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FAIR data: a beginners guide

Katrina Exter (WP1)



Poll questions 
● Do you consider yourself to be pretty well-informed about FAIR data? Y/N
● In the last few years, have you been required to share data (“publish” the data to 

make them publicly accessible): Y/N
● If so, have you done this by making data available as appendices in a publication or 

by putting them on an online data catalogue, archive, or portal?  Publication/Online 
catalogue

● When publishing your data, did you receive advice about FAIR data? Y/N 



in an online data catalogue / archive / portal

findable by humans and by machines 

● ENA for DNA sequences

● GBif and OBIS for biodiversity data

● BioImage Archive for images of biological material

● Zenodo as a a general-purpose open-access repository

F = Findable

❑ Who:  is the author / contact person for questions

❑ How:  were the data created  -->  procedures / protocols

❑ How:  to access the data, consider licenses 

❑ What:  keywords describe the data 

❑ What:  parameters were measured, species & geography covered

❑ When:  were the data and updates created

Standardised and rich discovery Metadata explaining:

✓

✓

✓

✓

✓

✓

What is the meaning of  F A I R  data ?

https://www.ebi.ac.uk/ena/browser/home
https://www.gbif.org
https://obis.org
https://www.ebi.ac.uk/bioimage-archive/
https://zenodo.org


Metadata File for a biodiversity dataset (html)



Metadata File for a biodiversity dataset (EML metadata schema)

Creator details

Metadata provider

Abstract and keywords

Licence

Online accessibility

Geographic (and taxonomic) info



Metadata File for a biological image dataset (html)



Metadata File for a biological image dataset (html)



from catalogue/archive/portal

via m2m and human interfaces

 

● Web interfaces for human searches & downloads 

● APIs for searching & accessing 

● Clear instructions for access (download, request access,.)

● Keeping metadata when data is deleted

● Metadata update when updating data / information

● All data levels should be archived: raw data is the most 

important and at a minimum must be provided

A = Accessible

Data 
&

Metadata

What is the meaning of F A I R data ?



What is the meaning of F A I R data ?

I = Interoperable

readable & understandable

 by humans / code :

❑ Community-accepted data formats & file types

○ open (non-proprietary)
○ sustainable (think in 10 years from now)

❑ Clear, controlled vocabulary for data & metadata

○ describing all relevant terms/values/units 
○ specific → data/metadata “dictionary”

❑ Your data should be standalone, packaged up with  

○ all necessary information and files to allow the data to be 

understood by anyone at any time

❑ Readable by code:

○ machine readable descriptions in data
○ machine readable data files and data formatting 



Metadata File preparation for an image, using YAML template:

Image dimensions

Channel content info

Instrument info

Sample info

Links to related data



What is the meaning of F A I R data ?

R = Re-usable

time year 20XX

Know how I can trust, repeat, 
re-analyse, re-use the data. 

Necessary to provide:

❑ Data usage licence --> full terms & conditions

❑ Data provenance --> metadata and information on:

○ every data life-cycle stage
○ documentation / protocols / references
○ link to accompanying data and publications 

○ instruments & software used 

❑ Relationship between the different levels of data you provide is 

documented:

raw--> quality controlled -->processed-->published



What is the meaning of F A I R data ?



Findable

Accessible

Interoperable

Re-usable

Describe with rich metadata

Machine and human access

Put data in a catalogue

Persistence of dataset records

Controlled vocabularies

Machine-readable formatting

Open file formats

Add licence and access rights

Describe the data life-cycle

Provide raw data (at a minimum)

F 

A 

I 

R 



Have I made my data Findable?

1. Have I published my data on a catalogue or data portal?

2. Have I described my data with lots of useful metadata taken from controlled vocabularies?

3. Have I linked my scientific publication, my data paper, and my data in the catalogue?

4. Have I provided raw and processed data both?

Have I made my data Accessible?

1. Have I chosen the best catalogue or portal for my type of data? 

2. Will I remember to update the record when details change (especially contact details; and 

dataset updates or addenda)? 

Self-assessment questions



Have I made my data Interoperable?

1. Am I using the an open access data file formats?

2. Can my data be accessed programmatically? Are my data formatted to allow that?

3. Am I using controlled vocabularies to describe my parameters, locations, terms, species, 

instruments...

Have I made my data Reusable?

1. Did I make it clear what the usage licence is?

2. Can I make my data open access?

3. Is the provenance for each stage of my data life cycle available?

4. Can someone else take my raw data and produce the same results using the methods I have 

documented in my provenance?

Self-assessment questions



Findable

Accessible

Interoperable

Re-usable

F 

A 

I 

R 
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January 2019 - June 2022

22

Partners

€8.23 M

Budget

12
3
7

Academic

SMEs

EFPIA

€4M

4.23M

H2020 EC Funding

EFPIA in-kind

FAIRplus in numbers



● Data is not reusable at scale

● No practical advice on how to do FAIRification 

● I can’t tell how FAIR I am already 

● I don’t know how to become more FAIR 

● My organisation doesn’t care anyway

How can FAIRplus help you?

3

Deliver the FAIR Cookbook

Mature FAIRification processes & build 
a maturity model

Assess FAIR levels of projects and data

Change data management culture



FAIRplus “Squads”

By creating teams which 
cross-cut organisational 
boundaries, we make it 
possible to focus on a 
specific problem or 
product, rather than on 
the team’s technical 
capability or duties. 4

Tony Burdett
EMBL-EBI

Squad Coordinator

Danielle Welter
University of Luxembourg

Squad 2 Leader

Nick Juty
University of Manchester

Squad 1 Leader

Current 
Squad Leads



The FAIRification process



The FAIRification process

Consider your FAIRification goals…
What does your data need to do for you?



The FAIRification process

Assemble your solution…
Which recipes will help you 
meet your goals?



Compiling recipes based on FAIR goals



Compiling recipes based on FAIR goals



Compiling recipes based on FAIR goals

Project outcomes
FAIRplus

https://fairplus.github.io/fairification-results/


Compiling recipes based on FAIR goals



Compiling recipes based on FAIR goals

- Identify appropriate ontologies for data
- Cross reference between internal concepts and 
external ontologies

Design ontology strategies 

- Map data dictionary to 
ontologies/standardised terminologies



Compiling recipes based on FAIR goals



Compiling recipes based on FAIR goals

Identify appropriate community 
standards/ontologies (existing recipe, link)

https://fairplus.github.io/cookbook-dev/recipes/interoperability/selecting-ontologies.html


Compiling recipes based on FAIR goals

Identify appropriate community 
standards/ontologies (existing recipe, link)

https://fairplus.github.io/cookbook-dev/recipes/interoperability/selecting-ontologies.html


Aim (target FAIR indicators)

F1. (Meta)data are assigned a 
globally unique and persistent 
identifier
A1. (Meta)data are retrievable 
by their identifier using a 
standardised communications 
protocol



Where is the value?

Step by step process
Guidelines, process, description

References
What should I read next?

Ingredients
An idea of tools/skills needed

Examples

Practical 
elements, code 
snippets

#Python3
#zooma-annotator-script.py 
file
def 
get_annotations(propertyTy
pe, propertyValues, filters = 
""): "””
Get Zooma annotations for 
the values of a given 
property of a given type.
""”
import requests 
annotations = [] 
no_annotations = []



Watch the 
webinar with a 
full presentation

elixir-europe.org/events/fairplus-webinar-discovering-fair-cookbook 

https://elixir-europe.org/events/fairplus-webinar-discovering-fair-cookbook


Prospective FAIRification

19

Prospective 
FAIRification

Metaphor - credit to 
Philippe Rocca-Serra



Retrospective FAIRification

20

Metaphor - credit to 
Philippe Rocca-Serra



Resources of interest 

FAIR cookbook; webinar
FAIR wizard - in progress (Q1 ‘22)
(WP1) cost/benefit analysis (EoY submission)
(WP2/3) FAIRification process (Jan ‘22 submission)
(WP2/3) Squads methodology (Q1/2)

Data Stewardship wizard

Pistoia Alliance Toolkit
RDMkit (Munazah)
https://fairsharing.org/

FAIR assessment tools listing
RDA FAIR Maturity Working Group (materials)

https://fairplus.github.io/the-fair-cookbook/content/home.html
https://elixir-europe.org/events/fairplus-webinar-discovering-fair-cookbook
https://ds-wizard.org/
https://fairtoolkit.pistoiaalliance.org/
https://rdmkit.elixir-europe.org/
https://fairsharing.org/
https://fairassist.org/#!/
https://www.rd-alliance.org/groups/fair-data-maturity-model-wg
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A data management toolkit for life scientists
https://rdmkit.elixir-europe.org

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


build capacity and 
skills in every 

research institute 

support researchers  
to know and utilise 

RDM services 

increase
self-sufficiency

pool the expertise of 
the community for 

the community

To support the data needs of Europe’s estimated 500,000 life scientists

A user-oriented guide to the FAIR RDM practices in life sciences 

What is RDMkit?



A Toolkit for Everyone
For Researchers
One stop shop of information, to find resources for developing and 
executing your  project data management plans

For data managers and data stewards
Guides to complement your own expertise and resources

For project consortium coordinators 
Research data management, plans, practices and potential partners 

For funding agencies and policy makers
Assess and evaluate data management plans, develop open science 
policies and highlight open science requirements



The RDMkit Community
By life scientists for life scientists



Multiple ways to access content



For each stage of data lifecycle, you can read what it is 
about, why it is important, what are the aspects of the 
data that you should be aware and the practical problems 
that need to be addressed at each stage. 

Revisiting the data life cycle



Your Role & Your Domain



Your Tasks & Tool Assemblies 



Tools, Resources & 
Training materials



Join Us

rdm-editors@elixir-europe.org 
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Henriette Harmse
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Vocabularies vs ontologies
- which is better?



1. What is the difference between a vocabulary and an ontology?
2. Do you need to use reasoning to make your data FAIR?

Quiz



1. Typical problems encountered in data integration and data harmonization

2. The key features of vocabularies and ontologies

3. The difference between vocabularies and ontologies

4. How standard vocabularies and ontologies enable sophisticated searches across your data

 

What will be covered in this session



2 typical data related problems

Different words refer to the same concept The same word refers to different concepts



● Globally unique identifiers for 

concepts and relations, e.g. 

URI, IRI, PURL  

Key features to look for in a vocabulary/ontology



● Globally unique identifiers for 

concepts and relations, e.g. 

URI, IRI, PURL  
● Machine readable syntax, e.g. 

XML, JSON-LD  

Key features to look for in a vocabulary/ontology

Human readable label

Definition

Synonyms

Human readable label

Human readable definition



● Globally unique identifiers for 

concepts and relations, e.g. 

URI, IRI, PURL  
● Machine readable syntax, e.g. 

XML, JSON-LD  
● Defines a classification 

hierarchy from the most 

general to the most specific 

concepts, i.e. RDFS, OWL 2 

SKOS

Key features to look for in a vocabulary/ontology



● Globally unique identifiers for 

concepts and relations, e.g. 

URI, IRI, PURL  
● Machine readable syntax, e.g. 

XML, JSON-LD  
● Defines a classification 

hierarchy from the most 

general to the most specific 

concepts, i.e. RDFS, OWL 2 

SKOS

● JSON-LD, RDFS, OWL 2 and 

SKOS are W3C standards.

Key features to look for in a vocabulary/ontology



1. Ontologies are based on mathematical logic whereas vocabularies are not. 

2. Vocabularies are typically expressed using SKOS and ontologies are typically expressed using OWL 2 

which is based on Description Logics 

3. Example skos:broader vs rdfs:subClassOf

4. OWL 2 Description Logics semantics of subClassOf

The difference between vocabularies and ontologies

SKOS OWL 2



The difference between vocabularies and ontologies (continued)

5. Example expressions allowed in OWL 2: 

Disjointness



The difference between vocabularies and ontologies (continued)

5. Example expressions allowed in OWL 2: 

Disjointness

Related to at least 1 of type



The difference between vocabularies and ontologies (continued)

5. Example expressions allowed in OWL 2: 

Disjointness

Related to at least 1 of type

Related to specific type only



The difference between vocabularies and ontologies (continued)

6. Advantages & disadvantages of reasoning: 
a. Advantages

i. from general axioms implicit facts can be inferred
ii. can find logical errors

b. Disadvantages
i. non-trivial to understand
ii. without a good understanding of reasoning your ontology could have unintended 

inferences
7. To reason or not to reason?

a. If you do not have readily access to someone with good understanding of reasoning, it is 
best to limit its use.

b. If you are knowledgeable about reasoning and there is good indication that a large 
number of inferences can be made, then use reasoning.

c. When in doubt, do not use reasoning. 
d. Keep your vocabulary simple.

 



1. Searching across synonyms

2. Searching across children

How vocabularies enable sophisticated searches - Query expansion



1. What is the difference between a vocabulary and an ontology?
a. Ontologies is based on mathematical logic, vocabularies are not
b. You can reason across an ontology while vocabularies have limited inference ability

2. Do you need to use reasoning to make your data FAIR?
a. No.

Quiz - Revisit



Thank you!
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On the road to FAIRness…

Jean-Marie Burel



Image Data Resource

 



The IDR @ EMBL-EBI Embassy
Gene Product
Targeting HCS

Genetic HCS

Geographic HCS

Chemical HCS

Histopathology

3D-Sim

Super-resolution

Integrated
studies

Thumbnails (of 5D Images

Cross-data
browsing

Cloud
analysis

Download
(local analysis)

Experimental
metadata

Analysis
results

Biomolecular
annotations



Linked Metadata

idr0012, Fuchs et al, Molecular Systems Biology, 
DOI: 10.1038/msb.2010.25



Linked Resources

 



Cell Data: SARS-CoV 2

idr0094, Ellinger et al, Nature, 
DOI: 10.1038/s41597-021-00848-4



SARS-CoV 2 and Remdesivir

idr0094, Ellinger et al, Nature, 
DOI: 10.1038/s41597-021-00848-4

20µM

0.0064µM



Open Data and Computational Resources

idr0094, Ellinger et al, Nature, 
DOI: 10.1038/s41597-021-00848-4

Log Concentration (μM)

P
er

ce
nt

 
in

hi
bi

tio
n 

(%
) Dose 

Response 
Curve 
(DRC)



Open Data and Computational Resources

idr0094, Ellinger et al, Nature, 
DOI: 10.1038/s41597-021-00848-4

Calculate the half maximal inhibitory 
concentration (IC50) for each
compound in a SARS-CoV-2 study

Discussion
The activity of the reference compound, remdesivir (IC50 = 
0.76 μM) was confirmed in this study. Remdesivir targets the viral 
nsp12 RNA-dependent RNA polymerase(8) and is currently under 
evaluation in an adaptive, randomized, double-blind, 
placebo-controlled phase III clinical trial(9).

Concentration of 
Remdesivir (μM)

In
hi

bi
tio

n 
(p

er
ce

nt
)

Calculated IC50 
= 0.81μM



From Disease to Images:
Which diabetes related genes are expressed in the pancreas? 

 
IDR MULTIOMICS API

Genes found

Images linked to gene PDX1

CS16 CS21 9PCW 15PCW

Developmental stage

idr0070, Kerwin et al, Journal of Anatomy DOI: 10.1111/j.1469-7580.2010.01290.x



https://www.openmicroscopy.org/teams 

https://www.openmicroscopy.org/teams

