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Motivation

Max Muller, History of 
Religion, (1881)

Darwin, Origin of 
Species, (1859)



Cross domain influence

“We shall never, probably, disentangle the inextricable web of affinities between the 
members of any one class; but when we have a distinct object in view, and do not 
look to some unknown plan of creation, we may hope to make sure but slow 
progress.” - Origin of Species

“I at least have so much to do in unraveling certain human lots, and seeing how 
they were woven and interwoven, that all the light I can command must be 
concentrated on this particular web, and not dispersed over that tempting range of 
relevancies called the universe.” 
- Middlemarch, George Eliot



Previous Work

● Barron, Alexander TJ, et. al "Individuals, institutions, and innovation in the debates of the 

French Revolution.(2018)
○ Topic model distributions

● Vicinanza, Paul, Amir Goldberg, and Sameer B. Srivastava. "A deep-learning model of 

prescient ideas” (2023)
○ Perplexity scores from fine tuned BERT models

● Soni, Sandeep, Lauren F. Klein, and Jacob Eisenstein. "Abolitionist Networks” (2021).
○ word2vec changes in word sense

● Funk, Kellen, and Lincoln A. Mullen. "The spine of American law: Digital text analysis and 

US legal practice." The American Historical Review 123, no. 1 (2018): 132-164.
● Text reuse





•Funk, Kellen, and Lincoln A. Mullen. "The spine of American 

law: Digital text analysis and US legal practice." The American 

Historical Review 123, no. 1 (2018): 132-164.



Difficulties for previous methods:

OCR Error:

A: Would it be believed, that the larvae of an insect, or fly, no larger than a grain of rice, destroy some 
thousand acres of pine-trees, many of them from two to three feet in diameter, and a hundred and fifty in 
height ?

B: ** Would it be believed,*^ says Wilson, the ornitholog-ist, '* that the larvs of an insect, or fly, no larger 
tlia^n a grain of rice, should, destroy some thousand ncres of pine trees, many of uiem two or three feet in 
diameter, and one himdred and fifty feet high.

And paraphrase:

A: I have called this principle, by which each slight variation, if useful, is preserved, by the term natural 
selection, in order to mark its relation to man's power of selection.

B: The expression "natural selection" was chosen as serving to indicate some parallelism with artificial 
selection--the selection exercised by breeders.



Research Question

•How do we detect and quantify intellectual influence in contexts 
without bibliometric metadata? 

•How can we develop metrics robust to OCR transcription error, 
paraphrase, and other messiness of real world data?

•Can these methods be applied on a large scale track the 
transmission of specific ideas over time or the factors that cause 
ideas to become popular?



Corpus



Detecting contemporary citations

Test/Metric Text Reuse Count Topic Model Distribution
distance

Word Embedding 
stability 

Sentence embedding 
(ours)

Rank-Sum test
(-ln P-Value)

75 191 267 611

ROC-AUC 0.55 0.58 0.59 0.61

F1 score 
(best threshold)

0.17 0.46 0.48 0.55



Sent. Emb AUC



Data Sources

● Use NER to extract authors from 
journals and proceedings of British 
“learned societies” 1800-1900

● Extract authors from Darwin’s 
correspondents

● Download digitized texts from 
Internet Archive and Gutenberg

● 400,000 books - 100 million 
sentences



● General (5000 matches):
○ Royal Society (including colonial branches)
○ Royal Institution
○ Cambridge Philosophical Society

● Chemical (337 matches):
○ (London) Chemical Society

● Medical (77 matches):
○ (London) Medical and Chirurgical Society

● “Natural History” (2657 matches):
○ Linnean Society
○ Zoological Society
○ Entomological Society
○ Geological Society

● Geography (592 matches):
○ Geographical society

● Political/social scientific (1333 matches)
○ The Economist
○ Westminster Review
○ Edinburgh Review

● Orientalist (1570 matches):
○ Asiatic Society: Royal, Calcutta, American



Corpus

● 19th century nonfiction with a focus on 
authors active in “learned societies” and 
Darwin’s social circle.

● 300,000 people identified through NER and 
from Darwin’s correspondence

● 400,000 books by identified authors 
downloaded from Internet Archive

● 300,000 books vectorized and searched



Methods



High Level Method

● Create vector representations for 
each sentence in the corpus 

● Vectors represent combination of 
semantic meaning and stylistic 
characteristics

● Efficiently search for pairs of similar 
statements 



GTE Embeddings

● BERT based model
● Trained with contrastive learning on 

entailment, web datasets, question 
answering, etc

● Generally outperforms BERT, GPT 
embeddings, etc on contemporary 
evaluation tasks

● Optimized to preserve semantic meaning

Li, Zehan, Xin Zhang, Yanzhao Zhang, Dingkun Long, Pengjun Xie, and Meishan Zhang. "Towards general text embeddings with multi-stage 
contrastive learning." arXiv preprint arXiv:2308.03281 (2023).



FAISS Vector Database

● Search for matches for each sentence in Origin of Species, Descent of Man, etc across 
all books

● Cosine distance search across large corpus (~20 million sentences)
● Eventually will have to search entire corpus for each sentence in corpus: 

optimizations make it feasible to run without GPU. 
● https://github.com/facebookresearch/faiss 

https://github.com/facebookresearch/faiss


Results



Similarity post-publication





Source and Future Impact of Sentences in Origin of Species



Future Directions



Similarity in Metaphors and Argumentative Structure

“I at least have so much to do in unraveling certain human lots, and seeing 
how they were woven and interwoven, that all the light I can command must 
be concentrated on this particular web, and not dispersed over that tempting 
range of relevancies called the universe.” - Middlemarch

“We shall never, probably, disentangle the inextricable web of affinities 
between the members of any one class; but when we have a distinct object 
in view, and do not look to some unknown plan of creation, we may hope to 
make sure but slow progress.” - Origin of Species

Cos Similarity: 0.85



Knowledge Graph Matching

Xu, Kun, Liwei Wang, Mo Yu, Yansong Feng, Yan Song, Zhiguo Wang 
and Dong Yu. “Cross-lingual Knowledge Graph Alignment via Graph 
Matching Neural Network.” Annual Meeting of the Association for 
Computational Linguistics (2019).



In Progress Work

● Apply method to entire corpus to identify frequently appearing claims 

● Need lots of computational resources

● Corpus expansion: more academic disciplines 

● Identify features of ideas that spread widely



Please see pre-print article for more 
details!

Li, Lucian. "Tracing the Genealogies of Ideas with 
Large Language Model Embeddings." arXiv preprint 
arXiv:2402.01661 (2024).
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