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- Do you write code that you use to conduct your research?

- Do you write code that others use (or could use) in their research?

- Can others find, assess and reuse the code that you write?

Making research software FAIR and citable
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Software as a valid research output

1. Importance for research [1]

2. Acknowledgment as a 

valid research output [2]

[1] Hettrick, Simon. “UK Research Software Survey 

2014.” Zenodo, February 23, 2018. 

https://doi.org/10.5281/zenodo.1183562.

[2] Jay, Caroline, Robert Haines, and Daniel S. Katz. 

“Software Must Be Recognised as an Important Output 

of Scholarly Research.” International Journal of Digital 

Curation 16, no. 1 (April 26, 2021): 6. 

https://doi.org/10.2218/ijdc.v16i1.745.

https://doi.org/10.5281/zenodo.1183562
https://doi.org/10.2218/ijdc.v16i1.745
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- Aim: increase transparency, reproducibility and reusability of research

- FAIR Principles for Research Software (FAIR4RS) [3]:

- F: Software, and its associated metadata, is easy for both humans and machines to find.

- A: Software, and its metadata, is retrievable via standardized protocols.

- I: Software interoperates with other software by exchanging data and/or metadata, 

and/or through interaction via application programming interfaces (APIs), described 

through standards.

- R: Software is both usable (can be executed) and reusable (can be understood, 

modified, built upon, or incorporated into other software).

[3] Chue Hong, N. P., Katz, D. S., Barker, M., Lamprecht, A.-L., Martinez, C., Psomopoulos, F. E., Harrow, J., Castro, L. J., Gruenpeter, 

M., Martinez, P. A., Honeyman, T., et al. (2021). FAIR Principles for Research Software (FAIR4RS Principles). Research Data Alliance. 

DOI: 10.15497/RDA00065

FAIR research software

https://doi.org/10.15497/RDA00065
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- F: Software, and its associated metadata, is easy for both humans and 

machines to find.

- A: Software, and its metadata, is retrievable via standardized protocols.

- I: Software interoperates with other software by exchanging data and/or 

metadata, and/or through interaction via application programming interfaces 

(APIs), described through standards.

- R: Software is both usable (can be executed) and reusable (can be

understood, modified, built upon, or incorporated into other software).

Publication of software with metadata

(Research) Software Engineering

FAIR research software implementation
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- Publication of metadata and artifacts* for

software versions in publication repositories

- Persistent identifier for each version

- Not software publication:

- Software available on a source code platform

(GitHub, GitLab, etc.)

- A paper about the software

- Interim solution: 

- software journals (JOSS, JORS, etc.)

- Challenge: quality assurance

Software publication state of the practice
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Software publication

Software publication

Sustainability Reproducibility
Academic 

credit
FAIR4RS

enables enables enablesenables
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- Good research practice [4]

- Attribution and credit for research 

software creators

- Enables reproducibility

- (for other functions see [5])

[4] Deutsche Forschungsgemeinschaft, “Guidelines for Safeguarding Good Research Practice. Code of Conduct,” Apr. 2022, doi: 

10.5281/zenodo.6472827.

[5] S. Druskat, "Software and Dependencies in Research Citation Graphs," in Computing in Science & Engineering, vol. 22, no. 2, pp. 

8-21, March-April 2020, doi: 10.1109/MCSE.2019.2952840.

Software citation

More credits for the software creators. The Turing Way project illustration by Scriberia. 

Zenodo. https://doi.org/10.5281/zenodo.3332807 | License: CC BY-4.0

https://doi.org/10.5281/zenodo.6472827
https://doi.org/10.1109/MCSE.2019.2952840
http://doi.org/10.5281/zenodo.3332807
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- Software citation principles [6]

- Importance: Software itself is cited like papers are cited.

- Credit and attribution

- Unique identification

- Persistence

- Accessibility: Citation allows access to software and metadata.

- Specificity: Citation identifies the software version used in research

- Challenges: citation metadata (authors, title, version, publication date, …)

[6] A. M. Smith, D. S. Katz, K. E. Niemeyer, and FORCE11 Software Citation Working Group, “Software citation principles,” PeerJ

Comput. Sci., vol. 2, no. e86, 2016, doi: 10.7717/peerj-cs.86.

Software citation principles

https://doi.org/10.7717/peerj-cs.86


Stephan Druskat: “Making research software FAIR and citable", MMS Days 2023, ATB Potsdam, 2023-04-17

Correct and complete software citation metadata must be identified and 

provided by software projects

- Authors vs. contributors

- Versioning

- (Persistent) identifiers, e.g., from publication

Software citation metadata
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Software is currently often mentioned, not cited!

From [8]: Mention types of software in publication in % in data from [7] and our own data.
PUB: cites publication; PRO: cites project name/website; INS: instrument-like; URL: URL in text; NAM: in-text name only.

[7] J. Howison and J. Bullard, “Software in the scientific literature: Problems with seeing, finding, and using software mentioned in the biology literature,” 
Journal of the Association for Information Science and Technology, vol. 67, no. 9, pp. 2137–2155, May 2015, doi: 10.1002/asi.23538.
[8] S. Druskat, N. P. Chue Hong, P. Kornek, S. Buzzard, and A. Konovalov, “Don’t mention it: challenges to using software mentions to investigate citation and 
discoverability,” PeerJ Computer Science, forthcoming.

Software citation culture change

https://doi.org/10.1002/asi.23538
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Citation File Format (CFF) [9]:

- Authoritative, controllable, principled

- Open community project

- Human- and machine-readable
(YAML)

- References from software

- Fallback software paper citation

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

[9] Druskat, Stephan, Spaaks, Jurriaan H., Chue Hong, Neil, Haines, Robert, Baker, James, Bliven, Spencer, Willighagen, Egon, Pérez-
Suárez, David, and Konovalov, Alexander. “Citation File Format,” August 9, 2021. https://doi.org/10.5281/ZENODO.1003149.

Citation File Format

CITATION.cff

https://citation-file.format.github.io/
https://doi.org/10.5281/ZENODO.1003149
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- 19,000+ CFF files on GitHub

- Tool support (e.g. cffinit)

- Platform support (GitHub, 

Zenodo)

- IDE support

Citation File Format as community standard

https://bit.ly/cffinit
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- Publish every stable version (“release”) in a publication repository:

- General purpose repositories, e.g., Zenodo

- Institutional repositories

- Domain repositories

- Register software publication with a domain registry:

- e.g. swMATH for mathematical software

- Submit rich metadata

FAIR software publication in practice

https://zbmath.org/software/
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Continuous software publication:
GitHub + Citation File Format > Zenodo
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▪ Automating software

publication via 

continuous integration

▪ Harvest and merge 

existing metadata

▪ Proactive pushes

▪ Curation & FAIR

metadata-only publication 

(closed source) possible

[10] S. Druskat, O. Bertuch, G. Juckeland, 

O. Knodel, and T. Schlauch, “Software 

publications with rich metadata: state of the art, automated workflows

and HERMES concept,” arXiv, Jan. 2022, doi: 10.48550/arXiv.2201.09015. HERMES workflow, high-level view, HERMES project (CC BY-SA 4.0)

Advanced continuous software publication
HERMES: https://software-metadata.pub

https://doi.org/10.48550/arXiv.2201.09015
https://docs.software-metadata.pub/en/latest/_downloads/55a2e8b03a3b116f7bb5146548308e9a/CC-BY-SA-4.0.txt
https://software-metadata.pub/
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Conclusion & outlook

1. FAIR and citable research software can be achieved through software 
publication with rich metadata.

2. Software can be made more easily citable by software projects through the 
Citation File Format and its tooling support.

3. Initial solutions for automated software publication exist or are in 
development: 
1. GitHub-Zenodo integration using CITATION.cff files

2. HERMES

4. Software publication and citation will become part of research evaluation:
1. Helmholtz introduced basic indicator for citable software publication [11] (KPI)

2. Quality indicator for software publication by the end of 2024

[11] Helmholtz-Gemeinschaft, “Helmholtz Open Science Policy. Version 1.0. Approved in the 119th General Assembly of the
Helmholtz Association on 20-21 September 2022,” 2022, doi: 10.48440/os.helmholtz.056.

https://doi.org/10.48440/os.helmholtz.056
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Thanks!

Citation File Format: https://citation-file-format.github.io/

Funded by German Aerospace Center (DE), Netherlands eScience Center (NL), 

Software Sustainability Institute (UK), Code for Science & Society (US), 

CampusSOURCE (DE)

HERMES: https://software-metadata.pub

Funded by Initiative & Networking Fund of the Helmholtz Association (ZT-I-PF-3-006)
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