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Overview
● What is Research Data
● Research Data Management
● Data Management Plan
● Open/FAIR Data 
● FAIR Principles
● Data repositories
● Discussion on Open/FAIR Data
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Origins of Open Research Data 
2004 - OECD: Declaration on Access to Research Data from Public Funding
●  declaration recognised the beneficial impact of open access data

2006 - OECD Council endorsed Recommendations for sharing research data     
‘Principles and Guidelines for Access to Research Data from Public Funding‘

● highlighted a perception that OECD countries were suffering low returns on public 
funding for research because of a near-absence of data reuse

2009 - Research cannot flourish if data are not preserved and made accessible. 
All concerned must act accordingly. Data's shameful neglect (Nature, 2009)

2017 - EC /H2020: The Open Research Data Pilot Requirements

2019 - Directive (EU) 2019 on open data and the re-use of public sector 
information
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https://www.oecd.org/sti/inno/38500813.pdf
https://www.oecd.org/sti/inno/38500813.pdf
https://doi.org/10.1038/461145a
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.172.01.0056.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.172.01.0056.01.ENG
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The Directive on open data and the re-use of public sector information, also known as 
the ‘Open Data Directive’ (Directive (EU) 2019/1024) entered into force on 16 July 2019.

European legislation on open data

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1561563110433&uri=CELEX:32019L1024


What is research data?
Research data is any information that has been collected, observed, 
generated or created to validate original research findings

Research data takes many different forms

● Data Documents (text, MS Word)
● Spreadsheets
● Lab notebooks
● Questionnaires
● Experimental data
● Photographs, image files

● Films, audio or video tapes/files
● Sensor readings
● Test responses
● specimens, physical samples
● Models, algorithms, scripts
● interview notes

5



What is RDM?
Research Data Management is a broad term that includes all practices 
and actions to ensure that research data are:

● secure, 
● sustainable, 
● and easy to find, understand and (re)use

not only during a research project, but also in the longer term. 

RDM is the process of organization, storage, preservation, and sharing 
of data collected and used in a research project.
Taking proper care of data is an essential part of good research practice
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Why manage research data?
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What happened to you?
● The drive is broken and I didn't make a backup!
● A former student/collaborator worked on the data and he/she 

disappeared
● I can't find the password to access the data
● I don't have the software anymore
● I had troubles in understanding my code written years ago
● I cannot reproduce experiments done years ago
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Why manage research data?
● Make your research easier 
● Stop yourself drowning in irrelevant stuff 
● Save data for later 
● Avoid accusations of fraud or bad science 
● Share your data for re-use 
● Get credit for it 
● Meet funder/institution requirements 

Well-managed data opens up opportunities for re-use, sharing and 
makes for better science!
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Research Data Lifecycle
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Source: Elixir RDMkit

It describes the different 
stages research data go 
through 
● before, 
● during, 
● and after a research 

project

https://rdmkit.elixir-europe.org/


Research Data Lifecycle
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Data Management Plan
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Grants and Data Management Plan
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Obligation to plan and manage the digital research data generated in the 
action responsibly, in line with the FAIR principles and grant agency rules.

Europe:

● ERC - Full Data Management Plan
● Horizon Europe - Full Data Management Plan

Czech republic (example):

● GA ČR - Short DMP declaration (full DMP in future)
● TA ČR - Based on grant type (full DMP in future)
● MŠMT - Full Data Management Plan



Data Management Plan (DMP)
● A practical tool for researchers working on 

individual or collaborative projects. 

● Most funders and institutions now require 
that projects have a DMP,  as this may 
facilitate workflow and FAIR-ness 

Should be a ‘living document’ which is 
updated along the research process to reflect 
what actually happened with the data. 
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DMP example
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DMPonline: Public DMPs

https://dmponline.dcc.ac.uk/public_plans


Data Management Plan (DMP)
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● DMP is designed to help you plan for 
your research and (sometimes 
hidden) costs well in advance

● Plans are partially domain specific 
and institution specific

First step of DMP
Find out if Institution/Lab has Research 
Data Management (RDM) defined

Source: Elixir RDMkit

https://rdmkit.elixir-europe.org/


“In proposal” DMP declaration
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Source: Elixir RDMkit

Adhere to FAIR principles a specify: 
● How/where you will get data
● What type of data (type, format, size)
● Where you will store them (with 

long/short backup strategy)
● Who will have access to them
● If they are sensitive
● How they will be analyzed

Define:
● What data will be published and where
● Under what licence
● Who will own them

https://rdmkit.elixir-europe.org/


How to create a DMP
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Funder template:
● Horizon Europe DMP Template (EU)

Online tools for creation of DMPs:
● DS Wizard (EU level), DPM Online (UK), Argos (OpenAIRE)

https://ds-wizard.org/comparison.html
https://enspire.science/wp-content/uploads/2021/09/Horizon-Europe-Data-Management-Plan-Template.pdf
https://ds-wizard.org/
https://dmponline.dcc.ac.uk/
https://argos.openaire.eu/splash/


DSW online tool for creation of DMP
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Data Stewardship Wizard
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https://ds-wizard.org/


FAIR principles 
● Findable - rich metadata, keywords, persistent identifiers (e.g. DOI)
● Accessible - data in trusted repositories
● Interoperable - standards
● Re-usable - licenses

Open vs FAIR Data

Go FAIR | Hansen & al (2018)
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https://www.go-fair.org/fair-principles/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Open Data, FAIR Data and Managed Data
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FAIR Data – open by default
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Open Research Data in H2020, Antonia Correia 
https://www.slideshare.net/OpenAIRE_eu/open-research-data-in-horizon-2020-90384861

Open Restricted / Controlled Closed
Can be freely used, 

modified & shared by 
anyone for any purpose

Limits on who can access & 
use data, how, and/or for 
what purpose:
• only subset of data
• only certain (types of) 

users
• only certain types of use
• ... … …                          

Under embargo 
Unable to share

Openes

FAIR Data: “As open as possible, as closed as necessary”
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https://www.slideshare.net/OpenAIRE_eu/open-research-data-in-horizon-2020-90384861


FAIR principles

23https://www.nature.com/articles/sdata201618.pdf 

https://www.techlib.cz/cs/
https://www.nature.com/articles/sdata201618.pdf


FAIR principles
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They contain guidelines for good data management practice that 
aim at making data FAIR: 

● Findable 
● Accessible 
● Interoperable 
● Re-usable 

Each letter refers to a list of principles with a total of 15 principles 
altogether

Go 
FAIR 

https://www.techlib.cz/cs/
https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/


FAIR principles
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FAIR principles

The implementation of the principles should be adapted to each 
research area => each community will make the principles work in 
their respective contexts
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Understanding FAIR principles
● both humans and machines are intended as digesters of data.

● FAIR principles apply to both data and its metadata – i.e. 
records about data sets. 

● FAIR principles are not only about open data, you can work in a 
FAIR manner with data that is not intended for public availability

27Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


About FAIR Data principle
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Hansen & al (2018)

https://zenodo.org/record/2248200#.X8jJCeeLo2x


Findable
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Findable #1
(Meta)data are assigned globally unique and persistent identifiers

One of the big problems with data concerns 
● the ability to cite your own and other people’s data, 
● and keep pointing to its exact location in cyberspace, 

because the location might change. 

=> this can be solved by using persistent identifiers

They  work like a big index or registry where you assign a unique key (the identifier) to each data set. If someone 
tries to follow the identifier (often referred to as “resolving a persistent identifier”), the resolver will point to the 
correct web address (URL). If the URL changes – i.e. if data is moved –the one who made the key is responsible 
for providing the new location to the resolver. In this way, you do not end up in blind alleys of “page not found”. 
That is why it is called persistent.

30Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Findable #1
(Meta)data are assigned globally unique and persistent identifiers

● The most common identifier (for data sets) is DOI 

What is DOI?
● DOI stands for Digital Object Identifier 
● A DOI is a standardized system for identifying 

an electronic or digital object
● A DOI looks like this: DOI: 10.1080/1557533090327963

                                                  (prefix/suffix)
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Findable #1

32https://open-research-europe.ec.europa.eu/articles/1-7

https://www.techlib.cz/cs/
https://open-research-europe.ec.europa.eu/articles/1-7


Findable #2
Data are described with rich metadata

What is metadata?
● Metadata is defined as the data providing information about one or 

more aspects of the data, in other words ‘data about data’
● it is used to summarize basic information about data which can 

make tracking and working with specific data easier 

Metadata may be generic and specific for each discipline
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Findable #2
Data are described with rich metadata

Metadata includes (e.g.):  
● title, author (ORCID iD)
● key words
● creation/last modification date
● funder
● type, size, file names
● unique & persistent  identifiers 

34Picture source: https://zeenea.com/the-role-of-metadata-in-a-data-driven-strategy/

https://www.techlib.cz/cs/
https://zeenea.com/the-role-of-metadata-in-a-data-driven-strategy/


Findable #2
Data are described with rich metadata

When humans and machines look for data
● metadata are often the first point of contact, as they are usually 

indexed in search engines etc. 
● It is often the metadata that determine whether the data set they 

describe is perceived as relevant or not for a given usage scenario. 
● If you asked a human being, the same query words they would use to 

find a data set should be available in the metadata. 
● This is metadata about the context and/or prerequisites for the data 

set, quality issues etc., as well as a number of discipline-specific data, 
e.g. sample size, equipment etc. 

35Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Findable #3
Metadata clearly and explicitly include the identifier of the data 
they describe

Metadata and data are two separate things 
● They should be treated as such, they can have a life of their own.
● E.g.  metadata that are harvested for big indexes that do not hold or index the 

contents of the data files. 
● Just like article metadata that are fetched for indexing in commercial and 

non-commercial search engines, without them looking at the content of the article 
itself. 

● If the metadata do not include reference to the data they describe, it is doubtful - 
especially for a machine - that the data described by the metadata will ever be 
found.

36Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Findable #4
(Meta)data are registered or indexed in a searchable resource

● Repositories are websites – most often – and represent a common 
way for building structured indexes of metadata and data sets that are 
uploaded to the repository.

● The indexes often adhere to a specific way of describing the data 
using a common standard. 

● This will allow both repository and other search engines to harvest and 
index these registries, often aggregating them to larger indexes that 
eventually can be cross-searched

37Source: Hansen & al (2018)
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Accessible
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Accessible #1
(Meta)data are retrievable by their identifier using a standardised 
communication protocol

Once the data or metadata have been found, the user must know how to access, possibly 
including authentication and authorization (standardised mechanisms)

● This principle states that access should be provided through a standardised protocol. Most 
often, these are protocols we know from the internet – e.g. http(s) or FTP.

● This is usually the case, when data are deposited in a trusted repository 
● However, there might be cases where you will need additional mechanisms such as contract 

information or similar before someone can access your data. 
● This is perfectly in line with the FAIR principles, if you clearly account for this in the 

metadata. 
● This may be in the form of contact options that are broadly accepted and easy to use. 

Examples of this are telephone numbers and email addresses

39Source: Hansen & al (2018)
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Accessible #1.1
The protocol is open, free and universally implementable

A protocol is the technical term for the standard of how data are transported via a 
network, e.g. the internet. 
● The Internet protocol suite is the conceptual model and set of communications 

protocols used in the Internet and similar computer networks. 
● TCP/IP (Transmission Control Protocol and the Internet Protocol) is an example of 

an open, free and universally implementable protocol that is used as protocol for 
most of the internet. 

● This means that anyone can use it without having to pay usage fees. If you choose 
a protocol with restrictions on usage, you might prevent other people from 
accessing to your (meta)data, thus making it hard – or even impossible – to use the 
data you have published. If you use a trusted repository for data publication, the 
repository will make sure that you are in line with this principle.

40Source: Hansen & al (2018)
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Accessible #1.2
The protocol allows for authentication and authorisation when required
One of the most widely believed myths on FAIR data is that FAIR data must be available as 
open data, meaning that they should be free for everyone to download. That is not the case.

● This principle states that if you place data behind some sort of digital wall, being a paywall or a 
simple approval system for access, the system must allow for some type of authentication 
and authorisation. This holds for both humans and machines. 

● Authentication  is  all  about  telling  a  system  who  you -  or your system - are. 
● Authorisation is the process where the system is evaluating, if you are allowed to access a 

given resource. 
There are many good reasons to place data behind authentication and authorisation mechanisms. 

● Manual processes - who should have access to the data, the repository or storage system must 
be able to contact you and seek approval. 

● Other systems will let users or systems register themselves and then provide access to the data, 
while maintaining a logbook of who has been given access to the data.

41Source: Hansen & al (2018)
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https://zenodo.org/record/2248200#.X8jJCeeLo2x


Accessible #2
Metadata are accessible even when the data are no longer available
There are plenty of good reasons why data disappear from repositories and similar 
places
● They may be withdrawn due to cost of having them online, if no one is left to 

maintain access to the data, or for other reasons. 
● However, if the metadata about the data set disappear as well, it will leave 

humans and machines in an “unfulfilled” state, when they try to retrieve the data, 
e.g. when resolving a persistent identifier, or following a link to the entry of a 
repository. 

● Therefore, make sure to leave metadata telling that “yes, the data were here, but 
they are no longer available”. 

● Leaving metadata may also offer information on the context, the authors and the 
institution, where the data were created, for those looking for further details.

42Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Interoperable
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Interoperable #1
(Meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation

Humans, and especially machines, can have a hard time interpreting data 
(heterogeneity: a well-known problem)
● Words are ambiguous, and the multitude of spoken and written 

languages add further to the complexity. 
● Problems range from not being able to interpret the value of a cell due 

to missing information on the metrics used, 
● to more complex situations where you will have to look for many 

different terms describing the same object

44Source: Hansen & al (2018)

https://www.techlib.cz/cs/
https://zenodo.org/record/2248200#.X8jJCeeLo2x


Interoperable #1
FAIR principles address this issue 
by recommending the use of shared data standards for representing data, 
and the use of vocabularies and ontologies to represent values and mark-up data.

=> Vocabularies and ontologies are often defined within the research communities

45Source: Hansen & al (2018)
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Interoperable #2
(Meta)data use vocabularies that follow the FAIR principles

A vocabulary is only good, if it is accessible and allows for the right 
interpretation of the data. 
This principle highlights the importance of using vocabularies that are 
● common to the community and 
● well documented, and 
● can be referred to using persistent identifiers. 

Usually, you will find this type of vocabulary, taxonomy etc. within your 
research discipline or maybe in other disciplines, where these are 
developed. 

46Source: Hansen & al (2018)
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Interoperable #3
(Meta)data include qualified references to other (meta)data

It is important to be able to trace the connections between your data set and data 
sets that are related to it. 
● by linking to other data sets that are not included in your work.
●  through connections that show how your data set is derived from a previous 

version or e.g. is processed data based on some raw data. 
● it is important to maintain these connections by referencing between data sets. 

If your data set relies on other’s data - or your own - this is also an appropriate 
method to ensure that proper credit is given to the people who created the data 
that your data is based upon.

47Source: Hansen & al (2018)
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Reusable
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Reusable #1
(Meta)data are richly described with a plurality of accurate and 
relevant attributes

Labelling your data with relevant attributes - most often in the form of metadata
● This can be in the form of purpose and processing statements, equipment 

used, software versions etc. 
● Imagine finding your own data. Now think of the contextual information that 

would benefit you in determining whether the data is relevant to your specific 
needs - and whether you would be able to understand how the data were 
created.

● Speaking of machines, your best choice would be to use e.g. controlled 
vocabularies, persistent identifiers or similar to make the contextual 
description unambiguous

49Source: Hansen & al (2018)
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Reusable #1.1
(Meta)data are released with a clear and accessible data usage license

Licensing data and metadata is an important aspect of the FAIR principles
● both if you retain some or all rights, or if you set your data free as completely open 

data. 
● In a FAIR context, a license is a standardised machine-readable statement that tells 

the end user exactly how he/she can use the data, and under which conditions.
● You can apply many different licenses to data. One of the most common is the 

Creative Commons 
● you explicitly state how and if you are to be cited when your data are reused
● Typically, you choose a license when depositing data in a repository. 
● You do not have to apply the same license to all your data,
● The worst thing you can do is not to apply any license at all. Because then your data 

is most likely protected by copyright as default, even though the data are publicly 
accessible.

50Source: Hansen & al (2018)
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Reusable #1.2
(Meta)data are associated with detailed provenance

Much of the value in data is the ability for a machine or a human to judge the origin of the 
data. 

● This includes the ability to know how the data was created, by whom it was created, and 
with which type of equipment? 

● Also, has the data been processed, or is it raw data? If it was processed, how was the 
workflow? ….

● This is quite similar to a section on method in a paper or article, and you can refer to this 
type of documentation from your data set. However, keep in mind that this might not be 
readable for a machine. 

● Remember to include provenance of who you are, and how you would like the data set to 
be cited/credited if used elsewhere.

● The easiest way to get started, is to try and think of yourself as a re-user of your own data. 
What details would you need to evaluate and trust a given data set? 

51Source: Hansen & al (2018)
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Reusable #1.3
(Meta)data meet domain-relevant community standards

Working with data sets from a variety of resources is much simpler, if everybody 
agrees to a certain standard way of organising and describing the data. 

● That is why many disciplines have created metadata standards for describing data, 
and created lists of recommended file formats etc. 

● However, not everything can be standardized, of course, and many research 
disciplines are breaking new ground where there are currently no standards – and 
then you will turn to more generic standards, or begin inventing new ones.

● Notice that standard in this sense is not a quality measurement indicating a level of 
high or low quality of the (meta)data. It should always be judged by the people who 
are re-using the data in their specific contexts.

52Source: Hansen & al (2018)
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Which repository to use?
The general steps for finding a data repository are:

1. use a disciplinary repository if there is one;
2. alternatively, use the institutional repository, if you have one where 

the data will also be available for the long term;
3. use the catch-all repository Zenodo, maintained by CERN;
4. or search the global re3data.org portal for a fitting repository - this 

provides several filtering options.

https://zenodo.org/
https://www.re3data.org/


Making sure the files are in a persistent format, that you have all the 
necessary metadata, and that  you have documented the dataset in a 
readme file.

Data Guidelines - example
1. Background

1.1 Open Data Policy
1.2 FAIR Data Principles

2. Share Your Data in 4 Steps
2.1 Prepare Your Data for Sharing
2.2 Select a Repository
2.3 Add a Data Availability Statement to Your Article
2.4 Link Your Datasets to Your Article

Preparing and depositing a dataset

https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#background
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#opendata
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#fairdata
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#shareyourdata
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#prepareyourdata
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#selectarepository
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#addstatement
https://open-research-europe.ec.europa.eu/for-authors/data-guidelines#linkdatasets


Disciplinary repositories

http://oad.simmons.edu/oadwiki/Disciplinary_repositories

http://oad.simmons.edu/oadwiki/Disciplinary_repositories


Registry of Research Data Repositories

Re3data offers 
● Researchers
● Funding
● Organization
● libraries and
● publishers 
an overview of 
existing 
international 
repositories for 
research data

https://www.re3data.org/

https://www.re3data.org/


                         Re3data - search & filters

30/04/2021

https://www.re3data.org/search

https://www.re3data.org/search


Public repository

https://zenodo.org/

https://zenodo.org/


Public repository

https://zenodo.org/

https://zenodo.org/


Zenodo



What is Zenodo?
Zenodo is a general-purpose open-access repository developed under 
the European OpenAIRE program (2013) and operated by CERN.

It allows researchers to deposit (up to 50GB)
● research papers, 
● data sets, 
● research software, 
● reports, 
● and any other research related digital artifacts. 

It provides a persistent digital object identifier (DOI) to make the work 
easier to cite and supports various license type

https://zenodo.org/

https://zenodo.org/


Why to use Zenodo?
● Safe — your research is stored safely for the future in CERN’s Data Centre for as 

long as CERN exists.
● Trusted — built and operated by CERN and OpenAIRE to ensure that everyone can 

join in Open Science.
● Citable — every upload is assigned a Digital Object Identifier (DOI), to make them 

citable and trackable.
● No waiting time — Uploads are made available online as soon as you hit publish, 

and your DOI is registered within seconds.
● Open or closed — Share e.g. anonymized clinical trial data with only medical 

professionals via our restricted access mode.
● Versioning — Easily update your dataset with our versioning feature.
● GitHub integration — Easily preserve your GitHub repository in Zenodo.
● Usage statistics — All uploads display standards compliant usage statistics

https://zenodo.org/

https://zenodo.org/


Zenodo - Login-in
Zenodo has integrated 
authentication mechanism: 
● Login via ORCID or Github 

credentials

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - Data upload

More information: FAIRcookbook: Deposit to Zenodo Archive

Files can be 
dragged and 
dropped, with 
the following 
limitations:

● 5 GB max 
each

● 50 GB total / 
dataset

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - Data upload

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - Data upload

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - providing metadata

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - providing metadata

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - Access and License 

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Zenodo - Miscellaneous information

More information: FAIRcookbook: Deposit to Zenodo Archive

https://fairplus.github.io/the-fair-cookbook/content/recipes/findability/zenodo-deposition.html


Discussion on Open/FAIR Data
● Have you ever shared a dataset of yours online? 

● Have you ever shared your own software?
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