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What You Will Learn
▪ How structured research data can be transformed into analyzable 

formats using Python-based workflows

▪ To understand the concept of Databasing on Demand (DBoD) and 
how it enables the dynamic creation of data-driven information 
systems 

▪ How XML-based data such as EpiDoc can be transformed into tabular 
formats like CSV using XSLT and Python, and how these 
transformations shape the resulting data model

▪ How such pipelines turn archived data into explorable information 
that can be searched, analyzed, and interpreted

▪ To reflect on the role of transformation as a methodological step, and 
how data structures influence analysis and knowledge production
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▪ In this lecture, we consider a typical 
scenario in digital humanities research

▪ A group of researchers works with 
heterogeneous data such as EpiDoc and 
TEI

▪ The data is stored in repositories, but not 
directly usable for analysis

▪ Researchers need a system that allows 
them to search, filter, and explore the data

▪ The challenge is to transform encoded 
data into structured and analyzable 
formats

▪ This lecture shows how such a system can 
be designed using transformation 
pipelines
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Scenario: Designing an Information System
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EpiDoc Viewer

Core EpiDoc Components

▪ EpiDoc Guidelines: recommendations for markup of transcription, 

descriptive features, etc. (About)

▪ EpiDoc Schema: the TEI-derived schema against which EpiDoc XML should

be validated

▪ EpiDoc Reference Stylesheets: for transforming EpiDoc XML to HTML, text

or ODF

▪ EFES: a low-barrier EpiDoc publication platform

5https://epidoc.stoa.org 

https://epidoc.stoa.org/gl/latest/
https://epidoc.stoa.org/gl/latest/
https://sourceforge.net/p/epidoc/wiki/Guidelines/
https://sourceforge.net/p/epidoc/wiki/Schema/
https://sourceforge.net/p/epidoc/wiki/Schema/
https://sourceforge.net/p/epidoc/wiki/Stylesheets/
https://sourceforge.net/p/epidoc/wiki/Stylesheets/
https://github.com/EpiDoc/EFES
https://github.com/EpiDoc/EFES
https://epidoc.stoa.org/
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EFES (EpiDoc Front End Services)
▪ https://github.com/EpiDoc/EFES
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https://github.com/EpiDoc/EFES
https://github.com/EpiDoc/EFES
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EFES
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EFES
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EFES
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What are the 

advantages/ 

disadvantages 

of EFES?
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From Data to Database (Project: EDAK)
Databasing on demand (DBoD)

▪ (1) multiple EpiDoc files are
transformed into a single HML file
via the DBoD.py script

▪ and XSLT stylesheets following the
Leiden Conventions*

▪ (2) the HML file is imported into a 
Heurist database instance

*Leiden Conventions: https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml 

https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
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From EpiDoc to an Information System
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EpiDoc.XML
Encoded, hierarchical research data

↓

XSLT

Extraction and Transformation

↓

Python
Processing (aggregation and orchestration)

↓

CSV / HML
new data model (tabular dataset / harmonized XML dataset)

↓

Database (e.g., Heurist)
Data storage and querying

↓

Viewer / Exploration Interface
Exploration and analysis
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Leiden 
Conventions
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Conversion: Leiden Conventions to 
XML

13https://www.youtube.com/watch?v=Bcr0a-obD8I
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From Data to Database (Project: EDAK)
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▪ authority contains the data required across all 
documents

▪ Epidoc-Stylesheets are a collection of XSLT 2.0 scripts 
designed to transform EpiDoc-encoded XML 
documents into readable formats like HTML and plain 
tex

▪ SaxonHE10-5J refers to the Java Edition 10.5 of 
Saxon-HE (Home Edition), a popular open-source 
processor for XSLT, XQuery, and Xpath. This version 
enables the transformation of XML documents and is 
often available as a JAR file

▪ input contains the EpiDoc files which are used as input 
data

▪ CSV contains the output files for further usage
15

From Data to Database
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XSL, XSLT, XQuery, XPath
▪ XSL (eXtensible Stylesheet Language) is a styling language for 

XML

▪ XSLT (XSL Transformations): Transformation for example from 
EpiDoc to HTML
https://en.wikipedia.org/wiki/XSLT 

▪ XQuery (XML Query) is a query language and functional 
programming language designed to query and transform 
collections of structured and unstructured data, primarily in 
the form of XML 
https://en.wikipedia.org/wiki/XQuery 

▪ XPath (XML Path Language) is an expression language 
designed to support the query or transformation of XML 
documents
https://en.wikipedia.org/wiki/XPath 
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Dreftymac at English Wikipedia

https://en.wikipedia.org/wiki/XSLT
https://en.wikipedia.org/wiki/XQuery
https://en.wikipedia.org/wiki/XPath
https://en.wikipedia.org/wiki/User:Dreftymac
https://en.wikipedia.org/wiki/
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Example: XML→XSLT→XML
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What is the 

output format?



Institute of Information Systems

19



Institute of Information Systems

20



Institute of Information Systems

21



Institute of Information Systems

DBoD: calling EpiDoc-Stylesheets
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Why Python?
▪ XSLT extracts structure

▪ Python orchestrates workflows

▪ Python aggregates multiple files

▪ Python enables automation and scalability

▪ Python validates the structure
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DBoD: validating the EpiDoc files
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DBoD: start
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DBoD: delimiter |
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DBoD: output files
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DBoD: From EpiDoc to CSV
▪ The transformation defines a new data model

▪ Data from different parts of the XML document is combined into this 
single row

▪ Each row in the CSV represents one analytical unit (e.g., inscription, place, 
date)

▪ This model enables comparison across multiple inscriptions
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From Data to Information System
▪ (1) multiple EpiDoc files are

transformed into a single HML file
via the DBoD.py script

▪ and XSLT stylesheets following the
Leiden Conventions*

▪ (2) the HML file is imported into a 
Heurist database instance

▪ an information system is built on 
top of the database

*Leiden conventions: https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml 

https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
https://www.epigraphik.uni-hamburg.de/content/misc/diacritics.xml
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From Data to Information System
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CSV: Tabular Data for Analysis 

▪ CSV represents data in a flat, tabular 
structure where each row corresponds to 
one analytical unit such as an inscription

▪ Data from different parts of the XML is 
combined into a single row, enabling 
direct comparison across multiple records

▪ This format is optimized for querying, 
filtering, and statistical analysis

▪ CSV is widely supported by analytical 
tools such as Python, Excel, and databases

▪ It simplifies complex hierarchical data into 
a structure that is easy to process 
computationally

HML: Structured XML for Database 
Integration

▪ HML remains an XML-based format but 
restructures and harmonizes multiple 
EpiDoc files into a unified representation

▪ It preserves structural relationships while 
standardizing elements across documents

▪ This format is designed for import into the 
Heurist database system

▪ HML serves as an intermediate step 
between raw XML and a fully functional 
information system

▪ It supports system integration rather than 
direct analytical processing

31

CSV vs HML: Two Transformation Outputs

CSV enables analysis, while HML enables system integration!
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From EpiDoc to an Information System
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EpiDoc.XML
Encoded, hierarchical research data

↓

XSLT

Extraction and Transformation

↓

Python
Processing (aggregation and orchestration)

↓

CSV / HML
new data model (tabular dataset / harmonized XML dataset)

↓

Database (e.g., Heurist)
Data storage and querying

↓

Viewer / Exploration Interface
Exploration and analysis

This is what

we have now

built.
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▪ Describe the workflow of a 
humanities researcher who starts 
with an image of a written artifact. 
At the end of the project, the 
researcher uses a) EFES or b) 
Heurist. How do the processes 
differ when a) and b) are used?

▪ Are all components of an 
information system in place? If so, 
to what extent? If not, what is 
missing?

33
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▪ XML-based formats such as EpiDoc 
organize data into deeply nested 
hierarchical structures

▪ Relevant information is often spread across 
multiple levels, making it difficult to extract 
complete entities

▪ Database systems such as PostgreSQL can 
store and query XML data, working with 
hierarchical structures typically requires 
complex queries (e.g., XPath or XQuery)

▪ Analytical workflows, however, are mostly 
based on tabular data, where each row 
represents a consistent unit of analysis

▪ In hierarchical XML, relevant information is 
often distributed across multiple nested 
levels, which makes aggregation and 
comparison difficult

▪ Even when XML can be processed directly, it 
is often converted into tabular formats to 
simplify analysis

34

When Structure Becomes a Barrier to Analysis

Illustration generated using ChatGPT based on a prompt provided by Sylvia Melzer
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From Data to Information Systems
Pre-processing and archiving process with three

steps

The process for building information systems on 

demand

Asselborn, T., Melzer, S., Schiff, S. et al. Building sustainable information systems and transformer models on demand. Humanit Soc Sci Commun 12, 216 (2025). 
https://doi.org/10.1057/s41599-025-04491-x
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Metadata Encoding & Transmission Standard (METS)

▪ Manifest files contain optional metadata (configuration data) for the 
associated data set and are available in XML format

▪ METS is a recognized standard that facilitates the exchange of digitized 
documents among cultural heritage institutions

▪ It operates as an XML schema specially designed for the generation of 
digital objects

▪ A digital object may encompass one or multiple digital files, potentially in 
varying formats, and can provide an intricate internal structure description

▪ A METS file consists of seven major sections

▪ In the example, an excerpt is presented of the fields important for ISoD 
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Header Descriptive Metadata

37

METS
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File Section Structural Map & Behavior
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METS
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Execution time 
comparison for 
different projects

• Asselborn, T., Melzer, S., Schiff, S. et al. Building 
sustainable information systems and transformer 
models on demand. Humanit Soc Sci 
Commun 12, 216 (2025). 
https://doi.org/10.1057/s41599-025-04491-x
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EFES 

▪ Document-centric

▪ XML → HTML

▪ Viewing

▪ Preserves structure

▪ Single document

▪ Best for reading and publishing

DBoD

▪ Data-centric

▪ XML → database

▪ Analysis

▪ Restructure data

▪ Multiple document

▪ Best for analysis and aggregation

40

Differences
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Workflow
▪ How can we ensure that epigraphers use the same format?

▪ Currently, epigraphers create the EpiDoc files manually. How can we ensure 
that epigraphers create the EpiDoc files correctly?

41



Institute of Information Systems

EpiDoc Generator 

42

https://tools.fdm.uni-hamburg.de/mdg/generator_metadata_epidoc.html 

https://tools.fdm.uni-hamburg.de/mdg/generator_metadata_epidoc.html
https://tools.fdm.uni-hamburg.de/mdg/generator_metadata_epidoc.html
https://tools.fdm.uni-hamburg.de/mdg/generator_metadata_epidoc.html
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Conclusion
▪ Research data encoded in formats such as EpiDoc is rich in structure but not directly 

suitable for analysis

▪ Hierarchical XML structures distribute relevant information across multiple levels, which 
complicates querying and comparison

▪ Transformation pipelines using XSLT and Python enable the extraction, restructuring, and 
aggregation of this data

▪ DBoD allows the dynamic creation of structured datasets and information systems tailored 
to specific research questions

▪ Different transformation approaches serve different purposes: EFES supports document-
oriented viewing, while DBoD enables data-driven analysis across multiple documents

▪ The transformation process defines the resulting data model and therefore directly 
influences interpretation and knowledge production

▪ The goal is not only to store data, but to make it explorable, accessible with high data 
quality, and usable for research

▪ Well-structured data is not necessarily analysis-ready data
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