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Programming languages and tools:

● TypeScript 
● React
● Next.js
● Tailwind 
● Python
● Backend-as-a-Service
● Figma 
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About scholarly communication

● Scholarly knowledge is communicated in narrative document-based forms

● Lacking machine-actionability: cumbersome for machines to parse the content

18.600 results

Information need: “Author name disambiguation” 
approaches leveraring “graph embeddings”



About scholarly communication

1620 1883 2024

Scholarly papers have not changed much over time, still the document-based format
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Well… some things changed

Metadata

Microsoft Academic Graph (MAG), 
Crossref, 
Wikidata, WikiCite, 
Researchgate, 
Semantic Scholar 
etc.
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Scholarly knowledge graphs
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Approach
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Graph embeddings

Pairwise Learning for 
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Title

DOI
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If knowledge graphs are used to represent scholarly instead, 
retrieving information becomes more effective 
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Scholarly knowledge graphs

Research problem

Approach

Author name disambiguation

Graph embeddings

If knowledge graphs are used to represent scholarly instead, 
retrieving information becomes more effective 

Scholarly knowledge

Plenty of existing initiatives
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Title
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...
Metadata



Scholarly knowledge graphs

Research problem

Approach

Author name disambiguation

Graph embeddings

Pairwise Learning for 
Name Disambiguation...

Title

DOI

10.33...

Author

...

Select by “Research problem” and “Approach”

If knowledge graphs are used to represent scholarly instead, 
retrieving information becomes more effective 

Jaradeh, Mohamad Yaser, et al. "Open research knowledge graph: 
next generation infrastructure for semantic scholarly knowledge." 
Proceedings of the 10th international conference on knowledge 
capture. 2019.



Scholarly knowledge graphs

Research problem

Approach

Author name disambiguation

Graph embeddings

Pairwise Learning for 
Name Disambiguation...

Title

DOI

10.33...

Author

...

Select by “Research problem” and “Approach”

www.orkg.org 

If knowledge graphs are used to represent scholarly instead, 
retrieving information becomes more effective 

http://www.orkg.org


If such a scholarly knowledge graph exists, the use cases are virtually limitless! 

Scholarly knowledge graphs

COVID-19 reproductive number

Research problem

3.1 2.4 2.3 6.7 3.2 4.3

Reproductive number



In the end, the knowledge should become Findable, Accessible, Interoperable and 
Reusable (FAIR)

FAIR scholarly knowledge

Wilkinson, Mark D., et al. "The FAIR Guiding Principles for scientific data management and stewardship." Scientific data 3.1 (2016): 1-9.



Okay, we need a knowledge graph

But… how?



To create a scholarly knowledge graph, a transformation from unstructured to 
structured knowledge should happen

Knowledge transformation

Unstructured knowledge Structured knowledge



To create a scholarly knowledge graph, a transformation from unstructured to 
structured knowledge should happen

Knowledge transformation

Unstructured knowledge Structured knowledge

Can we use AI for the transformation process?



● NLP techniques are not sufficiently accurate to perform this task 
autonomously 

● But we can intertwine machine intelligence with human intelligence to get a 
synergy → the best of both worlds! 

Knowledge transformation

Can we use AI for the transformation process?

74% 84% 78%x x = 48% Error propagation



Unstructured to structured knowledge

Automatic transformation 
AI

Scales well
Not accurate

Manual transformation 
Crowdsourcing

Does not scale well
Accurate

+
_ +

_



Unstructured to structured knowledge

Automatic transformation 
Natural Language Processing (NLP)

Scales well
Not accurate

Manual transformation 
Crowdsourcing

Does not scale well
Accurate

+
_ +

_

Intertwining artificial intelligence with human 
intelligence: best of both worlds
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ORKG content types

Papers Comparisons VisualizationsLists Reviews



ORKG content types

Papers Comparisons VisualizationsLists Reviews

Wu JT

has author

Virology

has research field

01 has publication month

2020
has publication year

Nowcasting and 
forecasting the 

potential domestic….

10.1016/S0140-6736(20)30260-9

has DOI

ORKG lists

● Form the starting point for structured knowledge 
descriptions 

● Mainly focus on metadata organization 
● Consists of papers, software, or datasets 



ORKG content types

Papers Comparisons VisualizationsLists Reviews

Wu JT

has author

...

has author

01 has publication month

2020
has publication year

Nowcasting and 
forecasting the 

potential domestic….

10.1016/S0140-6736(20)30260-9

has DOI

MCMC methods 
with Gibbs 
sampling...

Wuhan
2.68

Contribution 

has location
has R0 estimate

has approach

ORKG papers

● Structured scholarly 
knowledge

● Simple or more complex 
graph structures

● Possibly using templates   
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has DOI
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ORKG papers

● Structured scholarly 
knowledge

● Simple or more complex 
graph structures

● Possibly using templates   



ORKG content types

Papers Comparisons VisualizationsLists Reviews

ORKG comparisons

● Tabular view of ORKG papers 
addressing the same research 
problems

● One of the key content types in 
the ORKG

The early phase of the 
COVID-19 outbreak in 

Lombardy, Italy

Estimating the 
generation interval for 

COVID-19 based...

Transmission 
potential of COVID-19 

in Iran

Oelen, Allard, et al. "Generate FAIR literature surveys with scholarly 

knowledge graphs." Proceedings of the ACM/IEEE joint conference on digital 

libraries in 2020. 2020.



ORKG content types

Papers Comparisons VisualizationsLists Reviews

Visualize in tabular form, with focus on customizability and reusability 

Oelen, Allard, et al. "Generate FAIR literature surveys with scholarly 

knowledge graphs." Proceedings of the ACM/IEEE joint conference on digital 

libraries in 2020. 2020.



ORKG content types

Papers Comparisons VisualizationsLists Reviews

Visualize in tabular form, with focus on customizability and reusability 

● Add / remove 
properties 

● Sort properties
● Transpose
● Add contributions

● Assign DOI
● Export as 

○ LaTeX
○ CSV
○ PDF
○ RDF

Oelen, Allard, et al. "Generate FAIR literature surveys with scholarly 

knowledge graphs." Proceedings of the ACM/IEEE joint conference on digital 

libraries in 2020. 2020.



ORKG content types

Papers Comparisons VisualizationsLists Reviews

ORKG visualizations

● Visualize numeric data from 
ORKG comparisons 

● Various visualization types 
available 



ORKG content types

Papers Comparisons VisualizationsLists Reviews

ORKG reviews

● A living-document reviewing 
related literature

● Consists of all previous ORKG 
content types

Comparison

Review 
specific Papers

Oelen, Allard, Markus Stocker, and Sören Auer. "SmartReviews: towards human-and 
machine-actionable reviews." Linking Theory and Practice of Digital Libraries: 25th 
International Conference on Theory and Practice of Digital Libraries, TPDL 2021, 
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Human-AI collaboration in the ORKG

AI-DrivenAI-Augmented

1. Smart suggestions

2. Paper annotator

4. TinyGenius

AI-supported tooltips helping 
users accomplish their tasks

Annotation of key sentences in 
scholarly PDF articles 

Microtasks to validate NLP 
generated statements

5. ORKG Ask

Tomorrow’s topic

3. Survey extractor

Extract survey tables from 
existing papers 



Human-AI collaboration in the ORKG

AI-DrivenAI-Augmented

1. Smart suggestions

2. Paper annotator

4. TinyGenius

AI-supported tooltips helping 
users accomplish their tasks

Annotation of key sentences in 
scholarly PDF articles 

Microtasks to validate NLP 
generated statements

5. ORKG Ask

Tomorrow’s topic

3. Survey extractor

Extract survey tables from 
existing papers 



Transform unstructured into structured knowledge

Unstructured Structured

Crowdsourcing

Oelen, Allard, and Sören Auer. "Leveraging Large 
Language Models for Realizing Truly Intelligent 
User Interfaces." Extended Abstracts of the CHI 
Conference on Human Factors in Computing 
Systems. 2024.



Transform unstructured into structured knowledge

Unstructured Structured

Crowdsourcing

LLM support

Extracted research topics:
Cost-Effective Sensors
Accessible Geoscientific Sensors 

Oelen, Allard, and Sören Auer. "Leveraging Large 
Language Models for Realizing Truly Intelligent 
User Interfaces." Extended Abstracts of the CHI 
Conference on Human Factors in Computing 
Systems. 2024.



Guidelines for integrating LLMs into existing UIs

1. Transparency 
The integration is clearly 
distinguishable within the 
UI

2. Control 
The integration is 
non-intrusive and can be 
hidden by the UI

3. Usability 
The UI integration makes 
the integration blend 
seamlessly in the UI

4. Error management
Graceful degradation: the 
UI does not break in case 
of errors  

5. Feedback and 
statistics 
Users are able to give 
feedback

6. System performance
The integration has 
minimal response time, 
and works within seconds

Based on Nielsen, Jakob. "Enhancing the explanatory power of usability heuristics." Proceedings 
of the SIGCHI conference on Human Factors in Computing Systems. 1994.
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Smart Suggestions implementation



Smart Suggestions implementation



Smart Suggestions implementation

● Implemented for 
6 use cases in the UI

● Recognizable icon

● Distinctive color palette



Smart suggestions prompts



Smart suggestions prompts



Smart suggestions - Preliminary evaluation results



Human-AI collaboration in the ORKG
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scholarly PDF articles 
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Tomorrow’s topic

3. Survey extractor
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existing papers 



Paper annotator

● Goal: annotate key sentences 
in scholarly articles with 
discourse classes

● Two AI-augmented 
approaches: sentence 
highlighting and class 
recommendations 

Oelen, Allard, Markus Stocker, and Sören Auer. 
"Crowdsourcing scholarly discourse annotations." 
Proceedings of the 26th International Conference 
on Intelligent User Interfaces. 2021.



PDF sentence annotation



PDF sentence annotation



PDF sentence annotationAnnotation interface



PDF sentence annotation



PDF sentence annotation

Automatic sentence highlighting

● Extractive summarization using BERT 
embeddings

● Summary is split by sentence endings 
and highlighted in the original PDF article

Activate highlightingHighlighted sentence



PDF sentence annotation



PDF sentence annotation

Maximum sentences per 
annotation

● Selected text is split per 
sentence

● Warning is displayed if more than 
two sentences are selected



PDF sentence annotation



PDF sentence annotation

Automatic class suggestions

A zero-shot classifier is used (from 
Hugging Face) to provide annotation 
class suggestions based on the 
selected sentence 



PDF sentence annotation



Paper annotator - Evaluation results
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Literature surveys

● Objective: we leverage survey tables to create a scholarly knowledge graph 

● Literature surveys (or reviews): consist of relevant and high-quality research 
data that has been manually curated by domain experts

Oelen, Allard, Markus Stocker, and Sören Auer. 
"Creating a scholarly knowledge graph from 
survey article tables." International Conference on 
Asian Digital Libraries. Cham: Springer 
International Publishing, 2020.



Example of survey table import 



Methodology

Paper selection Table extraction 
Reference 
extraction

Ontology 
mapping Import papers

Extract tables from survey papers to create a scholarly knowledge graph

= Human assisted by AI



● Select survey table in 

PDF article

● Fix formatting with 

spreadsheet editor

● Reference extraction

● Ontology mapping

User interface
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● Select survey table in 

PDF article

● Fix formatting with 

spreadsheet editor

● Reference extraction

● Ontology mapping

User interface



Survey extractor tool - Results
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● Leverage existing NLP tools to process large quantities of scholarly data

● Ask any user/visitor to validate the statements using simple tasks (aka 
microtasks) 

● Users that are normally “content consumers” can become 
“content creators” as microtasks lower the entrance barrier to contribute 
significantly 

TinyGenius
Oelen, Allard, Markus Stocker, and Sören Auer. "TinyGenius: intertwining 
natural language processing with microtask crowdsourcing for scholarly 
knowledge graph creation." Proceedings of the 22nd ACM/IEEE Joint 
Conference on Digital Libraries. 2022.



TinyGenius  - Validate NLP with microtasks

Scholarly 
abstracts

Scholarly
knowledge graph

NLP 
processing

Quick question: is this statement correct? This paper has material Forename strings TinyGenius

Subject Predicate Object True False Null

Machine intelligence Human intelligence



The six-step approach extracts knowledge from scholarly articles, creates a 
knowledge graph, and let’s humans validate the knowledge

TinyGenius  -  Approach



The six-step approach extracts knowledge from scholarly articles, creates a 
knowledge graph, and let’s humans validate the knowledge

TinyGenius  -  Approach

Titles
authors

abstracts

Abstract / title

1. Entity recognition
2. Entity linking
3. Topic modeling
4. Summarization

Store all data in 
JSON document 

datastore

<subject, predicate, 
object>

JSON to RDF 
mapper

Add statements to 
triple store Vote on statements

1. Article import 2. NLP processing 3. Document storage 4. Semantification 5. Knowledge graph 6. Microtask



Task-specific question templates are used for the microtask generation

TinyGenius  -  NLP tools and templates

1. Open information extraction (ORKG abstract annotator & ORKG title parser)

2. Entity linking (Ambiverse NLU)

3. Topic modeling (CSO Classifier) 

4. Summarization (Hugging face)



Task-specific question templates are used for the microtask generation

TinyGenius  -  NLP tools and templates

1. Open information extraction (ORKG abstract annotator & ORKG title parser)

2. Entity linking (Ambiverse NLU)

3. Topic modeling (CSO Classifier) 

4. Summarization (Hugging face)

QQ: Is this statement correct? This paper has material Forename strings TinyGenius

QQ: Is the term “spreading activation” related to spreading activation (Wikidata) TinyGenius

QQ: Is this paper related to the topic hyperlinks TinyGenius?

?

QQ: Does this sentence summarize the paper? TinyGeniusA brain-inspired search engine named DeveloperBot…





Voting widget

Metadata

Provenance data 

Score data

Trend analysis



Data model  |  Provenance



Data model  |  Provenance

Metadata

NLP generated 
data

Provenance data

Vote data



TinyGenius - Queries



Results  -  Statistics 

Processed articles 95,376*

Triples metadata 1,521,492

Triples provenance 47,595,706

Triples total 65,608,902

Average number of 
triples per article 

688

Abstract annotator 62,056s (≈ 17 hour)

Title parser 87s

Ambiverse NLU 137,060s (≈ 38 hour)

CSO classifier 27,803s  (≈ 8 hour)

Summarizer N/A

Triple related statistics Processing time per NLP tool

* Approximately 5% of the complete arXiv corpus. 
Includes all papers classified as “Machine Learning”



TinyGenius - Results



Thank you! 
Any Questions?
Allard Oelen
allard.oelen@tib.eu
linkedin.com/in/allard-oelen

Meet the team: 
https://orkg.org/about/9/Team


