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We are 
“Wissenschaftler”. 

• create  
• distribute, share, publish 
• reproduce 
• attribute 
• re-use

“knowledge creators…”



Knowledge as 
Research Objects
• Publications / Notes / Presentations 
• Data (raw, derived, processed) 
• Software 
• Algorithms 
• Simulations 
• Videos 
• ….

Tendency towards releasing 
papers + data + software + 

environment: 
“dynamic and executable 

publications” 



Knowledge does not 
exist until:

• you publish (findable) 
• it is accessible 
• it is reproducible 
• …
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A set of principles in data management that 
ensures that data is made available in a way that 

enables and stimulated reuse by humans and 
machines

https://www.nature.com/articles/sdata201618

https://www.nature.com/articles/sdata201618
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A set of principles in data management that 
ensures that data is made available in a way that 

enables and stimulated reuse by humans and 
machines

Comes from life science - but today adopted for all data

https://www.nature.com/articles/sdata201618

https://www.nature.com/articles/sdata201618


Why is research data 
management 
important?
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Example

Would we be able to 
reproduce this figure in 5 
years? 5 months? Ever 
struggled to redo a plot?

Data as plotted (flux points), units, high-level analysis, fit results, event lists, 
instrument response functions, reconstruction code with all options, raw data files,  

X-ray vs gamma-ray correlation plot



8

Example (2)

| FAIR Data Management | Gernot Maier
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Example (2)

• “Could we have the data used for figure 11 in paper X?” 
“Yes of course - wait, not sure if it is in final_data.dat, final_data_v1.dat, 
final_data_really_final.dat,  final_more_final.dat, final_most_final.dat …” 
“Yes - here is a link to the original data in my google drive. What, it 
doesn’t exist anymore?” 
“Yes, here are the files. It is saved as (..*..).” 
 

| FAIR Data Management | Gernot Maier

(*) a file format which you have never 
heard off, and for which only a reader for 
Windows 95 exist



8

Example (2)

• “Could we have the data used for figure 11 in paper X?” 
“Yes of course - wait, not sure if it is in final_data.dat, final_data_v1.dat, 
final_data_really_final.dat,  final_more_final.dat, final_most_final.dat …” 
“Yes - here is a link to the original data in my google drive. What, it 
doesn’t exist anymore?” 
“Yes, here are the files. It is saved as (..*..).” 
 

• “Let’s update the dark matter analysis published 5 years 
ago. Could we first look again at what data, software, 
algorithms were used?” 
“Hmm, that was done by the PhD Student N, who graduated and left 
science. All data / software is on his laptop” 
“No idea which software version was used? Does someone has the run 
list?”

| FAIR Data Management | Gernot Maier

(*) a file format which you have never 
heard off, and for which only a reader for 
Windows 95 exist
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Example (3)

| FAIR Data Management | Gernot Maier
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Example (3)

• “Very nice summary plot let’s use it in our publication” 
“Wait - who did it?  
I found them on the web, can we  
use it?”  
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Example (3)

• “Very nice summary plot let’s use it in our publication” 
“Wait - who did it?  
I found them on the web, can we  
use it?”  
 
 
 
 
 
 

• “Let’s query all published spectra of object type X and 
search for feature Y” 
“Can’t find them, need to digitise them, …”

| FAIR Data Management | Gernot Maier
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Good advices.

• document now (today) what you do (not tomorrow) 
• add README files everywhere 

“these are love letters to your future self” 
• describe your data  

(how was it derived; when; units; …, Metadata) 
• assume whatever you do, it will be wrong / full of mistakes 
• assume that anything you do, you will have to do again 

(write scripts and documents) 
• assume that of any document, program, data set there will 

be different versions 
• assume that what you do has already be done 
• assume that what you do is useful for others 

| FAIR Data Management | Gernot Maier



Version Control.
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You need to be familiar with git.



Code of Conduct
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There is something similar in your country. 
Look for it and read it!



Scientific Misconduct
“Research misconduct is defined as fabrication, 
falsification, or plagiarism in proposing, performing, 
or reviewing research, or in reporting research 
results. (...)  
Research misconduct does not include honest error 
or honest differences of opinion.” 
  
OECD Global Science Forum/US Government  
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Dr. Julia Verse Team Scientific 
Integrity www.scientificintegrity.de  



Scientific Misconduct
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“The published reports on scientific misconduct are full of 
accounts of vanished original data and of the circumstances 
under which they had reputedly been lost. This, if nothing 
else, shows the importance of the following statement:  

The disappearance of primary data from a laboratory is an 
infraction of basic principles of careful scientific practice and 
justifies a prima facie assumption of dishonesty or gross 
negligence.” 

DFG Recommendations 2013, p. 75f  



Sharing.
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Persistent Identifiers

• DOI - digital object identifier 
• ORCID - identify a person 
• ROR - research organisation 

registry 
• (similar: ISBNs from books)

an organisation made a promise to 
keep it alive

globally unique string of characters 
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principles, leads the resource along the continuum towards this optimal state. In addition, the idea of
being machine-actionable applies in two contexts—first, when referring to the contextual metadata
surrounding a digital object (‘what is it?’), and second, when referring to the content of the digital
object itself (‘how do I process it/integrate it?’). Either, or both of these may be machine-actionable,
and each forms its own continuum of actionability.

Finally, we wish to draw a distinction between data that is machine-actionable as a result of specific
investment in software supporting that data-type, for example, bespoke parsers that understand life
science wwPDB files or space science Space Physics Archive Search and Extract (SPASE) files, and
data that is machine-actionable exclusively through the utilization of general-purpose, open
technologies. To reiterate the earlier point—ultimate machine-actionability occurs when a machine
can make a useful decision regarding data that it has not encountered before. This distinction is
important when considering both (a) the rapidly growing and evolving data environment, with new
technologies and new, more complex data-types continuously being developed, and (b) the growth of
general-purpose repositories, where the data-types likely to be encountered by an agent are
unpredictable. Creating bespoke parsers, in all computer languages, for all data-types and all
analytical tools that require those data-types, is not a sustainable activity. As such, the focus on
assisting machines in their discovery and exploration of data through application of more generalized
interoperability technologies and standards at the data/repository level, becomes a first-priority for
good data stewardship.

The FAIR Guiding Principles in detail
Representatives of the interested stakeholder-groups, discussed above, coalesced around four core
desiderata—the FAIR Guiding Principles—and limited elaboration of these, which have been refined
(Box 2) from the meeting’s original draft, available at (https://www.force11.org/node/6062). A
separate document that dynamically addresses community discussion relating to clarifications and
explanations of the principles, and detailed guidelines for and examples of FAIR implementations, is
currently being constructed (http://datafairport.org/fair-principles-living-document-menu). The FAIR
Guiding Principles describe distinct considerations for contemporary data publishing environments
with respect to supporting both manual and automated deposition, exploration, sharing, and reuse.
While there have been a number of recent, often domain-focused publications advocating for specific
improvements in practices relating to data management and archival1,11,12, FAIR differs in that it
describes concise, domain-independent, high-level principles that can be applied to a wide range of
scholarly outputs. Throughout the Principles, we use the phrase ‘(meta)data’ in cases where the
Principle should be applied to both metadata and data.

The elements of the FAIR Principles are related, but independent and separable. The Principles define
characteristics that contemporary data resources, tools, vocabularies and infrastructures should
exhibit to assist discovery and reuse by third-parties. By minimally defining each guiding principle, the
barrier-to-entry for data producers, publishers and stewards who wish to make their data holdings
FAIR is purposely maintained as low as possible. The Principles may be adhered to in any combination
and incrementally, as data providers’ publishing environments evolve to increasing degrees of
‘FAIRness’. Moreover, the modularity of the Principles, and their distinction between data and
metadata, explicitly support a wide range of special circumstances. One such example is highly
sensitive or personally-identifiable data, where publication of rich metadata to facilitate discovery,
including clear rules regarding the process for accessing the data, provides a high degree of ‘FAIRness’
even in the absence of FAIR publication of the data itself. A second example involves the publication

Box 2 | The FAIR Guiding Principles

To be Findable:
F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)
F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:
A1. (meta)data are retrievable by their identifier using a standardized communications protocol
A1.1 the protocol is open, free, and universally implementable
A1.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles
I3. (meta)data include qualified references to other (meta)data

To be Reusable:
R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license
R1.2. (meta)data are associated with detailed provenance
R1.3. (meta)data meet domain-relevant community standards

www.nature.com/sdata/

SCIENTIFIC DATA | 3:160018 | DOI: 10.1038/sdata.2016.18 4

Wilkinson et al 2015

assigned a persistent 
identifier and 

described by detailed 
metadata 

Clear access 
conditions; 

machine access

Standardised formats 
and vocabulary

Well-defined 
licence; clear 
provenance
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Findable data

• Deposit your data in a 
repository with metadata and 
a persistent identifier 
• e.g., online archives like 

zenodo+github 

• Machine readable metadata 
that describes the datasets 
• Contextual information, title, 

author, keywords, when, what 
purpose, size, standards, ... 

• DigitalObjectIdentifiers, 
Open Researcher and 
Contributor ID (ORCID), ...

| FAIR Data Management | Gernot Maier

Data is **not** 
findable on your 

laptop
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Accessible data

• Can be open (but not necessarily) 
• If not open: clear authentication and authorization 
• Human and machine accessibility 

• (Your laptop is not machine accessible; neither tapes on 
a shelf; or some printouts) 

• Open and free protocol

| FAIR Data Management | Gernot Maier

https://enabofaisal.wordpress.com/2011/08/05/licensing-
for-this-product-has-expired-cs4/
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Interoperable data

| FAIR Data Management | Gernot Maier

Use a standard that can be mapped to others

https://xkcd.com/1406/
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Interoperable data

• Datasets are Interoperable if they are  
• machine readable (metadata)  
• specific formats (open/common) 

• specific language and vocabularies 

• Formats should be: 
• Community agreed, open, suitable for long-term preservation 

• Metadata should use community agreed standards and 
vocabularies 
• e.g., if the whole field talks about telescopes, don’t use the 

expression ‘antenna’

| FAIR Data Management | Gernot Maier

Example: FITS 
data format + 
FITS headers
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Reusable data

• Does your data include relevant provenance data?  
• Data is only reusable if it is known how it was obtained (e.g., software 

versions, IRF versions, etc) 
• Documentation, documentation, documentation 

• Licensing - clearly stated re-use rights 
• (this is a tough topic for scientists)

| FAIR Data Management | Gernot Maier
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AI tools

• use them - especially for routine task 
• text, code, … 

• learn how to write good prompts 
• challenge for reproducibility  

(no clear path on how this is solved) 
• supports the importance of sharing data, software, 

knowledge (as public sources are used for training)

| FAIR Data Management | Gernot Maier



Conclusions -  
simple rules
• love your data, help others to love it 
• share your data with a permanent identifier 
• conduct science with reuse in mind 
• publish workflows, methods, context 
• link your data to your publications 
• publish your code 
• give credit and state how you want to get credit 
• use data repositories

(after Goodman A, Pepe A, Blocker AW, Borgman CL, 
Cranmer K, et al. (2014) Ten Simple Rules for the Care and 
Feeding of Scientific Data. PLoS Comput Biol 10(4): 
e1003542. doi:10.1371/journal.pcbi.1003542) 
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Websites

• www.orcid.org 
• zenodo.org 
• github.com gitlab.desy.de … 

• https://docs.github.com/en/repositories/archiving-a-github-
repository/referencing-and-citing-content

| Presentation Title | Gernot Maier

http://www.orcid.org
http://zenodo.org
http://github.com
http://gitlab.desy.de

