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OPEN SCIENCE



OPEN SCIENCE

“Open Science is defined as an inclusive construct that combines 
various movements and practices aiming to make multilingual 
scientific knowledge openly available, accessible and 
reusable for everyone, to increase scientific collaborations and 
sharing of information for the benefits of science and society, and 
to open the processes of scientific knowledge creation, 
evaluation and communication to societal actors beyond the 
traditional scientific community.”

UNESCO Recommendation on Open Science, 2021
https://unesdoc.unesco.org/ark:/48223/pf0000379949
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BENEFITS OF OPEN SCIENCE

• Increases research efficiency
• Promotes scholarly rigour and enhances research quality
• Enhances visibility and engagement
• Enables the creation of new research questions
• Enhances collaboration and community building
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NOT ENOUGH!!!

“… open the processes of scientific knowledge creation, 
evaluation and communication …” – UNESCO 2021
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How???
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THE DATA SITUATION



STAGGERING DATA GROWTH
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Volume of data/information 
created, captured, copied, 
and consumed worldwide 
from 2010 to 2025 (in 
zettabytes)

Source: Statista

https://www.statista.com/stati
stics/871513/worldwide-data-
created/

https://www.statista.com/statistics/871513/worldwide-data-created/


BUT CAN WE ACCESS THESE DATA?

12

..the odds of a dataset being extant fell by 17% per 
year. In addition, the odds that we could find a 
working e-mail address for the first, last, or 
corresponding author fell by 7% per year.

The Availability of Research Data Declines Rapidly with Article Age. December 
19, 2013. Current Biology. https://doi.org/10.1016/j.cub.2013.11.014

Outreach 
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Data 
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Published Published

“..we tested the ability to recover data collected under a 
particular funder-imposed requirement of public availability. 
Overall the majority of data were not recovered (26% 
recovery of 315 data projects…”
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A funder-imposed data publication requirement seldom inspired data sharing. 
July 2018, PLoS ONE. http://dx.doi.org/10.1371/journal.pone.0199789

26% 

https://doi.org/10.1016/j.cub.2013.11.014
http://dx.doi.org/10.1371/journal.pone.0199789


AND WHEN WE FIND THEM, THEY ARE SILOED
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DATA EXPERT EFFORT
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Source: Data Science Report 2016, CrowdFlower, 2016: http://visit.crowdflower.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf

What data scientists spend the most time doing

Collecting data sets: 19%

Cleaning and organizing data: 60%

Building training sets: 3%

Mining data for patterns: 9%

Refining algorithms: 4%

Other: 5%

Presenter Notes
Presentation Notes
Jumping from the scenario of complex and heterogeneous environments to working with data, we have several surveys that try to identify how data experts spend their time. This is one of these surveys but, from those that I've seen, they are very close in their results.Here we see that they split the activities in collection data sets, cleaning and organizing data, building training sets, mining data for patterns, refining the algorithms and other activities.If we look at the time division, most of the time is spent in collecting data sets and cleaning and organizing data.Of course, in this paper they assume that you have already found the data, which we know is not always the case.

http://visit.crowdflower.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf


INEFFICIENT USE OF DATA EXPERTISE AND RESOURCES
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Source: Data Science Report 2016, CrowdFlower, 2016: http://visit.crowdflower.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf

What data scientists spend the most time doing

Collecting data sets: 19%

Cleaning and organizing data: 60%

Building training sets: 3%

Mining data for patterns: 9%

Refining algorithms: 4%

Other: 5%

79%

21%

Presenter Notes
Presentation Notes
Jumping from the scenario of complex and heterogeneous environments to working with data, we have several surveys that try to identify how data experts spend their time. This is one of these surveys but, from those that I've seen, they are very close in their results.Here we see that they split the activities in collection data sets, cleaning and organizing data, building training sets, mining data for patterns, refining the algorithms and other activities.If we look at the time division, most of the time is spent in collecting data sets and cleaning and organizing data.Of course, in this paper they assume that you have already found the data, which we know is not always the case.

http://visit.crowdflower.com/rs/416-ZBE-142/images/CrowdFlower_DataScienceReport_2016.pdf
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THE FAIR PRINCIPLES



FAIR PRINCIPLES GENESIS – JANUARY 2014
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Organized by:

Presenter Notes
Presentation Notes
It all started in January 2014, in Leiden, the Netherlands.There we had a workshop called Jointly Designing a Data FAIRPORT where over 30 people from all over the world got together for 4 days to discuss the problems related to working with data and try to find a solution.The participants ranged from researchers, to funding agencies, to funders, to policy makers.Although in the title of the workshop we already had the word FAIR, at that moment it didn't mean findable, accessible, interoperable and reusable. It was a word play between the word fair, in the regular dictionary sense, and the word airport.The idea was to represent the scenario of an airport where a complex and heterogeneous environment involves different people from different places, airlines from all around the world operating airplanes of different manufacturers, other types of organizations like airport administration, shops, police, and the things kind of work based on some common agreements.Things like our passports that have been issued in different countries can be checked, contain a common set of information about and, in many cases, can be read by machines. And the QR code of our tickets allow us to enter the boarding area and eventually board the airplane that will take us to our destination. The airport environment was the inspiration for the discussions of the workshop and, hopefully, could lead to a complex, global and heterogeneous data environment with a given amount of interoperability.The actual FAIR acronym was created during the drinks in one of the days of the workshop to represent those steps we discussed before.One of the conclusions of the workshop was that it would be useful to try to condense the discussions in a set of principles to serve as guidelines with the goal of improving data stewardship.



FAIR HISTORY – MARCH 2016
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7392

Presenter Notes
Presentation Notes
After the meeting in January 2014, we kept exchanging messages which culminated with the publication of a paper named The FAIR Guiding Principles for scientific data management and stewardship in March 2016.In this paper we motivated and presented the FAIR principles.It seems that the paper came at the right time as a growing number of people started to realize that we need significant improvements in data stewardship as the current practices were no longer sustainable.From March 2016 to March 2022, the paper has been cited over 6800 times, which gives us a hint that there was a need for such guidelines.



THE FAIR PRINCIPLES
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Findable:
F1. (meta)data are assigned a globally unique and persistent 
identifier;

F2. data are described with rich metadata;

F3. metadata clearly and explicitly include the identifier of the 
data it describes;

F4. (meta)data are registered or indexed in a searchable 
resource;

Accessible:
A1. (meta)data are retrievable by their identifier using a 
standardized communications protocol;

A1.1 the protocol is open, free, and universally 
implementable;

A1.2. the protocol allows for an authentication and 
authorization procedure, where necessary;

A2. metadata are accessible, even when the data are no longer 
available;

Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation.

I2. (meta)data use vocabularies that follow FAIR principles;

I3. (meta)data include qualified references to other 
(meta)data;

Reusable:
R1. (meta)data are richly described with a plurality of accurate and 
relevant attributes;

R1.1. (meta)data are released with a clear and accessible data 
usage license;

R1.2. (meta)data are associated with detailed provenance;

R1.3. (meta)data meet domain-relevant community 
standards;

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



FAIR principles: data (or other digital objects), metadata & enablers
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THE FAIR PRINCIPLES AND THEIR 
MULTIPLE FACETS

21

Findable:
F1. (meta)data are assigned a globally unique and persistent 
identifier;

F2. data are described with rich metadata;

F3. metadata clearly and explicitly include the identifier of the data 
it describes;

F4. (meta)data are registered or indexed in a searchable resource;

Accessible:
A1. (meta)data are retrievable by their identifier using a standardized 
communications protocol;

A1.1 the protocol is open, free, and universally implementable;

A1.2. the protocol allows for an authentication and 
authorization procedure, where necessary;

A2. metadata are accessible, even when the data are no longer available;

Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation.

I2. (meta)data use vocabularies that follow FAIR principles;

I3. (meta)data include qualified references to other (meta)data;

Reusable:
R1. (meta)data are richly described with a plurality of accurate and 
relevant attributes;

R1.1. (meta)data are released with a clear and accessible data 
usage license;

R1.2. (meta)data are associated with detailed provenance;

R1.3. (meta)data meet domain-relevant community 
standards;



THE PRINCIPLES TARGET PRIMARILY MACHINES
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Presenter Notes
Presentation Notes
One important point that I'd like to highlight here, and that is explicitly mentioned in the paper, is that the principles target primarily machines. Of course, we never intended to remove humans from the process but the idea is that, having the principles targeting machines…



THEN THE MACHINES CAN HELP US
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Presenter Notes
Presentation Notes
Then they can help us.The motivation here is that, given the enormous amount of increasingly complex and heterogeneous data we are constantly creating nowadays, we cannot cope with them by ourselves anymore.We need the machines to help us with the heavy lifting leaving us with the things that we are good at like using our background knowledge, analyzing, reaching conclusions, etc.



BUT FIRST THEY (AND US) NEED TO
“UNDERSTAND WHAT WE MEAN”
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CONTACT INFO
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Luiz Bonino
Associate Professor – SCS – U. Twente

Associate Professor – BioSemantics – LUMC

E-mail: l.o.boninodasilvasantos@utwente.nl
Skype: luizolavobonino

mailto:l.o.boninodasilvasantos@utwente.nl
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