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Computational Scientometrics:
Studying Science by Scientific Means

Börner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. In 
Blaise Cronin (Ed.), Annual Review of Information Science & Technology, Medford, NJ: Information 
Today, Inc./American Society for Information Science and Technology, Volume 37, Chapter 5, pp. 179-
255. http://ivl.slis.indiana.edu/km/pub/2003-borner-arist.pdf
Shiffrin, Richard M. and Börner, Katy (Eds.)  (2004). Mapping Knowledge Domains.
Proceedings of the National Academy of Sciences of the United States of America, 101(Suppl_1). 
http://www.pnas.org/content/vol101/suppl_1/
Börner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In Blaise
Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc./American 
Society for Information Science and Technology, Medford, NJ, Volume 41, Chapter 12, pp. 537-607. 
http://ivl.slis.indiana.edu/km/pub/2007-borner-arist.pdf

Places & Spaces: Mapping Science exhibit, see also http://scimaps.org.
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Process of Analyzing and Mapping Knowledge Domains

Börner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual 
Review of Information Science & Technology, Volume 37, Medford, NJ: Information Today, Inc./American Society for 
Information Science and Technology, chapter 5, pp. 179-255. 

, Topics

http://www.infotoday.com/books/asist/arist37.shtml
http://www.infotoday.com/books/asist/arist37.shtml
http://www.infotoday.com/books/asist/arist37.shtml


Latest ‘Base Map’ of Science
Kevin W. Boyack, Katy Börner, & Richard Klavans (2007). Mapping the Structure and Evolution of 
Chemistry Research. 11th International Conference on Scientometrics and Informetrics. pp. 112-123. 

Uses combined SCI/SSCI 
from 2002
• 1.07M papers, 24.5M 

references, 7,300 journals
• Bibliographic coupling of 

papers, aggregated to 
journals

Initial ordination and 
clustering of journals gave 671 
clusters
Coupling counts were 
reaggregated at the journal 
cluster level to calculate the 
• (x,y) positions for each 

journal cluster
• by association, (x,y) 

positions for each journal
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Börner, & Richard Klavans (2007). 
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Börner, & Richard Klavans (2007). 
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Börner, & Richard Klavans (2007). 



Mapping the Evolution of Co-Authorship Networks 
Ke, Visvanath & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.
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Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/

http://scimaps.org/maps/neurovis/
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Wikipedian Activity
Studying large scale social 
networks such as Wikipedia

Vizzards 2007 Entry

Second Sight: An Emergent 
Mosaic of Wikipedian Activity, 
The NewScientist, May 19, 2007

http://ella.slis.indiana.edu/%7Ekaty/
http://viewmorepics.myspace.com/index.cfm?fuseaction=user.viewPicture&friendID=41373347&MyToken=98f7a47b-744c-4274-9845-d94ae15bfe29


Science Related Wikipedian Activity
http://scimaps.org/dev/map_detail.php?map_id=165

Same base map. 

Overlaid are 3,599 math (blue), 
6,474 science (green), and 3,164 
technology relevant articles 
(yellow). 
All other articles are given in grey. 

Corners show articles size coded 
according to 
-article edit activity (top left), 
- number of major edits (top right), 
- number of bursts in edit activity   
(bottom, right) 

- indegree (bottom left). 

http://scimaps.org/dev/map_detail.php?map_id=165
http://ella.slis.indiana.edu/%7Ekaty/
http://viewmorepics.myspace.com/index.cfm?fuseaction=user.viewPicture&friendID=41373347&MyToken=98f7a47b-744c-4274-9845-d94ae15bfe29


Mapping Indiana’s Intellectual Space

Identify
Pockets of innovation
Pathways from ideas to products
Interplay of industry and academia



Co-word space of 
the top 50 highly 
frequent and bursty
words used in the 
top 10% most 
highly cited PNAS 
publications in 
1982-2001.

Mane & Börner. (2004) 
PNAS, 101(Suppl. 1):
5287-5290.

Mapping Topic Bursts
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113 Years of Physical Review
Bruce W. Herr II and Russell Duhon (Data Mining & Visualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Börner (Concept)

http://ella.slis.indiana.edu/%7Ekaty/
http://viewmorepics.myspace.com/index.cfm?fuseaction=user.viewPicture&friendID=41373347&MyToken=98f7a47b-744c-4274-9845-d94ae15bfe29


Places & Spaces: Mapping 
Science 
a science exhibit that introduces 
people to maps of sciences, 
their makers and users.
http://scimaps.org.

Exhibit Curators:  Dr. Katy 
Börner & Elisha Hardy
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Mapping Science Exhibit – 10 Iterations in 10 years

The Power of Maps (2005) Science Maps for Economic Decision Makers (2008)

The Power of Reference Systems (2006)                         Science Maps for Science Policy Makers (2009)
Science Maps for Scholars (2010)
Science Maps as Visual Interfaces to Digital Libraries (2011)
Science Maps for Kids (2012)
Science Forecasts (2013)

How to Lie with Science Maps (2014)

The Power of Forecasts (2007) scimaps.org



Illuminated 
Diagram Display

W. Bradford Paley, 
Kevin W. Boyack, 
Richard Kalvans, and 
Katy Börner (2007) 
Mapping, 
Illuminating, and 
Interacting with 
Science. 
SIGGRAPH 2007, 
San Diego, CA. 

YouTube Video:
http://www.youtu
be.com/watch?v=
bXABcOABG4E

http://www.youtube.com/watch?v=bXABcOABG4E
http://www.youtube.com/watch?v=bXABcOABG4E
http://www.youtube.com/watch?v=bXABcOABG4E


The TARL Model (Topics, Aging, and Recursive Linking)

Börner, Katy, Maru, Jeegar & Goldstone, Robert. (2004). The Simultaneous Evolution of Author and Paper Networks. PNAS. Vol. 
101(Suppl. 1), 5266-5273.

The TARL model incorporates
A partitioning of authors and papers into topics, 
Aging, i.e., a bias for authors to cite recent papers, and 
A tendency for authors to cite papers cited by papers that they have read resulting in a rich get richer 

effect. 
The model attempts to capture the roles of authors and papers in the production, storage, and 
dissemination of knowledge. 

Model Assumptions
Co-author and paper-citation networks co-evolve.
Authors come and go. 
Papers are forever. 
Only authors that are 'alive' are able to co-author.
All existing (but no future) papers can be cited.
Information diffusion occurs directly via co-authorships and indirectly via the consumption of other 
authors’ papers. 

Preferential attachment is modeled as an emergent property of the elementary, local 
networking activity of authors reading and citing papers, but also the references listed in 
papers. 



Aging function

Model Validation
The properties of the networks generated by this 
model are validated against a 20-year data set (1982-
2001) of documents of type article published in the 
Proceedings of the National Academy of Science 
(PNAS) – about 106,000 unique authors, 472,000 co-
author links, 45,120 papers cited within the set, and 
114,000 citation references within the set.



(0000) (1000) Topics

(0100) Co-Authors (0010) References

The TARL Model: The Effect of Parameters

Co-authoring leads to fewer papers.

Topics lead to disconnected networks.



Aging function

Counts for Papers and Authors

Counts for Citations



Aging function

Co-Author and Paper-Citation
Network Properties

Power Law Distributions



Aging function

Topics: The number of topics 
is linearly correlated with the 
clustering coefficient of the 
resulting network: C= 
0.000073 * #topics. Increasing 
the number of topics increases 
the power law exponent as 
authors are now restricted to 
cite papers in their own topics 
area. 

Aging: With increasing b, and 
hence increasing the number of 
older papers cited as 
references, the clustering 
coefficient decreases. Papers 
are not only clustered by topic, 
but also in time, and as a 
community becomes 
increasingly nearsighted in 
terms of their citation 
practices, the degree of 
temporal clustering increases.

References/Recursive 
Linking: The length of the 
chain of paper citation links 
that is followed to select 
references for a new paper also 
influences the clustering 
coefficient. Temporal 
clustering is ameliorated by the 
practice of citing (and 
hopefully reading!) the papers 
that were the earlier 
inspirations for read papers.



SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and 
Visualization Toolkit for Biomedical, Social Science and Physics Research. NSF 
IIS-0513650 award (Katy Börner, Albert-Laszlo Barabasi, Santiago Schnell, 
Alessandro Vespignani & Stanley Wasserman, Eric Wernert (Senior Personnel), 
$1,120,926) Sept. 05 - Aug. 08. http://nwb.slis.indiana.edu

CAREER: Visualizing Knowledge Domains. NSF IIS-0238261 award 
(Katy Börner, $451,000) Sept. 03-Aug. 08.
http://iv.slis.indiana.edu/
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Scholarly Database
http://sdb.slis.indiana.edu

http://nwb.slis.indiana.edu/
http://iv.slis.indiana.edu/
http://sdb.slis.indiana.edu/


The End.The End.
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