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- New defoe queries to extract NLS pages and metadata for each digital 
collection

- New scripts to create a Knowledge Graph per digital collection 
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frances provides abstractions to a variety of ML/NLP techniques 
à Extract complex knowledge without being an expert data scientist 

• Train and use text embedding models
• Employ topic mining, sentiment analysis, text summarization
• Build knowledge graph(s) visualizing the results 

Using the Encyclopaedia Britannica – frances will allow us automatically to
• Group similar articles 
• Detect how articles have changed across editions 
• Extract the relationships between articles
• Classify articles into different categories
• Summarise articles
• Analyse the sentiment expressed in an article

New suite of ML functionalities that can be used  to analyse 
any other Data Foundry collection

Overview of how the 
Encyclopaedia Britannica 
has changed over time
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Phase 1: Information Extraction
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Phase 5: Flask Web-Application

Applying advanced IE/AI/NLP to historical digital collections
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Detect, Classify and Extract all EB terms across editions

• Two types of Terms:
• Articles: 1 or 2 paragraphs describing a term ~ entry in a dictionary
• Topics: Several pages describing a term

• Extract Metadata from all EB editions and volumes.

How have we done it ? By using defoe to analyze METS and ALTO XML files

Page 36 of the First Edition 
of the Encyclopaedia Britannica

ALTO-XML of the Page 36 of the First 
Edition  of the Encyclopaedia Britannica

Phase 1: Information Extraction



https://github.com/francesNLP/defoe

Phase 1: Information Extraction

https://github.com/francesNLP/defoe


Phase 1: Information Extraction

1. defoe: A Spark-based Toolbox for Analysing Digital Historical Textual Data, 2019
2. Geoparsing the historical gazetteers of scotland: Accurately computing location in mass 

digitised texts, 2020
3. Extending defoe for the efficient analysis of historical texts at scale, 2021

Publications: 

https://ieeexplore.ieee.org/abstract/document/9041813/
https://aclanthology.org/2020.cmlc-1.4/
https://ieeexplore.ieee.org/abstract/document/9582362/


• defoe query to extract  EB Terms:
• By page and classify them between articles and topics → Using ALTO XML

Phase 1: Information Extraction
New defoe queries and heuristics



Articles Topic
Edition 1 - 1771

Phase 1: Information Extraction
New defoe queries and heuristics

1. Detecting pages headers from ALTO XML
2. Using headers to classify terms into:  Articles  & Topics
3. Using ALTO Text for detecting the start of each article:

--> Starting a line with TERM UPPERCASE + “,” 



Articles Topic
Edition 7

Phase 1: Information Extraction
New defoe queries and heuristics

1. Detecting pages headers from ALTO XML
2. Using headers to classify terms into:  Articles  & Topics
3. Using ALTO Text for detecting the start of each article:

--> Starting a line with TERM UPPERCASE + “,” 



Science term information extracted from the First Edition - 1771

Phase 1: Information Extraction
New defoe queries and heuristics



• defoe query to extract EB metadata :
• Metadata per Edition and Volume → Using METS XML

Phase 1: Information Extraction
New defoe queries and heuristics

Subset of metadata extracted for the volumes of the First Edition. This edition is a 
3-volume reference work, issued twice, in 1771 and 1773.



New Post-processing scripts  to improve the previous results:
- Re-classification of Terms  (articles and topics)
- Join terms split across pages

Phase 1: Information Extraction
Post Processing information
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KG: Incorporate human knowledge into intelligent systems, exploiting a 
semantic graph perspective

Phase 2: EB Ontology and Knowledge Graph
Background



Phase 2: EB Ontology and Knowledge Graph
EB Ontology

Aim: to capture a shareable and reusable knowledge representation of the EB.

EB Ontology à A formal description of knowledge as a set of concepts

In order to create and publish the EB-Ontology we used:
• diagrams.net  : To create an UML with the EB information (classes, 

properties, relationships, etc.)
• Chowlk : To convert the UML into an OWL ontology
• Widoco: To publish and create an enriched and customized documentation 

of the ontology
• w3id.org: To configure my permanent Identifier for EB ontology

EB-Ontology available at:
• https://github.com/francesNLP/EB-ontology
• https://w3id.org/eb/

https://www.diagrams.net/
https://chowlk.linkeddata.es/
https://github.com/dgarijo/Widoco
https://github.com/perma-id/w3id.org
https://github.com/francesNLP/EB-ontology
https://w3id.org/eb/


Phase 2
EB Ontology



Phase 2
Data Model – EB Ontology

https://github.com/francesNLP/EB-ontology
https://w3id.org/eb/

https://github.com/francesNLP/EB-ontology
https://w3id.org/eb/


Phase 2: EB Ontology and Knowledge Graph
EB Knowledge Graph

EB Knowledge Graph:  Populating the post-processed information 
(extracted Terms  & Metadata) into an RDF triple store + EB Ontology:
- Apache Jena FUSEKI SPARQL server

NOTE:  Each Term, Edition, Page, Volume, etc … is a Resource in our
Knowledge Graph and has an URI to identify it.  



• Science term in the
First Edition issued in 1771

• Science term in the
Third Edition issued in 1797



Zenodo Record

Phase 2: EB Ontology and Knowledge Graph

https://zenodo.org/record/6673897
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We are going to use this approach for applying NLP/ML 
analysis

Phase 3: Augmented Knowledge Graph with Deep Transfer Learning
Background
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EB Knowledge Graph 2.0:   previous info + storing the result of applying 
different deep learning transformers analyses:

- sentiment analyses: Classifying text between positive and negative  
- transformer: siebert/sentiment-roberta-large-english

- topic modelling: Clustering terms into topics 
- transformer:  all-mpnet-base-v2

- term similarity: Comparing text & semantic similarity 
- transformer:  all-mpnet-base-v2

- spelling checking: Finding misspelling/ocr errors and fixing them
- transformer:  neuspell + ElmosclstmChecker

- summarization: Summarizing the text of a topic term (XLNET)
- transformer:  XLNeT

Note: Using pre-training models to calculate those analyses 

Phase 3: Augmented Knowledge Graph with Deep Transfer Learning
Augmenting the EB-KG

https://huggingface.co/siebert/sentiment-roberta-large-english
https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://github.com/neuspell
https://huggingface.co/xlnet-large-cased


Example: Spelling Checking � Lewis Term

Cleaned Definition

Compute Difference

Phase 3: Augmented Knowledge Graph with Deep Transfer Learning

Augmenting the EB-KG



Two types of “queries”: 

• Type 1: Extracting information from the EB Knowledge à SPARQL: 
Navigating through the KG to get the desired information. 

Example: Given a Term ( e.g., Edinburgh), I can get the Edition Information (e.g., Edition Title)

• Type 2: Processing information from the EB Knowledge àdefoe:  
Processing further the definitions from the selected terms.
• We needed to do some work on defoe first  --> Phase 4 

Term Volume Edition

Phase 3: Augmented Knowledge Graph with Deep Transfer Learning

Querying the Augmented EB-KG 
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• New KG defoe connector (based in SPARQL) to  run defoe queries using the 
EB Knowledge Graph as a source of data à defoe_KG

Phase 4: Defoe and Knowledge Graph

defoe_KG



Phase 4: Defoe and Knowledge Graph

New defoe queries 

• frequency_keysearch: Count number of terms or times in which appear keywords or 
keysentences and group by years. Several filtering options. 

• term_fulltext_keysearch: Extract terms definitions in which appear keywords or 
keysentences and group by years. Several filtering options. 

• term_snippet_keysearch: Extract snippets of definitions in which appear keywords or 
keysentences and group by years. Several filtering options, including the snippet size. 

• publication_normalization: Extract the number of documents, pages, words per 
year.

• uris_keysearch: Extract uris of terms in which appear keywords or keysentences and 
group by years. Several filtering options. 

• geoparser_terms: Geoparsing the term definition in which appear keywords or 
keysentences and group by years. Several filtering options. 

New defoe queries fully configurable: different filtering options, target, lexicon, etc. 
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• Users DO NOT have to create SPARQL or defoe queries –> the web-
application does it for them → Abstractions to SPARQL & DEFOE

• The web-app runs both types of queries and visualizes the results

Phase 5: Flask Web-Application

Semantic Web 



Phase 5: Flask Web-Application

Semantic Web 



Phase 5: Flask Web-Application

Term Search

Flower



Phase 5: Flask Web-Application

Term Search

• Results obtained when we search for Flower. 
• Term found nine times across the eight editions
• Note that the First Edition was issued twice, in 1771 and 1773).



Phase 5: Flask Web-Application

Term Similarity 
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Topic Modelling



Phase 5: Flask Web-Application

Spell Checker



Interacting with the EB Knowledge 
Graph

Phase 5: Flask Web-Application



Phase 5: Flask Web-Application

Visualization of Resources

Visualization of the First Edition (issued in 1771) resource stored in the EB-KG



Phase 5: Flask Web-Application

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Configuring a query

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Results of the terms_snippet_keysearch_by_year query

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

frequency n-gram obtained after running the
frequency_keyseach_by_year  query using the same 
configurations
as in the previous query

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Results of publication_normalization query

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Results of publication_normalization query

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Defoe Queries – Text Mining Platform 



Phase 5: Flask Web-Application

Text Mining Platform



EB

defoe
- Parallel XML ingestion
- NLP preprocessing pipeline
- Preliminary terms extraction
- Metadata extraction   

NSL Data Foundry Collections 

frances – Web-Application
- Text-mining queries
- ML/NLP queries: Term 

Search, Term Similarity, 
Topic Modelling, 
Spelling Checker

- Information queries : EB 
Details 

Visualizations 

Download
Results

Exploring further results

.
Knowledge

Graph

Results

sparql
queries

Postprocessing data
- Better terms  extraction
- Creation of EB Ontology 

Knowledge Graph 
Terms and metadata 
to  RDF using  the 
EB Ontology

- Sentiment analyses
- Topic modelling
- Similarity
- Summarization
- Spelling Checking

1

2

3

4

6.1

7

5

defoe KG
- Read data from KG
- NLP preprocessing
- Text mining queries

6.2
defoe
queries

Summary: Applying advanced IE/AI/NLP to 
historical digital collections



Ongoing work: Working with other NLS digital Collections

- New defoe queries to extract NLS digital collections pages and metadata
- New NLS ontology
- New Knowledge Graphs (KGs) per digital collection 
- New notebooks to show how to query (SPARQL) KGs
- Adapting frances for working with other KGs
- Improving the frances user interface & REACT web- application. 
- Dockerise frances & defoe-RPC



Questions?

Dr. Rosa Filgueira, 
Lecturer, School of Computer Science
University of St Andrews,

Email: rf208@st-Andrews.ac.uk



Additional slides – New Frontend (REACT App) 



Additional slides – User Accounts (REACT App) 





Additional slides – New Architecture 


