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Visualization Design using a modular data acquisition/analysis/modeling/
visualization pipeline as well as modular visualization layers.
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Visualization Design using a modular data acquisition/analysis/modeling/
visualization pipeline as well as modular visualization layers.
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Deployment of results is enabled through paper
printouts, online animations, or interactive, three-
dimensional, audiovisual environments.

The Legend Design delivers guidance on the
purpose, generation, and visual encoding of the data.
Mapmakers should proudly sign their visualizations,
adding credibility as well as contact information.

In many cases, it is desirable to Interact with the data,
that is, to zoom, pan, filter, search, and request details
on demand. Selecting a data entity in one view might
highlight this entity in other views.

Sometimes it is beneficial to show multiple
simultaneous views of the data, here referred to as
Combination.

Frequently, Aggregation/Clustering techniques are
applied to identify data entities with common attribute
values or dense connectivity patterns.

Graphic Design refers to the visual encoding of data
attributes using qualities such as size, color, and shape
coding of nodes, linkages, or surface areas.

Placing the Raw Data in a reference system reveals
spatial patterns.

Projections/Distortions of the reference system help
emphasize certain areas or provide focus and context.

Reference Systems organize the space.
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Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global
(10,000 < records)

Statistical
Analysis/Profiling

Individual person and
their expertise profiles

Larger labs, centers,
universities, research
domains, or states

All of NSF, all of USA,
all of science.

Temporal Analysis
(When)

Funding portfolio of
one individual

Mapping topic bursts
in 20-years of PNAS

113 Years of Physics
Research

Geospatial Analysis
(Where)

Career trajectory of one
individual

Mapping a states
intellectual landscape

PNAS Publications

Topical Analysis
(What)

Base knowledge from
which one grant draws.

Knowledge flows in
Chemistry research

Topic maps of NIH
funding

Network Analysis
(With Whom?)

NSF Co-PI network of
one individual

Co-author network

NSF’s core competency
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Mapping Topic Bursts

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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> Pockets of innovation
> Pathways from ideas to products

> Interplay of industry and academia

Academic
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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEELE Infol is Contest.
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of

Co-Authorship Teams
Borner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:

¢ Is science driven by prolific single experts
or by high-impact co-authorship teams?

Contributions:

* New approach to allocate citational
credit.

* Novel weighted graph representation.

* Visualization of the growth of weighted
co-author network.

¢ Centrality measures to identify author
impact.

* Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.
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RO1 & TTURC Project Information

Mapping Transdisciplinary Tobacco Use Research o "N TTURC S n ok |
Centers Publications T ;;\/ —7 \..J-_;l:“:];; |
Compare RO1 investigator based funding with TTURC 3 .,fff.. '.*2'.5.'-:.'20.“.}3 ______ f
Center awards in terms of number of publications and " ',a":f e \eor e |
evolving co-author networks. :': ';" v <Kol s \
Zoss & Barner, forthcoming. Tﬁ/ o ,H 3:03
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Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global
(10,000 < records)

Statistical
Analysis/Profiling

s
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Temporal Analysis
(When)

Geospatial Analysis
(Where)

Topical Analysis
(What)

Network Analysis
(With Whom?)
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Borner, Katy, Penumartly, Shashikant, Meiss, Mark and Ke, Weimao. (2006)
Mapping the Diffusion of Scholarly Knowledge Among Major U.S. Research

Institutions. Scientometrics. 68(3), pp. 415424

Research questions:

SunfordU S
U Calif SF,

1. Does space still matter
in the Internet age?
2. Does one still have to

-1,
Q1772 -2.087
O 2,088 -2529
@ 2,530 -3.038
@ 3,040 -4172

study and work at major research
institutions in order to have access to

high quality data and expertise and to produce high
quality research?

10,000 3

—  1982-1086: 1.94 (R?=91.5%)

- 1987-1991: 211 (R=93.5%)
! —— 1992-1996: 2.00 (R*=90.8%)
1000 1997-2001: 2,01 (R*=90.7%)

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

Contributions:
» Answerto Qs 1+ 2is YES.
» Answer to Qs 3 is NO.

» Novel approach to analyzing the dual role of
institutions as information producers and
consumers and to study and visualize the diffusion ] o o
of information among them. log of geographic distance 15

100

10

log of number of institutions citing each other

Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell |. Dubon, Elisha F. Hardy, Katy Borner, Indiana University, USA
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Co-authorship collaborations of the Beijing branch of the Chinese Academy of Sciences (left) and
six regional branches (3 shown on right) with countries around the world.
Collaborating countries are colored on a logarithmic scale by the number of collaborations from
red to yellow. The darkest red denotes 3,395 collaborations by all CAS researchers in Beijing.
Flow lines are drawn from the location of focus to all locations collaborated with. Line width is
linearly proportional to the number of joint papers.
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Forecasting Large Trends in Science

MAPS OF SCIENCE

Data:
WoS and Scopus for 2001-2005, 7.2 million papers, more than
16,000 separate journals, proceedings, and series

Similarity Metric:
Combination of bibliographic coupling and keyword vectors

Number of Disciplines:

554 journal clusters further aggregated into 13 main scientific
disciplines that are labeled and color coded in a metaphorical way,
e.g., Medicine is blood red and Earth Sciences are brown as soil.

Richard Klavans and Kevin Boyack. 2007. Maps of Science: Forecasting Large Trends in Science.

MAPS OF
SCIENCE .

Institutional Strategy: The following color coding is used for the disciplinary map:

MIH % o i e
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W chemistry M Earth Sciences [7] erain Research
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Wiew all

Mational Institute of
General Med Science

Mational Institute of
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Where Are the Academic Jobs? Interactive Exploration of Job Advertisements
in Geospatial and Topical Space
Angela Zoss, Michael Connover, Katy Borner (2010)

Visualization of Job Postings
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Map of Science

Seientific domains are highly
interconnected. The boundaries between
different domains are often fuzzy. One
way of thinking abaut the relationships
between domains is to conceptualize all
scientific domains as existing within a
large network of research.

Creating a network of scientific research
can be accomplished by looking at
scientific journals and their articles, The
UCSD Map of Selence used here is the
praduct of a large study by researchers at
the University of California San Diego
using 7.2 million papers and over 16,000
separats journals, proceedings, and
series from Thomson Scientific and Scopus
aver the five year period from 2001 to
2005, The researchers used citations
between the papers and journals to
cluster journals into small groups of
highly related journals

Those clusters are represented by 554
individual nodes in the network, The links
between the clusters show that some
clusters are related to other clusters but
are nat as tightly connected as the
journals that make up each cluster. Then
the clusters are labeled bath by the
cantent area shared by the journals in the
cluster and by the averarching scientific
domain far that cluster (represented by
one of 13 colars),

Maps of science like this one can be used
ta understand many different data sets
and haw they can be represented by
topic. Here we are looking at the topics

that annaar in ink Anstinas fram larne inkh 2
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Interactive Science Map of NIH Funding

Herr 11, Bruce W., Talley, Edninnd M, Burns, Gully APC, Newman, David & La Rowe, Gavin. (2009).
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2002 Base Map of Science
Kevin W. Boyack, Katy Borner, & Richard Klavans (2007). Mapping the Structure and Evolution of Chemistry Research.
11th International Conference on Scientometrics and Informetrics. pp. 112-123.
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Borner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)

+ +

Math
Law

Computer Tech
Policy Statistics

<

Economics
o CompsSci

Phys-Chem

Education Vision . Physics ﬁ Chemistry
% Y
-

Psychology &
] e Environment
ey -

Psychiatry GeoScience

Biology

Microbiology
Plant

Animal

Virology 40 4@ Infectious Diseases

Computational Scientometrics
Cyberinfrastructures

http:/ /sdb.slis.indiana.edu

@ Scholarly Database: 23 million scholarly records

g» VIVO Research Networking
Q% http:/ /vivoweb.org

Information Visualization Cyberinfrastructure _
http://iv.slis.indiana.edu ' o

b Network Workbench Tool & Community Wiki : S0
http://nwb.slis.indiana.edu : o

:ﬁ Science of Science (Sci) Tool and CI Portal
http://sci.slis.indiana.edu

gﬂ"\b% Epidemics Cyberinfrastructure
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Scholarly Database
(bttp:/ [ sdb.slis.indiana.edn)
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The Scholarly Database at Indiana University provides free access to 23,000,000
papers, patents, and grants. Since March 2009, users can also download networks, e
.g., co-author, co-investigator, co-inventor, patent citation, and tables for burst

analysis.
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\/|VO Enabling National Networking of Scientists

e —

Cumulative Counts (World)
Jan 29 - Jul 30, 2010

VIVO People Profiles
8 VIVO Email Requests
VIVO Web Visits (Countries)
VIVO Code Downloads
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1,000,000

Created by: Jennifer R. 5. Colfey (design). Kaveh Ekbia, Justin Peters (ArcGiS) and Katy Bémer (concepl).

http://www.vivoweb.org
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VIVO is a 2-year, $12 Million dollar project funded by NIH.

VIVO 1.0 source code was released on April 14, 2010.

The more institutions adopt VIVO, the more high quality data will be available to understand,
navigate, manage, utilize, and communicate progress in science and technology.




M Network Workbench Tool
(bttp:/ [ nwb.slis.indiana.edn)

The Network Workbench (NWB)
tool supports researchers, educators,
and practitioners interested in the
study of biomedical, social and

behavioral science, physics, and
other networks.

Summary

Netwark Workbench: A Large-Scale Network Analysis, Modeling and visualization
Toolkit for Biomedical, Social Stience and Priysics Research. This project wil design, |
evaluate, and operate a unigue distributed, shared resources enviranment for large-
scale network analysis, modeling, and visualization, named Network YWorkbench
(MNWE). The envisioned data-code-computing resources environment will provide

In Aug. 2009, the tool provides
more 160 plugins that support the
preprocessing, analysis, modeling,
and visualization of networks.

fnore:
Huonir to cite this project
News & Updates
= 5.1.04 Kaelble, Steva. 2009 Mapping the Future of
Knowledge Research & Creative Activity, 31, 2:12-15
website accessed 51/09)
= 3.23001.0.0 beta & Released

= 1.23.08 Ann Mcranie's tulorial abstract for Sunbelt
2009

It has been downloaded more than
60,000 times since October 20006.

= 11.4.08 Two NWB Pls featured in "Connected—The
Power of Six Degrees.” 2008. Anna Maria Talas,
Director. Australian Broadcasting Corporation, Ltd.
rouTube] [Full Wideo (300MB)]

Download 1.0.0 beta 5 Release
Mote: save the download as jar

O

LIEEEGEREOIAN b owNLOAD
\ )

Getting Started
See mare documentation

Get Involved

Herr 11, Bruce W., Huang, Weixia (Bonnze), Penumarthy, Shashikant & Borner, Katy. (2007). Designing Highly Flexible and Usable
Cyberinfrastructures for Convergence. In Bainbridge, William S. & Roco, Mihail C. (Eds.), Progress in Convergence - Technologies for Human

Wellbeing (Vol. 1093, pp. 161-179), Annals of the New York Academy of Sciences, Boston, NLA.
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Sci? Tool for Science of Science

Research and Practice (b/p://sci.slis.indiana.edn/ sci2)

Email Address

Password

Forgot your password?

To recaver your accomt pas Institutes of Health, Bethesda, WD,

= Tutorial #01: Science of Science Research

Mot registered yet? * Tutarial #02: Network Science | Information Visualization
Reswisier now = Tutorial #03: CIShell Powered Tools: Network Workhench and Science of Science Tool
. = Tutorial #04: Temporal Analysis—Burst Detection
. = Tutorial #05: Geospatial Analysis and Mapping
Tuordels | . Tutorial 406: Topical Analysis & Mapping
Seott Weingart, Hanning Grug = Tutorial #17: Tree Analysis and Visualization
Biberstine (2010) Science o = Tutorial #08: Neiwork Analysis and Visualization
Srience, Indiana University, = Tutorial #19: Large Network Analysic and Visualization.

= Tutorial #10: Using the Scholarly Datahase at ITT
= Tutorial #11: VIVO National Researcher Networking
= Tutorial #12: Future Developmenis

Research at NIH.

Katy Bamer (2010} Science of Science Fesearch and Tools (12 Tutorials). Reporting Branch, Office of Extravaural ResearchfOffice of the Director, Mational

Greetha Senthl (2010). Multidisciplinary Nature of Work With Reference to Pls and ICs Within a Porifolio. P& Group at MIH.
HIH Office of Extraraural Research and Katy Bomer (2010) Metwork Visualizations Using SPIRES Data and the Sci2 Tool. Office of Extraraural
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Sci? Tool for Science of Science
Research and Practice (b/2p:/ / sci.slis.indiana.edu/ sci2)

lirch & practice

| Sei2 Tool - ]
File Data Preparation | Preprocessing | Analysis  Modeling  Wisualization  Help
= General 1 = O || 58 Data Manager| =0
- Temporal b N 7] 151 Data: CUsersiUser\DesktophSBP-Tutori
Load and Clean IS File Geospatial 3 361 Unique ISI Records
Authar(s): Micah Linne . = .
T ontartot et Topical s 3N ;xtr:‘(te.d:.u Autharship Netaark
Integrator(s); Micah Lin Metwarks 3 Extract Top Modes E uthar infarmation

Documentation:

https:/{nwh.slis.indiana.edufcom munityfIn=Loa Eriira ot Az o el Yl

Delete Isolates

Loaded 361 recards. Extract Top Edges

Rernowved 0 duplicate records,
Author names have been normalized, Extract Edges Abowe or Below Value
R Self L

361 records with unique IS[IDs are awvailable via Da SRS SR LOeES
Trirn by Degree

Mirate log to MST-Pathinder Metwork Scaling

Bl Scheduler Fast Pathfinder Metwork Scalin
a

[T Remawe completed auto Snowball Sampling {n nodes)
Mode Sampling

Edge Sampling

! Algorithm Name Date
[ Extract Co-futhar Metw..,  03/26/2
] Load and Clean ISIFile 03/26/2

[l [

Symimetrize

Dichotormize

Multipartite loining
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Qutreach

All papers, maps, cyberinfrastructures, talks, press are linked
from http://cns.slis.indiana.edu
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