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Mapping Scientific Domains — Why?

To 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?

v

What are the main connections for each area?

v

v

What is the relative speed of areas?

v

Which ateas are the most dynamic/static?

\4

What new research areas are evolving?

Impact of xx research on other fields?

vV Vv

How does funding influence the number and quality of publications?

Answers are needed by funding agencies, companies, and researchers.
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Maps of Scientific Domains
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Figure 6.3 Historiograph of DNA development.
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Visualizing Science by Citation Mapping
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Co-author Networks
(Newman, 2001)
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Mapping Scientific Domains — Why Visuals?

“Information Visualization is a process of transforming data and information that
are not inherently spatial, into a visual form allowing the user to observe and

understand the information.”

(Source: Gershon and Eick, First Symposium on Information Visnalization)

> Rooted in geograj Hu'mzms can detect a single dark pixel in a 500 x 500 array of
white pixels in less than a second. This screen can be replaced

» Not even 15 NS cvery second by another, enabling a search of 15 million pixels

. in a minute (Ware, 20(

» Far reaching (IR, @

> Tremendous pote Also, people a truly remarkable ability to recall pictorial
images. In one study, Standing, Conezio, & Haber (1970)
showed S's 2560 pictures, each for 10 seconds over 7 hours, in
a 4-day period. Afterwards, S's were asked to classify pictures

presented at a rate of 16 pictures/second and they achieved
better than 90% accuracy.
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Mapping Scientific Domains — How?
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Bérner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin
(Ed.), Annnal Review of Information Science & Technology, Volume 37, Medford, NJ: Information Today,
Inc./American Society for Information Science and Technology, chaptet 5, pp. 179-255.
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SEARCH TERM USED Number of ARIST Data Set

Topic Citation Analysis: ;at‘i[;:isng Retrieved from

citation analysis o9 Science Citation Index
cocitation OR co-citation 177 (SCD and Social
co-occurrence AND (term OR word) 77 Science Citation Index
co-term OR co-word 52 (SSCI) .

science map[ping] OR mapping science OR map[ping] of science 32

Topic Semantics: The 2764 unique
semantic analysis OR semantic index OR semantic map 331 articles match citation
Topic Bibliometrics: analysis, semantics,
bibliometric 818 bibliometrics,

scientometric 327 visualization related
Topic Visualization: terms in titles,

data visualization OR visualization of data 275 3b5traCt57 and terms
information visualization OR visualization of information 113 for the years 1977—July
scientific visualization 268 279 2001.
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Numbers of articles in the ARIST data set by year with terms (ISI keywords) or abstracts.
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Journal Categories | # Papers

acientometrics LIs, C3 482

JASIST) LI, C3 139

Journal of Information Science LI&, C& 51

Information Processing & Management LIg, C8 45

Lecture Motes in Computer Science C3 39

Fesearch Policy Cither 32

Journal of Documentation LI5, C8 3l

Current Contents Other 30

Computers & Graphics o] 27

IEEE Transactions on Visualization and Computer Craphics CE 25

Number of Bulletin of the Medical Library Association LIS a5
. K IEEE Computer Craphics and Applications 5] 20
articles by journal [Medicina Clinica Other 20
: Library & Information Science Research LIS 19
in the ARIST set Social Studies of Science Other 18
(10 of more Computer [ 16
. Computer Graphics Forum Cs 16
articles per Lixi i i
journal) Lecture Motes m Artificial Intellizence CE 15
Future Generation Computer Systems Ca 15

International Forum on Information and Documentation LIS 15

Landscape and Urban Planming Other 14

Proceedings of the American Society For Information Science LIS 14

Proceedings of the ASIS Annual Meeting LIS, C8 14

Nachrichten Fur Dokumentation LIS 14

Library Trends LIZ 13

Library Ouarterly LIS 12

Science Technology & Human Values Other 12

Scientist LI3 12

Library and Information Science LI% 12

Omega-International Journal of Management Science COither 11

Computers & Ceosciences [&5] 10

Zentralblatt Fur Bihliothelswesen LIz 10

Citation counts dropped throughout the 90s.
Most recent articles are cited infrequently due to their young age.

140

citation analy sis ‘

bibliometrics
—fr—cemantic s
=C==rigualization

=)
=

=]
=]

Number of papers
Average citations per paper

1975 1980 1985 1990 1995 2000 1975 1980 1985 1990 1995 2000

Year Year

Figure 3. Numbers of articles by field per year in the ARIST data set with average citation
counts. Articles contribute to counts in more than one field if retrieved by queries from
multiple fields.

Figure shows dramatic increase in publishing in citation analysis and bibliometrics starting in the late
80s and the birth of IV around the same time.




The Importance of Good Data

It is extremely important to choose an appropriate data source for retrieval, one
whose data are likely to provide answers to the questions one wishes to answer using

domain visualization.

itations of the ARIST Data Set

No abstracts or terms prior to 1991.

Terms are available for only 71%. Abstracts are available
for 81% of the articles published since 1991.

Limited book, journal, conference coverage. No patents,

ges, media coverage, Nobel prices, quality of

=

policy chan,

graduate programs, ...
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Three different kinds of visualizations:

1. GSA/StarWalker use Principal Component Analysis to break down domain into
components.

2. ET-Maps and Cartographic Se/f Organizing Maps display overall domain structure as
adjacent regions.

3. Vxlnsight uses a modified Force Directed Placement algorithm named VxOrd to
display a ‘data landscape’.

The different visualizations provide different views of the domain and enable a

comparison of

algorithms.
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(1) GSA/StarWalker
» Author co-citation analysis

» Document co-citation analysis

Procedure:

> Select a set of highly cited authors/documents (at least 10 citations).

» Compute co-citation frequencies.

» Apply Pathfinder Network Scaling to determine interconnectivity structure.
»

Apply factor analysis to define intellectual groupings (e.g. mapping science,
social studies of science, bibliometrics)

v

Visualize and display citation impact factor atop the intellectual groupings.
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The Author Co-citation Map (1977-2001)
consists of 380 authors. The map is dominated by the largest specialty of citation indexing.
No strong concentration of other specialties are found, which implies the diversity of the

domain.
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Color code:
red - mapping science

green — social studies of science

Blue — bibliometrics
The three factors cammulatively

ain 63% of the variance
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Landscape View of Author Co-citation Map
The height of a citation bar indicates the number of citations for the correspondent

author. The spectrum of colors on each citation shows the time when citations were made.

Authors with more than 50 citations are displayed with semi-transparent labels.

The Document Co-citation Analysis Map

The height of a bar represents the number of citations to a publication. Labels indicate
articles in clusters, for example, Small73 for an article of Small in 1973. Multiple
publications within the same year are not distinguished at this level. For example, Small73
includes all Small’s publications in 1973.

Scholarly Visualization Automatic Social Studies of
Comronnication Whitef1 Indexing Science
Crane72 WcCainl6 Desrwester?0 Callons3,86 91
B orgran0,92 Kmelal 75 BaltonER,00,03 S Srralld5,90
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Garvey?D Olsend3 Landauer97 08 van Raandé
CulnanB6 Tufte83,90 Srrall04,07 Hicks?7
MeCaind0 Lorensend7

Robertsond3

Faley00

Docurnent Co-Citation
SrallT3,74,77,83,

wan Raan®3

Lin®7
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The Document Co-citation Analysis Map
Top-down view. Hand labeling of major clusters.

Automatic indexing

Visualization &
\ 9

Scholarly
communication i i

Social studies of science

Citation indexing

Color code:

mapping science

green — social studies of science

Blue — bibliometrics

(2a) ET Map of ARIST Data Set
by Bin Zhu and Hsinchun Chen

» Trained 10x 10 nodes using ID/keyword data of the ARIST data set.

» After training, each node is associated with a list of documents that are
semantically similar to each other.

» Each document list is labeled by the most frequently occurring keyword

» Spatial proximity on the map indicates semantic proximity.
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related to the number of documents in an ET-map,
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:
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(2b) SOM Map of ARIST Data
by Andre Skupin

SOM are used to generate domain visualizations in cartographic fashion.
40 x 55 node SOM was trained based on ID/keyword list of ARIST data set.

ArcGIS is used to generate the visualization.

YV V V V

Dominance of clusters corresponds to number of articles it contains. Higher
elevation—i.e., percentage—indicates a very organized, focused, and coherent
portion of the information space.

> Labels are automatically assigned based on highly frequent keywords and are
drawn within ArcGIS.
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(3) VxInsight, Sandia National Labs

Next slides show:

»  VxlInsight citation maps of ARIST data for four different time segments.
»  VxlInsight co-term and LSA maps of ARIST data.

»  VxlInsight co-classification map of ARIST data.
>

Comparison of maps.

Dot color legend

WHITE: citation analysis, GREEN: bibliometrics,
BLUE: semantics, MAGENTA: visualization.

Katy Borner: Mapping Interdisciplinary Research Domains. Parmenides Center for the Study of Thinking, Island of Elba, Italy, June 16th, 2004.
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1. VxInsight citation maps of ARIST data for four different time segments.

A citation-based map using direct and co-citation linkages after the combined linkage method of
Small (1997) using a direct:cocitation weighting factor of 20:1.
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2. VxInsight co-term and LSA maps of ARIST data

Co-term map is based on a cosine similarity using ISI keywords.

LSA was applied over title words to generate a document-by-document similarity matrix. Only
similarity values > 0.9 were used in VxOrd FDP to generate the map.

el e
euszsfaer

vuszsonsciorsc (S017117)

Dot color leger
WHITE: citation analy
BLUE: semantics, MAGENTA: visualization.
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3. VxInsight co-classification map of ARIST data

based a cosine similarity from the ISI journal classifications for each article.
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bvious visual differences between layouts.

SOMs tend to fill space more unifc

(green) are always found together.

»rmly.

Visualization (magenta) and semantics (blue)

are mostly by themselves.

Strong co-term linkages based
on cosine similarity for the three

term-based document maps.
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Maps show

» How research on Visualizing Knowledge Domains grows out of semantic
analysis/ indexing/ mapping, citation analysis, bibliometrics, and visnalization.

» That there is interaction between the groups of researchers and their
literature in citation analysis and bibliometrics while visualization and
semantics are mostly by themselves.

Summary

» Analysis and layout compatisons do not show that any one type of similarity
method and layout are better than others for producing domain
visualizations.

» Trade-offs are involved and researcher should use the combination of
similarity and layout techniques that are likely to aid in answering the
questions at hand.

» We encourage tesearchers and practitionets to broaden their horizons and
expand the suite of methods that they use, to the benefit of all who read and
rely upon their work.
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Research Projects
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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 & Borner, 2003)
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Mapping Topic Bursts
(Mane & Birner, 2004)
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Information Diffusion Patterns
(Borner & Penumarthy, 2004)

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? !
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Visualizing Social Diffusion Patterns in 3D (Virtual Worlds)
(Bdrner & Pennmarthy, 2003 & 2004)

VLearn 3D Vis
(Bdrner, Haglewod, Jones, Lee & Pennmartly, 2003)

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 wotlds 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.
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Infrastructure
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The InfoVis Cyberinfrastructure nrwlr.les access to dma, saftware code and learning

OF TWARE
modules as well as computing resources in support of the analysis.moddhg bd A epen ssurce IV ramewerk was designed 1o
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syherinirastructure:

for R and Educa

Learning

Compute
Modules

Software Resources

References

This web site provides access to different software packages easing the exploration, modification, comparizan,
and extension of data mining and information visualization algorithms. Diverse software packages were
bundled into learning modules. Links to diverse databases, compute resources, and references are provided
as well. It is our hope that the community will adopt this resource to foster Information YVisualization education
and research. This site is wark in progress. A very first version was released at IEEE Infolis in October 2003

O Acknowledyements

The Information Yisualization Software Repository was created in 2000 and has since then been used to teach
the Information Wisualization class at Indiana University. Katy Bimer, Yuezheng Zhou, and Jason
Baumgartner implemented the very first algarithms. In Summer 2003, Jason Baurngartner, Mihar Sheth, and
Mathan J. Deckard lead a project to design a XML toolkit that enables the serialization and parallelization of
comronly used data analysis and visualization algorithms. Contributions of software packages and
implementation work are acknowledged on the respective software pages

Support cormes from the School of Library and Information Science, Indiana University's High Performance
MNetwork Applications Program, an Academic Equipment Grant by SUN Microsystems, SBC (formerly
Arnetitech) Fellow Grant, and the Mational Science Foundation under DUE-0333623 and 115-0238261
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Inforrmation Yisualization Cyberinfrastructure @ SLIS, Indiana University
Last Modified October 168, 2003
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InfoVis Learning Modules
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This web site provides access to different software packages easing the exploration, modification, comparison,
and extension of data mining and infarmation visualization algorithms. Diverse software packages were
bundled into learning modules. Links to diverse databases, compute resources, and references are provided
as well. It is our hope that the community will adopt this resource to foster Information Yisualization education
and research. This site is work in progress. A very first wersion was released at I[EEE InfoVis in October 2003
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the Information Yisualization class at Indiana University. Katy Barner, Yuezheng Zhou, and Jason
Baumgartner implemented the very first algorithms. In Summer 2003, Jason Baumgartner, Mihar Sheth, and
Mathan J. Deckard lead & project to design & XML toolkit that enables the serialization and parallelization of
cormmonly used data analysis and visualization algorithms. Caontributions of software packages and
implerentation work are acknowledged on the respective software pages.
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and Educ in Inform Visualization

Compute
Software RhSTRGas References

Learning Modules

Mostinformation visualizations are highly interactive. While a number of excellent texthooks exist, the
two-dimensional printouts on paper often cannot convey their true visual appearance and interactive performance
Several texthooks come with accompanying web sites that contain snapshots of user interfaces as well as
animations and movies. However, none ofthern facilitates the exploration, application, evaluation, and comparison of
algorithms.

This web page will pravide access to a number of learning madules. Each learning module comes with an:

.

Introduction
Discussion of Existing Algorithms
Learning Task
¢ Achallenging scenario to use the code in the XML Toolkit to visualize a data setto suppart a specfic
USEr group
Programming Exercise
< An programming exercise plus an explanation of possihle solutions.
Opportunities & Challenges, and
References to research papers, online demos, {commercial) applications)

.

.

-

..
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Ini rinfrastructure

o
Cyberinfrastructure . e

A pute for R nd E on in In:
Software Data Compute

Bases Resources jegronces

Learning Modules > Visualizing Tree Data

Visualizing Description | Usage Hints | Learning Task | Di | Ref es | Acknowledgments
Tree Data —
iption

Many data sets come in tree format. There are family trees, organizational charts, classification hierarchies, and
directory structures. The figure below shows an inheritance tree by Emst Haeckel ('Stammbaum’ in German). Read
also To Draw a Tree by Pat Hanrahan

http://iv.slis.indi

ana.edu/lm/Ilm-
trees.html

Click image for larger version

Atree graphis a set of straight line segments (edaes) connected at their ends containing no closed laops (cycles)
You can also callit a simple, undirected, connected, acyclic graph (or, eguivalently, a connected forest). A tree with n
nodes has n-1 graph edges. All trees are bipartite graphs.

Many trees have a root node and are called rooted trees. Trees without a root node are called free trees.
Subsequently, we will only consider rooted trees. In rootes trees, all nodes except the root node have only one parent
nade. Modes which have no children are called leave nades. All other nodes are referred to as intermediate nodes

Katy Borner: Mapping Interdisciplinary Research Domains. Parmenides Center for the Study of Thinking, Island of Elba, Italy, June 16th, 2004.
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Student’s Project Results

User & Task Analysis for Visualizing Tree Data
» Visualizing the structure of IU’s Decision Support System

» Visualizing the co-occurences of keywords in DLib Magazine
articles.

» Visualization of the Java API

» Visualizing the the Libraty of Cor
retrieve legal materials in a library.

@@@rnﬂ@mdiﬂrtpﬁjgﬁﬁeﬁa&h Domains. Parmenides Center for the Stuljlaagielby 1 Petercbloak andsRongke Gao

E Data Compute
Home Software B R References

Learning Modules = Visualizing Time Series Data

. .
Tlme Serles L iption | Usage Hints | Learning Task | Discussion | References | Acknowled;
.
Analysis & —
Description
Visualiz ation Atime geries is a sequence of events/observations which are ordered in one dimension, e.g., time. Frequently,

successive ohservations depend on each other and it makes sence to display therm in a dime) sorted fashion, e.g.,
as a scatter plot. Alternatively, one could be interested to know how many observations of a certain value have been
rnade. Here one would sortthe observations by value, count the number of observations for each value and derive a
histagram. Time series data can be continuous, i.e., there is an ohservation at every instant of time see figure below,
or discrete, i.e., obserations exist for regularly or irregularly spaced intervals

http://iv.slis.indiana

.edu/Ilm/lm-time- ‘

.J;
i

iy
||

f

i WA, Al | .Ni, ,aﬁf’ |

series.html

1
Al
i

Time series are recorded, analized and used in diverse domains of scignce. Check outthe Tirme Series Data Library
maintained by Rob Hyndman and Muhammad Akram for numerous data sets from Agriculture, Ghemistry, Crime,
Demography, Ecology, Finance, Health, Hydrology, Industry, Labour market, Macro-Economics, Meteorology, Micro-
Econornics, Physics, Production, Sales, Simulated series, Spor, Transpart & Taurism ar Utilities
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Student’s Project Results

Time Series Analysis & Visualization

» Using Timesearcher and the Burst Detection Algorithm to
Analyze the Stock Market from 1925 to 1945

» Applying Burst and TimeSearcher to Chat Data
» Lab Access Trends

» Quest Atlantis Chat Log Data

See Handin pages at

ella.slis.indiana.edu/~kat

Katy Borner: Mapping Interdisciplinary Research Domains. Parmenides Center for the Study of Thinking, Island of Elba, Italy, June 16th, 2004.

Visualizing the Work of the United States Supreme Court Based on Time Data
and Top Level West Topics

by Peter A. Hook & Rongke Gao

HEELE

-

Topécs Per Month Per Court
Jaruary

i
i
il

i

e Top fifteen most occurring topics from 1944 to 2004 in Timesearcher

All topics grouped by West Category and

e e
Sub-Category grouped over the entire lengths of All topics by West Category and Sub-Category grouped
the data set corresponding to the five chief justices
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Visualizing Niches of the Blog Universe
BY Mike Tyworth and Eljjab Wright
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