
Research Data Management
and Open Science

Lukas Pielsticker
HU Berlin | FAIRmat | NOMAD

SPARKLE Doctoral Training School
April 21, 2026



National research data infrastructure
• Founded in 2018 – funded by German 

federal government and states as part of 
federal government’s digitalization 
strategy

• Main goal: 
• Improvement and creation of 

Research Data Infrastructure & 
Management

• Provision of tools, trainings and 
initiation of cultural change

• 27 consortia (26 discipline-specific + 
Base4NFDI)

• 5 sections (metadata, infra, edutrain, 
ELSA, industry)

https://www.nfdi.de/?lang=en
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What is FAIRmat?
FAIRmat is the NFDI consortium building a FAIR data infrastructure for 
condensed-matter physics and the chemical physics of solids 

https://fairmat-nfdi.eu
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~60 PIs + ~30 central coworkers

The FAIRmat team
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FAIRmat develops and operates NOMAD
NOMAD is a web-based software for FAIR research data management in materials 
science

NOMAD provides tools for data 
management, sharing, and publishing. 
The platform lets you structure, 
explore, and analyze your data and the 
data of others.

https://nomad-lab.eu/
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Learning Objectives for this lecture

• Understand the logic behind these practices to be able to 
adapt to your own research activities.

• Learn about the research data lifecycle.

• Become familiar with some recommended data 
management practices to enhance your current and future 
research.
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Contents

WHY

• Why is Research Data Management 
(RDM) important?

WHY
• What is Research Data Management?

HOW
• How to implement RDM practices?
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Outcomes of scientific research

2
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Outcomes of scientific research
Diverse and vast amounts 
are being produced and at an 
increasing rate 

Some data are never 
discussed in traditional 
publication channels

Stored in disconnected 
locations using different file 
formats

Varying levels of 
documentation and context 
using non-consistent terms

2
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XKCD comic in Science Magazine: 
https://www.science.org/doi/epdf/10.1126/science.342.6154.58 https://www.nature.com/articles/533452a
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Reproducibility in science

https://www.science.org/doi/epdf/10.1126/science.342.6154.58
https://www.nature.com/articles/533452a


Reproducibility in science

https://www.nature.com/articles/533452a

Research 
Data 

Management
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What are Research Data?
Research data are
• recorded factual materials used as primary sources for scientific research.
• commonly accepted in the scientific community as necessary to validate research 

findings or develop scientific hypotheses, models, or theories.

Measurement 
data

Audiovisual 
information

Computations/ 
simulations

Methodological 
test protocols

Objects/
samples
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Research Data Lifecycle

Traditional data lifetime New data lifecycle

Planning

Collection

Analysis

Publication
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What is Research Data Management?

Research Data Management (RDM) is the 
process of making informed decisions about the 
handling of research data and implementing
those decisions throughout the data’s lifecycle.

- Why didn’t I write down that information?
- Where did I put that file?
- Is this the latest version?

14



Why is RDM important?

Saves time and 
resources in the 

long run.

Prevents 
errors. 

Enhances 
research 
quality.

Promotes 
transparency.

Facilitates 
knowledge 

transfer.

Earns reputation 
and credibility.

RDMOw

n interests

External interests

Research 
funders

University 
guidelines

Publishers
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Recommended RDM Practices in Data Lifecycle
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1. Planning

At the planning stage, all RDM aspects are 
important.

Data Management Plans (DMP) are living documents 
that dynamically address RDM aspects.
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2. Data Collection

2.1 Metadata Documentation

2.2 Data Quality Assurance

2.3 Use of Electronic Lab Notebooks (ELNs)
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2.1 Metadata Documentation

Metadata are data about your data.
Metadata are structured and contextual information that describe, explain, locate data.

INPUT
Data Object 1

Metadata 1
What experiment?
What instrument?
What instrument settings?
How was it calibrated?
What sample? 
What sample history (e.g. shelf time)?
Who, when, why collected the data ...

• Document rich and detailed metadata for 
your data.

• How much detail? At least enough for your 
peers to replicate your work.
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2.2 Data Quality Assurance

• Maintain instruments and calibrate regularly.

Perform Quality Checks

• Understand the logic, ask if unsure.

Adhere to Protocols

• Consistency ensures comparability and reproducibility.

Be Consistent

• Balance/scale
• Thermometers

• Gas chromatographs
• Mass spectroemters
• Raman spectrometers 

What, how, and when to calibrate?
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2.3 Electronic Lab Notebooks (ELNs)

• Ensures data integrity (e.g., by uniform data entry, or 
time stamps)

• Facilitates collaboration
• Integrated into other RDM tools

Advantages of using ELNs

• Ease of use
• Customizability 
• Analytics support
• Recommendation of your group or research community

Which ELN? Tailored for the condensed matter physics and 
materials science communities
• Schema-based metadata collection;
• Built-in schemas for common use cases
• Interoperability with other materials 

ELNS and databases;
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3. Data Analysis

• Document every step of data transformation and 
analysis, including the logic behind each decision.

3.1 Analysis Documentation

• Store intermediate results, if needed. (e.g., 
computationally intensive calculations)

• Use version control (e.g., by adding v1, v2, v3 ... to file 
names, or advance version control such as Git) 

3.2 Intermediate Results Preservation

22



4. Data Preservation

4.1 Short-Term Preservation
(during the project) 

4.2 Long-Term Preservation
(after the project)

23



4.1 Short-Term Data Preservation

• Manage data access for collaborators, team members, 
supervisor etc.

4.1.1 Manage Short-Term Data Access

• Consistently back up data to prevent loss.

4.1.2 Regular Backups

• Maintain a clear and systematic folder hierarchy for easy 
data retrieval.

4.1.3 Organized Data Structure
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4.1.3 Organized Data Structure

Project XYZ

ExperimentalData

Experiment_A

Raw_Data

Processed_Data

Experiment_B

Code

Calculation

Simulation

Publications

Papers

Posters

Manuscripts

Literature_Review

Misc Meeting_Notes

• Choose descriptive, content-reflective names
• Consistent naming conventions
• Avoid special characters (e.g., /, , :, *, ?) 
• Include version if needed (e.g., v05)
• Date formatting (YYYYMMDD) is preferred.

File naming recommendationsExample hierarchical folder structure 

NOMAD’s structured data and Metainfo
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4.2 Long-Term Data Preservation

4.2.1 Data Preservation Policy

4.2.2 Standard File Formats

4.2.4 Long-Term Data Access 
Management

4.2.3 Data Archiving and Repositories

26



4.2.1 Data Preservation Policy

• Institutional data policy
• Funding agencies (DPG, Horizon Europe ...)

Meet the requirements, recommendations and conditions

• Raw data archived for ten years.
• Location: Institution or cross-location repositories.
• Justify reasons when not archiving (e.g. personal info)

Deutsche Forschungsgemeinschaft

• “As open as possible - as restricted as necessary”
• Provide info for re-use about research outputs, tools and 

instruments.
• Location: trusted repositories

Horizon Europe

Examples: 

27



4.2.2 Standard File Formats

• Pick common, open formats (e.g., CSV for tables).
• Avoid instrument-specific or software-specific 

formats as much as possible.
• Avoid encrypted, or compressed or proprietary 

formats.
• Avoid loosing metadata (e.g., TIFF vs. JPG)

Recommendations

Humboldt-Universität zu Berlin, Computer and Media Service. Choose data format: recommendations for the choice of a file format for long-
term archiving. https://www.cms.hu-berlin.de/en/dl-en/dataman-en/work/secure/fileformat. 28



4.2.3 Data Archiving and Repositories

• edoc-Server (HU Berlin)
• DepositOnce (TU Berlin)
• Refubium (FU Berlin)
• ...

Institutional Repositories

• Zenodo, Globus
• GitHub, GitLab
• ...

General Public Repositories

• List available re3data.org
• NOMAD

Discipline-Specific
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5. Data Sharing

5.1 Licensing

5.2 Persistent Identifiers (PIDs)

31



5.1 Licensing

Creative Commons 
(CC)

Copyleft

Permissive

Open 
Licenses

Research 
data / 

outputs

Software /
code
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5.1 Licensing – Research Outputs

• Most widely used for licensing research outputs, e.g., publications.
• NOT suitable for code/software. They lack necessary provisions.
• Outline restrictions on commercial use, derivative works, and licensing of derivative works.
• ‘CC0’ , ‘CC BY’, and ‘CC BY-SA’ meet Open Access requirements,  with ‘CC BY’ established as standard.

33



5.1 Licensing – Code & Software

License Integration 
rules Compatibility IPR provisions Distribution 

obligations

Co
py

le
ft GPL Strict Limited No Share entire source 

code

LGPL Moderate Moderate No Share LGPLed
changes

Pe
rm

iss
i

v

MIT Flexible High No None

Apache 2.0 Flexible Moderate Yes None

• Pick a proper open-source license for your code, e.g., GPL, LGPL, MIT, or Apache 2.0.
• Copyleft ensures derivative works remain free, open, and copyleft-licensed.
• Most widely used is the MIT license. Anyone can do anything with the source code.

Open-source licenses

35



5.2 Persistent Identifiers (PIDs)

PIDs

Pointers to data

Can be resolved 
to resource

Infinite lifespan

Globally unique

PIDs are pointers to various types of resources: 
data files, metadata files, documents, etc.

How do you address your research outputs?
Why are URLs not good enough?

PID examples

• DOI (Digital Object Identifier) for Research 
Articles, Datasets

• ISBN (International Standard Book 
Number) for Books

• PURL (Persistent Uniform Resource 
Locator) for Digital Resources, Web Pages

• ORCID (Open Researcher and Contributor 
ID) for Researchers, Academics

• ISSN (International Standard Serial 
Number) for Journals, Periodicals

36



6. Data Reuse

6.1 License Check

6.2 Quality and Compatibility Check

6.3 Proper Citation

37



DMP

Metadata, data 
quality, ELNs

Documentation 
of process steps,  

intermediate 
results and 
versioningAccess 

management, 
backups, file 

formats, 
retention policy, 

repositories 

Licenses, PIDs,

License, Quality 
& compatibility 
check, citation

Summary

38
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FAIR data

Wilkinson, M. et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 160018 (2016). 
https://doi.org/10.1038/sdata.2016.18

3
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FAIR data

It should be possible for others to discover your data.

It should be possible for humans and machines to gain 
access to your data.

It should be possible to combine and exchange data 
from different sources.

Data should be sufficiently documented to support 
their interpretation and reuse. 

41



The FAIR data principles

• A set of guiding principles to enable digital resources to become 
more Findable, Accessible, Interoperable, and Reusable

• Concise, domain-independent, high-level
• They aim to extend the notion of machine-actionability

Wilkinson, M. et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 160018 (2016). 
https://doi.org/10.1038/sdata.2016.18

C. Draxl. et al. FAIR data enabling new horizons for materials research Nature 604, 635 (2022). https://www.nature.com/articles/s41586-022-04501-x
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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 they describe

F4 : (Meta)data are registered or 
indexed in a searchable resource

Making data findable

8
43



Making data findable

F1: (Meta)data are assigned a globally unique and persistent identifier
F2: Data are described with rich metadata

https://brickarchitect.com/ 944
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Making data findable

F4: (Meta)data are registered or indexed in a searchable resource

https://www.bricklink.com 46
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A1: (Meta)data are retrievable by 
their identifier using a standardized 

communication 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 should be accessible 
even when the data is no longer 

available

Making data accessible

47



Accessibility
A1: (Meta)data are retrievable by their identifier using a standardized communication 
protocol
A2: Metadata should be accessible even when the data is no longer available
What is a communication protocol?
A set of rules and standards that allow 
for exchange of data between two or 
more entities in a consistent and 
predictable manner. 
For example: hypertext transfer 
protocol (HTTP).

If the data are no longer available, the metadata should still be accessible in order to at 
least offer an understanding of the data nature and provenance.

https://www.bricklink.com 48
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Making data interoperable

I1: (Meta)data use a formal, 
accessible, shared, and broadly 

applicable language for 
knowledge representation

I2: (Meta)data use vocabularies 
that follow the FAIR principles

I3: (Meta)data include qualified 
references to other (meta)data.



Making data interoperable

I1: (Meta)data use a formal, accessible, shared, and broadly applicable language 

for knowledge representation

• Protrusion

• Cylinder

• Post

• Stud

• Hole

• Hollow cylinder

• Tunnel

• Tube

This is a piece with 8 studs This is a piece with 8 studsThis is a plate with 8 studsThis is a brick with 8 studs

Tile Panel SlopeArch
https://swooshable.com 18

https://swooshable.com/


Making data interoperable
I2: (meta)data use vocabularies that follow FAIR principles.

The vocabulary used to describe the data and the metadata show also be FAIR.
Documenting vocabularies, using unique identifiers, standardized protocols, 
and knowledge representation languages are key steps in achieving FAIRness.

Words 
describing 

my data and 
metadata

53



Making 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

23



Making data reusable
R1: (meta)data are richly described with a plurality of accurate and relevant 
attributes
Both the metadata and data should be described in a manner that enables 
assessment of the resource in a certain study. 

Pl
ur

ali
ty

Make no assumption on who the user 
of your data may be

Be as generous as possible with the 
provided metadata

Metadata should support a variety of 
possible use cases for your data

24
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Not all open data are FAIR, not all FAIR data are necessarily open

FAIR data Open data
Increasing degreesIncreasing degrees

Modified after: ‘What it means to be FAIR’, Sarah Jones https://www.slideshare.net/sjDCC/what-it-means-to-be-fair?

Findable
Accessible
Interoperable
Reusable

FAIR data and open data

58
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Structured data

Unstructured data (or unstructured information) is information that either does not 
have a pre-defined data model or is not organized in a pre-defined manner. 

Unstructured information is typically text-heavy, but may contain data such as dates, 
numbers, and facts as well. This results in irregularities and ambiguities that make it 

difficult to understand using traditional programs as compared to data stored in fielded 
form in databases or annotated (semantically tagged) in documents. 

en.wikipedia.org/wiki/Unstructured_data
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Tables, trees, and graphs

$id datetime temperature source_peak

_wavelength

data

xrd_0 2026-04-09T

08:24:21.629

298 1.54060 data_0

xrd_1 ... ... ... ...

,

CSV

+ Human actionability
+ Easy analysis / ML
+ Fast to query
- Flat, no nesting
- Low extensibility
- Data description

63



Tables, trees, and graphs
$id: xrd_0

datetime: 2026-04-09T08:24:21.628816+00:00

temperature: 278

source:

peak_wavelength: 1.54060

tube_material: Cu

tube_current: 40

tube_voltage: 4e4

intensity:

- 2086

- 2053

- 2118

- ...

two_theta:

- 10.007

- 10.020

- 10.033

- ...

+ Human readable
+ Extensible and modular
+ OOP and Web integration
- Linked data

{;}

JSON

<>

XML

:

YAML

64



+ Linked data
+ Flexible query
- Complex to query
- Poor scaling

Tables, trees, and graphs

xrd_0datetime

2026-04-09T

08:24:21.629

has_property

has_value

65



Data schema
Schema Template

Data

Structured 
Data Archive

+

66



Data schema example

- Interoperable web services
- JSON transport format
- Schema for responses

67



JSON Schema (in YAML)
intensity:

- 2086

- 2053

- 2118

- ...

two_theta:

- 10.007

- 10.020

- 10.033

- ...

temperature: 278

datetime: 2026-04-09T08:24:21.628816+00:00

source:

peak_wavelength: 1.54060

tube_material: Cu

tube_current: 40

tube_voltage: 4e4

$schema: https://json-schema.org/draft/2020-12/schema

$id: https://example.org/schemas/xrd-measurementschema.json

title: XRD Measurement

description: Schema for XRD measurement record.

type: object

properties:

intensity:

type: array

description: Intensity counts at each two-theta angle.

minItems: 1

items:

type: integer

minimum: 0

two_theta:

type: array

description: Two-theta angles in degrees.

minItems: 1

items:

68



Where do I start? 
Somewhere!
Don’t let perfect be the enemy of good

69



UPLOADED ENTRIES

19,229,014
UPLOADED FILES

113.7 TB
REGISTERED USERS

> 4000

RDM in practice: FAIRmat operates NOMAD
NOMAD is a web-based software for FAIR research data management in materials 
science

NOMAD provides tools for data 
management, sharing, and publishing. 
The platform lets you structure, 
explore, and analyze your data and the 
data of others.

https://nomad-lab.eu/
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NOMAD core functionalities

Query the repository by element, material, or method, using 
NOMAD’s customized GUI dashboard or programmatically.

71



NOMAD core functionalities
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NOMAD core functionalities
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NOMAD core functionalities

Browse the detailed (meta)data of each entry within 
a standardized structured schema.
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NOMAD core functionalities

75



NOMAD core functionalities

Upload your research data into NOMAD, share them with 
collaborators, and publish datasets with DOI.
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NOMAD core functionalities
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NOMAD core functionalities
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NOMAD core functionalities
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The NOMAD Metainfo

80

NOMAD is built on structured data with a well-defined schema (NOMAD Metainfo).



NOMAD comes in two flavors
Publish your data and analysis

Archive Repository
Manage your lab

Local management tool | ELN

82



NOMAD Oasis

Standalone, locally deployable instance of NOMAD that enables the 
management of research data within labs, groups, and institutions.

NOMAD CAMELS
Control instruments, run measurement 
protocols, and record FAIR data!

https://nomad-lab.eu/

REGISTERED INSTALLATIONS
> 90 

83



NOMAD Oasis

84



NOMAD Oasis

NOMAD CAMELS

Control instruments, run 

measurement protocols, and record 

FAIR data!
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NOMAD Oasis

NOMAD CAMELS

Control instruments, run 

measurement protocols, and record 

FAIR data!
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NOMAD Oasis

NOMAD CAMELS

Control instruments, run 

measurement protocols, and record 

FAIR data!
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NOMAD Oasis

NOMAD CAMELS

Control instruments, run 

measurement protocols, and record 

FAIR data!
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NOMAD Oasis

NOMAD CAMELS

Control instruments, run 

measurement protocols, and record 

FAIR data!

89



NOMAD Plugins

Framework that extends NOMAD’s support for file formats, 
scientific methods, workflows, and domain-specific data models.

Modularity

Customizability

Easy update

Collaboration

90



Customize your Oasis with Plugins

Apps

Normalizers

Example uploads

Parsers

Schema packages

Actions

91



167+ 
in total public

54 
by FAIRmat

Plugins allow the community 
to extend NOMAD 
functionality

70 Unique 
plugin authors

Nu
m

be
r o

f P
lu

gi
ns
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NOMAD plugins and supported methods/files

nomad-measurements

XRD UV-Vis-NIR

pynxtools

optical spectroscopyPESEM APM

nomad-materials-processing

MBE PLD CVD MOVPD sputtering

solution processingthermal evaporation

nomad-simulations

93



Want to learn more about RDM, 
open science, FAIRmat, NOMAD?



nomad-lab.eu
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Join the FAIRmat | NOMAD community

www.nomad-lab.eu 

Receive guidance from our domain experts 
and active community of > 650 members 



FAIRmat Users 
Meeting
Public event and workshops on data 
infrastructure and research data 
management practices

June 16-17
CSMB (IRIS) Adlershof

Program and registration

https://events.fairmat-nfdi.eu



www.fairmat-nfdi.eu
@fairmat.bsky.social
fairmat@physik.hu-berlin.de
company/fairmat-nfdi
www.nomad-lab.eu

Thank you for your attention!

Direct contact: lukas.pielsticker@physik.hu-berlin.de
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Setup, configure and maintain server 
instance

Identify Your Role

System Administrator

Application Administrator

User

Implement and create 
use-case-based applications

Upload datasets, search dataset,
use defined applications

100



Using Central Installation

Complexity

Explore

- nomad-lab.eu
- Open NOMAD

Built in 
parsers

- 60+ 
simulation 
codes

- NeXus files
- Standard 

workflows

Publish

- Upload any 
files

- Embargo
- DOI

Built in ELN

- Structured
- Linked

Custom 
schemas and 

parsers
- Write your 

own schema
- Reuse 

existing 
functionality

- JSON 
mapper

- Custom 
workflows

Analysis in 
NORTH

- Direct file 
access

- For example
- Jupyter

notebooks
- Fiji
- PyIron
- AI toolkit

APIs

- Query any 
data

- OPTIMADE
- DCAT

101
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The Plugin System

Existing plugins

- github.com/FAIR
mat-NFDI/

- nomad-
lab.eu/prod/v1/o
asis

Develop plugins

- Tutorial in docs
- Example upload
- Cookiecutter

Schema packages

- Add 
automatization

- Custom plots

Parsers

- Read any files
- Match by 

type/name/
content

- Link to other 
entries

Apps

- Dashboard
- Custom search
- Inventory

Complexity

102
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Hosting Your Own Installation

Default NOMAD

- Docker image
- Base Linux

Custom image 
with plugins

- Template 
repository

- GitHub Actions
- End of Tutorial 

13

NORTH images

- Custom images
- For example

- Igor Pro
- Casa XPS

Local file system

- Mount existing 
drives

- Supports very 
large files

User 
management

- Configure user 
groups

- Use internal 
keycloak

Complexity
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