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Research Data Management (I/VIll)
Introduction

P

Current situation in Germany (*)
» Data is stored decentraly

Research data is of inestimable value (Y New research bases on existing research data () g SO TS SoE]
 Empowers research - Transparent }
» Advance knowledge . Reproducible Reusable

» Varied quality

Nationale Forschungsdateninfrastruktur (NFDI) address need for high qualitative RDM
Funded October 2020: DataPlant, GHGA, KonsortSWD, NFDI4BioDiversity, NFDI4Cat, NFDI4Chem, NFDI4Culture,
NFDI4Health, NFDI4Ing

TIB involvement in metadata standardization @NFDI:

&:X‘.f NFDI4Ing (https://nfdiding.de/ ): NFDI4Ing brings together the engineering communities. It offers a unique

NFDi4ing ":{\i: method-oriented and user centered approach in order to make engineering research data FAIR — findable,
accessible, interoperable, and re-usable.

A ¥ NFDI4Chem (https://www.nfdi4chem.de/): The vision of NFDI4Chem is the digitalisation of all key steps in

N | ==
, A=A =9 | A&
y ¢

chemical research to support scientists in their efforts to collect, store, process, analyse, disclose and re-
nfdigchem use research data

Page 3


https://nfdi4ing.de/
https://www.nfdi4chem.de/
https://www.nfdi4chem.de/
https://www.nfdi4chem.de/

TIB

Research Data Management (llI/VIII)
Reproducibility issues: In numbers

. . . . WHAT FACTORS CONTRIBUTE TO
A supporting Nature publication in 2016 [*] IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense compatition
and time pressure.

® Always/often contribute  » Sometimes contribute

Survey of 1,576 researchers who took a brief online questionnaire Setctve reporing |
on reproducibility in research Praskurs 6 bl |

Low statistical power

or poor analysis

Not rsplkcath enough

HAVE YOU FAILED TO REPRODUCE n T:::;:.:t:
AN EXPERIMENT? PRI by

Most scientists have experiencad fallure to reproduce results.

Methods, code unavallable

©® Someone else’s  « My own

Poor experimental desi
Chemistry pe gn

Raw data not avallable
from original lab
Biology

Fraud

Physics and Insufficlent peer review
engineering

Problems with

Medicine reproduction efforts

Technical expertise required

Earth and for repr'oductlon

environment Variabilty of

standard reagents

Other Bad luck

0 20 40 60 80 100%

106% nae
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Research Data Management (l1I/VIII)
Reproducibility issues: Impact of selective reporting

1999 Mars Climate Orbiter accident

- The disastrous accident of the 1999 Mars Climate Orbiter quickly became part of the lore of
technology failures. It occurred when firing durations for a guidance jet were mis-
communicated between engineering teams, one of which assumed English units and the
other assumed metric units. [*]

- Cost: 125 Mill. USD [**]

Trans-disciplinary project result discussion with technical terms and indicators. Speaking
about micro- and macronutrients [***]

- Soil scientists: nitrogen, phosphorus, potassium, calcium, magnesium and sulphur
- Nutritionists: carbohydrates, protein and fat

[*] https://tdan.com/mars-orbiter-disaster-a-failure-of-data-management/5128
[**] https://www.washingtonpost.com/wp-

srv/national/longterm/space/stories/orbiter100199.htm#:~:text=Washingtonpost.com%3A%20Space%20Exploration&text=NASA's%20Mars%20Climate%200rbiter%20was,Martian%20surface%2C%20investigators%20said%20yesterday. Page 5
[***] Jordan, 1., Heil, E., & Keding, G. (2021). Coming to terms with terminology in agriculture-nutrition research projects: an interactive glossary. Erndhrungsumschau, 68(10), 198-203.
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Research Data Management (I11/VIII)
Reproducibility issues: Introduction of FAIR principles [*]

‘ TIB

Consortium of scientists introduce widely accepted FAIR principles in 2016

Findability can be ensured by using a unique or persistent identifier with sufficient description of
data and their characteristics in machine-readable metadata and storage of data in archives or
repositories.

Accessibility requires that metadata are always available via standardized, universally
implementable communication protocols and corresponding datasets have clearly defined access
conditions.

Interoperability needs data and metadata kept in common, published standards of data formats,
variables or ontologies in order to enable their integration into existing applications or workflows.

Reusability is the ultimate aim of research. Detailed description of characteristics according to
community standards with clear conditions enable the reuse of research data for future
endeavours.

Page 6
[*] https://www.tugraz.at/sites/rdm/the-fair-principles/




Research Data Management (V/VIII)
Metadata in RDM

‘ TIB

What is Metadata or Metainformation? ... ensure that the information can remain
understandable ... [*].

Metadata Type | Example Properties Primary Uses
What is metadata used for in RDM? Descriptive metadata | Tile Dicover
- Unambigous communication Subject Interoperability
. Discove ry Technical metadata ;Eli;:m = Interoperability
- Sorting (bring resources together that Eﬂ;ﬁﬁmﬁ? Digital object management
belongs) together Preservation meadan grh“‘%?; e
- Search and Browsing S W
- Reuse. E.g. Information about Licene tems Digital object management
- applied methodology, involved data and software Swchwlmeada | Sequeace |
- Authors, licences
Page 7

[*] https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation



https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation
https://docs.libnova.com/labdrive/concepts/oais-and-iso-16363/planning-for-preservation

Research Data Management (VI/VIII)
Metadata in RDM: implementation in NFDI4Ing

’ TIB

Core constituents

Terminologies [*]
the technical or special terms used in a business, art, science, or special subject
E.g. a lexicon covering the terminologies of several scientific fields

NFDI4Ing makes use of Ontologies
Part of the Semantic Web tool stack
... a formal description of knowledge [**]
... ontologies express relationships and enable users to link multiple concepts to other
concepts in a variety of ways [**]

In delimination, a view point from the Philosophy: ... the study of general and fundamental
guestions, such as those about existence, reason, knowledge, values, mind, and lanquage [***]

[*] https://www.merriam-webster.com/dictionary/terminology
[**] https://www.ontotext.com/knowledgehub/fundamentals/what-are-ontologies/ Page 8
[***] https://en.wikipedia.org/wiki/Philosophy
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Research Data Management (VII/VIII)

Metadata in RDM: implementation in NFDI4Ing: Additional value of ontologies

’ TIB

Building a communication framework, a common language and understanding of interrelations
between terms.

Make metadata machine readable and understandable
Provide mappings between ontologies

Automated validation of metadata
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Research Data Management (VIII/VIII)

Metadata in RDM: General charateristics

’ TIB

Domain specific (Engineering, Culture, Chemnistry, ...) and community specific
Evolving continously and dynamicaly over time

Must be accepted, developed and maintained by a designated community (avoid isolated
solution!). Includes a.o.

a) promotion (make community aware of its existence)

by aligned with further metadata initiatives (moving away from silos)

c) applicable in RDM (in RDM practise)

NFDI supports terminology development and use through introduction of community specific
Terminology Services for Ontologies

Page 10



Terminology Service (I/XII)

’ TIB

In general: A Terminology Service is a web based platform that support take-up and standardisation
of terminologies

Used as
Entry Point to prepare research data for effective later reuse (e.g. according to a DMP).
Tag/index with keywords from a controlled vocabulary (e.g. content indexation for retrieval)
Consolidate terminology: use the same keywords
Trace changes meaning
Search: Query reformulation, term suggestion, ...
Hub, that fosters awarness and alignement
Bundles ontologies of a domain
Provides meta data and statistics
Search for and within ontologies
Makes alignments visible

Page 11



Terminology Service (lI/XIl)

. TIB

TIBTS
TIB Central TS Domain specific TS's
All research communities share the RDM challenge "Fl.‘:i4ing ?
: : 4 T11B A
Terminology Service ¥ b
Apache 2.0 Licence | ~ nfdigchem

.. further initiatives
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Terminology Service (I1I/XIl)
TIB TS Central

. First version released July "21: https://service.tib.eu/ts4tib/index

. Central service instance holds all
ontologies

Ontologies Documentation

Welcome to the TIB Terminology Service

. Some statistics
- 59 ontologies
- 8,688 properties

Search TS...

[

Looking for a particular ontology?

Examples: electric vehicle, CHEBI: 72695

LI TIB’s Terminology Service

With its new Terminology Service, TIB — Leibniz Information Centre for Science and Technology and University Library provides a
single point of access to terminalogy from domains such as architecture, chemistry, computer science, mathematics and physics
You can browse ontologies through the website or use its API to retrieve terminological information and use it in your technical
services.

. Functional service offer
- Freetext search searching
(for- and within ontologies)
- Browsing and filtering
- Visualisation
- Issue tracker
- Machine to machine communication
(REST interfaces)

&) Community Terminology Services

TIB maintains additional Terminoclogy Services specific to several research communities as extensions to this service.
""""‘"':ﬁ".: and () NFOL.Chem  Terminology Services are particular examples of these extensions. Itis planned to host more
.

community specific Terminology Services as extensions of the central service.

ol Data Content
Updated 25 Feb 2022 19:10

‘ TIB

+ 59 ontologies

« 250,802 terms

« 8,688 properties
« 19 491 individuals

Tweets oy @TIBHannover @

TIB TIB | ™=
@TIBHannover
Jede Hilfe 23hlt! Bitte checkt, was in euren
Einrichtungen mdglich ist und verwendet
#ScienceForUkraine um darauf hinzuweisen.
https /fwitter com/SoerenAuer/status/1497573
098153029640

o Feb 26, 2022

TIE | E0™® Retweeted

(i science for Ukraine ™=

" @sci_for_Ukraine
@%ci_for_Ukraine will be collecting
information and tweeting about the help
universities and research institutions offer to
students and researchers from #Ukraine.
Please use #ScienceForUkraine hashtag to
help us to find your
tweett#standForUkraineNow
#RussialnvadesUkraine
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TIB

Terminology Service (IH/XII)
TIB TS NFDI4Ing

- NFDI4Ing TS: https://terminology.nfdiding.de

. Some statistics
d 31 OﬂtOlOgleS Ontologies Documentation
- 4,089 properties

il Data Content
Welcome to the NFDI4Ing Terminology Service Updated 25 Feb 2022 19:10

. Functional service offer By oo

« 12,976 terms
« 4.089 properties

° F re eteXt searc h searc h | N g Examples: lecric vehicle, agent Looking for a particular ontalogy? « 9,053 individuals

(fOI’- and Wlthln OntOIOgleS) Tweets by @nroiaing @

. : : About NFDI4Ing Terminol Servi %% NFDMing -
- Browsing and filtering &) About NFDIIng Terminology Service

NFDI4Ing Terminology Service is a repository for engineering ontologies that aims to provide a single point of access to the latest

R R B ~ ~ B ~ - Proud to announce #metadatading: An
ontology versions. You can browse engineering ontologies either through this website or via the Rest APl NFDI4Ing TS is ontology for describing the generation of

° VIS u a.l ISatI O n developed and maintained by TIB as an extension of the TIB Central Terminology Service research data. Check it out at
doi.org/10.5281/zenodo... !
- Issue tracker
. ) . . 5% Community Vision of NFDI4Ing Metadatading: An ontol...
L4 M aC h I n e to m aC h | n e CO m m u n ICatl O n NFDI4Ing Terminology Service is a community driven offer, that intends to reflect the interests of engineers (see respective EJ 2:0?;:_2';;9 ettt

DFG Subjects Area) We appreciate and encourage everyone interested to get involved in shaping it by proposing further

(R E ST I nte rfaces) existing ontologies and new features. To make such proposals please either write an email to felix.engel (AT) tib.eu or use our 0 = Feb 25, 2022

GitLab Issue tracker.

& NFDI4Ing Retweeted

#5 Rhian &

=== @SLUBDD_Rhian
Hiermit laden wir Sie herzlich zu unserem
#NFDI4Ing Community-Meeting CC-44 am
03.03.2022, welches von Seiten der

&\* Page 14
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Terminology Service (V/XII)

TIB TS Functional service offer: Browsing and Searching

l electric vehicle

[ Exactmatch [ Obsolete terms

Term type Search results for electric vehicle

‘ Filter by type ‘ Showing 1 to 10 of 219 resuits [N

class [ 110] . .
electric vehicle
individual [ 94 ] http:/fopenenergy-platform org/ontology/oeo/OEC_00000146
Ontology: Repository for the Open Energy Ontology (OEO) [elSe]
oroperty o gy: Repository p ay Ontology (0£0) (S
Ontology Electric Vehicle

http://schema.mobivoc.orgi#ElectricVehicle
Ontology: Mobivioc Open Mobility Vocabulary A

[ »Basic Formal Ontology (BFO) |

*Building Topology Ontology
(bot)

*Core Ontology for Robotics | | ool il il A A
and Automation (CORA)
(CORA)

List of all ontologies in the Terminology Service

Show Search
entries
Ontology Name “  short name Description Loaded Action
Basic Formal Ontology The upper level ontology upen which OBO Foundry ontologies are built.  Thu Oct 28 Search
16:55:15 GMT  Terms
2021 Properties
Bioinformatics operations, data types, EDAM EDAM is a simple ontology of well established, familiar concepts that are  Thu Oct 28 Search
formats, identifiers and topics prevalent within bioinformatics, including types of data and data 16:57.03 GMT  Terms
identifiers, data formats, operations and topics. EDAM provides asetof 2021 Properties
terms with synonyms and definitions - organised into an intuitive Individuals
hierarchy for convenient use.
Building Topology Ontology @ The Building Tepology Ontology (BOT) is & minimal ontology for Thu Oct 28 Search
describing the core topological concepts of a building. 16:55:17 GMT

Caore Ontology for Robotics and This is the OWL implementation of CORA in IEEE 1872-2015. It only

Automation (CORA) includes the taxonomy of concepts and relations, with some few axioms
reggarding disjoininess, property characteristics and property
ranges/domains. The OWL implementation is an underspecified version
of the SUC-KIF implementation in IEEE 1872-2015. That is, the set of
allowed models of the SUO-KIF implementation is a proper subset of the
allowed models by the OWL implementation.

Data Privacy Vocabulary (DPV) dpv The Data Privacy Vocabulary (DPV) provides terms (classes and
properties) to describe and represent information related to processing
of personal data based on established requirements such as for the EU

2021 Properties
In

Thu Oct 28 Search

16:56:10 GMT  Terms

2021 Properties

In

Thu Oct 28
16:56:45 GMT ]
2021 Properties
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TIB

Terminology Service (VI/XII)

TIB TS Functional service offer: Collections

Bundle ontologies of a Designated Community. E.g. a project or a
resarch area

Bioinformatics operations, data EDAM EDAM is a simple ontology of well established, familiar concepts that are prevalent within bioinformatics, Fri Feb 25 Search
types, formats, identifiers and including types of data and data identifiers, data formats, operations and topics. EDAM provides a set of 18:54:54 Terms
to ics’ : terms with synonyms and definitions - organised into an intuitive hierarchy for convenient use. GMT 2022 Pro """ ;mes
------- RIC3 I collection: NFDI4ING - NFDI4CHEM - P
Individuals
Download
Building Topology Ontology The Building Topology Ontology (BOT) is a minimal ontelogy for describing the core topological concepts of Fri Feb 25 Search
a building. 18:33:42 Terms
I collection: NFDI4ING - NFDI4CULTURE - FID BAUdigital -I GMT 2022 :
Properties
Individuals
Download
CHEBI Integrated Role CHIRO CHEEI provides a distinct role hierarchy. Chemicals in the structural hierarchy are connected via a 'has role’ Fri Feb 25 Search
Ontology relation. CHIRO provides links frem these roles to useful other classes in other ontologies. This will allow 18:52:13 Terms
Trmm— direct connection between chemical structures (small molecules, drugs) and what they do. This could be GMT 2022  — :
. s . . Properties
', in the same way Uberon and the Cell Ontology link structures to processes.
collection: NFDI4CHEM - Individuals
Download
Chemical Entities of Biological CHEBI A freely available dictionary of molecular entities focused on ‘small’ chemical compounds. The term Fri Feb 25 Search
Interest ‘molecular entity’ refers to any constitutionally or isotopically distinct atom, molecule, ion, ion pair, radical, 18:51:24 Terms
""""""""""""""" radical ion, complex, conformer, etc., identifiable as a separately distinguishable entity. The molecular GMT 2022 o
Properties

entities in question are either products of nature or synthetic products used to intervene in the processes of

i ; Individuals
I collection: NFDI4CHEMI )
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Terminology Service (VII/XII)

Example applications for researcher (... work in Progress)

Data Collection Management
Provide an ontology that specifies the structure of a collections (e.g. a set of software

repositories)

Add descriptive metadata from TS

Collection Browser f The CoyPu AIC
provides links to all
L included AlPs

CoyPu AIC Browser 8]

I https://ww.coypu.de/aic

~ I I Add new Collection l

Browse local Collections

@: search —'_) | Searchl

CoyPu AIC
Test AIC
Dummy AIC

TIB

Digital Object: https://wwwPURL....

Content Information L

Each AIP has its own ABOX document in the the GitLaob

The link to the ABOX is specified in the choosen AIC

All presented information must be fetched from that ABOX

document

J

Representation Information

PURL#CLASS we get label, comments, ..

|Stmct Inf ! Semantic Inf qomﬂ\ I,Links to TS In TS we need a PURL to each ontology. With ontology

|

Software L,’
System I

Preservation Description Information

rﬂof[nf.‘;rov ]nf‘ Context |nf‘?ixity\




Terminology Service (VII/XII)

Example applications for researcher (... work in Progress)

. Chrome TS Plugin

x | @ null < null

b4 | W Space-Wikipedia x | +

Article  Talk

n.wikipedia.org/wiki/Space

%] spring Boot +Sw... 2) Spring Book RES...

Space

TIB

P spring Bootand... (@ 10 Most Commo... @ MNewTab = css-Removingu... fB Intermediate B1...

oNTOCLICK#] e

three-dimensional

tib (unknown)

From Wikipedia, the free encyclopedia

This article is about the general framew

Space is the boundless

usually consider it, with time, to be part of &
disagreement continues between philosoph

Debates concerning the nature, essence al
Physics of Aristotle (Book IV, Delta) in the

Alhazen.?! Many of these classical philoso
space was absolute—in the sense that it e
collection of relations between objects, give
Towards a New Theory of Vision. Later, the
systematic framework that humans posses

In the 19th and 20th centuries mathematici
gravitational fields deviates from Euclidean

Identifier Label
+  FIX:0000144 three-dimensional NMR
- CHMO:0000505 three-dimensional quadrupole mass spectrometry

Definition: Mass spectrometry where the mass-to-charge ratio of the sample ions is measured whilst the it
held in a stable orbit by an electric field generated by three electrodes.

+ CHMO:0001944 three-dimensional diffusion-ordered spectroscopy
+ CHMO:0001929 three-dimensional nuclear magnetic resonance spectrum

+ CHMO:0001073 homonuclear three-dimensional nuclear magnetic resonance spectroscopy

Contents [hide] ‘

Showing 1 to 5 of 1300 records

a

or, .

en
en

s r
oul
the
nc
rke
riel
5 be
Ac
nod
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Terminology Service (VIII/XII)

Example applications for researcher (work in progress)

’ TIB

AIMS Project
Creation and sharing of metadata standards as so-called application profiles.

An application profile is a set of requirements for subject and use-case specific metadata and
represented in RDF and SHACL.

Within the frontend, users can search and drag vocabulary terms into their application profile
as properties. The TIB Terminology Service is used to retrieve these vocabulary terms, by
automatically querying its REST Interface.
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Terminology Service (X/XII)

Example applications for researcher (planned)

Bioportal ANNOTATOR

Annotator

Get annotations for biomedical text with classes from the ontologies @)

and the eye.

Melanoma is a malignant tumor of melanocytes which are found predominantly in skin but also in the bowe

e

insert sampls text
[ Match longest anly [ Match partial words O Include mappings O Exclude numbers [ Exclude synonyms

Select ontologies

|| Medical Subject Headings (MESH) X | |

clear selection  select from list

Select UMLS semantic types

| Start typing to select UMLS semantic types |

Include ancestors up to level

none v
Get Annotations
H total results 4 (direct 4 / ancestor 0 / mapping @)
Annotations e
CLASS filter ONTOLOGY filter TYPE filtEONTEXT MATCHED CLASS fiMATCHED ONTOLOGY
Medical
} ' : : Medical Subject
Melanoma Subject direct = Melanoma is 2 malignant ... Melanoma . >U0)
: - Headings
Headings
Medical . ) i
) ) .. tumor of melanocytes which Medical Subject
Melanocytas Subject direct . Melanocytes ) :
: are found ... Headings
Headings
Medical : : : )
! i i .. predominantly in skin but also ) Medical Subject
Skin Subject direct . Skin Headi °
: in .. eadings
Headings g
Medical
: ) Medical Subject
Eye Subject direct | .. and the eye Eye -
) : Headings
Headings

1

TIB
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Terminology Service (XI/XII)
Outlook

Classification tagging of ontologies
Top Level ontologies, domain ontologies, ...
Domain (e.g. in NFDI4Ing): Production Technology, Material Engineering, Construction and

Architecture, ...
Provision of trust measures

Usage frequency (download rate, ...)

Curation activities (e.g. versions like releases)
Ontology alignment: similarity measures
Collaborative ontology creation and updating

Visualisation

... and many more is about to come!
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Terminology Service (XII/XII)

TIB

Base Services Measure S-3: Metadata and terminology services (TIB, TUDA, RWTH, KIT)

Provision of ... services to facilitate the creation of subject and application-specific standardised
metadata and their integration into engineering workflows

Application Profiles

Terminoloqgy Service

« Task S-3-1
« TUDA, RWTH, KIT

Aim: Flexible
modelling of user
specific schemes
with maximum re-
usability and
interoperability

Solution: Flexible
application-specific
selection of suitable
elements from
controlled
terminologies 2
Application Profiles

 Task S-3-2
« TIB

Aim: Build a technical
infrastructure for
terminology
management and
access

Solution: Provision of
a web based service,
that enables access,
curation, and
subscribtion to
domain specific
terminologies

Metadata Hub
 Task S-3-3
e TUDA, RWTH, KIT

Aim: Data
Management of
metadata documents

Challenge:
» Techn. diversity

* Inconsistency of
the functionalitie

Solution: Repository
turntable: Uniform
access through
uniform API

Metadata Profile

W Filter queries based on

Provide Terms and schemas

PT ool =
Vocabulary A7) ¥l w
¥ ﬁ
D Z=

Metadata Hub

Build and Retrieve
Schemas

Publish and browse

Ontologies
g Metadata
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THANKS!
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