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Outline
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• Distance between concepts defined in ontologies

• Document as a set of concepts

• Distances between documents

• Cluster analysis of annotated documents

• Annotation with more than one ontology

• Cluster analysis of documents annotated with more then 
one ontology

• Practical aspects of cluster analysis of annotated documents 
(in the context of research productivity analysis)

• Conclusions
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Goals

• Presentation of theoretical aspects of:
• ontology-based exploratory text analysis,

• cluster analysis of documents annotated with an ontology 
(ontologies),

• Ontologies for research productivity analysis

• Presentation of results of exemplary calculations
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Ontologies 
and automatic annotation process
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Ontology

Thomas Robert "Tom" Gruber (born 1959):

"An ontology is a formal, explicit specification of a shared conceptualization"
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Ontologies

Ontology = the method of knowledge representation
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Ontologies
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Competency model (competency ontology)

YAML format
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Types of ontologies
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Types of ontologies

• linear

• hierarchical

• network
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Linear ontologies

• linear ontology = gazetteer = a list of concepts

• used for named entity recognition (identification of names)
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Hierarchical ontology

• concepts form tree structure
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Network ontology

• represented as a graph

• concepts are represented by vertices, relations by edges
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JEL as a hierarchical ontology
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ACM as a hierarchical ontology
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CSO as a graph ontology
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UDC as a hybrid ontology
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Distances between 
concepts defined in ontologies
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Distances for linear ontologies (gazetteers) 

𝐶𝑖 = 𝐶𝑗

𝐶𝑖 ≠ 𝐶𝑗

or
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Distances for hierarchical ontologies

• based on path length,
• based on information theory
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Distances for network ontologies

• based on path length,
• weights play crucial role!
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Distances between documents 
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Document as a set of concepts
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Distances between documents

  2121 ,,,)Zb,( ZbCZbCCCavgZbsim jiji 

24



Paweł Lula, Janusz Tuchowski, Urszula Cieraszewska, Magdalena Talaga | 5-9 July, 2021

Distances between documents
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Distances between documents

𝑠𝑖𝑚 𝑒𝑥𝑝𝑟1, 𝑒𝑥𝑝𝑟2 = arg min
𝑐𝑖,𝑐𝑗

𝑠𝑖𝑚 𝑐𝑖 , 𝑐𝑗

optimal alignment problem – Hungarian algorithm
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Cluster analysis of annotated documents
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Cluster analysis of documents

• Two main approaches in cluster analysis:
• distance-based,

• model-based.

Data set Distance matrix
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Practical aspects of cluster analysis of 
annotated documents (in the context of 
research productivity analysis)
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The structure of the ontology-based analyzer 
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Abstracts

Jaccard
coefficient

lemmatization

original form

sliding window
technique 

Identification of JEL concepts

Abstracts

JEL concepts
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The structure of the ontology-based analyzer 
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Linguistic issues in pattern analysis
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Similarity of doduments
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Cluster analysis of abstracts

JEL Concepts
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Projects – dataset

• Cordis database was used.

• Projects related to the area of economics (started in 2019 –
2021).

• Horizon and Framework Program projects were included.
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Cluster analysis of projects’ description

• annotated with JEL ontology
• Hamming distance
• Ward’s method
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Bipartite model of interdisciplinarity
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Areas of analysis:
• subarea strength
• subarea specificity
• graph model modularity
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The distribution of documents over the main 
concepts from the JEL ontology
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The distribution of documents over the main 
concepts from the CSO ontology

39



Paweł Lula, Janusz Tuchowski, Urszula Cieraszewska, Magdalena Talaga | 5-9 July, 2021

Relationships between main subareas from the 
JEL and CSO ontology
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The strongest connections between main 
subareas from the JEL and the CSO ontology
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Communities in the JEL - CSO bipartite graph
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MeSH ontology
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The structure of concepts in MeSH ontology
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Tools supporting ontology-based analysis with 
MeSH ontology

MetaMap (local
copy)

Abstracts

A
b
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ra
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MeSH concepts

program 
(in Python)

45



Paweł Lula, Janusz Tuchowski, Urszula Cieraszewska, Magdalena Talaga | 5-9 July, 2021

Levels of analysis

Projection to main
concepts for the MeSH
ontology
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Analysis of concepts related to mental 
processes
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The significance of concepts related to mental 
processes
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Relationships between JEL and MeSH-menp
concepts
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Relationships between JEL and MeSH-menp
concepts
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Conclusions

• Ontology-based approach improve the quality of results of 
exploratory text analysis

• For many areas of science domain ontologies were 
proposed.

• UDC system is the most popular ontology covers all 
disciplines of science

• Domain ontologies can be useful for analysis of multilingual 
documents

• R language is a good tool for implementing ontology-based 
solutions for exploratory text analysis
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