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Sharing of digital objects In research remains essential for scientific
reproducibility and integrityt. While making research data available is
increasingly recommended by funders and institutions?, there is still a
variety in types of research output including computational materials such
as software artefacts, models and the associated documentation
necessary for the reproducibility of scientific studies3#. Data stewards
play a critical role Iin fostering related open science practices by
promoting the formalized use of repositories for all types of digital
research output.
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Digital objects in science - exemplary resource types as defined by
datacite: general resources types (e.g. dataset, software, audiovisual,
model, workflow, computational notebook, interactive resource) and
customizable subtypes (e.g. code)°

DOs which may comprise a simple data entity or a complex collection
represent structured sequences of bits that are stored In repositories,
described by metadata and ideally referenced by a persistent identifier
(PID), and currently discussed more specifically as FAIR digital objects
(FDO) for self-contained, typed, machine-actionable data packages®.
Modern data-driven research is based on fully digital scientific methods
and workflows comprising several steps of research planning, data
collection, processing, analysis, communication and publication or
archiving.

Data stewards still encounter misconceptions of the term “data” according
to the view of some researchers. Researchers who have no or little
experience with the concept of research data management (RDM) are
frequently unaware of the research data lifecycle and do not recognize all
necessary components of reproducible experiments. In particular,
computational methods in natural, life, social or related engineering
sciences often lack comprehensive documentation limiting the reusability
of both computational methods and their outputs. Such research teams
without trained computer scientists require support Iin managing,
describing, and publishing research-related digital objects.

Reproducible computational results
Emphasis on practical reproducibility, not only data or code availability:

Reproducibility Checklist Packaging methods and structuring

tools in practice can maximize the
- Methodology link between data,  ytjlity of digital objects as reusable
code, input, and output

resources. Further, recommendation
checklists guide researchers using
computational analyses, such as:

 Dataset references & availability

d Code/software availability
= FAIRER Aware Interactive Checklist

https://fairerdata.github.io/FAIRER-Aware-
REPRODUCIBILITY-Assessment/

= REFORMS: Consensus-based
Recommendations for ML-based

Science
https://doi.org/10.1126/sciadv.adk3452

= Research code quality and execution
https://doi.org/10.1038/s41597-022-01143-6

= FAIR Principles for research software
https://doi.org/10.1038/s41597-022-01710-X

= Ten simple rules for training scientists

to make better software.
https://dol.org/10.1371/journal.pcbi.1012410

d Readme explains purpose, input,
output; installation/use steps

] Reuse conditions

 Analysis & transformation steps

 Software versions,
dependencies, packages,
compute environment

d Computing infrastructure/energy

L Version/release with PID
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Data steward activities supporting DO sharing

Data stewardship has been introduced to improve RDM practices and
promote data sharing for purposes of reuse Iin the Iinterests of the
scientific community and the public’.

Additional Activities

= Individual guidance of researchers

Consulting and coordination, support formalized
work with scientific digital objects underlining inter-
mediary aims, policy compliance, long-term utility

QR: RDM dashboard summarizing support at TU Graz

= Support of project consortia

Training and methodical use of RDM tools increasing transparency and
Impact of research, respecting the legitimate interest of all stakeholders
(licenses, startups, industry-funded research and patents)

= Curation of research metadata

Research data repository software offering

a quality layer for record reviews for restricting

the self-publishing of unreviewed drafts ensuring
recommended file formats and essential metadata

QR: Demo of curation feature of repository.tugraz.at

Data stewards and institutional RDM teams support researchers by
identifying, providing, maintaining, and promoting the use of RDM tools
and approaches that enable the effective communication, sharing, and
reuse of research results In accordance with FAIR principles. Their
support may include computational infrastructures, documented
strategies and guidelines, tailored workflows and applications, expert
consultation and Iintermediation, awareness-raising events, and
community exchange.

Above all, comprehensive documentation is prerequisite for the reuse of
digital objects Involving related concepts of strategic planning,
structuring, annotation, testing, revision, and given the example of
computational methods also literate programming.

DO collection & documenation

—
g import numpy as np
data - np.random, randn(z,3)
print (dala
print(data * 10)
print (data 1 data)
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DO sharing support
DO sharing boost

Support and Boost of DO Sharing — refinement and reproducibility support
through data stewardship, additional incentivation by institutions & community
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