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“We want to use our data to predict the
disease course of a patient. We want our data
to be interoperable with external sources.
Hence, by using the potential of hidden
knowledge in research data, we want to
identify new treatments for the patient’s
disease.”
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Researcher Request
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Our own data needs to
interoperate with other

&
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research center’s data r
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“We want to use our data to predict the disease course of a patient.
We want our data to be interoperable with external sources. |[...]"

We need to find other center’s data
and they should be able to find ours

We need to describe clear access and
reuse constraints for our data




Solution: the FAIR Guiding Principles

4 N\
e Data is well w e Data is shared under

described and clear conditions
uniquely
identified

\ J

Findable Accessible
- yerable Reusable ~

e Consistent vocabularies
describing data and the
data about the data
(metadata)

e Permitted reuse
under appropriate
license
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The FAIRification Workflow

Pre-FAlRification

1. identify FAIRification
objective

e.g. increase interoperability
and define driving user
question(s), or increase
findability with metadata.

<

Post-FAIRification

!

FAIRification

7. assess FAIR data

Assess if the objective is met
e.g. answer driving user
question(s), or

assess FAIR status.

2. analyze data

e.g. investigate the
representation (format) and
meaning (semantics) of the
data, or assess FAIR status.

W

4a. define semantic
data model

Reuse existing model, or
generate a model through
conceptual modelling and
searching for ontology terms.

5a. make data linkable

Transform data into a
machine-readable knowledge
graph representation by
using a semantic model.

A

!

3. analyze metadata

e.g. analyze availability of (or
gather) metadata such as
license and provenance
information, or assess FAIR
status.

4b. define semantic
metadata model

Reuse existing model for
generic items and define a
model for domain-specific
items.

—>

5b. make metadata
linkable

Transform metadata into a
machine-readable knowledge
graph representation by
using a semantic model.

6. host FAIR data

Make FAIR data and
metadata available for
human and machine use via
e.g. a FAIR Data Point.

/!
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1. identify FAIRification objective

D)D) ))

4. define semantic (meta)data model




FAIRification Example

“We want to use our data to predict the
disease course of a patient. We want our
data to be interoperable with external
sources. Hence, by using the potential of
hidden knowledge in research data, we
want to identify new treatments for the

patient’s disease.”
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FAIRification Example

“We want to use our data to predict the
disease course of a patient. We want our
data to be interoperable with external
sources. Hence, by using the potential of
hidden knowledge in research data, we
want to identify new treatments for the

patient’s disease.”
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FAIRification Challenges

e What activities are needed to
achieve each request?

e Who are responsible for each
activity?

e How different expertise should
collaborate?

e How desired qualities can be
achieved?

e What domain concepts needs to be

modelled?
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Proposal: use Goal-Modelling to support FAIRification /

Goal-models to support communication,
planning and guiding of FAIRification

e Paradigm shift: why and how instead of what

e Help the research to get answers in a
methodological way.
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FAIRification - Conceptual Modelling

Pre-FAIRification Post-FAIRification
1. identify FAIRification 7. assess FAIR data
objective

e.g. increase interoperability <
and define driving user
question(s), or increase
findability with metadata.

i FAIRification A
2. analyze data 4a. define semantic 5a. make data linkable
data model
—> > vied \

6. host FAIR data

!

3. analyze metadata 4b. define semantic 5b. make metadata

/ metadata model linkable /
e.g. anaiyze availat V Of (¢

V4

\4
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FAIRification Example

“We want to use our data to predict the

disease course of a patient. We want our

. . Medical .,

data to be interoperable with external Doctor \
1
sources. Hence, by using the potential of :
| Predict Identlfy new |
hidden knowledge in research data, we | isease cours teatmentiton :

.
want to identify new treatments for the Moo o

patient’s disease.”
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FAIRification Example

“We want to use our data to predict the

disease course of a patient. We want our

. , Medical =
data to be interoperable with external Doctor \\
sources. Hence, by using the potential of i

. : Collect FAIR identifv new O\ |

hidden knowledge in research data, we [( data > Jeclynew 5 |

. . \‘ Predict disease /

want to identify new treatments for the ~. isease cours o
~. -

o o w o w E— w E——w

patient’s disease.”
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FAIRification Example

“We want to use our data to predict the

disease course of a patient. We want our Medical TS
] . Doctor Identify new \
data to be interoperable with external ieatmentiios i
sources. Hence, by using the potential of : !
. . ' Collect FAIR |
hidden knowledge in research data, we !< > data > :
: Find hidden '
: : 4 i i nowledge in
want to identify new treatments for the X Gredc-gtug;seeas? e |
. . ~. -
patient’s disease.” Ll Ao o -~
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FAIRification Example

“We want to use our data to predict the

disease course of a patient. We want our Medical N,
Doctor Identify new \
data to be interoperable with external treatment for :
disease I
: : | '
sources. Hence, by using the potential of | |
. . ' I
hidden knowledge in research data, we | <Co"ect FAIR i
. . data Find hidden

want to identify new treatments for the [ Predict disease | knowledgein | |
\ course researchdata /,

patient’s disease ‘s, —7

Sy

-
O e e o o o o o
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FAIRification Example

“We want to use our data to predict the
disease course of a patient. We want our
data to be interoperable with external
sources. Hence, by using the potential of
hidden knowledge in research data, we
want to identify new treatments for the

patient’s disease.”
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FAIRification Example

Medical
Doctor

Provide Better
' Patient Care
|

FAIRified Data —GJ\ |mprove pat,ent
Collect FAIR care with

Efficient
analysis

patient data bioinformatics help
approaches

Data Analyst

FAIRIfication

N A BN S BN S B S B e e

Steward T —— Fmd hldden ]
redic knowledge in
QAIR Structm; \ - gsease cours> researchgdata ‘ 55

|

|

'/ Make data Store data in FAIR Data ) Data Anlysis
N Imkable FAIR resources Point ’
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FAIRification with Goal Models
Pre-FAIRification

1. identify FAIRification

2. analyz

Stakeholders

Post-FAIRification

Resource

7. assess FAIR data

oa. lgal\c atelinkable

; Mmooy )

| Conflicts/Obstacle

S

b. define semantic

e.g. analyze availability of (or

3.2l Specific Tasks

\etadata model

—
= | RECLS

\4

5b. make metadata
linkable

6. host FAIR data
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Pre-FAIRification

objective

1. identify FAIRification

[\

FAIRification - Conceptual Modelling

Post-FAIRification

!

FAIRification

7. assess FAIR data

2. analyze data

4a. define semantic
data model

Reuse existing model, or
generate a model through
conceptual modelling and

searching for ontology terms.

\4

5a. make data linkable

!

3. analyze metadata

. analyze availal

4b. define semantic
metadata model

Reuse existing model for
generic items and define a
model for domain-specific
items.

V4

5b. make metadata
linkable

6. host FAIR data
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FAIRification - Conceptual Modelling - Challenges /

Conceptual modelling requires collaboration between
domain experts and modellers

i .
O —/
Define the scope and Align the conceptual Provide good
concepts based on the model with documentation for

research question FAIRification goals modelling decisions
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FAIRification - Conceptual Modelling Example - Different

Perspective

— - . - .
Researcher ~
Predict disease
course \/\
Collect severity
score
measurements
CoIIect clinical
mE;;."izt,:z*:.t parameters N\
u measurements
i Collect severity
values from ICU
Collect clinical
Measure C
cytokine traits> observation data
Measurement
method
Measure_ment
Date/Time Sample Phenotype
Measurement
Measurement value

o TEEN I EEEE W NI M M W N W IS W O W S W S W S W E—— -

device

Diagnosis
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FAIRification - Conceptual Modelling Example - Different

Perspective

\ ~

Researcher .
\ \
Predict disease | !
course /\/\ |
| /Collect severity |
' score 1
! measurements !
! Collect lab /C(F))Iel‘?ac&cg’:g:gal 5\ !
| measurements measurements I
| B Collect severity I
' values from ICU 1
! Measire Collect plinical !
| cytokine traits observation data |
| Measurement | |
" method '
! Measurement I
I Date/Time Sample Phenotype i
i Measurement i
. Measurement . . S '

.. device Diagnosis /
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FAIRification - Conceptual Modelling Example

- Different

Perspective

Researcher / . ..
Predict disease
& course ‘ Sample ‘
I /(
| /L A
! Collect lab | ng?g:ni measures
I measurements measure
I - ‘ Measurement Process ‘
1
|
' Me_asure_
| cytokine traits USES measured on
|
1
! Measurement
| Date/Time Sample { ‘ Measurement Device ‘ ‘ Measurement Date ‘
1
I\ Measurement | 7

N\ device
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FAIRification - Conceptual Modelling Example - Different

Perspective

e R - e e e e e < e e e e e e e i e T e 0, g T T — ~.
Researcher Predict disease o N
S Reusability
S~
Collect severity Findability
o Collect lab score
Interoperability QneasurementSD measurements \

Collect clinical Accessibility
parameters

help measurements !
‘ K Collect severity !
values from ICU GDF}R I
NCIT Sample Maaeura Collect clinical Compliance | ,
Code —® cytokine tralts observation data /. !
! Measurement |
| method i
' Measure_ment '
| Measurement i
\ Measurement - i Collect patient \———"elP -
? device Diagnosis pseudonym > /
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FAIRification - Conceptual Modelling Example - Different

Perspective

= o~ o o ——— .
Biologist > N B .
Identify plankton | \
concentrations in . Entropy of water '
! different areas of the | molecules at I
| Pacific | different '
; i i temperatures I
! 1
] 1 I
Ocean T ! | T i
Water ,/ Chemical Compound '
o Water /
e - /'
Water al PacificOcean | -~ "~~~ e e
Hydrogen
Water as a Water |l Water as a
Water Sample |—{> Sample “ocean Oxygen “chemical
part/sample” compound”
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FAIRification Plan FAIRification FAIRification

Documentation Reusable “Recipe”

3

Conceptual Model Conceptual Model Interoperable and

aligned with the Documentation Reusable Conceptual
FAIRification Plan Model
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Proposal Overview

_ Research -
_-" Question T ——
g T~
v T ~
N
/ N\

o \
wf”lt ; ' Goal »| <= FAIR(ification) > FAIRified r\1
W;_.WZL It Modellmg Data Y

\ - - /

\~~~_____ l':‘l Conceptual | ~_ _ ———
Lo Model
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FAIRification can help researchers to find hidden knowledge

FAIRification can benefit from formal methods for efficient
communication among experts

ConCI USiOn FAIRication is as complex activity

“%"  Goal modelling can aid FAIRification planning

| Conceptual Models should be aligned with the research
guestion goals




Initial Stage

Refinement, Testing, Adjustment and Validation

Goal-modelling - Ontology Engineering
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