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Visualization – 2 Varieties
• Scientific Visualization

– Literal, observable, experimental data, often not capable of being 
understood otherwise.

• Information Visualization
– Using layout techniques to spatially visualize, non-spatial 

information.

• Term first used in 1987 – B. H. McCormick, T. A. DeFanti, and M. D. 
Brown, "Visualization in Scientific Computing," Computer Graphics, vol. 21, Nov. 
1987.

• Term first used in 1989 – G.G. Robertson, S.K. Card, and J.D. MacKinlay, 
“The Cognitive Coprocessor Architecture for Interactive User Interfaces,” Proceedings 
of UIST’89, ACM Symposium on User Interface Software and Technology, pp. 10-
181989.
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Purposes

• (1) Discovery
• (2) Understanding
• (3) Communication
• (4) Education

These may be collapsed into two general 
purposes:

• (1) Discovery and (2) Explanation

• B. H. McCormick, T. A. DeFanti, and M. D. Brown, 
"Visualization in Scientific Computing," Computer 
Graphics, vol. 21, Nov. 1987.

• T. A. DeFanti, M. D. Brown, and B. H. McCormick, 
"Visualization: Expanding Scientific and Engineering 
Research Opportunities," Computer, vol. 22, pp. 12-
25, August 1989.

• G. M. Nielson, B. Shriver, and L. J. Rosenblum, 
"Introduction and Overviews of Scientific 
Visualization," in Visualization in Scientific 
Computing, G. M. Nielson, B. Shriver, and L. J. 
Rosenblum, Eds. Los Alamitos, California: IEEE 
Computer Society Press, 1990, p. 273.

• “Knowledge domain visualizations (KDVs) are the 
graphic rendering of bibliometric data designed to 
provide a global view of a particular domain, its 
structural details, or its salient characteristics (most 
cited authors or papers, bursting concepts, etc.).”

• Another definition intertwined with the object’s 
purpose.

• Domain Maps

• Information Cartography

• Data Landscapes

Knowledge Domain Visualizations

Hook, Peter A. and Börner, Katy. (2005) Educational Knowledge Domain Visualizations: Tools to 
Navigate, Understand, and Internalize the Structure of Scholarly Knowledge and Expertise. In Amanda 
Spink and Charles Cole (eds.) New Directions in Cognitive Information Retrieval. Springer-Verlag.
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Descriptive Scientific Cartography
Prior to the 1600’s cartography was merely 
descriptive.  Advances in calculating location 
on the planet made it scientific.

– Triangulation over large distances from a known base 
measure.

– Using the moons of Jupiter to establish longitude on 
land.

– Using accurate time pieces to establish longitude at sea.
– Accurately measuring depth and altitude, and 

representing them on maps.

The same has now occurred with domain 
mapping.

– The descriptive has become methodologically 
rigorous.

– We have more accurate views and there are evolving 
conventions.

Headrick, Daniel R. (2000). 
When Information Came of Age: 
Technologies of Knowledge in 
the Age of Reason and 
Revolution, 1700-1850. New 
York: Oxford University Press.

Morrison, Philip 
and Phylis (1987).  
The Ring of Truth. 
New York: 
Random House.

1696
•First Accurate Map of 
the Earth

•40 points of accurate 
longitude

•Based on 
Moons of 
Jupiter to 
compare with 
local time in 
Paris.

•Cassini.
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• John D. Bernal (physicist, historian of 
science, and sociologist of science)

• Considered one of the first ‘maps of 
science.’

1939

Bernal, J.D. (1939). The Social Function of Science.
London: Routledge & Kegan Ltd.

1948

Ellingham, H. J. T. (1948), Divisions of 
Natural Science and Technology, in 
Reports and Papers of the Royal 
Society Scientific Information 
Conference, 21 June – 2 July, 1948.  
London: The Royal Society, Burlington 
House.
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Historiograph of 
DNA Development
(Garfield, Sher, & Torpie, 1964) 
"The Use of Citation Data in 
Writing the History of Science." 
Published by The Institute for 
Scientific Information, December 
1964.  Report of research for Air 
Force Office of Scientific 
Research under contract 
F49(638)-1256.

Eugene Garfield, 
recent photo.  
Creator of the ISI 
Web of Science 
citation database. 

http://www.garfield.library.upenn.edu/

1964

Co – Discoveries / Implementation

Using Co-Citation to create domain 
maps. 

• Small, H. (1973). Co-citation in the 
scientific literature: A new measure 
of the relationship between two 
documents.  JASIS, 24, 265-269.

• Marshakova, I.V. (1973). A system 
of document connections based on 
references.  Scientific and Technical 
Information Serial of VINITI, 6, 3-8. 

1973
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Map of all Science & 
Social Science

• The map is 
derived from the 
citation linkages 
between 7,121 
journals from the 
year 2000.

• ISI Data (science 
citation index and the 
social science citation 
index).
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Boyack, K.W., Klavans, R., & Börner, K. 
(2005). Mapping the backbone of science. 
Scientometrics. Vol. 64, No. 3, 351-374

2005
Kevin Boyack Richard Klavans Katy Börner

Different Similarity Metrics

• 10 different similarity 
metrics
– 6 Inter-citation (raw counts, 

cosine, modified cosine, 
Jaccard, RF, Pearson)

– 4 Co-citation (raw counts, 
cosine, modified cosine, 
Pearson)

1

2

Inter-citation
1 cites 2

3

1 2

Co-citation
1 and 2 are

co-cited

Boyack, K.W., Klavans, R., & Börner, K. (2005). Mapping the backbone of 
science. Scientometrics. Vol. 64, No. 3, 351-374
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2004 Paradigm Maps

Klavans, R., Boyack, K.W., Is There a Convergent Structure to 
Science?, Presentation for the 11th International Conference of the 
International Society for Scientometrics and Informetrics Madrid, 
Spain, 26 June. 2007.

Richard Klavans Kevin Boyack

SciTech Strategies, Inc.

Images of Disciplinary Map © The Regents of the University of California

UCSD Disciplinary Map
Global Projection Rescaled Stereographic Projection

Klavans, R., Boyack, K.W., Is There a Convergent Structure to 
Science?, Presentation for the 11th International Conference of the 
International Society for Scientometrics and Informetrics Madrid, 
Spain, 26 June. 2007.

Richard Klavans Kevin Boyack

SciTech Strategies, Inc.
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UCSD Disciplinary Map

Images of Disciplinary Map © The Regents of the University of California

Mercator Projection

Klavans, R., Boyack, K.W., Is There a Convergent Structure to 
Science?, Presentation for the 11th International Conference of the 
International Society for Scientometrics and Informetrics Madrid, 
Spain, 26 June. 2007.

Richard Klavans Kevin Boyack

SciTech Strategies, Inc.

Benefits of Domain Maps
• Provides a structure or scaffolding that students 

may use to organize the details of a particular 
subject.

• Information is better assimilated with the 
student’s existing knowledge.

• Visualization enhances recall.
• Makes explicit the connections between 

conceptual subparts and how they are related to 
the whole.

• Helps to signal to the student which concepts 
are most important to learn. 

Hook, Peter A. and Börner, Katy. (2005) Educational Knowledge Domain Visualizations: Tools to 
Navigate, Understand, and Internalize the Structure of Scholarly Knowledge and Expertise. In Amanda 
Spink and Charles Cole (eds.) New Directions in Cognitive Information Retrieval. Springer-Verlag.
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Justices of the United States Supreme Court (1956 – 2005 Terms)

Significant Cases Rehnquist Court 6:
• U.S. Term Limits v. Thornton – no state term 

limits for Congresspersons

• Clinton v. Jones – President can be sued while in 
office

• Boy Scouts of America v. Dale – private 
organization can prohibit homosexuals

• Bush v. Gore – Florida recount must stop

• Lawrence v. Texas – sodomy laws 
unconstitutional

• Atkins v. Virginia – cannot execute mentally 
retarded criminals

• Grutter v. Bollinger – narrowly tailored affirmative 
action is permissible

• Hamdi v. Rumsfeld – enemy combatants have 
right to neutral decisionmaker

• Kelo v. City of New London – state can take 
private property for commercial development

Rehnquist Court 6                   
(Aug. 3, 1994 to Sept. 28, 2005)

(6th different composition of nine 
Justices during the tenure of Chief 
Justice William H. Rehnquist.)

= Examined

= Discussed

= Cited

= Mentioned

West Depth of Treatment
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West Status Flags
= at least one point is    
no longer good law

= at least one point 
has negative treatment

= case has some history

= case has been cited

THE END


