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Overview 

1. Motivation for today’s talk
Goals of History & Philosophy of Science vs. Scientometrics/Bibliometrics
Small-scale vs. large-scale data analysis & visualization
Opportunities and challenges for studying the structure and evolution of all of science

2. Overview of different data analysis and visualization techniques
Time space: Tree of life, genealogies, etc.
Time-geographic space: Lifelines, etc.
(Time-)semantic spaces: Mapping knowledge domains
(Time-)social spaces: Social networks 
Etc.

3. Data bases, software & computing infrastructure at IUB

4. Related courses, talk series, workshops & conferences 
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1. Motivation

About 40 years ago, Derek J. deSolla Price suggested studying the structure and 
evolution of science using the scientific methods of science.  

“Philosophy of science without history of science is empty; history of science 
without philosophy of science is blind.”

Imre Lakatos (1970) evocatively rephrased Immanuel Kant’s famous remark about the 
complementarity of ‘concepts’ and ‘percepts’.

We need to understand the structure and evolution of science to make the 
scientific enterprise more effective – in terms of the production of new 
(interdisciplinary) research results as well as in terms of information diffusion. 

We now do have the data, code and compute power to do this!
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Goals of History & Philosophy of Science & 
Scientometrics/Bibliometrics

Maps of scientific disciplines (Knowledge Domain Vis.) attempt to support diverse user groups:

Students can gain an overview of a particular knowledge domain, identify major research 
areas, experts, institutions, grants, publications, patents, citations, and journals as well as 
their interconnections, or see the influence of certain theories. 
Researchers can monitor and access research results, relevant funding opportunities, 
potential collaborators inside and outside the fields of inquiry, the dynamics (speed of 
growth, diversification) of scientific fields, and complementary capabilities. 
Grant agencies/R&D managers could use the maps to select reviewers or expert panels, 
to augment peer-review, to monitor (long-term) money flow and research developments, 
evaluate funding strategies for different programs, decisions on project durations, and 
funding patterns, but also to identify the impact of strategic and applied research funding 
programs. 
Industry can use the maps to access scientific results and knowledge carriers, to detect 
research frontiers, etc. Information on needed technologies could be incorporated into the 
maps, facilitating industry pulls for specific directions of research. 
Data providers benefit as the maps provide unique visual interfaces to digital libraries. 
Last but not least, the availability of dynamically evolving maps of science (as ubiquitous as 
daily weather forecast maps) would dramatically improve the communication of scientific 
results to the general public. 
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Small-scale vs. large-scale data analysis & 
visualization

Many analyses in Bibliometrics/Scientometrics have been conducted on small-
scale data sets 10-1000 entities (persons, papers, journals, etc.).
The data was often acquired by hand (using interviews and questionnaires, digital 
libraries, etc.)
Data analysis was done by hand or using simple analysis and layout techniques.
Interpretation of results was possible through expert consultation.

Large-scale data sets require 
to analyze and map 1000-millions of entities – derived from multiple digital 
libraries. 
New means to validate results (nobody has knowledge of all of science any more).

What dataset sizes are common in today’s 

History & Philosophy of Science studies?
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Opportunities and challenges for studying the 
structure and evolution of all of science

Opportunities:
Today, many scientific publications are available in digital form (some full text 
journal data sets go as far back as 120 years).
We do have algorithms and computing resources to analyze and map science 
on a large scale.
Interdisciplinary collaborations are beneficial.

Challenges:
Data access is difficult.
Preservation is a big problem.
Data integration, i.e., merging data from different databases, is a “hot” research 
topic as are scalable data analysis and visualization algorithms.
Map interpretation is unresolved – can historians of science  and philosophers 
of science help?
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2. Overview of different data analysis and 
visualization techniques

Time space: Tree of life, genealogies, etc.
Time-geographic space: Lifelines, etc.
(Time-)semantic spaces: Mapping knowledge domains
(Time-)social spaces: Social networks 

Resource

Robert J. O'Hara (1996). "Mapping the Space of Time: Temporal 
Representation in the Historical Science" Memoirs of the California Academy of 
Sciences 20.
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Historiograph of 
DNA Development
(Garfield, Sher, & Torpie, 1964)

Garfield later developed the Science Citation
Index patterned on Shepherd’s index to legal 
citations.

Direct or strongly implied citation
Indirect citation
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Demo of HistCite
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Web-based collaborative timeline software 
by Timothy Lenoir

“… allows historical actors 
to trace the categories, 
events, interactions that they 
deem crucial to 
understanding the in-depth 
details of major events” in 
order to “properly 
appreciate and give voice to 
the complex diversity of 
agents and objects involved 
in the establishment of this 
field” (bioinformatics).
http://hrst.mit.edu/hrs/bioinformatics
/public/Timelines.htm
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Genealogy

http://hpslab.stanford.edu:16080/projects/StanfordBiochemistry
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2. Overview of different data analysis and 
visualization techniques

Time space: Tree of life, genealogies, etc.
Time-geographic space: Lifelines, etc.
(Time-)semantic spaces: Mapping knowledge domains
(Time-)social spaces: Social networks 

Challenges:

Tracking tangible objects (e.g., people, products) and intangible objects (e.g., 
ideas) over time and geographic space.
Tracking relationships between tangible and intangible objects. 
Puzzling together small and seemingly unconnected events over long periods 
of time to gain insight into local and global patterns of activity. 
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Lifelines for visualizing Migrations, Transitions and 
Trajectories

Figure represents the movements of a person 
over a single day. Individual starts from the 
home and visits his workplace, a bank, his 
workplace and finally a post office, before 
returning home. The shaded bar at the right 
identifies periods spent traveling (in black) and 
at work (cross-hatched).

Lenntop's chapter in Carlstein et al.
http://www.geog.port.ac.uk/lifeline/consult/essay.html
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3D Geospatial Display

Where it is relevant, 3D terrain can 
be displayed

GeoTime

www.oculusinfo.com

(Thomas Kapler & William Wright, 
2004)
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GeoTime

www.oculusinfo.com

(Thomas Kapler & William Wright, 
2004)
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Visualizing Social Diffusion Patterns in 3D (Virtual Worlds)
(Börner & Penumarthy, 2003  & 2004)

Temporal-spatial distribution of 
Conference attendees 

Conference worlds are represented by 
square, perspective maps, each labeled  
by its name. 
Worlds accessed at the beginning of the 
conference are placed at the bottom,                            
worlds accessed later toward the top. 
Next to each world is a circular 
snapshot of the virtual venue. Short 
descriptions of the main sessions are 
added as text.                            
Major jumps between worlds are 
visualized by transparent lines. The 
thickness of each line corresponds to 
the number of traveling users. Color 
coding was used to denote the 
chronological paths of the conference 
sessions.                

VLearn 3D Vis
(Börner, Hazlewod, Jones, Lee & Penumarthy, 2003)
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Top 500 most highly 
cited U.S. institutions.

Each institution is 
assumed to produce 
and consume 
information.

Does Internet lead to 
more global citation 
patterns, i.e., more 
citation links between 
papers produced at 
geographically distant 
research instructions?

Information Diffusion Patterns
(Börner & Penumarthy, 2004)
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2. Overview of different data analysis and 
visualization techniques

Time space: Tree of life, genealogies, etc.
Time-geographic space: Lifelines, etc.
(Time-)semantic spaces: Mapping knowledge domains
(Time-)social spaces: Social networks 
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Mapping knowledge domains

Knowledge domain visualizations help answer questions such as:
What are the major research areas, experts, institutions, regions, nations, grants, 
publications, journals in xx research?
Which areas are most insular?
What are the main connections for each area?
What is the relative speed of areas? 
Which areas are the most dynamic/static?
What new research areas are evolving?
Impact of xx research on other fields?
How does funding influence the number and quality of publications?

Answers are needed by funding agencies, companies, and researchers.
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Process of Analyzing and Mapping Knowledge Domains

Review article:
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
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Visualizing a discipline: An author 
co-citation analysis of information 
science, 1972-1995.

(White & McCain, 1998)
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Utilizing Spatial Information Systems for Non-Spatial-Data Analysis
(Old, 2001) and http://php.indiana.edu/~jold/SLIS/L710/L710.htm
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Visualizing science by 
citation mapping
(Small, 1999)
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Visualizing a 
knowledge domain's 
intellectual structure.
(Chen & Paul, 2001)
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Co-Citation Networks - showing three separate theories.

The rising landscape: 
A visual exploration of superstring revolutions in 
physics. 
(Chen & Kuljis, 2003)
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Co-Citation Networks –
The three separate theories are now interconnected.
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Cartographic Information Visualization
(Skupin, 2002)
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(Skupin, 2002)
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Mapping Topic Bursts
(Mane & Börner, 2004)

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.
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Indicator-Assisted Evaluation and Funding of Research
Visualizing the influence of grants on the number and citation counts of research papers (Boyack & Börner, 2003)
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Mapping Medline 
Papers, Genes, and 
Proteins Related to 
Melanoma 
Research

(Boyack, Mane & Börner, 
2004)

Visualizing Trends and Research Frontiers in 
CiteSpace (Chaomei Chen, 2004)
http://cluster.cis.drexel.edu/~cchen/citespace/

Trends and turning points of
Terrorism (1990-2003)
visualized in CiteSpace

Nodes - terms / papers
Size – frequency / # citations
Color – red / blue

Purple circle & label – betweeness
centrality

Links - co-occurrence, co-
citation, citations
Color - first year in which a 
connection was found.
Width - connection strength
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Mass Extinction
(1981-2003)
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Demo of CiteSpace
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2. Overview of different data analysis and 
visualization techniques

Time space: Tree of life, genealogies, etc.
Time-geographic space: Lifelines, etc.
(Time-)semantic spaces: Mapping knowledge domains
(Time-)social spaces: Social networks 

Resources:
Linton C. Freeman (2000) Visualizing Social Networks. Journal of Social Structure, 

1 (1). 
Linton C. Freeman (2004) The Development of Social Network Analysis: A Study 

in the Sociology of Science. Empirical Press.
Stanley Wasserman, Katherine Faust, Dawn Iacobucci (1994). Social Network 

Analysis: Methods and Applications: Cambridge Univ Press. 
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Co-author Networks
(Newman, 2001a, 2001b)
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Mapping the Evolution of Co-Authorship Networks 
Won 1st price at the IEEE InfoVis Contest
(Ke, Visvanath & Börner, 2004)
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1988
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1989
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1990
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1991
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1992
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1993
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1994
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1995
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1996
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1997
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1998
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1999
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2000
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2001
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2002
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2003
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2004
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How do viral epidemics 
spread in sexual contact  
networks?
(James Moody, 2000)

• High-risk actors in Colorado Springs 
over 4 years

• 695 people represented
• Longest path is 17 steps
• Average distance is about 5 steps
• Average person is within 3 steps of 75 

other people
• 137 people connected through 2 

independent paths, core of 30 people 
connected through 4 independent 
paths
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Data on drug users in 
Colorado Springs, over 
5 years
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Opportunities and challenges for studying the 
structure and evolution of all of science

Opportunities:
Today, many scientific publications are available in digital form (some full text 
journal data sets go as far back as 120 years).
We do have algorithms and computing resources to analyze and map science 
on a large scale.
Let’s benefit from what we collectively know.

Challenges:
Data access is difficult.
Preservation is a big problem.
Data integration, i.e., merging data from different databases, is a “hot” research 
topic as are scalable data analysis and visualization algorithms.
Map interpretation is unresolved – can historians of science and philosophers 
of science help?
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3. Data bases, software & computing infrastructure at IUB
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IVC Database (http://iv.slis.indiana.edu/db)
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IVC Software Framework (http://iv.slis.indiana.edu/iv)
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4. Related courses, talk series, and events 

Related Courses
Fall 2004 Talk Series on “Networks and Complex Systems”
Workshops and Conferences
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L579 Information Visualization

This course covers
Perceptual basis of information visualization.
Data mining algorithms that enable extraction 
of relationships in data.
Visualization and interaction techniques.
Discussions of systems that drive research and development, and 
Future trends and remaining fundamental problems in the field. 

Students do weekly readings, provide a presentation on specific 
readings, do projects, and participate in class & online discussion. 

Class Webpage: http://ella.slis.indiana.edu/~katy/L579
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L597 Structural Data Mining and Modeling

This course
Introduces students to major methods, theories, and applications of structural data mining 
and modeling. 
Covers elementary graph theory and matrix algebra, data collection, structural data 
mining, data modeling, and applications. 

Upon taking this course students will be able to analyze and describe real networks 
(power grids, WWW, social networks, etc.) as well as relevant phenomena such as 
disease propagation, search, organizational performance, social power, and the 
diffusion of innovations.

Format: Lectures and 4-5 labs.
Class Webpage: http://ella.slis.indiana.edu/~katy/L597
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Summer Reading Group
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Talk Series – will be continued in Spring 2005

http://vw.indiana.edu/talks-fall04/
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http://vw.indiana.edu/vda2005/
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http://vw.indiana.edu/aag05

http://www.graphicslink.demon.co.uk/IV05/KDViz.htm


