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We research, develop and
Implement software
engineering solutions.

DLR

We advocate for software to be
acknowledged as a valid
research output.

Software is a critical part
of modern research...

SOFTWARE \ /

CITATION

PRINCPLES<
... yet there is little support for

its acknowledgement and citation.
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Research software and citation ‘#7
DLR

1. Research software in the academic ecosystem

2. Software citation
3. Software publication as a prerequisite for citation
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DLR

RESEARCH SOFTWARE IN THE
ACADEMIC ECOSYSTEM




Research software in the academic ecosystem:
The status of research software DLR

1. Importance for research [1] PR UsTS St ST il s 0 S e

2. Acknowledgment as a
valid research output [2]

Do you develop your own research If you develop software, have you received
" " @ ? . . . ?
[1] HettI’ICk, Simon. “UK Research Software Survey software Sy alhing kSoltware developrent

2014.” Zenodo, February 23, 2018.
https://doi.org/10.5281/zen0do.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.
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Research software in the academic ecosystem: ‘#7
The status of research software DLR

The origin of the data, organisms, materials and software used in the
research process is disclosed and the reuse of data is clearly indicated;
original sources are cited.

The
source code of publicly available software must be persistent, citable
and documented. Depending on the particular subject area, it is an es-
sential part of quality assurance that results or findings can be replicated
or confirmed by other researchers (for example with the aid of a detailed
description of materials and methods). [3]

[3] Deutsche Forschungsgemeinschatft. “Guidelines for Safeguarding Good Research Practice. Code of Conduct,” September 15, 2019.
https://doi.org/10.5281/ZENODQ.3923602. p. 14.
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Research software in the academic ecosystem: ‘#7
Citation DLR

Software citation serves: Morecredits

for the software
creators!

Good research practice
Attribution and credit for RSEs
Reproducibility of research results . -

> W N e

Sustainability of research software [4]

[4] Druskat, Stephan, Daniel S. Katz, and llian T. Todorov.
“‘Research Software Sustainability and Citation.” In 2021 IEEE/ACM More credi _ R o

. . . ore credits for the software creators. The Turing Way project illustration by Scriberia. Zenodo.
International Workshop on Body of Knowledge for Software Sustainability https:/idoi.org/10.5281/zenodo0. 3332807
(BOKSS), 1-2, 2021. https://doi.org/10.1109/BoKSS52540.2021.00008. Hoense: CCBYAO
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Software citation: ‘#7
Requirements DLR
Software citation requires:

1. Understanding how software citation works
2. Culture change
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Software citation:
Principles [5] DLR

Software citation principles

1. Importance
Peer [Riihematrniiy Software is cited like papers are cited.

. Credit and attribution

I of Information Scicnces, University of Ilinos at Urbana-Champaign,

Usbana, Ilinois, United States

hanical, Industrial, and Manufacturing Engineering, Oregon State University,
Corvalls, Oregon, United States

* These authors contributed equally to this work.

ABSTRACT

Software is a critical part of modern rescarch and yet there is lttle support across the
scholarly ecosystem for its acknowledgement and citation. Inspired by the activities
of the FORCE11 working group focused on data citation, this document
summarizes the recommendations of the FORCE11 Software Citation Working
Group and its activities between June 2015 and April 2016. Based on 2 review of
existing community practices, the goal of the working group was to produce a
consolidated set of citation principles that may encourage broad adeption of a
consistent policy for software citation across disciplines and venues. Our work is
presented here as a set of software citation principles, a di fthe

for developing the principles, reviews of existing community practice, and a
discussion of the requirements these principles would place upon different
stakeholders. Working examples and possible technical solutions for how these
principles can be implemented will be discussed in a separate paper.

. Unique identification

. Persistence

Subjects Digilal Librarics, Software Engincering
Keywords Software citation, Software credit, Attribution

SOFTWARE CITATION PRINCIPLES

The main contribution of this document are the software citation principles, written fairly

conciscly in this section and discussed further later in the document (see Discussion).

In addition, we also motivate the creation of these principles (see Motivation),

describe the process by which they were created (see Process of Creating Principles),
Submitied 24 June 2016 summarize use cases related Lo software cilation (see Use Cases), and review related

. Accessibility
Citation allows access to software and metadata.

Danicl §. Katz, d katz@icce.org. . ~ -
Aeadernic echor 1. Importance: Software should be considered a legitimate and citable product of
rescarch. Software citations should be accorded the same importance in the scholarly

Silvio Peroni

DO 10.7717/peerj-cs.86

a ~h W N

record as citations of other research products, such as publications and data; they
@® Copyright should be included in the metadata of the citing work, for example in the reference list
2016 Smith ot al. of ajournal article, and should not be omitted or scparated. Software should be cited on

g .
Distibuted under the same basis as any other research product such as a paper or a book, that is, authors
Greative Gommons GC-BY 4.0 should cite the appropriate set of software products just as they cite the appropriate set p e ( : I I ( : I y
.

OPEN ACCESS) of papers.

T mm—— Citation identifies the software version used in research.

[5] A. M. Smith, D. S. Katz, K. E.
Niemeyer, and FORCE1l Software
Citation Working Group, “Software
citation principles,” PeerJ Comput.
Sci.,, vol. 2, no. e86, 2016, doi:
10.7717/peerj-cs.86.
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Software citation:
Challenges [6] DLR

Metadata?

Search Run  Tool Integratior figuration  Window
7 = 2 A rcenvironment/ rce  Public ®Watch v 13 TF Star | 32 % Fok | 10
2 [ Welcome to RCE 2 A
— O Ware n al I I e <> Code  (© Issues 1 17 Pull requests 3 ® Actions [ Projects [0 Wiki @ Security
o B B About
Welcome to RCE (Remote Component Environment) &) e Gotofie || _Add fie
Distributed, workflow-driven
- Example Workflows jenkins-ci Added source code of release 10.23 .. on25May 1 | integration environment
. B AboutRCE 2 ® W oreuse Added source code of release 10.0.0 2yearsago | ¢ reenvironment.de/
Try th orkflow Example Project . years 39
12 - Rem o, nt nvironmen
- RCE - Remote ( Amponeat :mvironment B8 LICENSES Added source code of release 10.0.0 2 years ago distributed-systems
3 Version: 10.2.4 (Green Monkey) workflow-engine  aerospace
- Build 11): 202108191008 I dercenvironmentbinari.. Added source code of release 102.3 4 months ago
What's New? distributed-computing  rce
. dercenvironment.binari...  Added source code of release 10.2.3 4 months ago N
g e = ©2010-2021 DIR, Germany. All rights reserved. = “ o rocket-science
Browse > |atest news - - .
Huwae e est how ©2006-2010 DIR, Fraunhofer SCAI, Germany. Al rights B dercenvironmentbinari.. Added source code of release 10.2.3 Amonthsago | e
. reserved.
: F BB dercenvironmentcom...  Added source code of release 10.2.3 4 months ago
- e 3
u I S r Newsletter For more information, please visit B dercenvironmentcomp...  Added source code of release 10.2.3 Amonthsago | poraces 5
http nviro ¢
Subscribe to the RCE ne Eoliow us o Tiitier . . B dercenvironmentcomp...  Added source code of release 10.2.3 4MONNSI0 | o pck 1023 May10... (L)
. . Subscribe to our YouTube channel: B dercenvironment.comp...  Added source code of release 8.1.0 4 years ago on 23 May
http: v.youty r F
- B dercenvironment.comp... Added source code of release 10.2.3 Amonthsago | T 22 Teleases
Documentation
[ @ 0 BB dercenvironmentcomp...  Added source code of release 9.0.0 3 years ago
Open the grated RCE Help Packages
BB dercenvironmentcomp...  Added source code of release 10.2.3 4 months ago
- - L ) - No packages published
I t f W dercenvironmentcomp..  Added source code of release 10.2.3 4 months ago
I I r Installation Details e B dercenvironmentcomp..  Added source code of release 10.2.3 4 months ago ]
Contributors 2
B dercenvironment.comp...  Added source code of release 10.2.3 4 months ago
B dercenvironment.comp... Added source code of release 10.2.3 4 months ago 7 mischie-di Robert Misc..
M dercenvironment.comp... Added source code of release 102.3 4 months ago BBE rcenvironment

[6] Katz, Daniel S., Daina Bouquin, Neil P. Chue Hong, Jessica Hausman, Catherine Jones, Daniel Chivvis, Tim Clark, et al. “Software
Citation Implementation Challenges,” May 21, 2019. htip://arxiv.org/abs/1905.08674.
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Software citation: ‘#7
Metadata DLR

Correct and complete software citation metadata must be identified by the
software project!

- Authors vs. contributors
- Versioning
- (Persistent) identifiers
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Software citation metadata solutions:

Citation File Format

Correct and complete software citation metadata must be provided by the

software project!

Citation File Format (CFF) [7]:
- authoritative

- controllable

- principled

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

CITATION.cff

cff-version: 1.2.9
message: IT you use this software, please cite it using these metadata.
title: My Research Software
abstract: This is my awesome research software. It does many things.
authors:
- family-names: Druskat
given-names: Stephan
orcid: "https://orcid.org/0000-0003-4925-7248"
version: 0.11.2
date-released: "2021-07-18"
identifiers:
- description: This is the collection of archived snapshots of all versions of My Research Software
type: doi
value: "10.5281/zenodo.123456"
- description: This is the archived snapshot of version ©.11.2 of My Research Software
type: doi
value: "10.5281/zenodo.123457"
license: Apache-2.0
repository-code: "https://github.com/citation-file-format/my-research-software”

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

. .
L REPORT AN ISSUE DoCUMENTATION
16000 L £ .
) 14000 g e . . 0
5 o === Basic information v aday!
H
f 12000 Indicate whaths ork is a software or a dataset,
. . E e rally change the default message.
I I I 3 i
10000
[ " 2
—— g ©
z w0
H 0 My rezesecn zoftuare
S eo00
.
s o
- | I l H .
a O r S u p p O r I u 5 4000 °
3 2
@ L &  Your CITATION cft is vaiid
2000 Pk
° ¥ Download
o e =
o R P
2+ 28 2 ¥ 8¢ 2 28 28 28 2 28
Search date
(Artifactual drops in counts > 100 due to temporal GitHub Search AP! unreliability have been removed) Version 220
-

&

00 Readme

IDE support

&8 CC-BY-4.0 License

[Z Cite this repository ~

Cite this repository

If you use this software in your work, please cite it
using the following metadata. Learn more

APA BibTeX

Druskat, S., Spaaks, J. H., Chue Hong, N., H: D

View citation file
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Software citation:
Culture change DLR

Software is currently mentioned, not cited!

Comparison of mention types

s PUB PRO Bl INS s URL s NAM
Q\‘D\
b@
&\fz;‘
& N
& S
NS &
o 0 20 40 60 80 100

% of mentions

From [9]: Mention types of software in publication in % in data from [8] and our own data.
PUB: cites publication; PRO: cites project name/website; INS: instrument-like; URL: URL in text; NAM: in-text name only.

[8] 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.

[9] 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.
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Software citation:
Culture change DLR

Software needs to cite its own references!

- Software as a valid research output
- Citation graphs [10]
- E.9., In CITATION.cff >references

[10] Druskat, Stephan. “Software and Dependencies in Research Citation Graphs.” Computing in Science & Engineering 22, no. 2 (March 2020): 8-21.
https://doi.org/10.1109/MCSE.2019.2952840.

Stephan Druskat: “Research software and citation",
Forschungsseminar “Aktuelle Themen des Research Software Engineering”, Inst. f. Informatik u. Computational Science, Universitat Potsdam, 2023-02-08



https://doi.org/10.1109/MCSE.2019.2952840

Software citation and research software sustainability ‘#7
DLR

Software citation supports software sustainability [11]:

1. By providing metrics and incentives
2. Enables reuse and adaptation

Software citation requires sustainability, or at least persistence.

[11] Druskat, Stephan, Daniel S. Katz, and llian T. Todorov. “Research Software Sustainability and Citation.” In 2021 IEEE/ACM
International Workshop on Body of Knowledge for Software Sustainability (BoKSS), 1-2, 2021.
https://doi.org/10.1109/BoKSS52540.2021.00008.
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Software publication as a prerequisite for citation ‘#7
DLR

Software publication enables software citation
according to principles (persistence)

- FAIR research software through Heratorc =T s o

(metadata) publication |
- Supports academic evaluation* T__jGitHub
OpenAlRE

Practice of research software publication:

- Publication in a publication repository (Zenodo)

- Publication in a software journal (JOSS, JORS, ...)
- “Publication” as a paper

- “Publication” in the methods section of a paper
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Continuous software publication:
Citation File Format > Zenodo DLR

March 16, 2022 March 16,2022 [ Software | Open Access |
[sdruskat/campussource: v0.1.0 CampusSource Example Deposit
Druskat, Stephan |
4 release without a CFF file. This is a release WITH a CITATION.cff file :tada:.
Preview v If you use this software, please cite it as below.

campussource-0.1.0 zip

B8 sdruskat-campussource-ad6ecd3
= [ README.md 49 Bytes campussource-0.2.0.zip

8 sdruskat-campussource-1

= [ CITATION.cff .
1 cff-version: 1.2.8 = [ README.md Versions
2 meszage: "If you use this software, please cite it as below.™
3 authors: Version 0.2.0 Mar 16, 2022
4 - family-names: "Druskat"” 10.5072/zenodo. 1035737
5 given-names: "Stephan” )
& orcid: "https://forcid.org/@000-0003-4925-7248" version 0.1.0 T
7 title: "CampusSource Example Deposit" U s (ALl 2
& wersion: 8.2.8
9 doi: 18.5281/zenodo.l183571@ Cite all versions? You can cite all versions by using the DO
1@ date-released: 2822-83-16 10.5072/zenodo. 1035710, This DOI represents all versions,
11 url: "https://www.campussource.de/events/e2283hagen/#Programm"” and will always resohve to the latest one. Read more.

Stephan Druskat: “Research software and citation",
Forschungsseminar “Aktuelle Themen des Research Software Engineering”, Inst. f. Informatik u. Computational Science, Universitat Potsdam, 2023-02-08




Advanced continuous software publication <?:— 4#7
DLR

HERMES: https://software-metadata.pub

= Automating software
publication via
continuous integration

» Harvest and merge
existing metadata

» Proactive pushes
= Curation & FAIR

metadata-only publication

(closed source) possible

" InvenioRDM and
Dataverse support
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~m||Metadata files |« - ~_ _
i q | collate ) |
{ = _ PR
S~ S ( collate jPlatform API
—_ 1
| collate ) !
. coflate X -
Code files .=~ o (_publish
4
\__/"\
"
. | collate )
Documentation| - T
files
-.‘ .__.' -.__-
propose/publish ¢ Curation  —
......................................... CUPHALE

e PEGUESE CRANGES oo

HERMES workflow, high-level view, HERMES project (CC BY-SA 4.0)
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Conclusion ‘#7
DLR

Software citation is a requirement, not an option.

2. The principles of software citation are known, their implementation requires
a culture change:
» Researchers must cite, not mention, the software they use as they would cite a paper.
» RSEs/software creators must provide correct and complete citation metadata.
» RSEs/software creators should publish their software (releases).

3. Solutions exist.

» Software metadata: Citation File Format and support in reference managers,
publication repositories.

= Software publication: Publication repositories with Citation File Format support, or
automated software publication via CI.
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Thanks! ‘#7
DLR

Projects
https://citation-file-format.github.io/ | https://software-metadata.pub

Contact
stephan.druskat@dlr.de | Fediverse: @sdruskat@scholar.social
ORCID: https://orcid.org/0000-0003-4925-7248
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