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Opening the processes of scientific 

knowledge creation

Open scientific knowledge refers to open 

access to scientific publications, research data, 

metadata, open educational resources, 

software, and source code and hardware […]

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en

UNESCO Recommendation on Open Science (2021)

CC BY SA 3.0

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en


Open Science Benefits

Impact

Research 
Quality

EconomySociety

• Faster response to 

societal challenges

• Trust in science

• Citizen engagement

• Reproducibility

• Efficiency

• New avenues of research

• Value creation

based on open

research results

• Open Innovation



Open Science on the agenda



Open Science requirements

• Mandatory: Open access to research articles & rights retention.

• Mandatory: FAIR & open research data by default. Data 

Management Plan.

• Recommended: Early & open sharing of research, Open peer 

review, Output management beyond research data, Including 

citizens

• Full and immediate open access to all articles in accordance with 

Plan S.

• Data are to be shared in keeping with the FAIR principles. 

Data Management Plan required.

https://www.uib.no/en/ub/111372/open-access-research-data#open-access-to-research-data-is-a-requirement

https://www.uib.no/en/ub/111372/open-access-research-data#open-access-to-research-data-is-a-requirement


Selfish reasons

for Open Science 

Practices



What’s in for me?

• Reaching wider audience (incl. general public, researchers in low-

income countries)

• Increased visibility (more references pointing to your work)

• More citations (publications & data sets)

• Collaborations, others can build on your work and credit you

• Early feedback (on pre-registration, preprints, code etc.)



Further reading: Open Science Benefits

McKiernan et al. 2016: 10.7554/eLife.16800

Allen et al. 2019: https://doi.org/10.1371/journal.pbio.3000246

Sarabipour et al. 2019: https://doi.org/10.1371/journal.pbio.3000151

Popkin 2019: https://doi.org/10.1038/d41586-019-01506-x

Alston et al. 2021: https://doi.org/10.1002/bes2.1801

https://doi.org/10.7554/eLife.16800
https://doi.org/10.1371/journal.pbio.3000246
https://doi.org/10.1371/journal.pbio.3000151
https://doi.org/10.1038/d41586-019-01506-x
https://doi.org/10.1002/bes2.1801


Agenda

• Open Science – a paradigm shift

• Sharing data: Open & FAIR research data

• Sharing software/code: FAIR for research software

• How to make your code citable



The research data life cycle

Research projects can:

1. Generate novel data

2. Reuse existing datasets 

(secondary data)

RDMkit – Reuse: https://rdmkit.elixir-europe.org/reusing (CC BY 4.0)

https://rdmkit.elixir-europe.org/reusing


Data citation

• Principles: Attribution & Access

– Joint Declaration of Data Citation Principles (JDDCP)

– Creative Commons: TASL – Title, Author, Source, License

• Many archives contain information

how a dataset should be cited
https://dataverse.no/dataset.xhtml?persistentId=doi:10.18710/NMKI2B

https://dataverse.no/dataset.xhtml?persistentId=doi:10.18710/NMKI2B
https://dataverse.no/dataset.xhtml?persistentId=doi:10.18710/NMKI2B


Data reuse requirements

1. Discovering suitable datasets

2. Retrieving the data 

– Scale? Manual, automated, or API-retrieval?

3. Understanding the data 

– Human-readable vs. machine-readable (metadata, data files) 

4. Permission to build upon the data



FAIR: prerequisites for reuse

                                             

Wilkinson et al., 2016 Sci Data; https://www.go-fair.org/fair-principles/

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


Open data and FAIR data

“As open as possible – as closed as necessary”

Open 

Data

                                             

Wanted: Open & FAIR



FAIR principles: Findable

                                             ➢ Permanent, unique identifiers (PID) avoid ambiguity

➢ Rich metadata accompany dataset

https://identifiers.org/

https://identifiers.org/


                                             ➢  v           “     v  ”          y/   h v 

➢ Methods/tools for access is described and 

available

➢ Metadata remain available, even if dataset is 

deleted

FAIR principles: Accessible



                                             ➢ Standardized metadata

➢ Standardized (open) file formats

➢ Controlled vocabularies

➢ Cross-referencing

FAIR principles: Interoperable

https://xkcd.com/2116/, CC BY-NC 2.5



                                             ➢ Detailed provenance

➢ Licensed for reuse

FAIR principles: Reusable

CC-BY 4.0 Shaddim; original CC license symbols by https://creativecommons.org/

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/


Agenda

• Open Science – a paradigm shift

• Sharing data: Open & FAIR research data

• Sharing software/code: FAIR for research software

• How to make your code citable



Research Software

Software that is used to generate, process or analyse results that 

you intend to appear in a publication (either in a journal, conference 

paper, monograph, book or thesis). Research software can be 

anything from a few lines of code written by yourself, to a 

professionally developed software package.

UK Research Software Survey 2014

Hettrick et al. 2014, UK Research Software Survey 2014: https://zenodo.org/record/14809

https://zenodo.org/record/14809


Software is not data

• Software is the result of a creative process that provides a tool 

for doing something, for example with data.

• Software is executable, while data is not.

• All software applications that are not written completely from 

scratch are of a composite nature that easily leads to complex 

dependencies.

• Lifetime of software is generally shorter than that of data, as 

versioning is applied more frequently and regularly leads to 

changes in behaviour and/or interfaces.

Lamprecht et al. 2019, Towards FAIR principles for research software: https://doi.org/10.3233/DS-190026

https://doi.org/10.3233/DS-190026


FAIR for research software

Lamprecht et al. 2019, Towards FAIR principles for research software: https://doi.org/10.3233/DS-190026

https://doi.org/10.3233/DS-190026


FAIR4RS principles (2021)

Chue Hong et al. 2021, FAIR principles for Research Software: https://doi.org/10.15497/RDA00065

https://doi.org/10.15497/RDA00065


FAIR4RS principles (2021)

Chue Hong et al. 2021, FAIR principles for Research Software: https://doi.org/10.15497/RDA00065

https://doi.org/10.15497/RDA00065


FAIR4RS version 1.0 (2022)

Chue Hong et al. 2022, FAIR principles for Research Software version 1.0: https://doi.org/10.15497/RDA00068

https://doi.org/10.15497/RDA00068


Software as FAIR research objects

Modified from Katz et al. 2021, Taking a fresh look at FAIR research software: https://doi.org/10.1016/j.patter.2021.100222 (CC BY)

FAIRness

https://doi.org/10.1016/j.patter.2021.100222


Required steps

Modified from Katz et al. 2021 (CC BY); Five recommendations for FAIR software: https://fair-software.eu/ 

Public repository with version control

Software license: choosealicense.com

Archive code & enable citation

next on the agenda

Recording of dependencies and 

environments

e.g.

Software quality measures

https://fair-software.eu/
https://choosealicense.com/


Agenda

• Open Science – a paradigm shift

• Sharing data: Open & FAIR research data

• Sharing software/code: FAIR for research software

• How to make your code citable



Make your code citable

• Your code will be archived and get a Digital Object Identifier (DOI)

➢ Makes it easy to use your code and give you credit

➢ Improves findability of your code

➢ Encourages others to build on your work

➢ Allows reproducibility and transparency

Code Refinery Software Citation: https://coderefinery.github.io/social-coding/software_citation/

https://coderefinery.github.io/social-coding/software_citation/


Archives for research software

Scholarly infrastructures for research software - EOSC Executive Board Working Group Report: https://doi.org/10.2777/28598

https://doi.org/10.2777/28598


GitHub release on Zenodo

step-by-step

1. Create GitHub project 

(must be public) 

https://guides.github.com/activities/citable-code/

https://guides.github.com/activities/citable-code/


GitHub release on Zenodo

step-by-step

For testing: 

https://sandbox.zenodo.org

1. Create GitHub project 

2. Login to Zenodo (first time: authorize 

GitHub), choose GitHub in dropdown, 

select project to release & toggle switch

https://sandbox.zenodo.org/


GitHub release on Zenodo

step-by-step

1. Create GitHub project

2. Login to Zenodo (first time: authorize 

GitHub), choose GitHub in dropdown, 

select project to release 

3. In Github, create release



GitHub release on Zenodo

step-by-step

1. Create GitHub project

2. Login to Zenodo (first time: authorize 

GitHub), choose GitHub in dropdown, 

select project to release 

3. In Github, create release

4. In Github, publish release



GitHub release on Zenodo

step-by-step

1. Create GitHub project

2. Login to Zenodo (first time: authorize 

GitHub), choose GitHub in dropdown, 

select project to release 

3. In Github, create release

4. In Github, publish release

>> release will get doi



GitLab: gitlab2zenodo

• UiB GitLab Community Edition: 

https://git.app.uib.no/users/sign_in

• gitlab2zenodo (beta) sends GitLab 

snapshots to Zenodo automatically:

https://pypi.org/project/gitlab2zenodo/

https://git.app.uib.no/users/sign_in
https://pypi.org/project/gitlab2zenodo/


1. Add & fill out GitHub

CITATION.cff template

>> import in Zenodo (add 

pre-release!)

>> supported by Zotero

Citation information visibility

2. Add doi-button to GitHub 

README (copy & paste from 

Zenodo)

https://docs.github.com/en/github/creating-cloning-and-archiving-repositories/creating-a-repository-on-github/about-citation-files

https://docs.github.com/en/github/creating-cloning-and-archiving-repositories/creating-a-repository-on-github/about-citation-files


CITATION.cff

https://citation-file-format.github.io/

https://citation-file-format.github.io/


If you are citing software

Katz et al. 2021, Recognizing the value of software: a software citation guide: https://doi.org/10.12688/f1000research.26932.2

• Minimal requirement: Creator(s), Title, Publication venue, Date, 

Identifier

• Recommended: Version, Type

https://doi.org/10.12688/f1000research.26932.2


CodeMeta: metadata for software

https://codemeta.github.io/; https://github.com/codemeta/codemeta; https://codemeta.github.io/codemeta-generator

What metadata you want from software is determined by 

your use case. […]

Different software repositories, software languages and 

scientific domains denote this information in different ways, 

which makes it difficult or impossible for tools to work 

across these different sources without losing valuable 

information along the way.

https://codemeta.github.io/
https://github.com/codemeta/codemeta
https://codemeta.github.io/codemeta-generator


CodeMeta: metadata for software

https://codemeta.github.io/; https://github.com/codemeta/codemeta; https://codemeta.github.io/codemeta-generator

https://codemeta.github.io/
https://github.com/codemeta/codemeta
https://codemeta.github.io/codemeta-generator


Code of conduct

Contributor guidelines

• CODE_OF_CONDUCT.md: define 

community standards, signal a 

welcoming and inclusive project, and 

outline procedures for handling abuse

• CONTRIBUTING.md: create 

guidelines to communicate how 

people should contribute to your 

project

https://docs.github.com/en/communities/setting-up-your-project-for-healthy-contributions/adding-a-code-of-conduct-to-your-project
https://docs.github.com/en/communities/setting-up-your-project-for-healthy-contributions/setting-guidelines-for-repository-contributors


Further resources – sharing data

openscience.no 

incl. event calendar

PhD on Track -

Open Science

CESSDA Data Management 

Expert Guide

ELIXIR RDM Kit

https://www.openscience.no/oa-i-norge/arrangementskalender-event-calendar
https://www.openscience.no/oa-i-norge/arrangementskalender-event-calendar
https://www.phdontrack.net/open-science/index.html
https://www.cessda.eu/Training/Training-Resources/Library/Data-Management-Expert-Guide
https://www.cessda.eu/Training/Training-Resources/Library/Data-Management-Expert-Guide
https://rdmkit.elixir-europe.org/


Further resources – sharing code

• RDA - FAIR for Research Software (FAIR4RS) WG

• FORCE 11 - FAIR for Research Software (FAIR4RS) WG

• Hettrick et al. 2014, UK Research Software Survey 2014

• FAIR4RS subgroup 3 – Research software definition

• Lamprecht et al. 2019, Towards FAIR principles for research software

• Katz et al. 2021, Taking a fresh look at FAIR research software

• Chue Hong et al. 2021, FAIR principles for Research Software

• Chue Hong et al. 2022, FAIR principles for Research Software (FAIR4RS Principles) (1.0)

• 4OSS recommendations

• Five recommendations for FAIR software

• Katz et al. 2021, Recognizing the value of software: a software citation guide

• Chue Hong et al. 2019, Software Citation Checklist for Developers

• EOSC Executive Board Working Group - Scholarly infrastructures for research software

• Chapter 9 RDA COVID-19 group recommendations for research software

• Software Sustainability Institute – FAIR Software

Library Carpentry: FAIR Data and Software – Software

• LibraryCarpentry - Research Software

• SoftwareCarpentry – Open Science

• CodeRefinery - Reproducible Research: Sharing code and data

https://www.rd-alliance.org/groups/fair-research-software-fair4rs-wg
https://www.force11.org/group/fair-4-research-software-fair4rs-working-group
https://zenodo.org/record/14809
https://docs.google.com/document/d/1PvYiYJxd7-vrmTusTvS8fYp47Wu6v-c_XMu-LjIBKio
https://doi.org/10.3233/DS-190026
https://doi.org/10.1016/j.patter.2021.100222
https://doi.org/10.15497/RDA00065
https://doi.org/10.15497/RDA00068
https://softdev4research.github.io/recommendations/
https://fair-software.eu/
https://doi.org/10.12688/f1000research.26932.2
https://doi.org/10.5281/zenodo.3482769
https://doi.org/10.2777/28598
https://doi.org/10.15497/rda00052
https://www.software.ac.uk/tags/fair-software
https://librarycarpentry.org/lc-fair-research/08-software/index.html
https://librarycarpentry.org/Top-10-FAIR/2018/12/01/research-software/
https://swcarpentry.github.io/git-novice/10-open/index.html
https://coderefinery.github.io/reproducible-research/06-sharing/


research-data@uib.no

Jenny.Ostrop@uib.no

?
?

? ?
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@UiB_UB @DLabUiB @jennyostrop

mailto:research-data@uib.no
mailto:jenny.ostrop@uib.no


Except where otherwise noted, this work is licensed under the 
Creative Commons Attribution 4.0 International License

http://creativecommons.org/licenses/by/4.0/

