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Introduction

Among Open Science practices: research data management according to
FAIR principles (Wilkinson et al., 2016).

Adapted from 
https://www.openaire.eu/how-to-
make-your-data-fair (CC-BY-4.0) 4

https://www.openaire.eu/how-to-make-your-data-fair
https://www.openaire.eu/how-to-make-your-data-fair


The Project

FAIR 

principles

Actual 

experimental 

contextsFAIRification

Aim: explore and implement a FAIRification process in one of

the spintronics laboratories at INRiM (experimental materials

science).

Result: metadata pipeline.
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Background

There are several frameworks for FAIRification: general (e.g., Jacobsen et 
al., 2020; Welter et al., 2023) and specific (e.g., Sinaci et al., 2020)

Two important points (from Welter et al., 2023):

• Choose an aspect of  the FAIR principles to be implemented - they are 
principles!

• FAIR-by-design.
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Background: The General Context

There are many FAIR tools for life sciences (Wilkinson et al., 2016).

Materials science has a lower level of  digital maturity:

- There are several resources for computational materials science.

- Experimental materials science has fewer FAIR tools at its disposal (they 
are being built right now) (Ghiringhelli et al., 2023)
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Background: The Experimental Context

Spin-Orbit Torque (SOT) Measurement

Instruments Instruments

Lab Python 

program

.dat
Word file –

Lab notebook 

10



11

1. Introduction

2. Background

3. Method and Tools

4. Result: Metadata Pipeline

5. Conclusion and Discussion

Outline



Method: Contextual FAIRification

• Fragmented context of  FAIRification in experimental materials science

• Usually the ‘openness’ of  Open Science values the pluralism of  scientific 
disciplines (Leonelli, 2023)

• FAIR-by-design

FAIRification starting from the context

The research and choice of  tools was an important part of  the project.

(Usually, you would need the support of  a data steward)
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Focus: Metadata and Interoperability

Metadata: set of  key-value pairs that describe a potentially informative object 
(Pomerantz, 2015)

Interoperability: two or more information systems speak the same language 
(and refer to the same objects) (Guizzardi, 2020)

(e.g.: ‘Temperature’: of  the environment? of  the sample?)

Interoperability (FAIR principles) 'Modest' interoperability

I1. (meta)data use a formal, accessible, shared, and 

broadly applicable language for knowledge representation

Clarity

I2. (meta)data use vocabularies that follow FAIR 

principles

Unambiguity

I3. (meta)data include qualified references to other 

(meta)data

Qualified references
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Tool #1: CHADA

Conceptual metadata schema (PDF, non machine-actionable)

CHADA: ‘Characterization Data’ (CEN, 2021): CWA 17815:2021

- Controlled vocabulary for material characterization experiments and 
measurements

- Metadata schema divided into 4 sections

- User case

- Experiment

- Raw data 

- Data processing

14



Tool #2: eLabFTW

eLabFTW is an electronic laboratory notebook (CARPi et al., 2017).

=> machine-actionable (Higgins et al., 2022)

Two important features: 

1) It allows you to record the metadata of  an experiment in a custom way 
as JSON ('extra_fields’).

2) Templates for frequently done experiments.

15



Part of  template example on eLabFTW
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Tool #3: NOMAD
= FAIR repository and archive for materials science (meta)data 
(Scheidegen et al., 2023)

The (meta)data are organized into 'sections', which can be default or 
defined by the user from the NOMAD Metainfo (schema language).
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Tool #3: NOMAD

Interoperability of  
NOMAD: example of  
filter in the search 
page.
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Legend

Ellipse: input
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Bee: API integration 
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Step 1,2,3: temporal 
order

Result



Step 1: flat conceptual metadata schema

Adapt CHADA to the SOT measure (A)

+

Experimental needs (B)
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Step 2: eLabFTW

Step 2a: Create an experiment template on eLabFTW from the flat 
conceptual metadata schema (step 1).

Portion of  the JSON 
metadata attached to the 
experiment template on 
eLabFTW.
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Step 2: eLabFTW

API Integration 

Python library: https://github.com/elabftw/elabapi-python 

- GET the experiment template

- POST the experiment 

- Editing the metadata coming from the experiment with information 
from the lab Python program 

Metadata quality considerations

- PATCH the experiment with the metadata coming from the lab Python 
program (C)

Upload_metadata_to_eLabFTW_with_API.ipynb
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Step 2: eLabFTW

User’s data entry (D)
Laboratory Python program

Upload_metadata_to_eLabFTW

_with_API.ipynb

(C)

Step 2b: Create the 
eLabFTW experiment

=> Locally FAIR
25



Step 3: NOMAD

Step 3a: match the keys of  our flat conceptual metadata schema 

(step 1) with the NOMAD metainfo. 

In particular, we are able to model the structure of  the sample (the 

thin film) with the NOMAD Metainfo.

Step 3b: create a NOMAD schema for the definition in YAML.

- ‘SOTMeasurement’ (experiment entry, in which most of  the 

information converge).

- ‘SampleStructure’ (thin film).

- ‘Substance’ (the layers of  the thin film).
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Step 3: NOMAD

Step 3c: the goal is the creation of  NOMAD entries for the SOT measurement.

- GET the metadata from the eLabFTW experiment (elabapi-python).

- Creating Python dictionaries for each entry (experiment, thin film, layers of  the 
thin film).

- Part of  the structure was hard-coded on the basis of  the structure of  NOMAD entries. 

- Dictionaries edited with the metadata coming from eLabFTW.

- Metadata quality

- Transforming strings containing numbers into integers and floats.

- Date format: from Python datetime object into ISO 8601 format (accepted by NOMAD).

- The Python dictionaries are turned into JSON files and, together with the 
YAML schema, are uploaded onto NOMAD through API.

27

From_eLabFTW_to_NOMAD.ipynb



Step 3: NOMAD

NOMAD parsers create structured and interoperable entries (partial 

interoperability, due to the (until now) ‘low’ population of  NOMAD).
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Step 3: NOMAD

Example of  the ‘data’ section within the ‘SOT_attempt_API’ entry
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Step 3: NOMAD

Example of  the ‘results’ section within the ‘Platinum’ entry
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Step 3: NOMAD

We have achieved partial interoperability.

- Description of the sample structure in an

interoperable way.

- Adherence to the idea of modest

interoperability (clarity, unambiguity,

qualified references).

31

Esempio dei riferimenti nell’entry ‘thin_film’ 
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Conclusion and discussion

• The project achieved a semi-
automation and FAIRification of
an initially manual and non
machine-actionable process.

• This technological infrastructure
allows possible future data
analysis, even with ML tools.

• Electronic laboratory notebooks
have great potential for carrying
out FAIRification projects.

33



Conclusion and discussion

Limitations 

• This pipeline has two ‘bosses’: 
CHADA and NOMAD.

• eLabFTW has limited 
interoperability. 

• Interoperability is partial due to
the ‘low’ population of the
NOMAD Metainfo.
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Conclusion and discussion

Future developments 

• NOMAD plugin for CHADA.

• Thin film modeling in the
NOMAD Metainfo.

• UI for the pipeline.

• Integration of the Metainfo
NOMAD with materials science
ontologies or foundational
ontologies.
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Conclusion and discussion

The code is available on GitHub:

https://github.com/filippo-
vasone/FAIR-metadata-pipeline-
for-experimental-matsci

The thesis is available on Zenodo:

https://zenodo.org/records/15226
191 
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Take-home message #1

FAIRification is not a yes/no matter but it is a gradual process of  concretization of  
the FAIR principles to your case.
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Take-home message #2: 
The advantages of  ELN
• An ELN facilitates collaboration within the laboratory – even with

staff turnover.

• An ELN promotes collaboration between laboratories:
standardization fosters interoperability in the collection and production
of data and metadata.

• An ELN improves data integrity: it prevents data loss and enables
version control and time-stamping.

• An ELN promotes the findability and accessibility of data, metadata,
and protocols. For example, it allows you to reconstruct laboratory
activities in the past.
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Take-home message #3:
Consideration for implementation
• Consider the goal (and therefore the desiderata and constraints) with 

which the ELN is adopted.

• Some ELNs need to be installed on a local server, others rely on the 
cloud: evaluate the best option.

• Try the demos, if  available.

• Consider backup and data security measures. 

• If  you are adopting an open source ELN, rely on software that has 
been backed by a strong community of  developers for a long time.

• The ELN should allow the export of  (meta)data in interoperable 
formats (e.g., JSON, CSV, ELN).
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Further Reading on ELNs

https://www.kuleuven.be/rdm/en/tools/eln; 

https://book.the-turing-way.org/reproducible-research/rdm/rdm-elns; 
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Thank you for your 
attention!

Contacts:
filippo.vasone@unibo.it
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