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How did information flows change in the
digital era?
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How does it work today?

The World of Publishing & 
Communication has profundely changed
• New means adapted to the new possibilities were developed, e.g. 

„zooming“, dynamics
• Business models changed completely
• More focus on data, interlinking of data / services and search in the 

data
• Integration, crowdsourcing, data curation play an important role
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Scholarly Communication has not changed (much)

17th century 19th century 20th century 21th century

Meanwhile other information intense domains were completely disrupted:
mail order catalogs, street maps, phone books, …
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Challenges we are facing:

We need to rethink the way how research 
is represented and communicated

[1] http://thecostofknowledge.com,  https://www.projekt-deal.de
[2] M. Baker: 1,500 scientists lift the lid on reproducibility, Nature, 2016.
[3] Science and Engineering Publication Output Trends, National Science Foundation, 2018.
[4] J. Couzin-Frankel: Secretive and Subjective, Peer Review Proves Resistant to Study. Science, 2013. 

Digitalisation
of Science

 Data integration
and analysis

 Digital 
collaboration

Monopolisation by
commercial actors

 Publisher
look-in effects

 Maximization
of profits [1]

Reproducibility
Crisis

 Majority of
experiments are
hard or not 
reproducible [2]

Proliferation 
of publications

 Publication output
doubled within a 
decade

 continues to rise [3]

Deficiency
of Peer Review

 Deteriorating
quality [4]

 Predatory
publishing
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Lack of…

Root Cause –
Deficiency of Scholarly Communication?

Transparency

information is hidden
in text

Integratability

fitting different 
research results

together

Machine assistance

unstructured content
is hard to process

Identifyability

of concepts beyond
metadata

Collaboration

one brain barrier

Overview

Schientists look for
the needle in the

haystack
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How can
we fix it?
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Mathematics

• Definitions
• Theorems
• Proofs
• Methods
• …

Physics

• Experiments
• Data
• Models
• …

Chemistry

• Substances
• Structures
• Reactions
• …

Computer 
Science

• Concepts
• Implemen-

tations
• Evaluations
• …

Technology

• Standards
• Processes
• Elements
• Units,  

Sensor data

Architecture

• Regulations
• Elements
• Models
• …

Concepts

Overarching Concepts
 Research problems
 Definitions
 Research approaches
 Methods

Artefacts
 Publications
 Data
 Software
 Image/Audio/Video
 Knowledge Graphs / Ontologies

Domain specific Concepts
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Chemistry Example: CRISPR Genome Editing

Source: https://cacm.acm.org/system/assets/0002/2618/021116_Google_KnowledgeGraph.large.jpg?1476779500&1455222197
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1. Original Publication

Chemistry Example: Populating the Graph

2. Adaptive Graph Curation & Completion

Author Robert Reed

Research Problem Genome editing in Lepidoptera

Methods CRISPR / cas9

Applied on Lepidoptera

Experimental Data https://doi.org/10.5281/zenodo.896916

3. Graph representation

CRISPR / cas9 editing
in Lepidoptera

https://doi.org/10.1101/130344

Robert Reed 
https://orcid.org/0000-0002-6065-6728

Genome editing in 
Lepidoptera

Experimental Data
https://doi.org/10.5281/zenodo.896916

adresses

CRSPRS/cas9isEvaluatedWith

Genome editing
https://www.wikidata.org/wiki/Q24630389
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Research Challenge:
• Intuitive exploration leveraging the 

rich semantic representations
• Answer natural language questions

Exploration and Question Answering

Question 
parsing

Named 
Entity 

Recognition 
(NER) & 
Linking 
(NEL)

Relation 
extraction

Query 
con-

struction

Query 
execution

Result 
rendering

Q: How do different 
genome editing techniques compare?

SELECT Approach, Feature WHERE {
Approach  adresses GenomEditing .
Approach  hasFeature Feature }

Q: How do different 
genome editing techniques compare?
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Engineered Nucleases Site-specificity Safety Ease-of-use / costs/ speed

zinc finger nucleases (ZFN) ++
9-18nt

+ --
$$$: screening, testing to define efficiency

transcription activator-like 
effector nucleases (TALENs)

+++
9-16nt

++ ++
Easy to engineer
1 week / few hundred dollar

engineered meganucleases +++
12-40 nt

0 --
$$$ Protein engineering, high-throughput
screening

CRISPR system/cas9 ++
5-12 nt

- +++
Easy to engineer
few days / less 200 dollar

Result: 
Automatic Generation of Comparisons / Surveys

Q: How do different genome editing techniques compare?



Demo: Open Research 
Knowledge Graph Prototype
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Conclusions

Stay tuned

 https://tib.eu

 Mailinglist/group: 

https://groups.google.com/forum/#!forum/orkg

 Open Research Knowledge Graph: 

https://orkg.org

 ERC Consolidator Grant ScienceGRAPH 

started in May

 We need to reinvent scholarly 
communication

 Knowledge Graphs are perfectly suited to 
capture research contributions in a 
structured and semantic way making them 
human and machine interpretable

 With our Open Research Knowledge Graph 
initiative we aim to establish a registry for 
research contributions (maybe similar to 
some extend as Crossref for 
DOIs/bibliographic metadata)

 Curation and synergistic combination of 
human, expert and machine intelligence is a 
challenge
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