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The sharing of human neuroimaging data has great potential to accelerate the development of imaging biomarkers in 
neurological and psychiatric disorders; however, major obstacles remain in terms of how and why to share data in the 
Open Science context. In this Health Policy by the European Cluster for Imaging Biomarkers, we outline the current 
main opportunities and challenges based on the results of an online survey disseminated among senior scientists in 
the field. Although the scientific community fully recognises the importance of data sharing, technical, legal, and 
motivational aspects often prevent active adoption. Therefore, we provide practical advice on how to overcome the 
technical barriers. We also call for a harmonised application of the General Data Protection Regulation across EU 
countries. Finally, we suggest the development of a system that makes data count by recognising the generation and 
sharing of data as a highly valuable contribution to the community.

Introduction
The identification of reliable brain imaging biomarkers 
is pivotal for improving our understanding of 
neurological and psychiatric disorders, earlier detection 
of disease, and the monitoring of potentially disease-
modifying treatments. Data sharing between individual 
scientists and institutes regionally, nationally, within 
Europe, and globally will probably accelerate the 
development of suitable imaging biomarkers and thus 
foster the translation of recent scientific advances into 
clinical practice, ultimately improving patient care.

The sharing of research data is imperative under the 
European Code of Conduct for Research Integrity.1 Data 
sharing enhances reproducibility of studies via increased 
transparency of procedures and processes, allows for 
more variety of analyses of existing datasets, and 
increases the quantity and diversity of data for artificial 
intelligence approaches and big data science. Altogether, 
sharing research data increases the quality of research 
overall.2 Contributing to high-quality research is a prime 
motivation for the scientific community; however, the 
benefits of sharing data beyond intrinsic motivation 
might be less obvious to individual scientists. Further-
more, research is traditionally more single-centre 
oriented, so it might not be clear how research groups 
and institutions can overcome traditional sharing rules 
and contribute data in an open science context. In other 
words, how and why should we share?3

To address this unmet need, the European Cluster for 
Imaging Biomarkers (ECIB) was established within 
the EU-funded European Brain Research Area in 
May, 2021. The ECIB pursues two major objectives: to 
provide a systematic examination of the viewpoints, 
positions, and approaches with regard to opportunities 
and challenges of sharing brain imaging data, particularly 
considering the requirements of EU data protection laws, 
and to give recommendations on sharing brain imaging 
data to the brain imaging community, policy makers, and 
funding agencies on local, national, and European levels.

Although the principles discussed in this position 
statement might be applicable to other types of data as 
well, this Health Policy primarily focuses on brain 
imaging data—or data in brain space—that can be 
acquired using modalities such as MRI, CT, and PET. 
The recommendations provided here follow the 
consensus reached by the members of ECIB 
(appendix p 2) on the basis of the results of a survey 
conducted among principal investigators of large 
European neuroimaging consortia, thereby representing 
European brain imaging experts. All ECIB members 
asked all principal investigators of their respective 
consortia to participate in the online survey (appendix p 1).

In this Health Policy, we summarise the main survey 
results and discuss the identified main sharing 
challenges in detail—technical data sharing aspects, the 
complexity of legal barriers in the context of the EU data 
protection law, and the scarcity of data sharing incentives. 
Finally, we provide recom mendations to scientists and 
necessary requests to policy makers to improve data 
sharing processes. A glossary of terms is provided in the 
panel.

Summary of survey results
The survey was compiled by members of the ECIB 
initiative on the basis of previous work,6 implemented 
using SurveyMonkey, and open between Dec 21, 2021, 
and March 3, 2022. Here, we summarise the most 
striking findings (for more details see appendix pp 1–2).

Participant demographics
95 people responded to the survey overall. Of the 
72 survey questions, not all were mandatory, resulting in 
differing numbers of responses for each survey question.   
The average respondent was male (which is reflective of 
the sex distribution of male and female professors across 
the EU7), was aged 38–58 years, and had 12–28 years 
scientific experience. 42 (69%) of the 61 survey 
respondents who provided demographic information 
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were male and 44 (72%) were from the EU. Of these 
61 participants, 49 (80%) had attained assistant professor 
level or higher, 39 (64%) were associated with a medical 
faculty,  and 33 (54%) were trained as medical doctors. 
Their primary research fields were neurology (27 [44%]) 
or cognitive science (13 [21%]). 

The 77 respondents who answered questions about 
their study methods mainly studied patients with neuro-
degenerative disorders (64 [83%]), at-risk populations 
(40 [52%]), and healthy individuals (51 [66%]) in cross-
sectional (25 [32%]) or longitudinal (52 [68%]) study 
designs. Imaging methods used by respondents included 
MRI, PET, and single-photon emission computed 
tomography (SPECT). 56 (73%) of these 77 respondents 
used ana tomical MRI; 51 (66%) used diffusion MRI, 
47 (61%) used resting state functional MRI (fMRI), 
27 (35%) used task-based fMRI, 35 (45%) used amyloid 
PET, 19 (25%) used tau PET, 33 (43%) used fluoro-
deoxyglucose tracers, and 22 (29%) used SPECT. 

Most of the 55 respondents who provided funding 
information were involved in one or more major 
European funding programmes—38 (69%) were involved 
in EU Framework Programmes, 36 (65%) in the EU Joint 
Programme – Neurodegenerative Disease Research, 
21 (38%) in the Innovative Medicines Initiative, 
ten (18%) in the Human Brain Project, and five (9%) in 
the Network of European Funding for Neuroscience 
Research. 

Preregistration
68 respondents answered the questions about pre-
registration. 46 (68%) of these 68 respondents agreed 

that preregistration increases the credibility of data, 
56 (82%) agreed it increases the visibility of ongoing 
projects, and 51 (75%) agreed it enhances the quality of 
research (figure 1); however, only 23 (33%) of the 
respondents supported making preregistration man-
datory. This reservation might be because, despite the 
acknowledgment of the potential preregistration benefits, 
30 (44%) of 68 respondents had never pre registered a 
project before. There were several main reasons against 
preregistration. 46 (68%) of 68 respondents stated they 
had insufficient time to preregister, and 34 (50%) stated 
they had insufficient knowledge of how to adequately 
preregister. 37 (54%) of 68 respondents had insufficient 
knowledge of suitable preregistration platforms, and 
37 (54%) had insufficient knowledge of how 
preregistration might affect publication and data sharing 
in a highly competitive scientific environment.

Brain imaging data structure
68 respondents answered the questions about brain 
imaging data structure (BIDS). 46 (68%) of these 
68 survey respondents had heard about BIDS. Of the 
46 respondents familiar with BIDS, 28 (61%) used it. 
40 respondents answered the multiple-choice question 
on possible barriers regarding BIDS implementation. 
Answers included having insufficient time 
(eight [20%] of 40 respondents), technical knowledge 
(six [15%] of 40 respondents), or human power (four [10%] 
of 40 respondents) to convert data into BIDS. 54 (81%) of 
the 67 respondents who provided additional answers to 
questions relating to BIDS indicated their willingness to 
use BIDS once their preferred analysis software was 

Panel: Glossary

Brain imaging data structure (BIDS)
In 2016, the implementation of a standardised BIDS was 
proposed to systematically organise data from neuroimaging 
experiments.4 The aim of BIDS is to increase the transparency of 
the data structure, making it easier to share data with other 
scientists and to make data interoperable for data software 
analyses packages.

Data transfer agreement (DTA) or data use (or user) 
agreement
Although often used synonymously, a data transfer agreement 
refers to the transfer of data between parties, and a data user 
agreement regulates the permissible uses of the transferred 
data by the recipient.

The General Data Protection Regulation (GDPR)
The GDPR is applicable law in the European Union as of 2018 and 
protects people with regard to the processing of personal data.

Findable, accessible, interoperable, and reusable (FAIR) 
The FAIR guidelines were introduced in 2016 and aim to 
optimise and support the reuse of scientific data, and to 

produce findable, accessible, interoperable, and reusable data. 
FAIRness can be achieved by making metadata findable and 
giving ways to make data accessible under a DTA or data user 
agreement; if the data is organised in BIDS format, it becomes 
interoperable and reusable. Therefore, in principle, data can be 
considered FAIR without the raw data necessarily being open.

Preregistration
The practice of making a research plan, including hypotheses, 
methods, and analysis approaches, public.

Open access 
The practice of providing online access to scientific information 
that is free of charge and reusable to the user. This information 
includes peer-reviewed publications, data underlying 
publications, and other datasets.5

Open science 
An approach to research based on open cooperative work that 
emphasises the sharing of knowledge, results, and tools as early 
and as widely as possible.5

https://bids.neuroimaging.io
https://bids.neuroimaging.io
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BIDS-compatible. Four (6%) of these 67 respondents 
were not convinced that BIDS will become the standard 
in neuroimaging, and two (3%) dismissed the future use 
of BIDS in their work environment.

Findable, accessible, interoperable, and reuseable
45 (70%) of the 64 respondents who answered questions 
about  the principles of findability, accessibility, inter-
operability, and reuse of digital assets were aware of 
these principles, but only 30 (47%) had implemented 
the principles in their projects. 58 (91%) of these 
64 respondents recognised the importance of their data 
being findable, accessible, interoperable, and reusable 
(FAIR). 57 (89%) of these respondents envisioned 
adhering to the FAIR principles in the future.

Experience with data sharing
61 respondents answered questions related to their 
experience with data sharing. 59 (97%) of these 
61 respondents indicated they had shared data with 
scientists outside their institution. In addition, 57 (93%) 
agreed that data sharing fosters commun ication and 
cooperation between research groups, 59 (97%) agreed 
it enhances the generalisability of results, and 
59 (97%) agreed it increases statistical power for 
providing additional or more reliable conclusions. 
59 (97%) agreed that data sharing increases the usability 
of their data and 51 (84%) of the 61 respondents found 
multicentre studies more reliable than mono centre 
studies.

Although 53 (86%) of the 61 respondents disagreed 
with the statement that they prefer not giving other 
researchers access to their raw data, the inclination to 
share data depended on the level of processing 
(ie, metadata or data derivates were more likely to be 
shared than source data). Managed repositories with 

restricted access were preferred by 50 (82%) of the 
61 respondents compared with completely open 
repositories (19 [31%]). 42 (69%) of the 61 respondents 
seemed to be willing to share data upon personal 
request, and 48 (79%) preferred data to be shared under 
a data transfer agreement (DTA).

Experience with legal barriers
61 respondents answered questions regarding their 
experience with legal barriers. The administrative 
burden and time needed to set up a DTA that complies 
with the European General Data Protection Regulation 
(GDPR) was regarded as too high by 42 (69%) of these 
61 respondents. 27 (44%) felt that the current legal 
constraints prevent them from sharing data, either 
because of experiencing or fearing Institutional Review 
Board rejection (22 [36%]) or because anonymity could 
not be fully achieved (16 [26%]). 22 (36%) indicated that 
they were unlikely to share their research data given the 
current legal constraints, but 61 (100%) of these 61 survey 
respondents indicated their willingness to share research 
data if there were no legal or technical constraints.

Motivation to share neuroimaging data
In addition to the heavy administrative burden, sharing 
data seemed to be associated with obstacles, fears, and 
barriers for the 61 survey respondents who answered 
questions relating to sharing neuroimaging data. 
Although these barriers were not related to the know-
how of sharing or the data’s complexity or vast size, data 
sharing was perceived as a very costly act in terms of time 
and human resources by 43 (70%) of the 61 respondents, 
and 49 (80%) indicated that there is a lack of funding to 
make data suitable for online sharing.

Although only six (10%) of the 61 respondents were 
afraid that others could detect errors in their data and 

Figure 1: Values of the neuroimaging community and obstacles and challenges in the context of Open Science
BIDS=brain imaging data structure. FAIR=findable, accessible, interoperable, reuseable.

• The value of preregistration is fully embraced by the 
community in the context of Open Science

• The community acknowledges the importance of the FAIR 
principles

• Networking and collaboration are at the core of scientific 
work and progress

• Thus, data sharing is a necessary and desired part of this 
process, allowing more rapid and innovative scientific 
advances

• Ultimately, data sharing will accelerate translation and 
medical innovation

• The importance of BIDS for data sharing and allowing 
collaborative and progressive neuroimaging research is highly 
appreciated 

• BIDS is believed to be the future standard for Open Science

• Missing knowledge of suitable platforms
• Uncertainty regarding effects on publication and data sharing

• Insufficient knowledge about FAIR guidelines

• Administrative and legal burden is too high
• Sharing data is currently too time-consuming
• Insufficient dedicated funding for data sharing
• Motivational issues including missing proper recognition for 

data generation and sharing

• Insufficient knowledge about BIDS
• Need of technical, time, and human recourses for 

implementation does currently not outweigh the benefits of 
using BIDS

Preregistration

FAIR

Legal and motivational
aspects

BIDS

Scientific core values Current obstacles and challenges
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11 (18%) were afraid that others could perform alternative 
analyses refuting their initial conclusions, 25 (41%) feared 
that others could publish results on their data before they 
could, and 24 (39%) feared they would not get proper 
recognition for data sharing. If reasonable compensation 
(ie, adequate scientific recognition) was provided, 
42 (69%) of the 61 respondents would be happy to share.

Discussion
In the following section, the technical, legal, and 
motivational challenges are addressed in greater detail 
and recommendations and requests to policy makers and 
funding agencies to overcome these in the future are 
provided (figure 2).

Technical aspects
Preregistration
Preregistration involves the publication of the study 
protocol before data collection in a repository or registry. 
Alternatively, Registered Reports involve submitting the 
theoretical background, study design, methods, and 
planned analysis as a type of journal article for publication. 
Registered Reports offer notable advantages. First, this 
kind of article will be peer-reviewed, therefore 
encouraging scientific discussion and potentially 
reducing possible results-based critiques from future 
peer reviewers. Second, once the study is accepted by the 
journal, the final results will be published regardless of 
the outcome, after verification by peer review that the 
research accomplished the registered research plan, as 
detailed in a preprint by Stewart and colleagues.8

Other advantages of preregistration and Registered 
Reports include the reduction of hypothesising after the 
results are known,9 data dredging or p-hacking (ie, the 
misuse of data analysis approaches to find results that 

can be presented as statistically significant),10 and 
publication bias.11 Therefore, Registered Reports 
incentivise publishing non-statistically significant results 
in addition to positive, novel, and attractive outcomes. 
Preregistration—regardless of whether data are being 
shared—is an indispensable practice in the light of open 
science, helping to reduce competitiveness in the 
research system and thereby promoting cooperation 
among researchers and stakeholders.

Recommendations and resources for preregistration
The detailing of the study plan registry or publishing a 
full study protocol in an academic journal is an effort for 
the researcher. To help with this task, several online 
templates are available, tailored to specific disciplines 
and types of research designs. Examples can be found 
in the Open Science Framework (OSF) preregistration, 
on AsPredicted, in Bio-protocol for biological science 
studies, and in ISRCTN registry for clinical research. In 
the neuroimaging field, OSF provides a specific 
fMRI preregistration template.12 Regarding Registered 
Reports, an important source of information is The 
Center for Open Science,13 which provides a ten-item 
questionnaire to guide researchers in stage 1 manuscript 
development and maintains an up-to-date list of 
journals accepting Registered Reports with a variety of 
requirements for submission.

Even in the most planned and anticipated research, 
deviations from initial methods and analysis plans are 
common. Deviations do not necessarily rule out testing 
predictions effectively but should be reported (otherwise, 
preregistration of the study is worthless). Nevertheless, 
although preregistration documents prespecified 
research plans before seeing results, it should not be 
considered a restriction to research. Preregistered 

Figure 2: Recommendations and requests for fostering the sharing of neuroimaging data in an Open Science framework
BIDS=brain imaging data structure. DOIs=digital object identifier. FAIR=findable, accessible, interoperable, reuseable. GDPR=General Data Protection Regulation.

• Use online templates
• Use Registered Reports
• Opt for journals encouraging transparency

• Use existing research infrastructure such as EBRAINS
• Use attribution of citable DOIs to datasets after their curation

• Use existing data transfer agreement templates
• Provide sufficient context of projects to the local data 

protection authority

• Learn about BIDS using GitHub
• Convert data in a step-by-step manner
• Aim to implement BIDS for new projects

Preregistration

FAIR

Legal and motivational
aspects

BIDS

Recommendations to scientists Requests to policy makers

• Encourage preregistration 

• Create sensitive health data tools that help researchers 
produce FAIR data

• A GDPR manual or position statement regarding GDPR by the 
EU is needed

• Specific funding for data sharing and data management is 
needed

• Data sharing needs to be recognised as a scientific 
contribution in itself

• Therefore, we need a new currency system permanently 
linking the researchers, original data, and resulting publications

• Dedicate funds to create central DICOM2BIDS conversion 
software repository platforms (eg, XNAT needs to be 
BIDS-compliant)

For more on Open Science 
Framework preregistration see 

https://osf.io/

For more on AsPredicted see 
https://aspredicted.org/

For more on Bio-protocol see 
https://bio-protocol.org/en

For more on the ISRCTN registry 
see https://www.isrctn.com/
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protocols can be updated before and during data 
collection, and before data analyses. Additionally, 
exploration of the data and testing of hypotheses that 
were not preregistered is possible, as long as such 
hypotheses and analyses are clearly labelled as a posteriori 
in the paper.14

Harmonisation
Harmonisation of neuroimaging practices is driven by 
the need to improve the reproducibility of scientific 
results derived from neuroimaging data and is a crucial 
step for successful data sharing. However, preclinical 
neuroimaging data acquisition and analyses are limited 
by the heterogeneity of neuroimaging hardware and 
software and the absence of standardised or harmonised 
acquisition, quality control, and analysis protocols. 
Accordingly, upfront standardisation of imaging para-
maters needs to be considered in prospective multicentre 
neuroimaging studies.

Ensuring consistency in neuroimaging acquisition 
protocols is vital but complex due to the evolving nature of 
neuroimaging technologies, which presents a constantly 
shifting landscape.15 This challenge is com pounded by 
variations not only across different vendors, but also 
within each vendor’s own developments of hardware, 
pulse sequence programs, and image reconstruction 
programs.

Besides acquisition harmonisation issues, to increase 
the use of scientific data and encourage neuroimaging 
harmonisation efforts, increasing the sharing of well 
characterised derived metrics (with details of the pipelines 
used to derive them) that are meaningful and clinically 
relevant to the wider clinical research community is also 
crucial.

Recommendations and resources for harmonisation
Several international harmonisation initiatives have been 
conducted for both single modalities (eg, MRI, PET, 
or SPECT) and multimodal imaging pipelines. Although 
these initiatives have not solved intrinsic imaging-related 
variability issues, they have contributed to the definition 
of harmonisation goals.

Such initiatives include—but are not limited to—the 
Committee on Best Practices in Data Analysis and 
Sharing,16 the Open Science Initiative for Perfusion 
Imaging,17 the Quantitative Imaging Biomarkers 
Alliance,18 Harmonizing Brain Imaging Methods for 
Vascular Contributions to Neurodegeneration,19 and the 
Worldwide Alzheimer’s Disease Neuroimaging 
Initiative.4,20 The Committee on Best Practices in Data 
Analysis and Sharing provides best practices for image 
analysis, results reporting, and algorithm and data sharing 
on behalf of the Organization for Human Brain Mapping. 
The Open Science Initiative for Perfusion Imaging is an 
initiative of the International Society of MRI perfusion 
study group that focuses on the standardisation of 
acquisition and processing terminology and inventories 

for data and pipelines. The International Society of 
MRI Reproducibility group supports open-source and 
scanner-independent imaging frameworks21 for the 
development and use of pulse sequences (eg, Pulseq22 
or QMRpullseq23) and image reconstruction tools 
(eg, Gadgetron24). The Radiological Society of North 
America’s Quantitative Imaging Biomarkers Alliance 
aims to evaluate imaging biomarker performance for 
clinical trials. Harmonizing Brain Imaging Methods for 
Vascular Contributions to Neurodegeneration is an 
initiative funded by the EU Joint Programme – Neuro-
degenerative Disease Research that provides a website 
with harmonised acquisition protocols, a software 
database, rating scales, and case report forms. The goal of 
the Worldwide Alzheimer’s Disease Neuroimaging 
Initiative is to harmonise projects and results across 
different geographical regions by harmonising data 
management and availability. 

BIDS
BIDS provides a systematic structure for organising 
neuroimaging metadata in a fashion that is both intuitive 
for humans and optimised for machine readability, as 
detailed in a preprint by Poldrack and colleagues.25 
BIDS was initially developed for MRI data, but has been 
extended to accommodate a wide range of imaging 
modalities, including electroencephalogram,26 magneto-
encephalogram,27 PET,28 and countless others. Many 
BIDS extension proposals are in development (eg, for 
genetic and other clinical non-imaging data).

A wide range of neuroimaging analysis software has 
already been made BIDS compatible, including popular 
packages such as Freesurfer, FMRIB Software Library, 
Statistical Parametrical Mapping, and Analysis of 
Functional NeuroImaging, available in defined software 
packages (ie, Dockers) as so-called BIDS apps.29

BIDS recognises three types of data. First, BIDS 
recognises the source data containing the data as they 
come from the scanners. Second, BIDS recognises the 
raw data containing the original data in BIDS structure, 
where each image in Neuroimaging Informatics 
Technology Initiative format and JSON metadata sidecar 
files have been curated, validated, and quality controlled. 
These data are shared, ensuring that everyone uses the 
same raw data. Third, BIDS recognises the derivatives 
containing pipeline outputs, which can range from 
images such as tissue segmentations to tabular data such 
as tissue volume values. BIDS derivatives have a similar 
structure to the raw data, with the addition of provenance, 
a list of processing steps that were undertaken to produce 
the derivatives. 

Although BIDS itself is a standard, the Digital Imaging 
and Communications in Medicine (DICOM) images 
coming from scanners are far from standardised. The 
preparation of BIDS data can therefore be a major 
challenge. Although most BIDS parameters can be found 
in the DICOM header, some metadata need to be 
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retrieved from general scanner protocols or from the 
exact sequence specifications on the scanner itself. In the 
future, BIDS will probably continue to evolve and expand 
to meet the needs of the medical and neuroimaging 
communities. One area of development is the integration 
of BIDS with other data standards and ontologies, such 
as the Neuroimaging Data Model30 and the Committee 
on Best Practices in Data Analysis and Sharing.16

Recommendations and resources for BIDS
Although BIDS might be daunting to a first-time user, it 
is now widely used in the neuroimaging community. 
BIDS is open-source and has three main parts that are 
managed on Github: the BIDS specification itself,31 the 
BIDS validator,32 and BIDS examples.33 This combination 
allows the user to learn the philosophy and reasoning 
behind BIDS, upload a dataset to test its BIDS 
compliance, and study example datasets. The BIDS 
validator can be especially useful to ascertain that no 
metadata are missing, even for future potential analyses. 
A growing number of journals require data to be shared 
in BIDS format, and many imaging centres and data 
repositories have adopted BIDS as their preferred 
format. Therefore, we recommend that investigators 
convert their data to BIDS using a step-by-step approach.

FAIR principles
Many institutions and initiatives around the world are 
setting up infrastructures for the storage of data allowing 
data reuse, thereby increasing the value of the data 
produced. To improve data sharing, the FAIR guiding 
principles were introduced in 2016;34,35 however, barriers 
remain, as identified in the Towards European Health 
Data Space report published in February 2022.36 One of 
these barriers is the use of different interoperability 
standards across Europe, which makes comparisons and 
sharing data and research results challenging. This report 
also shows that poor data management procedures reduce 
the capability to reuse the data.

Recommendations and resources for FAIR
An increasing number of funders are requiring data 
management plans, and journals require individual 
researchers to publish their data so that they can be 
inspected and reused. The Human Brain Project has 
created some resources to help facilitate meeting these 
requirements, which are now implemented in the digital 
research infrastructure EBRAINS. These resources 
include DataLad, the virtual research environment,37 and 
openMINDS, a metadata framework that develops and 
maintains a set of metadata models, libraries of controlled 
terminologies, brain atlases, common coordinate spaces 
for neuroscience graph databases, and the attribution of 
citable DOIs to datasets after their curation.38 Nevertheless, 
sensitive health data tools are currently unable to help 
researchers produce FAIR data. The implementation of 
such tools, however, is clearly needed with the creation of 

the European Data Health Space by the European 
Commission.

Legal aspects
The balance between data privacy risk management and 
open science initiatives has been widely recognised as 
a major challenge for neuroscience researchers.39–41 Data 
privacy issues have a huge effect on neuroimaging 
research,42 and the workload required to comply with the 
European GDPR43 is considered an important obstacle to 
data sharing.

The GDPR is directly applicable by law without the 
need of transposition into federal law by EU member 
states, and thus represents a step toward the 
harmonisation of legislation regarding personal data 
protection within the EU.44 Importantly, the GDPR also 
provides flexibility for individual member states to 
modify or derogate from some of its provisions. Thus, 
the balance between data privacy risk management and 
scientific potential is subjective, making the actual 
implementation of GDPR in informed consent forms 
and DTAs challenging for both researchers and legal 
representatives.

The main ethical principle behind the GDPR is to 
empower research participants to make informed 
decisions about the use and possible reuse of their data. 
A frequently reported sentiment, particularly among 
researchers involved in the secondary use of personal 
health data, is that the GDPR’s complexity and rigidity 
result in a restriction of public data sharing and, thus, a 
restriction of scientific progress.45,46 This sentiment is 
paradoxical, considering the clear statement in the GDPR 
that “the free movement of personal data within the 
Union shall be neither restricted nor prohibited for 
reasons related to personal data protection”.47 A typical 
restrictive approach to the reuse of data (eg, by the Dutch 
or Italian Data Protection Authority) is, in short, a strict 
interpretation of the written informed consent of a living 
human being, in which each research aim and each 
potential data-receiving party should be explicitly 
specified. Exceptions need to be evaluated by the relevant 
data protection authority (eg, whether tracing a large 
number of participants is impractical).48 Again, the stance 
of the GDPR on this issue is clear: “further processing 
for archiving purposes in the public interest, scientific or 
historical research purposes or statistical purposes shall 
[…] not be considered to be incompatible with the initial 
purposes (‘purpose limitation’)”.47 A more liberal 
approach is the so-called secondary informed consent, in 
which research volunteers are also able to state in their 
informed consent form that they allow data sharing and 
reuse for future related research aims.

Anonymisation challenges
The GDPR only concerns data that are in some way 
identifiable (ie, personal data). Therefore, one solution for 
GDPR compliance would be to fully anonymise or 
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deidentify collected data before sharing; however, the 
ability to identify data and thus classify it as personal data 
to which the GDPR applies, or to have truly anonymous 
data, is a subject of debate. A clear case is the anonymous 
distribution of a dataset containing a single patient with a 
rare disease. Such a special case would be easy to identify. 
At the other end of the spectrum would be a large multisite 
dataset with healthy volunteers. Therefore, the ability to 
anonymously share data without privacy concerns 
(ie, without the applicability of GDPR) depends on the 
interpretation of the risk of identification. For GDPR, this 
risk is based on an estimation: the data are considered 
anonymised if the effort required for reidentification is 
estimated to be unreasonable. This definition contrasts 
with the definition of other regulatory regimes, such as 
the US Health Insurance Portability and Accountability 
Act, which specifies a list of 18 identifiers (eg, names, 
email addresses, and social security numbers) to be 
deleted in order for the data to be considered anonymous.49 
Although the GDPR esti mation-based approach might be 
a source of confusion, the latter normative approach does 
not easily integrate technical developments, resulting in 
increased possibility of reidentification. For example, one 
challenge specific to neuroimaging data is that structural 
images containing facial information might facilitate 
patient identification, especially with recently developed 
deep learning methods;50 however, the efficacy of these 
potential tools for reidentification has not yet been tested 
outside of academia. To date, there are no known incidents 
of threat actors having exploited brain imaging data, 
which shows the crucial need to assess the actual 
likelihood of reiden tification under more realistic 
conditions, according to a preprint by Jwa and colleagues.51 
Although defacing methods exist to counter this issue,52,53 
including practices detailed in a preprint by Clunie and 
colleagues,54 they vary in their effectiveness and might 
hamper subsequent image-processing pipelines.55

Recommendations and resources for anonymisation challenges
To expedite legal proceedings involving data sharing, 
understanding the ethics and basic rules behind data 
sharing requirements is important for researchers. 
Directly engaging with the legal representatives and data 
privacy officers of the institution can be helpful for 
researchers to understand their principles, motivation, 
and restrictions. The use of existing DTAs and informed 
consent templates should be encouraged. These 
templates should be shared with a researcher’s legal 
departments and data privacy officers. The Open Brain 
Consent, for example, is an international initiative 
striving for standardisation in this context that has 
proposed a data user agreement template that allows data 
sharing and reuse while complying with GDPR.56 
Importantly, scientists should provide as much context to 
their legal officers as possible. This context will help legal 
officers to understand the intention of the data sharing, 
possibly expediting the creation of a suitable DTA. 

Likewise, a non-legal summary might be beneficial, for 
example, at the top of a DTA to increase understanding 
of partners and collaborators.

Overall, however, a GDPR manual, position statement, 
or explanation written by the EU, ideally also including 
information about the requirements for data sharing 
with countries under a different regulatory regime, 
would be of great benefit to the scientific community. 
Most scientists understand that risk management is 
subjective and find providing a work environment in 
which privacy is protected to be important, but find 
under standing the fundamentals of the GDPR to be 
challenging.

Motivational aspects
Scientists are motivated by a variety of factors, including 
intrinsic satisfaction in solving complex problems (some-
times referred to as puzzle), academic reputation (ribbon), 
and career-related benefits such as increased salary or 
entrepreneurial success (gold).57 The latter two factors are 
closely tied to how a researcher’s contributions to 
scientific progress are externally evaluated. High-impact 
factor journal publications have historically played 
a central role in this evaluation process within 
a traditional academic evaluation framework.

Comparable to the agricultural cycle, a research project 
follows a sequence of stages. Initial groundwork 
(comparable to preparing the soil in this agricultural 
analogy) includes previous work, grant applications, and 
administrative tasks encompassing legal, ethical, and 
operational considerations. Subsequently, resources are 
invested in building the infrastructure of the project, 
forming the research team, and recruiting participants 
(akin to sowing the seeds). The ongoing project 
management, quality assurance, and data management 
mirror the continuous care needed in the growth phase 
(comparable to irrigation, fertilizing, and weeding). 
Finally, the data analysis phase (drawing parallels with 
harvesting) concludes the project, with the goal being the 
publication of results. Essentially, this academic harvest 
can translate into academic reputation and career 
advancements; however, with the open science paradigm, 
researchers are expected to share their data with the 
broader research community as soon as possible. This 
aspect creates a noteworthy discrepancy between the 
effort invested (fieldwork) and the resulting outcomes 
(harvest), which raises a crucial question: what is the 
incentive to generate data and make data universally 
accessible? Relying solely on the altruism of certain 
researchers might be a simplistic and imprudent stance. 
Consequently, requiring researchers to share data during 
project funding might have counterproductive outcomes 
for scientific progress—unless mechanisms are devised 
to incentivise data provision in a way that meaningfully 
advances academic careers.

Historically, incentives for data sharing have commonly 
been tied to authorship on publications. Noteworthy 
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examples, such as the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI) and the Parkinson’s Progression 
Marker Initiative, have implemented this approach. 
ADNI, a multisite study funded through a public–private 
partnership, has made data available without any 
embargo period since 2004, resulting in more than 
2500 publications. The ADNI group of investigators is 
acknowledged as a coauthor in each of these works. This 
approach faces several challenges, however. The concept 
of these group authorships can be seen as questionable 
when evaluated against established academic norms of 
authorship.58 Moreover, studies have indicated that fully 
open data sources often lead to reduced credit for data 
providers in terms of authorship.3 Additionally, there is a 
temporal gap between data sharing and publication, and 
typically, only principal investigators receive group 
coauthorship recognition, sidelining junior researchers 
who contribute substantially to the project and operate 
under stringent publication pressures during their short 
tenure in a lab. Finally, certain journals now disallow 
group authorship entirely. In conclusion, reconsidering 
the mechanisms that drive data sharing and the 
associated rewards is needed.

Recommendations and resources for motivational aspects
As recently summarised by the Global Research Council, 
a broader and more inclusive research framework needs 
new ways of assessing and rewarding research and 
innovation.59 More specifically, the need for a restructured 
credit system to encourage data sharing is becoming 
increasingly apparent.3,60 At its core, this system must 
establish an enduring connection between researchers 
and the original datasets. Because research data 
acquisition is typically a collaborative effort involving 
multiple team members, equitable credit allocation for 
acquired and shared data is essential. An ideal framework 
would facilitate personalised and enduring associations 
between researchers (eg, using their ORCID) and 
datasets (eg, using a dataset identifier); however, datasets 
that are extensively used in numerous high-impact 
publications should carry greater credit weight than 
obscure collections with little use within a credit system 
capable of assessing contributions on the basis of data’s 
scientific value. Thus, designing such a system becomes 
imperative. Consequently, an additional linkage needs to 
be established between publication identifiers (eg, digital 
object identifiers) and data identifiers. This interlinking 
of individual researchers, datasets, and scientific 
publications facilitates traceability and quantification of 
dataset use across various publications, enabling credits 
to be attributed to individual researchers.

These credits could subsequently be made accessible to 
the broader scientific community, funding bodies, and 
academic institutions, supplementing the assessment of 
individual scientists’ scientific contributions beyond 
their own publications. The integration of this new credit 
system into the criteria for selection and evaluation by 

academic centres and funding agencies will be pivotal to 
its effectiveness. Importantly, such a system also provides 
a mechanism to acknowledge the contributions of junior 
researchers and scientific support personnel (eg, study 
nurses, scientific coordinators, and technicians) for their 
indispensable roles in data collection, in a direct and 
meaningful manner. Above all, we contend that the 
implementation of such a credit system would subs-
tantially expedite the progress of the open science 
revolution.

Limitations
Although our survey provided important empirical 
insights into the perspective of neuroscientists working 
in the field of neurological and psychiatric disorders with 
respect to data sharing, our approach has several 
limitations. The survey request was distributed among 
ECIB members and principal investigators of associated 
consortia only, resulting in a small number of responses. 
This approach might have induced a selection bias and 
might also limit the generalisability of the survey results; 
however, the study distribution was intentionally 
designed in a way to increase the certainty of reaching 
the intended target group (ie, principal investigators of 
large European consortia with extensive experience in 
neuroimaging and presumably a substantial interest in 
data sharing). To increase the knowledge gained, future 
surveys should aim to reach a wider audience by using 
established open science channels (eg, Neurostars or the 
BIDS mailing list). Furthermore, as some survey 
questions were optional, the number of repsonses 
differed per question, and no single question received 
95 responses, despite there being 95 survey respondents 
overall. The result that all survey respondents are willing 
to share data in the absence of legal or technical 
constraints should be interpreted with caution. This 
might reflect a form of conformity bias to meet the 
implicit expectations of the scientific peer group.

Conclusion
In sum, political action is needed. We call for a 
harmonised application of the GDPR across EU 
countries, particularly considering the sharing of brain 
imaging data and funding specifically dedicated to data 
sharing. Moreover, data sharing needs to be sufficiently 
incentivised in the current research system to foster 
sharing. Therefore, we suggest the development of a 
system that makes data count by recognising that data 
sharing is a highly valuable contribution to the scientific 
and clinical communities.
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