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The availability of good metadata in referenced terminologies is a prerequisite for data
interoperability and the associated reliable retrieval. This interoperability of data through
their documentation is considered one of the more complex problems in the creation of
FAIR datasets (Jacobsen et al. 2020; Guizzardi 2020).

Standardization of data collection depends not only on the field of research, but also
on the object of research: while excellent standards such as SNOMED CT! have been
established in clinical trials and medical routine care, this is usually not the case in basic
biomedical science using cell cultures or animal models. This is also reflected in the
organization of large-scale research projects such as Collaborative Research Centers: in
addition to highly standardized data types, such as for genetic analyses, there is also
long-tail data with sometimes individual signatures. In both cases, however, there is a
need for a standardized description of the experimental set-up.

As any documentation of datasets is labor-intensive, it is often only of medium-term
benefit to the researcher. Therefore, the additional workload is more likely to be accepted
if there are clear guidelines, e.g., from data repositories. If data documentation is to be
incentivized instead of forced, a reduction in the effort required to collect the data is
certainly a prerequisite.

In our bottom-up approach, scientists are empowered to define minimal datasets that are
iteratively aligned with existing terminologies and standards by RDM managers.

1 Data documentation

General description standards such as DataCite (DataCite Metadata Working Group
2021) help to document datasets at an administrative level. Due to the lack of structured
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information from specific domains, this information is of limited use for further assessing
the usability of a dataset.

We hypothesize that a “collage” of the useful parts of different standards and controlled
vocabularies can keep the effort of collection low and thus increase adoption, without
reducing the interoperability of the data sets for machine analysis too much.

2 Schematic integration of terminologies and ontologies
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Figure 2: Options to integrate existing vocabularies such as taxonomies and ontologies.

While in Figure 2 a) in the entire terminology is browsable, b) only transfers a substruc-
ture, provided that suitable hierarchy levels or separation criteria are available. If only
a few of the values ever occur in lab reality, a manually curated list (c)) is advantageous
and can re-combine nodes scattered throughout the terminology.
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3 Tools for scientists and data stewards

To enable scientists or data stewards to maintain data description structures themselves,
a Microsoft Excel schema is provided (Figure 3). The familiarity with this tool lowers the
barrier of entry. It is also particularly useful for locally specified lists that are typically
already maintained in laboratories (e.g., antibodies, mouse lines), which can then be more
easily compared to (potentially) existing standards during a subsequent revision step.
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Figure 3: Example of defining structures and relationships of documentation entities using Ex-
cel.

4 Technical implementation

Our data documentation forms are embedded in our research data management system
fredato, which is a thin wrapper over on-premises GitLab? and Nextcloud?® instances. It
stores the metadata directly in Git* repositories without a database, so they are always
kept in sync with the research data and do not require explicit export processes, meaning
no lock-in to our software and full user control.

The form definitions are also treated as data and exist as distributed JSON schema®
definitions after being converted and merged from various sources (external vocabulary
imports, local Excel lists, manual input) and displayed in the web frontend using the
VISF library® (see Figure 4). Once stored in their respective repositories, the metadata
is automatically indexed in OpenSearch using GitLab Continuous Integration.

An example of processing a single aspect and the resulting internal representation is shown
in Figure 5, an example of form logic defined in Excel is shown in Figure 6.

2 https://about.gitlab.com

3 https://nextcloud.com

4 https://git-scm.com

5 https://json-schema.org

6 https://github.com/koumoul-dev/vuetify-jsonschema-form; Last accessed on May 5th, 2023.
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Figure 4: Workflow of form creation and processing using fredato.

5 Everyday use

Currently, for example, a template is available for the documentation of data sets in basic
cardiological research, which was introduced as a recommendation in the Collaborative
Research Centre 1425. In everyday life, there are two different procedures: Researchers use
this to document the end of an experimental series and thus the generation of the raw data
set in the laboratory. Alternatively, researchers, especially those who still work without
an electronic lab book, use the metadata editor on a daily basis to document experimental
progress. A copy function is available for this purpose, which only requires the new parts
to be changed. A data set documentation is thus created from the compilation of the
metadata of the individual laboratory days.

6 Discussion

When developing data documentation schemes in a bottom-up manner, it is advisable to
include support from the research data management side in addition to the actual users,
i.e. the subject experts. Both sides can benefit from each other, as knowledge of the
need for reporting guidelines and data standards often needs to be built up by the subject
experts. Ideally, candidates for local data stewards will emerge from this iterative process,
greatly accelerating future collaborative efforts.

Our solution improves metadata interoperability, but does not produce fully machine-
understandable grammars (Jacobsen et al. 2020). However, simply referencing published
terminologies is usually not enough context for software agents to understand naming.
The context can be re-created later in the export process by translating terminology
look-ups into grammars.
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Project Sample characteristics
Sample projects Organism
Mouse X -
Folders
>~ 0O Animal license number (' )
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~ [ Mmydata
Y Heart X -
B * sample metadata
B8 My publication Heart tissue
[Without folder] X -
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Interventricular Septum
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"organism": { v
"mouse": { @

"tissueSource": {
"heart": {
"leftAtrium": {},
"key": "leftAtrium",
"display": "Left atrium",
"classURI": "http://purl.obolibrary.org/obo/BT0 0001702"
},
"key": "heart",
"display": "Heart",
"classURI": "http://purl.obolibrary.org/obo/BT0 0000562"
}
}
"key": "mouse",
"display": "Mouse",
"classUri": "http://purl.bioontology.org/ontology/NCBITAXON/10090"

Figure 5: Web form and resulting JSON metadata file.

7 Conclusion

The burden of data documentation can be selectively reduced, without loss of technical in-
teroperability, by presenting only the information from the terminologies that is necessary
for a particular group based on standardized controlled vocabularies.
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Figure 6: Example of a repeating field with conditional subfields.
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