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Text Datafication and Loss of Typographical Layout 
Logic (TLL): Illustration of Problem

Portion of book* index page scan
for the index main entry “Acariasis”

OCR results
for “Acariasis”

*Osler, W., McCrae, T. (1907). Modern medicine: its theory and practice, in 
original contributions by American and foreign authors. Philadelphia: Lea 
brothers & co. Vol 1. https://hdl.handle.net/2027/nnc2.ark:/13960/t54f2j58c 



Theoretical Framework: Navigational Paratexts

• Gerard Genette (1997) introduced concept of paratexts as functional 
agents that can “mediate the relations between text and reader.”

• Birke and Christ (2013) note that one important category of paratextual 
element is “navigational paratext:”

• Such elements guide a reader’s reception in a more mechanical sense

• Useful in approaching a text and for orienting a reader within the text

• Book index as navigational paratext:
• Result of closed system indexing in contrast to open system (Klement, 2002)

• List of entities mentioned within a single book along with locators (e.g., page #s)

• Provide readers with granular navigation options within texts



Problem Description and Research Question

• For the Google Books Initiative, Google scanned and OCR’d every 
page of each book using same method.

• As a result, scanned and OCR’d book index pages have index entries 
without their indentations, which represents TLL that reduces intra-
textual navigation compared to original print index.

• The restoration of an index’s indentations would lead to testable 
questions in future research contexts (philology graphs).

• RQ: Can we recover TLL as logical hierarchies and represent them on a 
RDF knowledge graph?



High-level Workflow

1. Rescan book index pages from HathiTrust copies.

2. Connect hierarchies below index main entries with their respective 
subentries using partonomic logic property (“partOf”).

3. Load logical relationships on RDF knowledge graph (local Wikibase 
instance hosted by UA SLIS).

4. Convert page number locators to URLs for each scanned page and 
align with restored index entries on RDF knowledge graph.

5. Use SPARQL query to reconstruct an overlay HTML index for readers 
to return indexing navigation capabilities to book.



Scaling our Typographical Logic Workflow

• To scale our overlay index workflow, we developed a computational 
pipeline for detecting index indentations.

• Over the remaining slides, we will introduce some of the technical 
challenges and will describe the pipeline we developed to detect 
index indentations using cluster-based machine learning algorithms.



Computational Detection of Index Indentations 

• Physical Structure Detection

• Technical Challenges

• Typographical Logic Recovery Pipeline
• Noise Elimination

• Column Segmentation

• Skew Correction

• Entry Classification

• Evaluation



Physical Structure Detection



Technical Challenges



Technical Challenges



Noise Elimination

DBSCAN Algorithm



Column Segmentation

K-Means Algorithm



Skew Correction

tan(θ°) = 1 ∕ N · ∑ (YR - YL)/(XR - XL)        (1) 

Xi ’ = Xi + tan(θ°) · (Yi - Y1)        (2) 



Entry Classification

Mean Shift clustering performance evaluation:

• Silhouette Coefficient
• Davies-Bouldin Index

Mean Shift Bandwidth Estimation 



Recovering Typographical Layout Logic with

Mean Shift Algorithm



Evaluation of Pipeline Effectiveness: Accuracy Testing

Accuracy Testing



Evaluation of Pipeline Effectiveness: ML Procedures

Procedure Algorithm Accuracy 

Noise Elimination DBSCAN 95.4 % 

Column Segmentation K-Means 98.2 % 

Entry Classification Mean Shift 93.8 % 

 



Recovered Typographical Layout Logic to Graph (1)



Recovered Typographical Layout Logic to Graph (2)



Displaying Typographical Logic Layout: SPARQL Query

• The transitive operator (*) allows for queries that follow our partOf (P22) 
property path, which captures the multiple levels of index subentries. 
under the Acariasis (Q11494) main entry in book index.

• Transitive SPARQL query example (https://tinyurl.com/ydv6rq2y):



Displaying Typographical Logic Layout: SPARQL Results
Arrows indicate restored indentations. Wikibase SPARQL query results exportable as HTML for overlay index.



Conclusion and Future Work

• Conclusion”
• Pipeline development: From theory to optimizing for scale up

• Evaluation

• Future work:
• Layout variations

• Overlay index interface work in the context of a larger expression 
of navigation paratext theory and philology graphs
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