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Helmholtz Research Software Engineering

Goals and Milestones

* The Helmholtz Association as the largest scientific organization in
Germany, has Sustainability, Open Science and Good scientific
practice as key values.

» Software is both a prerequisite and a result of modern research and
creates an important basis for implementing these values.

e Since 2016 important milestones for state-of-the-art

Research Software Engineering have been achieved:
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2017: Helmholtz recommendations for the use of scientific software

2019: Model policy for the sustainable use of research software

@CIsPA
2019: Helmholtz Federated IT Services (HIFIS) platform
2020: First Helmholtz Software Forum

2023: Call for the First Helmholtz Software Award
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Six Research Fields:

(1) Energy

(2) Earth & Environm.

(3) Health

(4) Information

(5) Aeronautics,
Space & Transport

@ Helmholtz
(3 Munich (6) Matter
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Helmholtz Research Software Award

Why should a Helmholtz Software Prize be awarded?

* Prizes are an important indicator of outstanding achievements in
research Results and Findings

* Software developers and engineers often need years to show high-
quality scientific results Visibility and Motivation

* Achievements of research software developers and -engineers are

barely visible Quality and Sustainability

* Sustainable research software development must be stimulated and

rewarded, research software must meet the FAIR criteria e
Outreach and Application
* Research software must be known and used in the communities
* New ideas and initiatives must be supported :
Partner and Community

https://os.helmholtz.de 4



Helmholtz Research Software Award

Process and Timeline

H D HELMHOLTZ
I Information & Data Science Academy

2021 g 2023-10 2024-04 2024-07 2024-11
Campus CampHS Application  Review 2. Helmholtz SW  Ceremonial
Source Award (E?w Deadline Completed Award (Call) Handover
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2022 2023-07 2023-12 2024.05 ‘i i
Proposal to have 1. Helmholtz SW |nvitation  Final n
an Award Award (Call) for Review selection

3 Award Categories:
LHIFIS s  Best Research Software

SERVICES

e Sustainability
* Newcomer

HELMHOLTZ open Science
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Helmholtz Research Software Award

Criteria for a Research Software Award

Criteria Range and Description Indicators Relevance for
Price Category

Scientific Impact 1 specific solution with low scientific impact ... impact, originality, citations, A Best Software
5 broadly applicable solution with high impact unigueness, awards B Reproducibility

B Use and Adoption 1 only limited use in communities ... users, references, download A Best Software
in the community 5: broad and intense use statistics, GitHub stars B Reproducibility

C Software 1 only basic RSE principles implemented ... development process, A Best Software
Engineering Level 5 very professional & reproducible engineering, documentation, test B Reproducibility

automation, Cl

D Implementation of 1 rudimentary implemented ... meta data quality, release A Best Software
FAIR Principles 5 excellently implemented continuity, registration, easy B Reproducibility
to use
E Novelty and 1 proven solution, long development history ... age, motivation letter, git C: Newcomer
growth potential 5 new idea, high growth rate statistics, user feedback

All quality criteria have been weighted equally!

https://os.helmholtz.de 6
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Helmholtz Research Software Award

Applications for the Award

Frequency of Research Fields
* Nomination: each center can nominate max. 3 20
. « ] epe . 16
candidates — visibility to boards of directors! .
. 10
* 42 software solutions from 16 Helmholtz centers 10 ,
6
* Research fields “Earth and Environment” and “Health” ’ I . 2
. . ) .
with strongest participation -
. . . . M Earth & Envir. M Health Information
* Modeling/Simulation and Data Analysis software W Mater W Aeronautic and Space M Energy

occurred most frequently, but also Machine Learning Type of Software

* All types of software, all ages, all communities and -
partners SW DEVELOPMENT

MACHINE LEARNING

* 16 experts delivered 84 written reviews, e
6 international and 8 national DATA MANMT, HPC

ANALYSIS, VISUALIS.
MODELS, SIMULATION




Helmholtz Research Software Award

Review of the Evaluation - Ratings

Each software was evaluated by two experts
Points in Categories

* Mostly very good up to outstanding ratings

* Balanced mixture for different categories

*  Some low and standard ratings

Sum of points of 4 categories to select the top 15
* Highest rating was 100 % (20 out of 20 points)
* Lowest rating was 20% (4 out of 20 Points)

* Deviation of the two individual experts ratings:

90% < 10% and 10% < 20%

40
35
30
25
20
15
10
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Frequency of Assigned Scores

Ratings for the categories one to four

standard advanced very good excellent outstanding

m 1. Scientific Originality m 2. Use in the community
3. Software Engineering Level W 4. Implement. of FAIR Principles

Frequency of Assigned Scores

Sum of the ratings for the catagones one to four

4. 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20




Ranked Evaluation Results

Helmholtz Research Software Award

o 5 10 15 20 25 30 35 40

Review of the Evaluations - Ratings

* Fairly balanced use of the range of ratings of the
quality criteria (19+20 points is top)

* Criterion “scientific impact”, which seemed difficult
to assess, shows no anomalies

*  Only Top 15 ranked solutions of cat. 1-4 have been
considered for the prices in all three categories

* The points of the quality criteria 1 is decisive for the
Best research software award

* The points of the quality criteria 2-4 is decisive for
the Sustainability Award

e Criterion 5 is decisive for the Newcomer Award

u 1. Scientific Originality 1 2. Use in the community
u 3. Software Engineering Level u 4. Implementation of FAIR Principles




Helmholtz Research Software Award

and the winners 2023/24 are:

Best Scientific Software Prize (5.000€):

e CellRank (dynamics from multi-view single-cell data)
* Representative: Philipp Weiler (HMGU Munich)

https://helmholtz.software/software/cellrank
Sustainability Prize (3.000€)
* ESMValTool (Earth System Model Evaluation Tool)
* Representative: Birgit Hassler (DLR Cologne)

https://helmholtz.software/software/earth-system-model-evaluation-tool-esmvaltool
Newcomer Award (2.000€)
* openCARP (Cardiac Electrophysiology Simulator)

* Representative: Axel Lowe (KIT Karlsruhe)

https://helmholtz.software/software/opencarp

L.ellRank

' ™ ESN\V_qlTool

/" Earth System Model Evaluation Tool

https://os.helmholtz.de
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How to find and evaluate good research software

The role of th Helmholtz Research SW Directory

* The Research Software Directory is extremely helpful for the
evaluation of research software.

* It provides key indicators, references, user stories and links
to the Git and publication repositories.

HELMHOLTZ

Promote and
Discover Research
Software

Because software matters

The Helmholtz RSD in numbers

369 1840 48842 201
*  The SW award call pushes new entries & new partners. Ao uioieissati
—— Software entries —— Partner organisations

35019 175 -
3004 1504
1254

2504
100 A

2001

Award Call 24

75

1504
50

100
254
] Award Call 23 o

10.02.2025 07/2023 01/2024 07/2024 01/2025 10.02.2025 07/2023 01/2024 07/2024 01/2025 https://os.helmholtz.de
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How to find and evaluate good research software

Key Software Indicators

Intensive coordination is currently underway on Key Indicators for research software on
the national (e.g. in Helmholtz) as well as international level.

Indicator Dimensions that can be considered

(ELIXIR / EVERSE: DOI 10.5281/zenodo.14852424): Menti
entions
* Science & Innovation: ?...Citations...”? 60% 55%
50% 5
e Community: Community, Contribution, 40% 33/ 33%
Fundab”ity' Usability' Security 30% -~ RN ' .......................... 19% .......................... 20%
o ) ) 20% 14%  13%-... 12%
* RSE: Source code, Versioning, Licensing, | 1o . ------ I .................. .
Issue Tracking, Testing, 0%
. . . 1-20 20-100 100 - 500 500
Documentation, Monitoring ”
s Mentions % Mentions % (Top 15)
° FAIR' ACCESSIbI|Ity, Flndab”'ty, -------- Poly. (Mentions %) ~ ceeveees Poly. (Mentions % (Top 15))

Interoperability, Sustainability

https://os.helmholtz.de 14



How to find and evaluate good research software

Key Software Indicators

* Technical Indicators from the Git / RSD (examples) ...

Programming Languages

Fortran Rust
AGS |

2y

48%: GPL
12%: MIT
12%: Apache

28%: C/C++
24%: Python
12%: Jupyter NB
10%: Matlab

Major Releases

License Types

Artistic 2.0 proprietary
EUPL1.2

.

Apache 2.0 ‘

EOE1-3 94 -6H07-10 H>10

17% < R1.0

Repository accessibility
n =369

Age (years)

HM0-3a m4-6a m7-10a m>10a

Open

Closed

Repository

https://os.helmholtz.de
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How to find and evaluate good research software

Key Software Indicators

Did quality indicators match with results of the
human evaluation for the Award?

* The top 15 solutions have more mentions than
average, but not necessarily the most.

* Releases, age, licenses, contributors and many other

tech. parameters do not show significant correlations.

* 17% of all software solutions had not reached the
release 1.0, even after years of success.

* There is no clear correlation between age and no. of
releases, but there is one to the number of partners.

* Human (expert) ratings show acceptable deviations,
with >90% less than 10% deviation between the two
experts.

50%

40%

30%

10%

0%

Mentions
55%
33% 33%
......................................... 19% B 2T
14% 13% 12%
1-20 20-100 100 - 500 >500
Mentions % Mentions % (Top 15)
Poly. (Mentions %) ~ «eeevees Poly. (Mentions % (Top 15))
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How to find and evaluate good research software

Summary

* Many activities are currently being undertaken to define
quality criteria for research software

e Based on data of the Helmholtz Software Award a comparison of
numerical indicators and expert ratings was made.

* Each software is unique, because:
* Applications fields and -environmments are different
* Research communities are different
* Development projects are different (incl. funding)
* Developers and development culture are different

* The expert panel was able to evaluate solutions, even those not in
their own field of research

* |If the rating had been done based on a pure numerical indicator
approach the result was very different!

https://os.helmholtz.de
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HELMHOLTZ open Science

Helmholtz Research Software Award

<HIFIS!
AC k n OW I e d ge m e nts H i D mec:-rnI:t?oLrTé Data Science Academy
Many thanks to:

— Prof. O. Wiestler, President of the Helmholtz Association for making the award happen
— The collegues of the Helmholtz Information and Data Science Academy

— All experts that reviewed the software applications

— The Helmholtz Open Science Office for their support

— The Helmholtz Open Science Task Group Software for their support

— The Helmholtz Initiative and Networking Fund

— And to all the hard-working SW developers and software engineers who have created
these fantastic and unique solutions that make world-class research possible!
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Copyright and license information |@ O,

All texts and images in this presentation, except citations and the following exceptions, are
licensed under Attribution 4.0 International (CC BY 4.0):

* Slide layout, Helmholtz logo on slide 1: © Helmholtz Association, All rights reserved.

* HZDR logo, slide 1: © Helmholtz - Zentrum Dresden - Rossendorf, All rights reserved.

* Helmholtz center overview map, slide 2: © Helmholtz Association, All rights reserved.

* Logos, Slide 11: © Product owner, All rights reserved

* All graphics and snapshots, slides 4 — 18: © Helmholtz Association, All rights reserved

* Data center photo, slide 21; © Helmholtz-Zentrum Dresden-Rossendorf, All rights reserved
Further Readings
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Steinberg, D., Farrell, G., Tsontaki, M., Andrade Buono, R., Beier, S., Garijo, D., Fernandez Gonzélez, J. M.,
Steeghs-Turchina, M., & Mihail, A. (2025). Software Quality Indicators: extraction, categorisation and
recommendations from canonical sources (0.2.0) [Data set].
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