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How do we map the origins of 

scientific disciplines? 



Rosvall and Bergstrom (2010) PLoS One

The Emergence of Neuroscience



The Scholarly Graph



Tens of millions articles, patents, books

Billions of citation links

Years: 1600 - 2016



Science of Science
•  What ideas, papers and scientists seeded new fields?
•  Can we automate hypothesis generation? If so, how would 

this change science?
•  Can we teach the computer to read the literature and 

understand figures?
•  How can we improve scientific ‘navigation’ in the face of 

information overload?
•  Can we predict new discoveries before they happen?
•  How can we improve scientific institutions, reward 

mechanisms and funding processes?
•  How can we facilitate interdisciplinary research and foster 

innovation rather than just piles of papers?





babel.eigenfactor.org

Ian Wesley-Smith



viziometrics.org

Poshen Lee



scholar.eigenfactor.org

Jason Portenoy



Mapping of Science

Science of Mapping



Citations form a vast network

de Solla Price, Science (1965)
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Recent common ancestor

http://blog.halper.in/posts/2014/10/09/moore-sloan-fun-with-academic-lineage/

Of the 14 million pairs of papers, 7.1M of them have a common ancestor—a hit rate of about 
50%. Among these 7.1M LCAs, here are the ten most frequent papers (and their frequencies):



scholar.eigenfactor.org

Portenoy et al. (2016) Leveraging Citation Networks to Visualize Scholarly Influence Over Time. in review



S. N. Dorogovtsev and J. F. F. Mendes (2015) Nature Physics

An evisceration of the H-index…







Comparing Authors



frequency of inter-module movements

code length of module names

frequency of movements within module i

code length of node names in module i

The map equation 

Rosvall and Bergstrom (2008) PNAS
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Rosvall and Bergstrom (2010) PLoS One

The Emergence of Neuroscience



The jargon barriers of science



assump'on:	language	of	each	scien'fic	field	is	op#mized	based	on	frequency	of	phrases			

Χ ~	space	of	all	phrases	

Pi Pi

Pi ~	probability	distribu'on	over	χi	with	values	x			Χ		
-	writer	chooses	phrases	with	probability	pi(x)

-	op'mal	codeword	has	length	

expected	message	length:		

Vilhena (2014) Sociological Science



expected	message	length:		

cross entropy

Pi Pj

efficiency of communication

cultural hole





Translational Lag



A Life History of Innovation

1980

1987
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2014

$240 million in revenue

$31 million WRF -> UW

UW licenses to WRF

Patent Granted

Nature, PNAS, Cell

Patent Application

Expression of Polypeptides in Yeast

inventors

examiners

lawyers

managers



What is the time from idea to patent?



Methods
•  Extracted 111,038,761 citations (1976 – 2014)
–   92,680,292 patent citations
–   18,358,469 non-patent citations
–   761,759 non-patent, journal citations
–   20,470,405 examiner citations (2001 – 2014)

•  Extracted years from patents and non-patents
 Svensson, K. et al. Evolution of subspecies of . Journal of 
Bacteriology, Jun. 2005, vol. 187, No. 11, pp.3903-3908

•  Only use first, unique instances of citing patent
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Are patents becoming more myopic?  

patent citations

journal np-citations

non-patent citations



viziometrics.org



Equations (394)

Schematics (769)

Photos (782)

Plots (890)

Tables (436)



Impact versus Figure Density



Summary

•  Assembled scientific knowledge into a machine 
readable form

•  Interrogating science from the meta-view
•  Trying to better understand the origins of 

scientific ideas
•  Building tools that facilitate discovery at the 

interdisciplinary boundaries of science



What else should we ask of this data?
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