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Introduction to open science

➔ The 4 R’s
➔ The reproducibility crisis
➔ The FAIR principles
➔ Metadata 
➔ Machine-actionability
➔ Persistent Identifiers



…FAIR?

…Metadata?

…Reproducibility?

 

…Reusability? Replicability? Repeatability?



Reproducibility → different team, same experimental setup

- The experiment is done with different equipment, different environment, same 
code/algorithm. 

Repeatability → same team, same experimental setup

- The experiment is done by the same team, same environment (software/hardware), 
same code/algorithm. 

Replicability → different team, different experimental setup

- The experiment is done with different equipment, different environment, different 
code, same algorithm. 

Reusability → different equipment, different and partial experimental configuration

- The experiment is carried out with different equipment, different environments, 
different codes, and the algorithm partially implemented.

The 4 R’s



The 4 R’s



The 4 R’s



Experimental reproducibility: similar input (data) + similar experimental protocol → similar 
results

Statistical reproducibility: same input (data) + same analysis → same conclusions 
(independently from (random) sampling variability)

  

Computational reproducibility: similar input (data) + same code/software + same software 
environment → exact same bit-wise results

Other aspects of reproducibility
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The reproducibility crisis
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The reproducibility crisis



The reproducibility crisis 
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The reproducibility crisis



Complex and uncontrolled software dependencies → multitude of libraries, frameworks, 
versions… “dependency hell”

Low writing quality → overloaded academic jargon, language ambiguities

Compilation and infrastructure setup → compiling source code, debugging it, configuring the 
running platform…

Float point operations → float point operations can give slightly different numerical results in 
different systems

Adapted operating systems → replicated environments require installing the exact version and its 
respective dependencies to obtain the equivalent result

Lack of academic reward → “publish or perish”, etc…

Secondary aspects that make reproducibility difficult



The reproducibility crisis
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The reproducibility crisis



“More than 70% of researchers have tried and failed to reproduce another scientist’s 
experiments, and more than 50% have failed to reproduce their own experiments.”

Data from study available here. Questionnaire used in the study available here.

Discussion

Have you failed to reproduce an experiment? (e.g. relevant paper in your field, a colleague’s 
results)

Have you struggled to reproduce your own work? (e.g. after a few weeks/months not working 
on something)

The reproducibility crisis

https://figshare.com/articles/dataset/Nature_Reproducibility_survey_2017/6139937?file=11083613
https://www.nature.com/news/polopoly_fs/7.36741!/file/Reproduciblility%20Questionnaire.doc
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The FAIR principles
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The FAIR principles
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Metadata:

“Data that 
provides 
information 
about other 
data”

What are other 
examples of 
metadata you can 
think of?

The FAIR principles



Human-readable
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The FAIR principles

Machine-readable? Machine-actionable

“Machine-Actionability 
refers to the information 
that is consistently 
structured so that 
machines can be 
programmed against 
such a structure.”
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The FAIR principles



Persistent Identifiers (PIDs)

https://docs.google.com/file/d/1u2U9_mE3aVTDoNzeUagJOIY_bpp-amT8/preview


“A persistent identifier (PID) is a long-lasting reference to a document, file, web page, or 
other object.”

GUPRI: Globally Unique, Persistent, Resolvable Identifier

Persistent Identifiers





Persistent Identifiers



Overview of approach taken in BioDT:

➔ FAIR Digital Objects
➔ Research Object Crate framework
➔ JSON-LD
➔ Metadata profiles and community standards



The Biodiversity Digital Twin prototype will provide advanced models for 
simulation and prediction capabilities, through practical use cases 
addressing critical issues related to global biodiversity dynamics.
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BioDT core idea

“A digital twin is a virtual 
representation of real-world 
entities and processes, 
synchronized at a specified 
frequency and fidelity.”



Objectives
1. Build and deploy a pre-operational BioDT for addressing biodiversity dynamics
2. Support the interoperability of data and services through the integration of the BioDT with research infrastructure platforms 

and workflows
3. Ensure interoperability of BioDT with Destination Earth and the European Data Infrastructure

28

BioDT Use Cases, Research Infrastructures and Objectives

Research InfrastructuresUse Cases

https://digital-strategy.ec.europa.eu/en/policies/destination-earth
https://eudat.eu/european-data-initiative
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Initial vision around FAIR Digital Objects

Task 5.1 - Consolidate RI FAIR Data designs into 
a FAIR Digital Object (FDO) layer:

1. Provide a reference for the design of digital 
objects within BioDT such that they are 
coherent and can interact with each other 
as part of the larger system.

2. Harmonise the description of digital objects 
to external resources provided by different 
RIs and the other data and service 
providers.



Centred around structured metadata

An abstraction for data, software, workflows, 
models…

Goal: model for guiding FAIR implementations

• Technology-independent
• Specifications on minimum requirements
• Many possible implementations

→ FDO Configurations…
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FAIR Digital Objects (FDOs) in a nutshell

A FAIR Digital Object is a unit composed of data and/or 
metadata regulated by structures or schemas, and with an 
assigned globally unique and persistent identifier (PID), which is 
findable, accessible, interoperable and reusable both by 
humans and computers for the reliable interpretation and 
processing of the data represented by the object.



The FDO specifications are still in development, and some 
details are only defined loosely

One of the fundamental aspects of an FDO is to have a 
(globally unique, resolvable) Persistent Identifier, or PID

There should be some structured metadata associated with 
that PID (typically, the PID Record, also called FDO Record 
lately)

From there, there are multiple ways of complying with the 
FDO specs. For example, different ways for having extended 
metadata for a certain FDO (PID1):
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FDO Configurations

Extended metadata as a separate FDO (PID2) linked 
on the PID1 Record

Extended metadata retrievable via an operation as 
defined in the FDO’s Type (linked on the PID1 
Record).
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Interoperability Framework through FDO

FAIR principles

FDO framework

RO-Crate

JSON-LD

…

Implementation framework:

RDF
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Implementation through RO-Crate
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Implementation through RO-Crate





    { "@id": "cp7glop.ai",
      "@type": "File",
      "name": "Diagram showing trend to increase",
      …
    },
    … 

    { "@type": "CreativeWork",
      "@id": "ro-crate-metadata.json",
      "conformsTo": {"@id": "https://w3id.org/ro/crate/1.1"},
      "about": { "@id": "./" }
    }

{ "@context": "https://w3id.org/ro/crate/1.1/context", 
  "@graph": [

RO-Crate metadata file 
descriptor

RO-Crate root 
dataset

..collection of Data 
entities

..described w/ contextual 
entities

    { "@id": "./",
      "identifier": "https://doi.org/10.5281/zenodo.1009240",
      "@type": "Dataset",

      "hasPart": [
        { "@id": "cp7glop.ai" },
        { "@id": "lots_of_little_files/" },
        { "@id": "communities-2018.csv" },
        { "@id": "https://doi.org/10.4225/59/59672c09f4a4b" },
        { "@id": "SciDataCon Presentations/AAA_Pilot_Project_Abstract.html" 
}
      ],

      "author": { "@id": "https://orcid.org/0000-0002-8367-6908" },
      "publisher": { "@id": "https://ror.org/03f0f6041" },
      "citation": { "@id": "https://doi.org/10.1109/TCYB.2014.2386282"},
      "name": "Presentation of user survey 2018"
    },

Flat list of metadata per entity

JSON-LD 
preamble

"hasPart": [
  { "@id": "cp7glop.ai" },
  { "@id": "lots_of_little_files/" },
  { "@id": "communities-2018.csv" },
  { "@id": "https://doi.org/10.4225/59/59672c09f4a4b" },
  { "@id": "SciDataCon-Presentations/AAA_Pilot_Abstract.html"}
 ],



Data and Contextual entities 
described within RO-Crate Metadata File

Base vocabulary & types:  schema.org 

Cross-references to further contextual 
entities

RO-Crate principle: 
  Reuse existing PIDs and URLs   

  ..but always describe entities which lack a 
  human-readable resolution

{
 "@id": "https://orcid.org/0000-0002-8367-6908",
 "@type": "Person",
 "affiliation": { "@id": "https://ror.org/03f0f6041" },
 "name": "J. Xuan"
}

{
 "@id": "https://ror.org/03f0f6041",
 "@type": "Organization",
 "name": "University of Technology Sydney",
 "url": "https://www.uts.edu.au/"
}

{
 "@id": "figure.png",
 "@type": ["File", "ImageObject"],
 "name": "XXL-CT-scan of an XXL Tyrannosaurus rex skull",
 "identifier": "https://doi.org/10.5281/zenodo.3479743",
 "author": {"@id": "https://orcid.org/0000-0002-8367-6908"},
 "encodingFormat": "image/png"
}

The collection describes each object 
(briefly) 
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Metadata Profiles

Dataset
Kernel Attributes
————————
url
variableMeasured
measurementTechnique
spatialCoverage
temporalCoverage
encodingFormat
contentSize
version
publisher

Workflow
Kernel Attributes
————————
input
output
version
programmingLanguage
url
sdPublisher

Mapping Set
Kernel Attributes
————————
mapping_set_id
mappings
subject_id
predicate_id
object_id
mapping_justification
curation_rule
mapping_set_version
mapping_provider

Model
conformsTo
license
@id / identifier
@type / additionalType
name
description
dateCreated
creator
keywords
codeRepository
contributor
softwareVersion
programmingLanguage
softwareRequirements
supportingData

D5.2 Pilot integration of workflows and data products organised through FDO 
with common community workflows and data products used within the RIs



Working space → 

https://github.com/BioDT/biodt-fair 
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Profile Crate Resources

Profile 
Crate

Specification

Schema

Example

Validation

Vocabulary

Mapping

Guidance

PROF 
vocabulary

MS27 Semantic standards used 
for data, quality and workflows

https://github.com/BioDT/biodt-fair
https://www.w3.org/TR/dx-prof/


→ By Christoph Wohner

❏ Deposit data on B2Share

❏ Under LTER Domain
❏ Add site references:  

https://deims.org/11696de6-0ab9-4c9
4-a06b-7ce40f56c964

❏ BioDT keywords (e.g. BioDT project DOI 
and “Grassmind pDT”)

❏ Generate metadata records on eLTER DAR: 

https://catalogue.lter-europe.net/elter/doc
uments

❏ Write workflow to generate FDOs based on 
DAR metadata
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Workflows: Grassland pDT

https://doi.org/10.23728/b2share.6d43bd5ac35945a6ae749dc16cafb9ef   

https://b2share.eudat.eu/
https://deims.org/11696de6-0ab9-4c94-a06b-7ce40f56c964
https://deims.org/11696de6-0ab9-4c94-a06b-7ce40f56c964
https://doi.org/10.3030/101057437
https://catalogue.lter-europe.net/elter/documents
https://catalogue.lter-europe.net/elter/documents
https://doi.org/10.23728/b2share.6d43bd5ac35945a6ae749dc16cafb9ef


(Adapted from D6.1 - Pipeline Release and Validation)

“DDDAS is a conceptual framework that synergistically 
combines models and data to facilitate the analysis and 
prediction of physical phenomena. It is a two-layer 
system design where data assimilation and feedback 
loops create a bidirectional information flow.”

There are four types of metadata in the IASDT:
 

1. Feedback-loop metadata: JSON files that track changes in 
the data sources. 

2. State metadata: JSON files that show the difference 
between consecutive input data from workflow run to 
workflow run (i.e., what has changed over time).

3. Runtime metadata: Log files for the workflow runs.

4. Model metadata: Log files of the model runs + JSON files.

42

Workflows: Invasive Alien Species pDT
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Workflows: Invasive Alien Species pDT

https://pydoit.org/index.html

https://www.researchobject.org/workflow-run-crate/



❏ ODMAP protocol for reporting species 
distribution models

❏ Progress made on generating the 
human-readable report from code

❏ Could have an equivalent RO-Crate 
metadata file
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Workflows: Cultural Ecosystem Services pDT

https://odmap.wsl.ch/

https://onlinelibrary.wiley.com/doi/abs/10.1111/ecog.04960
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mapping.bio - mapping editor

Mappings
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Mappings



Other aspects not covered…

❏ Publishing
❏ Workflows
❏ “Open access”
❏ FOSS (Free and Open source Software)
❏ Linked Open Data
❏ Open Hardware
❏ Reproducible papers
❏ Version Control
❏ Best software engineering practices
❏ …



Break: Open Science “Escape Room”



Open Science Horror Games

https://ghostcollective.github.io/

https://ghostcollective.github.io/


Open Science Horror Games



Tools and Resources

(see the last slides or Training Environment for the 
links!)



5 Recommendations for FAIR Software



The Turing Way



RDMkit



The FAIR Cookbook



RO-Crate



Version Control: Git, GitHub/GitLab



Choosing a License



Containers: Docker and Podman



European alternatives for digital products



• Five recommendations for FAIR software

• The Turing Way

• RDMkit

• The FAIR Cookbook

• RO-Crate tutorials:

• RO-Crate Introduction

• RO-Crate in Python

• Workflow Run RO-Crate Introduction

• Version Control Systems

• Git Documentation

• GitLab Tutorials

• GitHub Skills

Resource links

• Licenses

• Choose an open source license

• Interoperable Europe - Licensing 

Assistant

• Containers

• Podman

• Docker

• European alternatives for digital products

• Guidelines for recommended metadata 

standard for research software within EOSC

• Particularly, Appendix B: RSMD 

Checklist, on pages 38–40

https://fair-software.nl/
https://book.the-turing-way.org/
https://rdmkit.elixir-europe.org/
https://faircookbook.elixir-europe.org/content/home.html
https://training.galaxyproject.org/topics/fair/tutorials/ro-crate-intro/tutorial.html#citing-this-tutorial
https://training.galaxyproject.org/topics/fair/tutorials/ro-crate-in-python/tutorial.html
https://training.galaxyproject.org/topics/fair/tutorials/ro-crate-workflow-run-ro-crate/tutorial.html
https://git-scm.com/doc
https://docs.gitlab.com/tutorials/
https://skills.github.com/
https://choosealicense.com/
https://interoperable-europe.ec.europa.eu/collection/eupl/solution/licensing-assistant
https://interoperable-europe.ec.europa.eu/collection/eupl/solution/licensing-assistant
https://podman.io/
https://www.docker.com/
https://european-alternatives.eu/
https://zenodo.org/records/8199104
https://zenodo.org/records/8199104
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