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What is a Knowledge Graph?



Example Knowledge Graphs

and many more…



Knowledge Graphs for NLP
• Knowledge graphs capture knowledge about


• Entities 


• Relations


• Facts


• Broader Contexts


• NLU is a knowledge-intense task (although nowadays 
we are ignoring this!)


• KGs help to link a symbol in text to a `representation’ of 
the real entity, that is a proxy of its denotation, 
introducing additional context 



Knowledge Graphs for Information Extraction

Jack „Jacky“ Miller is an English soccer player 
born 15 December 1977 in Scunthorpe, now 
residing in Berlin. He began his soccer career 
as a youth player for F.C. Scunthorpe United.

Property Value

Name ?

Year of Birth ?

Place of Birth ?

Soccer Club ?
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Knowledge Graphs to the Rescue!

„Scunthorpe United 
Football Club“ 

Peter Swann

Neil Cox

Scunthorpe, 
England

Fullname

Chairman

Manager

Location



Structured Prediction with Conditional Random 
Field (CRFs)

Property Value

Name Jack „Jacky“ Miller

Year of Birth 15/12/1977

Place of Birth ?

Soccer Club F.C. Scunthorpe 
United.

Probabilistic model of the probabilities of 
target variables given the text x: 

Maximum-a-posteriori inference to 
determine most likely slot filling:



Formal Definition:

● A factor graph G consists of
○ random variables x and y (grey boxes) 

 
○ factors Ψ (black boxes). 
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● Each factor computes a scalar score based on 
a feature vector fi(xi,yi) and a set of parameters 
θi: 

Ψi

s0 = dbr:Scunthorpe 

s3 = dbr:United_Kingdom 

s1 = dbr:Scunthorpe_United 

s2 = dbr:Jack_Miller 

CRFs with factor graphs



Conditional Random Field:

Query as feature function:

s0 = dbr:Scunthorpe 

s3 = dbr:United_Kingdom 

s1 = dbr:Scunthorpe_United 

s2 = dbr:Jack_Miller 

Incorporating Semantic Dependencies 
From Knowledge Graphs



Path Queries
<latexit sha1_base64="Up3XNSmNiPjQCxVaOxcLMZMscJU="></latexit>

Q1(e1, e2) = {e1 ?r e2}

<latexit sha1_base64="QfqYiQhQdMhVQX+6/eAxM+ftB2w="></latexit>

Q2(e1, e2) = 9o {e1 ?r1 o ^ o ?r2 e2}

<latexit sha1_base64="jvrmD1Qf7YgrS0f7OgaFcena/CM="></latexit>

Q4(e1, e2) = 9o {e1 ?r1 o ^ e2 ?r2 o}

<latexit sha1_base64="D+IRCKkWSKdcVGs13TSVjXA8V2Q="></latexit>

Q3(r, e1) = 9h {h r e1}



Datasets
● dbr:SoccerPlayer (#2338) 
● dbr:Film (#1000) 
● dbr:Single (#1000) 
● dbr:ArchitecturalStructure (#527) 
● dbr:Dam (#491)



● Experiments were run 3 times with a random 80/20 (train/test) split 
● We report averaged harmonic macro F1
● Baseline: pick entity as property value based on the frequency in the text
● Intra-textual Model: CRF that relies on textual features only
● Intra-textual + SD Model: CRF with KG dependencies on top of textual features

Experiments on 5 datasets



Ablation Experiments



1. Background knowledge can be 
successfully integrated into a CRF model 
via indicator functions.

2. The integration shows a positive impact 
in the slot filling task. Up to 10% F1 for 
individual datasets. (SoccerPlayer)

3. Ablation study shows that a wide variety 
of queries is important to retrieve 
information from the knowledge graph, 
two-hop dependencies being the most 
important.

Interim Conclusions



Scientific Knowledge Graphs
• Definition:  A scientific knowledge graph is a 

knowledge graph that describes the body of 
research in some discipline!


• What are Scientific Knowledge Graphs good 
for?


• Knowledge Exploration


• Knowledge Aggregation (e.g. Scientific 
Reviews, Meta-Analysis, …)


• Inconsistency Detection



Knowledge aggregation in 
medicine

• Systematic reviews crucial for advance of 
knowledge in medicine, carried out since mid 
70s


• Systematic reviews, meta-analysis, HTA 
require knowledge aggregation, currently done 
by hand (!)


• Outdated when they are published, although 
they are supposed to be updated, for most 
systematic reviews this is not the case


• 12 clinical trials per average in one systematic 
review => most clinical trials not „reviewed“



Registered Clinical Trials



Distant Supervision

IE Model

Core Database

experiments
(⇡ 150000)

Meta Analysis

Empirical SCI Therapy Grading

Scoring System

Web Interface

Document Collection

SCI Ontology Propose Therapy



Extracting Outcomes from Pre-Clinical Literature



Spinal Cord Injury Ontology (SCIO) 
Organism Model



Spinal Cord Injury Ontology (SCIO) 
Injury



Spinal Cord Injury Ontology (SCIO) 
Treatment



Spinal Cord Injury Ontology (SCIO) 
Experimental Group



Spinal Cord Injury Ontology (SCIO) 
Result



Spinal Cord Injury Ontology (SCIO) 
Trend



Spinal Cord Injury Ontology



Problem Formulation

• Model-Complete Text Comprehension (MCTC)


• Interpret text with respect to a given (ontological) model


• Extract only those things that are relevant for a given ontology


• Ignore everything else


• Important Subproblem: predict cardinality (inference!)



Model-complete text comprehension  
as structured (probabilistic) inference

• Assume we have an ontology with two classes:


• Class A with properties hasProperty1, hasProperty2 and has Property3 

• Class B with properties hasProperty4, hasProperty5


• An instance of the model/ontology could be captured by the following vector:


  (2,{(a1,p1,p2,p3),(a2,p1’,p2’,p3’)},3,{(b1,p4,p5),(b2,p4’,p5’),(b3,p4’’,p5’’)}) 

• Let Y be the set of all such vectors given a certain (ontological) vocabulary O. We get the 
most likely instance of our model by maximum-a-posteriori inference:



IE Architecture



Example target structure



Annotated corpus



Organism Model
Adult male Wistar rats weighing 270-300 g were 
used in our experiments.



Type of Injury, Location and Device

SCI Balloon compression was used to create an SCI.
A 2-french Fogarty catheter was inserted below T8, and
the balloon was inflated with 15 LVolume saline for 5 min at T8.



Treatment, Delivery Method
A total of 3x105 OEG and/or MSC was injected through a glass pipette at a 
concentration of 1x105 cells/L, into the proximal, central and distal parts of the 
lesioned spinal cord (each part received 1 L cell suspension), at a depth of 1 mm 
below the dorsal surface and a rate of 1 L/min using a Nano-Injector (Stoelt294
ing Co.); OEG/MSC-transplanted animals received six injections (3x105 OEG and 
3 x105 MSC) instead of the three injections received by the other animals.

The control group received three injections of saline (1 L), also into the 
proximal, central and distal parts of the lesioned spinal cord.



Experimental Group
The lesioned animals were divided into four groups.The first group received both OEG 

and MSC (n = 21).




Results, Investigation Method
The control animals achieved BBB scores of 7.08  +/- 0.24 at the end of the 
experiment (9 weeks after SCI, 8 weeks after transplantation) but never 
supported their body weight on their hind legs.
Animals with OEG and MSC co-grafts, even though they received six 
injections, showed a statistically significant improvement 6 weeks after 
SCI, with BBB of 9.18 +/-0.44.



Prototype Applications

• SCIExplorer: http://psink.techfak.uni-bielefeld.de/SCIExplorer/


• Rationalizing Medical Evidence via Argumentation: http://
scdemo.techfak.uni-bielefeld.de/ratio-argviz/


• Automatic Grading of Therapies: http://psink.techfak.uni-bielefeld.de/
grading/kwon/

http://psink.techfak.uni-bielefeld.de/SCIExplorer/
http://scdemo.techfak.uni-bielefeld.de/ratio-argviz/
http://scdemo.techfak.uni-bielefeld.de/ratio-argviz/
http://psink.techfak.uni-bielefeld.de/grading/kwon/
http://psink.techfak.uni-bielefeld.de/grading/kwon/


Summary

• Background knowledge in knowledge graphs can enhance / improve NLP


• Hypothesis: Scientific Knowledge Graphs will play a key role in reaching 
FAIR scientific knowledge dissemination


• NLP methods crucial to bootstrap the creation of scientific knowledge 
graphs


• Challenge: requires deep discipline-specific ontologies and NLP systems to 
extract fine-grained knowledge following these ontologie



Thanks for your attention! 

• Dr. Olivia Sánchez-Graillet


• Hendrik ter Horst


• Frank Grimm


• Christian Grimm


• Dr. Roman Klinger


• Prof. Dr. Werner Müller


• Dr. Nicole Brazda
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