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Research Questions

Is Information Density (ID) a driving force in the diachronic development of
written scientific English?

Is there a relation between linguistic encoding and ID?
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Assumptions

I Higher average information density in written scientific English over time
(cf. Halliday,1989: On the language of physical science)

I scientific texts will exhibit higher ID relative to other productions /
"general language" over time - specialization

I within scientific productions, ID will decrease over time - conventionalization

I Correlation between variation in linguistic encoding and ID
I Linguistic features marking specialization and conventionalization serve

optimizing ID in scientific texts
I longer, expanded ling forms — less predictable, more informative
I shorter, reduced ling forms — more predictable, less informative
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Contemporary Example

We report the discovery of a novel downstream target of BCR-ABL signalling,
PRL-3 (PTP4A3), an oncogenic tyrosine phosphatase. Analysis of CML
cancer cell lines and CML patient samples reveals the upregulation of PRL-3.
Inhibition of BCR-ABL signalling either by Imatinib or by RNAi silencing
BCR-ABL reduces PRL-3 and increases cleavage of PARP.

I Complex nominal groups
I Simple clause structure: X <verb> Y
I Omission of determiners
I Global effects: high TTR, high lexical density,

large number of technical terms
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Historical Example

Now those Colours argue a diverging and separation of the heterogeneous
Rays from one another by means of their unequal Refractions, as in what
follows will more fully appear. [. . . ] The Excesses of the Sines of the
Refraction of several sorts of Rays above their common Sine of Incidence
when the Refractions are made out of divers denser Mediums immediately
into one and the same rarer Medium, suppose of Air, are to one another in a
given Proportion.

(Newton, 1704)

I Complex nominal groups
I Simple clause structure: X <verb> Y
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Methodology

Atkinson, D. 1998. Scientific discourse in sociohistorical context: The Philosophical Transactions of the Royal Society of London, 1675–
1975. Routledge, New York.

Baron, A. and Rayson, P. 2008. VARD 2: A tool for dealing with spelling variation in historical corpora. Postgraduate Conference in 
Corpus Linguistics 2008, May 22. Birmingham, UK: Aston University.

Biber, D., Finegan, E. and Atkinson, D. 1994. ARCHER and its challenges: Compiling and exploring A Representative Corpus of Historical 
English Registers. In U. Fries, P. Schneider and G. Tottie (eds.), Creating and using English language corpora, 1–14. Amsterdam/New 
York: Rodopi.

Evert, S. and Hardie, A. 2011. Twenty-first century corpus workbench: Updating a query architecture for the new millennium. 
Proceedings of the Corpus Linguistics 2011 Conference. Birmingham, UK.

Moskowich, I. and Crespo, B. 2007. Presenting the Coruña Corpus: A collection of samples for the historical study of English 
scientific writing. In J. Pérez-Guerra, D. González-Álvarez, J. L. Bueno Alonso and E. Rama-Martínez (eds.), ‘Of varying language 
and opposing creed’: New insights into Late Modern English, 341–357. Bern: Peter Lang.

Schmid, H. 1994. Probabilistic part-of-speech tagging using decision trees. International Conference on New Methods in Language 
Processing, 44–49. Manchester, UK.

Taavitsainen, I., Jones, P. M., Pahta, P., Hiltunen, T., Marttila, V., Ratia, M., Suhr, C. and Tyrkkö, J. 2011. Medical texts in 1500–1700 
and the corpus of Early Modern English Medical Texts. In I. Taavitsainen and P. Pahta (eds.), Medical writing in Early Modern 
English, 9–29. Cambridge: Cambridge University Press.

Underwood, T. and Auvil, L. n.d. Basic OCR correction. In T. Underwood, R. Valenza and M. Wilkens (eds.), The uses of scale in 
literary study, http://usesofscale.com/gritty-details/basic-ocr-correction/ (accessed 7th April 2015).

Aims
• Transform original JSTOR format to an enriched corpus for linguistic analysis
• Keep processing as automatic as possible while preserving manual effort

Preprocessing
• Uncover and clean hidden markup
• Identify article beginnings and endings and order scrambled pages
• Detect and remove duplicates, headers/footers, and segmentations
• Encode contextual metadata (e.g. journal, title, author, year of publication)
• Correct OCR errors

 Adopt automatic corrections in
Underwood and Auvil (n.d.) to
eliminate common OCR errors

Examples
• b, tb instead of h, th (e.g. tbe → the)
• ll instead of n or u (e.g. llever → never)

Linguistic annotation

Normalization
• Normalize spelling variation with 

VARD (Baron and Rayson 2008)
• Transform normalization tags into 

positional attributes

Tagging
• Annotate corpus for tokens, lemmas, 

and parts of speech using 
TreeTagger (Schmid 1994)

Evaluation
• Evaluate normalization and part-of-

speech tagging

Corpus encoding
Encode final version in Corpus Query Processor (CQP) format (Evert 2011)

The Royal Society Corpus:
From uncharted to enriched data for linguistic analysis

Hannah Kermes, Ashraf Khamis, Jörg Knappen, 
Stefania Degaetano-Ortlieb, Noam Ordan, Elke Teich

Corpus processingCorpus design 

Corpus of written scientific English

Assumption
Older stages are less densely encoded than
contemporary ones

Material Transactions and Proceedings of the Royal Society of London from JSTOR
Period 1665–1869
Register Multi-disciplinary scientific writing (e.g. biology, chemistry, physics 

geography, medicine)
Size 33.5 million tokens

Main goal
• Diachronic comparison of different historical stages of scientific text from the 

mid 17th century to present
• Focus on the relationship between linguistic encoding and information density

Hypothesis
• As scientific activity becomes more specialized over time
 Particular meanings become more predictable
 Denser encodings are used to optimize efficiency in communication

Annotation pipeline

Universität des Saarlandes Inaugural Colloquium SFB 1102 17th April 2015

Journal Period Text type 

Book reviews Articles Miscellaneous Obituaries Total 

Philosophical Transactions 1665–1678 124 641 154 – 919

Philosophical Transactions 1683–1775 154 3,903 338 – 4,395

Philosophical Transactions of the 
Royal Society of London 

1776–1869 – 2,531 283 – 2,814

Abstracts of Papers Printed in the 
Philosophical Transactions of the 
Royal Society of London 

1800, 1815, 
1830, 1837

– 1,316 15 – 1,331

Abstracts of Papers Communicated 
to the Royal Society of London 

1843, 1850 – 429 5 – 434

Proceedings of the Royal Society of 
London 

1862–1869 – 1,476 38 14 1,528 

Total 278 10,296 833 14 11,421

Apply language models to the Royal Society Corpus (RSC) to compare and measure variation in information density across historical stages

Corpus analysis

Corpus t1
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Background
• Available corpora of scientific texts are limited in
 Size (e.g. the Coruña Corpus (Moskowich and Crespo 2007))
 Scope (e.g. ARCHER (Biber et al. 1994) and the corpus of Early Modern 

English Medical Texts (Taavitsainen et al. 2011))
• The Philosophical Transactions as the first scientific journal offers an insight 

into the formation of scientific language (Atkinson 1998)

P(unit | t1)

I Data: Royal Society Corpus, 33 M words, 1665 - 1869,
discipline mix

I Corpus-based approach:
I Compare linguistic feature distributions across time slices

I LM approach:
I Measure average ID
I Measure ID/surprisal
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Corpus-based Approach

Corpus t1 Corpus t2

compare

simple clause structure
complex NPs

determiner omission
TTR

lexical density
. . .
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LM Approach

Corpus t2
P(unit |t2)

H(t2) = −
∑

i P(uniti |t2)log2P(uniti |t2)

Corpus t1
P(unit |t1) H(t1) = −

∑
i P(uniti |t1)log2P(uniti |t1)

compare
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LM Approach: Sample Analysis 1

I Divide Royal Society Corpus in 50 years slices
I Keep training sets equal in size

I Train language models (3-grams) on one time slice
I Apply trained model to another time slice

I Test how well the models can distinguish the time slices
I Lower perplexity shows the right "class assignment"

LM_t1
LM_t2
LM_t3

LM_t1 LM_t2 LM_t3
text_1 PPL_t1 PPL_t2 PPL_t3
text_2 PPL_t1 PPL_t2 PPL_t3
text_3 PPL_t1 PPL_t2 PPL_t3

. . . . . . . . . . . .
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Results

1665–1715 1716–1765 1766–1815 1816–1869
1665–1715 507 (95%) 26 1 1
1716–1765 37 554 (89%) 32 1
1766–1815 4 91 791 (88%) 16
1816–1869 0 0 188 911 (83%)

I Earliest and latest period well distinguished from one another
I Relation between close time periods, especially to the preceding time

period
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LM Approach: Sample Analysis 2
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Outlook

I Elaborate experiment designs using LMs (B4)
I Words, PoS, word+PoS, phrases, syntactic structures (Roark 2001)
I Cache, document (Eisenstein/Barzilay 2008), corpus (Genzel/Charniak

2002), web (Microsoft n-grams)
I In-domain vs. general

⇒ To measure average ID in scientific text over time
⇒ To find correlations between linguistic features and ID
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