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Citations form a vast network

de Solla Price, Science (1965)



The Scholarly Graph
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Mapping of Science

Science of Mapping
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Mapping of Science

Science of Mapping



Data
Compressing         Finding patterns

If we can find a good code for describing flow on a 
network, we will have solved the dual problem of 
finding the important structures with respect to 
that flow.



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



Finding regularities in the dynamics on networks 

Rosvall and Bergstrom (2008) PNAS  



Mapequation.org, Daniel Edler



Performance
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Rosvall and Bergstrom (2010) PLoS One

The emergence of Neuroscience





Advantages of InfoMap
•  Outperforms most other competing algorithms 

in accuracy benchmark tests
•  Hierarchical version from first principles
•  Fast, scalable codebase in C++
•  Multiplex versions
•  Continual development
•  Visual tools associated with the code
•  Simple information theoretic framework



Dynamics



Journal Ranking

P = α H + (1 − α ) a.eT

Matrix representing the
random walk over citations Probability of

not teleporting
Cross-citation Matrix
dictating the structure
of the citation network

Probability of teleporting
to completely new journal
weighted by the number
of articles in that journal

EF =100 Hπ
[Hπ ]ii∑

Leading eigenvector
of the random walk
matrix P.

Normalization

West, JD et al. (2010) College of Research Libraries



Author-level Ranking

West et al. (2013) Author-level Eigenfactor metrics. JASIST



Article-level Ranking

West et al. (2016) Ranking and mapping article-level citation networks. in prep.



Higher Order Dynamics

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community 
detection. Nature Communications





Mapping of Science

Science of Mapping



What can you do with citation maps?

Recommend Articles

Study the Science of Science

Author Evaluation

Search and Discovery

Visual Interfaces



West, Wesley-Smith, Bergstrom (2016) A recommendation system based on hierarchical clustering of an 
article-level citation network. in review



babel.eigenfactor.org

Ian Wesley-Smith





scholar.eigenfactor.org

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



Comparing Authors







Academic Migration



viziometrics.org

Poshen Lee



Questions

•  How do patterns of encoding visual information 
in the literature vary across disciplines? 

•  How have patterns of encoding visual 
information in the literature evolved over time? 

•  Is there any link between patterns of encoding 
visual information and scientific impact? 

How can we better utilize visual information 
in the search and navigation process?



650,000 papers

5 million images



Composite Figure Dismantling

Lee et al (2015)



Equations (394)

Schematics (769)

Photos (782)

Plots (890)

Tables (436)



Impact versus Figure Density



viziometrics.org



Science of Science

Incentives, reproducibility, biases, funding models, publishing economics…



Self-citation over time
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Ratio of male:female self-citations per authorship

���� ���� ���� ���� ���� ���� ����
�������

���

���

���

���

����� ���



Excessive Self Citation
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King et al (2016) in prep.





Information Visualization

How do we augment human 
memory when zooming in/out of 

hierarchical trees?

Brooks, M et al. (2013) INTERACT  
Cecilia Aragon
UW, HCDE

Michael Brooks
UW, HCDE





Navigating Hierarchical Knowledge Networks



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





Challenges: Labeling

Normalized Mutual Information



Semantic Scholar
•  Babel (data and recommendation)
•  InfoMap (clustering citation networks)
•  Scholar profiles (share data)
•  Auto-detecting neuroscience
•  Viziometrics (labeling tools)
•  Visual interface design
•  Auto-Labeling Fields
•  Data cleaning (author disambiguation)



Carl Bergstrom, Department of Biology, University of Washington
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