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most of the data is useless without a description

over time, information is
forgotten - documentation enables long-term
understanding of data no archiving without metadata

Overview of versions
and different formats
is lost

Documentation is the essential element of good data
management and facilitates data exchange

structured metadata enable machine processing of data
(search, automation)

Despite initial extra work, future work is made easier

Why Is documentation important?

/Time of publication

Specific details about problems with individual items or
< specific dates of collection are lost relatively rapidly

General details about data collection are lost

/ through time

Accident may
destroy data and
documentation ‘

Retirement or career change
makes access by scientists

/ to "mental storage" difficult
or unlikely

Death of investigator
and subsequent loss
/ol‘ remaining records

Information Content of Data and Metadata

Time

MICHENER, William K., et al. Nongeospatial metadata for the ecological
sciences. Ecological Applications, 1997, 7. Jg., Nr. 1, S. 330-342.

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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What is metadata? SIMPLY EXPLAINED?

METADATA
UMETADATA!?Z
W 0
Metadata are
e "Data about data" ) ()

e serve the documentation

e contain descriptive information about the context of
data

L[ %
Context is e.g. ﬁ

e ... Technology used for data generation

geek & poke

(hardware/software)
e ...administrative details (project, participants, .
institution, etc.) W§ ﬂ
e ..relations to publications, other data, persons, ()

projects etc.
by Geek and Poke, CC-BY-3.0

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Examples Metadata in File Information

Beschreibung

@l d 7 r-) |: Datei:

- - Titel: M
Start Einfdaen Se »
= = = = Verfasser: “'D\afDmmmer. ‘Alexandra Oettler; Dietrich von Seggern - © 2007 by callas software; Gmbk

Lg Speichern == Thema: ‘PDF/A kempaki - Digitale Langzeitarchivierung mit PDF I f = I
= — Stichworter: ~ Barrierefreiheit; Hochvolumige PDF/A-Erstellung; Scan zu PDF/A: PDF/A mit Acrobat 8 I I l ag e I e S
=1 i = Professional; Vertrige und Formulare; PDF/A aus Microsoft Office 2003 und 2007; PDF/A-
Speichem un : e e o o Lo _0315.0PG
13 Offnen o ) » Verzeichnis: C:\Daten\Bilder\MichasIphone\
Eigenschaften = Eselitem: 08122009 180639 Voller Pfad: C:\Daten'\Bilder\Michaslphone\IMG_0315..
L] 2 Gesndert am:  08.12.2009 18:37.08
' Schlieken Grake 144KB smvencin Komprimierung: JPEG, quality: 96, subsampling ON (2x2)
Seiten 1 g Sens
Informationen [ £ — Aikiosima: 2 x 72 Ol Andem |
Gesamtbearbeitungszeit 0 Minuten OriginalgroBe: 2048x 1536 Pixel (3.15 MPixels) (4:3)
Titel Metadaten in Datei-Infor. . POF erstelt it . - -
PDF-Version: 1.4 (Acrobat 5x) Aktuelle GroBe: 2048x 1536 Pixel (3.15 MPixels) (4:3)
Speicherort:  CAUsers\matiAppData\Local\Temph, - Druck-GroBe (aus DPI):  72.2x 54.2 cm: 28,44x 21.33inches
DeteigroBe: 881 ME (5236272 Byte) = : Originafarben: 16,7 Milionen (24 BitsPerPixel)
Seitenformat: 208 x 272 mm Seitenanzahl: 87 -
PDF mit Tags: Nein Schnelle Webanzeige:  Nein Aduelle Farben: 16,7 Milionen (24 BitsPerPixel)
E’:I:I: gedruckt B - - 3 AR 3 @ Zidy
Zuletz 5 e ——
Nrnckan oK Abbrechen Bendtigter Plattenplatz:  1.32 M (1.384.266 Bytes)
"E:W”‘”“ Personen o Bentig. RAM-Speicher: 9,00 MB (9.437.224 Bytes)
Autor { s ~
Autor hinzufig 2 2 Aktueller Verz -Index: 4 /263
Zuletzt gedndert von Ute < Datum/Uhrzeit: 28.06.2015 / 08:32:48

Geladen in: 63 Milisekunden

Verwandte Dokumente

|| Dateispeicherort offnen < EXIF Daten*
Alle Eigenschaften anzeigen OK
IPTC Daten

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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ﬂ Examples of literature management

2 Zotero - a8 X
Datei Bearbeiten Ansicht Werkzeuge Hife
s @ O~ 4 &~ ~ Alle Felderund T_| e
~ @ Meine Bibliothek Titel Ersteller ?® infos  Notizen Tags Zugehorig
v 4 Fachlich CyVerse Austria—A Local, Collaborative Cyberinfrastructure Lang et al. .
Antrage I/ Data Stewardship on the map: A study of tasks and roles in Dutch research institutes Verheul et al. . Eintragsart Bericht -
Biicher und Berichte @ Daten- und Wissensmanagement Bodendorf . Titel Final report: Towards FAIR data steward as
o B S G ; Sibdectil profession for the lifesciences. Report of a
. . . 5 4 ZonMw funded collaborative approach built on
[ ] E n d N Ote Eigene i Defining for machine-actionable Data Management Plans Miksa und Neish existing expertise
Lehre Empfehl zur Erstellung insti Forsdl Policies. Das F Policy-Kit als generischer Baukast... Hiemenz und Kuberek = v Ao Schokars: Sl =
Masterarbeiten = Final report: Towards FAIR data steward as profession for the lifesciences. Report of a ZonMw funded collaborative approach b... Scholtens et al. - Ator Jetten, Mike ®
Y Z Ote ro Physik B jum: die effiziente von Osterhage + Autor Gelder, Celia W.G. Van o
Projekte Leitiinie? Grundsétze? Policy? Richtlinie? - Forschungsd: licies an deutschen Universi Hiemenz und Kuberek = ~ Autor Bohmer, Jasmin o
ROM 1% Next generation research data management. Ladwig und Beasley « Autor Staiger, Chistine 5
C 't 1 Skripten On a course on computer cluster configuration and administration Lopez . ~ Autor Slouwerhof, Inge -
. I a.Vl Software 1%/ Practical Guide to the International Alignment of Research Data Management Science Europe d v Autor Geest, Marije Van Der ®®
Test B praxi F Putnings et al. Zusammenfassung This is the final report of the ZonMw funded
Verschiedenes the-Trainer Concept on Research Data Management Bieracka project “Towards a community-endorsed data
e Mendel ey Privat the-Trainer Konzept zum Thema Forschungsdatenmanagement Biemacka Katarzyna et ol Mo il okt b
Meine Publikationen the ZonMw Personalised Medicine Programme
Eintragsdubletten (Dossier number: 80-84600-98-3007), Zilveren
[ J ab R ef Eintrage ohne Sammiung Kruis en KWF Kankerbestrjding. Additional
B Papierkorb funding was provided by UMCG, UMCU,
Radboud University Nijmegen, Radboudumc
and DTL/ELIXIR-Netherlands.
Nummer des Berichts
Art von Bericht
Titel der Reihe
Ort
Institution Zenodo
Datum 2019-10-03 ymd
Seiten
Sprache en
Kurztitel Final report
URL https://zenodo.org/record/3471708
Heruntergeladen am 29.10.2020, 11:01:07
Archiv
020 Bibliotheks- und Informat... Standort im Archiv
Competence Bibliothekskatalog DOL.org (Datacite)
Data management Signatur
ntn Cominead v Rechte Creative Commons Attribution 4.0 International,
R Open Access
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Examples of metadata for research data

References Test design Topic
Identifier
File size _
System requirements
Metadata

-data about data-
Editor _

File format Survey method

Subject

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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ﬂ Metadata categories

Administrative metadata
e Technical specifications and parameters, legal information
e Examples: File format, file size, date and time of creation, licences, access rights.

Structuring metadata
e Structure of the data and linkage with other data
e Examples : Table description, chapters and pages in a book

Descriptive metadata

e Describe the content of the data
e Examples: Description of the experimental set-up, vocabulary (predefined wording).

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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. Documentation planning

e \What information do you want to map? \O

e \What standards are there for this? ?
e Are there regulations in the working gro jecWinstitute for the description of data?
e \Where do you want to reuse th a? Do you want/need to publish/share the data later?

Should it be available % in the working group?
t

e What can f CI ation?
o Au@ ipts
or frequently used data sets

0 etadata tools
© Databases interfaces Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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What do you need to ...

... to find data
® General search criteria: Link to publication, author, year, project

® General search criteria for the research question: variables collected/simulated/observed, controlled variables,
boundary conditions and parameters

® Subject-specific search criteria: Parameters of the system under consideration (e.g. force fields in thermodynamics),
parameters of the survey method (e.g. temporal and spatial resolution, geographical classification).

... understand data

® Mapping the research process: steps, methods, software, hardware, parameters
Variables collected/observed/simulated

Controlled variables

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Documentation of research processes

A process is a sequence of activities that have a temporal beginning and an end

Process thinking fits well with the scientific way of working

Flowcharts serve to visualise processes and are suitable for documenting research processes in a comprehensible
way.

Visualisation supports structured work!
The simplest representation of a process is the black box as a symbol for "input-processing-output” (EVA principle).
Modularisation of complex contexts

Input /:> Process I:V Output /

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Structured metadata preferred

® Both human- and machine-readable
®* Supplementary short textual description possible

o Full text indexing and search possible

o But: Search results less precise (Remember the usefulness of many Google search results).

o Inthe case of data publication: add a link to the paper or report (description, metadata, use, sources....).
®* Metadata schema (e.g. ICAD)

o Use a standard or offer a mapping

"The experiment was conducted in Dresden on 12" May 2016" "Date: 20160512; Place: Dresden..."

Easy to read for humans, but difficult to process by machine Can be read by both humans and machines.

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Structuring metadata

Human readable

s

Notepad HTML page with
semantic mark-up

Readme in the folder

XML metadata

Key-value pairs in the
header of a binary file

Machine readable

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Save metadata

®*  Within the file (there are standards for many file formats)
®* Ina README file or other text file, table, XML file...
* Database

* Data management system (e.g. ICAT, MASI-Metadata Management for Applied Sciences)...

Challenges
® Scalability with growing data volume
® Linking data and metadata (using links and PIDs)

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Linking data and metadata persistent identifiers

Metadata with linking of metadata
and data (e.g. DOI, EPIC-
PID, URN

Metadata

Data

Metadata in the data (in the Metadata on the data
header of data formats, e.g. (e.g. object storage, file and

HDFS) folder names) Metadata

Metadata DB
Metadata with link to the data
DB (e.g. search index, repository)

Metadata with the data
(e.g. readme-file, metadata)

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zen0d0.2660187; german version
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Table documentation

Recommendation: Information in file itself (e.g. first spreadsheet)

Metadata Description

Description of table/worksheets What is the purpose of the table/ worksheets?

Worksheets name Listing of the names of the worksheets.

Column heading Each column of a table must have a name.

Column description Description and listing of format specifications, abbreviations,

codes, value lists, input conventions, specialized vocabularies,
characters for empty cells or measurement units used in the
respective column.

How many columns/rows/sheets does the table/spreadsheet

Number of columns/rows/worksheets .
contain?

Relations/Formulas/Macros What relations/formulas/macros exist in the spreadsheet

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version

PROGRAMME DIGITAL TU GRAZ - FIELD OF ACTION RESEARCH



http://doi.org/10.5281/zenodo.2660187

TU

Grazm

Automatically captured metadata - Measurements

® |n some cases, devices/software record relevant metadata. x 5 C 5 E G c

~Version Infarmation

[ » [

1
o Camera automatically writes metadata to the LT
generated image file O

o Measuring instruments write metadata in the header S cowr W - company

10 WELL. RWTH1 o Well

to the measurement data 1FD  Aachen

12 DATE. 02-Now-2005 : Log Date
13 ~Curve Information Block

o Units generate separate configuration files/ metadata 18 sNEMUN(es _[cure Descrption

files in addition to the measurement data
® In some cases, metadata collection can be configured in °“
the unit software. i T L
® In some cases, the export of metadata must be deliberately , e
initiated. u

® Electronic lab books (e.g. eLabFTW, s 5 o0ocane

32 # Curve Data

httDS//WWW elabftw net/ or 33 ~A DEPT T CAL ANl ANIA AZSH DAZ DEV  DISF  DISS
. . . ’ 34 217.77% 9 250 0 -999.2500 -999.2500 -999.2500 -999.2500 -339.2500 -999.2500 -

35 2175320 3 250 0 -599.2500 -999.2500 -395.2500 -539.2500 -339.2500 -599.2500 -

https://elabftW.ViCe.CWerSe .tuqraz.at/loqin.php) 36 218.0844 -9 250 0 -999.2500 -999.2500 -999.2500 -999.2500 -999.2500 -999.2500 -

37 212358 -9 350 0 -999 7500 -999 750N -299 250 _-099 2500 -999 2500 -999 I50N - T
M 4 b M| rwth-1_17.5_anisotropy_results 4 [l

Example: Metadata in the header to the data log of an
acoustic borehole logging probe

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version; adapted
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® In part, simulation programmes output metadata
o Date and time
o Start, stop and step size of the simulation
o Convergence tolerances

In automatic variant studies (e.g. with Excel),
parameters and designations are also written down

Choose names of output files and column labels
sensibly

® UNITS!

® Electronic lab books (e.g. eLabFTW,
https://www.elabftw.net/; or
https://elabftw.vice.cyverse.tugraz.at/login.php)

PROGRAMME DIGITAL TU GRAZ - FIELD OF ACTION RESEARCH

Automatically captured metadata - Simulation

VERSION 17

*xx TRNSYS input file (deck) generated by TrnsysStudio

**% on Samstag, April 04, 2020 at 16:29

=x% from TrnsysStudio project: D:\227_NEWSUN\@5_AP2 Glob_num_SysOpt
(4.5PM)\3@_Szenariensimulation@la\Szenariensin@l.tpf

=x= If you edit this file, use the File/Import TRNSYS Input File function in
=xx TrsysStudio to update the project.

**= If you have problems, questions or su
=xx TRNSYS distributor or mailto:softwaret

=%% Control cards

* START, STOP and STEP

CONSTANTS 3

START=0

STOP=876@

STEP=0.033333332

SIMULATION START STOP STEP

TOLERANCES @8.001 8.0081 ! Integration |
&

LIMITS 3@ 508 58
DFQ 1 ! TRNSYS
WIDTH 80 I TRNS
LIST I NOLIST statement

! MAP statement
SOLVER @ 1 1 I Solver statementMinimui
NAN_CHECK © ! Nan DEBUG statement

OVERWRITE_CHECK @ ! Overwrite DEBUG s
TIME_REPORT @ ! disable time report
EQSOLVER @ ! EQUATION SOLVER statemen

Example: Metadata in the header of the input file for a
TRNSYS simulation (www.trnsys.com)
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. Metadata extraction

Automatic extraction of metadata - no more manual work!
Supports the collection of metadata for uniform data sets!
Collect metadata in your own working environment!
® Where is the metadata hidden?
® Can they be extracted automatically? With a script?
Extraction for literature management programmes (e.g. Zotero)
Cyverse also extracts metadata

Metadata extraction software - example: Apache Tika
® Based on Java — Windows, Linux, Mac
Extracts from many file types
Output of metadata in different formats
Graphical user interface and command line tool or server

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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. Data management software

Stores both metadata and data
Required functions
® Search function (find data via metadata)
Support for metadata extraction, creation, editing ....
Integration into the user environment (e.g. browser-based)
Interfaces for accessing the data to be integrated into the analysis environment (e.g. POSIX, http, REST-API)
Attention: Prevent dependence on software - Can data/metadata be exported from the system?
Examples: ICAT, MASI, KIT Datamanager

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Metadata schema and standards

®* Metadata schema
o Defines the structure and content of the metadata fields
®* Metadata standards
o are standardised metadata formats
o ensure comparability
o facilitate the exchange of metadata (interoperability)
o enable machine readability
®* Quasi-standards
o No official standard adopted by a standards body (such as ISO or W3C)
o but widespread and accepted

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Example metadata schema DataCite

®* http://schema.datacite.orqg/

®* Metadata scheme for publication and citation of research data
®* Includes metadata core elements and recommendations for use
® used for DOI registration

®* Metadata generator: https://dhviab.gwi.uni-muenchen.de/datacite-generator/

®* Used atinvenioRDM (institutional repository at TU Graz)

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version, adapted
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Search for metadata standards

®* https://rd-alliance.qithub.io/metadata-directory/

®* https://fairsharing.org/
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Advantages and disadvantages of standards

Advantages

Clearly defined meaning of fields
Partially controlled vocabularies
Machine readability

Easy interchangeability

Source: TU9 German Universities of Technology, http://doi.org/10.5281/zenodo.2660187; german version
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Disadvantages

Low flexibility
Sometimes high complexity



http://doi.org/10.5281/zenodo.2660187

TU

Grazm

Further information

® Interactive online course on metadata
https://mantra.edina.ac.uk/documentation _metadata_citation/
® Train-the-trainer concept on research data management version 3.1, unit 8: documentation and
metadata (page 88); good summary with further literature
https://doi.org/10.5281/zenodo0.4322849
® Videos (2 - 8 min):
o https://lwww.youtube.com/watch?v=4HJENeUY4Uc
o https://lwww.youtube.com/watch?v=JDueeDrQdLU
o https://www.youtube.com/watch?v=y7Xullpa6gk
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