL)

https://dataverse.nl

https://data.4tu.nl

Domain specific repository

https://openneuro.org

https://publicneuro.eu

https://ebrains.eu

Generic repository

https://zenodo.org

https://dataverse.harvard.edu

https://osf.io

Commercial publishers

https://datadryad.org

https://figshare.com

http://data.ru.nl/
https://public.yoda.uu.nl/
https://researchdata.ox.ac.uk/
https://www.data.cam.ac.uk/repository
https://www.ed.ac.uk/information-services/research-support/research-data-service
https://dataverse.nl/
https://openneuro.org/
https://publicneuro.eu/
https://ebrains.eu/
https://zenodo.org/
https://dataverse.harvard.edu/
https://osf.io/
https://datadryad.org/
https://figshare.com/


Open data versus privacy



Directly identifying personal data

name

address

date of birth

phone number

license plate

IP address

...



Indirectly identifying personal data

fingerprint

facial details

dental record

genetics

cortical folding pattern

clinical data

gait/movement pattern

responses on questionnaires



Gradient between 
personal and research data

indirect 

personal data

personal data

a lot of research data

easy easyhard

Keep private 

and don’t share

Share as it is

with others

?



Limit possible identification

Personal data
restrict access to personal data

protect the key that maps between the pseudonym and the identity

Biometric data
data minimization only acquire, store and share data that is needed

acquire anonymous data

acquire data using a pseudonym

use de-identification techniques

Legal constraints
collaboration: access only for specific authorized researchers

sharing: access for everyone but only following data use agreement



Limit possible identification

Anonymous
You never knew the subjects identity to start with
This is not absolute and not guaranteed forever

Pseudonymization
Remove direct identifiers
Use a code instead of the subjects name

De-identification
Remove indirectly identifying features
Blur the indirect personal data

Deface anatomical MRI
Age at the time of acquisition instead of date of birth
Use age bins instead of years
Questionnaire outcomes rather than individual item scores
…



Appropriate blurring depends 
on the situation

1 month bins 5 or 10 year bins

photo by Richard Ansett for IPA



Personal and research data

indirect 

personal data

personal data

a lot of research data



Personal and research data

data minimization

pseudonymization

data minimization

de-identifying, blurring
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Sharing deidentified anatomical MRIs



1) anatomical landmarks (lpa, rpa, nas)

2) HPI/HCL coil locations

3) scalp surface points

Coregistration between MEG/EEG and anatomy



Lab specific conventions for landmarks and markers -
> BIDS terminology

Landmarks: 
anatomically recognizable points on the head

Markers or fiducials: 
objects that are visible in multiple modalities, like head localizer coils, 
reflective spheres, or vitamin E capsules



Solving the challenges of sharing 
potentially identifiable data
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