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" Different Datasets
= Different Analyses and Visualizations

= Different User Groups




Places & Spaces: Mapping Science Exhibit (

After eight years, there now exist 80 out of 100 maps.

Mapping Science Exhibit at MEDIA X, Wallenberg Hall, Stanford University, 2009
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Forecasting Large Trends in Science

MAPS OF SCIENCE

Chemistry

Infectious s Medical
Diseases Specialties

Earth Sciences

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

The UCSD Map of Science and Classification System

2007 Map:
Data: WoS and Scopus for 2001-2005, 7.2 million £
papers, >16,000 separate journals, proceedings, series

Similarity Metric: Combination of bibliographic e 2%
coupling and keyword vectors A7

Number of Disciplines: 13; Subdisciplines: 554

2010 Map: j
Data: WoS and Scopus for 2001-2010; about 25,000 journals Q .ﬁ-f .
Number of Disciplines: 13; Subdisciplines: 554 =

Map Design and Usage:

Map places 554 subdisciplines on the surface of a sphere—those with papers that cite the
same base knowledge are placed in closer proximity. The spheric layout is then flattened
using a Mercator projection. Each node is labeled and has an extensive list of journal
names and key phrases as metadata, which can be used to “science locate” journal
publications as well as nonjournal data such as patents or grants.

Birner, Katy, Richard Klavans, et al. (2012) Design and Update of a Classification System: The
UCSD Map of Science. PLoS ONE 7(7): ¢39464. doi:10.1371/journal.pone.0039464




UCSD Map of Science:
Deployments
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Bérner, Katy, Richard Klavans, et al. (2012) Design and Update of a Classification System: The
UCSD Map of Science. PLoS ONE 7(7): ¢39464. doi:10.1371/ journal.pone.0039464

T CLICKSTREAM MAP
g N OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt, Ryan Chute, Marko A. Rodriqu
Lyudmila Balakireva. ’H(IS A Clickstream Map of Science.
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Powers the U.S. Innovation Engine
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Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation En

ashington, DC. Courtesy of the Council for Chemical Research.

The EMERGEhﬁE of

ANOTECHNOLOGY

MAPPING THE NANO REVOLUTION
The 9

CHANCING WOLLS OF
GIFFERINT JOURMALS

Loet Leydesdorff, Thomas Schank and the Journal of the American Society for Information Science and
Technology. 2010. The Emergence of Nanoscience & Technology.
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A Topic Database of NIH-Funded Grants
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A Topic Database of NIH-Funded Grants
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Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months 12 coaches,
300 m long Opening was on April 23, 2009 by German Chancellor Merkel




Iluminated Diagram Display
on display at the Smithsonian in DC.
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Science Map: How Scientific Disciplines Relate

Geographic Map: Where Science Gets Done
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aphic Map: Where Science Gets Done

Beotrehsobigs

Elinor Ostrom - Nobel Prize in Economic Sciences 2009
Born: 7 August 1933, New York. NY, USA

Affiliation at the time of the award: Indiana University, Bloomington, IN, USA,
Arizona State University, Tempe, AZ, USA

Prize MOUVATIoN: “Tor Ner Analysis Of £CONOMIC GOVEMAaNce, especially
the commons™

Field: Economic govemnance

Confribution: Challenged the cor i wisdom by g how
local property can be successfully managed by local commons without any
regulation by central authorites or privatization.

Multi-Level Science Maps

= Sustainability Research Map

= Gene Therapy Research Map

Science Map: How Scientific Disciplines Relate

Interact

Select any location on the Geographic
Map location (by brushing your finger
over an area on the lectem’s fouch
screen) and fopics studied in that area
will highlight on the Science Map: the
brighter a topic giows, the more papers
on that topic onginated in the selected
area. Conversiely, touching a scientific
area in the Scence Map iluminales
places on the Geographic Map where
that topic is studied. Pecple and fopic
butions support the exploration of
publication output by selected Noble
laureates and particular lines of
research using MEDLINE data from
2000-2002

VIVO International Researcher Network




International Researcher Network

Visualization 1.0
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Geospatial Analysis (Where) A geospatial map of the US is
science is performed by whom.
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Topical Analysis (What) Science map overlays show where a person, department, or

university publishes most in the world of science.
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MASustain

Mapping Sustainability Research

Detail

Geographic Visualization

Here we have a more raditicnal view of the records - a
geographic overlay. Featured here are the records that list

Bbolh a city and stale in the United Stales. Feel free 1o search
zoom, pan, and dick for descriptions.
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Mapping Sustainability Research

Cana@a . "g*;_" ¥ Datasets

The dataset covers 13,528 records on "biomass” and
“biofuel” research and technology from seven different
publication, patent, funding datasets for the years 1901 to
2010

(U]

Funding

National Institutes of Health (NIH) awards retrieved from
the Scholarly Database (hitpJisdb.slis.indiana.edu) at
Indiana University on 1172002010. Search query used
was biomass OR biofuel OR "bio mass”™ OR "bio fuel” in
the ‘Al Text' field

North Pacific
" Ocean

Mational Science Foundation (NSF) awards refrieved
from the Scholarly Database (hitpiisdb slis.indiana.edu)
atIndiana University on 11/2002010. Search query used
was biomass OR biofuel OR "bio mass™ OR "bio fuel” in
the ‘All Texdt' field

North Pacific | sl ca;ﬂm n

US Department of Agriculture (USDA) awards made
Ocean)

avallable by a staff member of the Office of Scientific and
Technical Information from the US Department of Energy
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MAPSustain

Mapping Sustainability Research

Geographic Map
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Mapping Sustainability Research
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Mapping Sustainability Research

Maps Detail Data About
Canada m;;:n > Florida

MEDLINE

2002
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Title tic hydrotysis and fi tion of com for fuel alcohol
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Creator/Author  Mulling )T,
Publication Date 1385 Jan 01 Detailed information on demand
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Other Number(s) Joumnal ID: CODEN: BIBIA
Resource Type Joumnal Aricle
Resource Refation Journal Name: Biotechnol. Bloeng.; (United States), Joumnal Volume: 27:3
Research Org Univ. of Florida, Gaineswvlle
Subject 09 BIOMASS FUELS; 32 ENERGY CONSERVATION, CONSUMPTION, AND UTILIZATION; ETHANOL FUELS; BIOSYNTHESIS; MALZE, ENZYMATIC HYDROLYSIS,
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Science Map Maps Detail Data Ab
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> Chemistry
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® Method For Pynfying Water
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. 366 to 3,300 867 to 7,853 . 16 to 671

The science map at 554 sub-disciplines level.
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Science Map Maps Detail Data Abol
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United States Patent 7,364,890
Ding, etal April 29, 2008

Thermal tolerant avicelase from Acidothermus cellulolyticus
Abstract

The nwvention provides a thermal tolerant (thermostable) cellulase, Awlll, that 15 a member of the glycoside hydrolase (GH) famuly. Awlll was 1solated and charactenzed from
Acidothermus cellulolyticus and, kke many cellulases, the disclosed polypeptde andfor its denvatives may be useful for the conversion of biomass into biofuels and chemcals
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A service of the U.5. National Institutes of Health
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Full Text View Tabular View No Study Results Posted Related Studies

MAGE-A3/12 Metastatic Cancer Treatment With Anti-MAGE-A3/12 TCR-Gene Engineered Lymphocytes

This study has been suspended.

First Received on January 7, 2011. Last Updated on March 14, 2012 History of Changes

Sponsor: | National Cancer Institute (NCI)
Information provided by: | National Institutes of Health Clinical Center (CC)

ClinicalTrials.gov Identifier: | NCT01273181

P Purpose

Background

- MAGE-A3/12 is a type of protein commonly found on certain types of cancer cells, particularly in metastatic cancer. Researchers have developed a process to take
lymphocytes (white blood cells) from cancer patients, modify them in the laboratory to target cancer cells that contain MAGE-A3/12, and return them to the patient
to help attack and kill the cancer cells. These modified white blood cells are an experimental treatment, but researchers are interested in determining their safety
and effectiveness as a possible treatment for cancers that involve MAGE-A3/12

Objectives
- To evaluate the safety and effectiveness of anti-MAGE-A3/12 lymphocytes as a treatment for metastatic cancers that have not responded to standard treatment
Elgibility

- Indniduals at least 18 years of age who have been diagnosed with metastatic melanoma, renal cell cancer, or another type of metastatic cancer that has not
responded to standard treatment

Design
» Participants will be screened with a full medical history and physical examination, as well as blood and urine tests, tumor samples, and imaging studies
« Participants will have leukapheresis to collect enough white blood cells for modification in the laboratory.

* Seven days before the start of anti-MAGE-A3/12 treatment, participants will have chemotherapy with cyclophosphamide and fludarabine to suppress the
immune system in preparation for the treatment

Science of Science (Sci2) Tool

® Use your own data
Run your own analysis
Identity overlap, gaps and emerging areas

Interpret results to improve decision making
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Tutorials

Scott Weingart,
Biberstine (2010
Science, Indiana

Katy Borner (2010) Science of Science Research and Tools (12 Tutonials). Reporting Branch, Office of Extramural Research/Office of the Director, Nahonal
Institutes of Health, Bethesda, MD

Tutorial #01: Science of Science Research

Tutonal #02: Network Science / Information Visualization

Tumn.al#m ClShell Powered Tools: Network Workbench and Science of Science Tool
Burst Detection

T http:] [ sci2.cns.in.edu
Tutorial #09: 1 ety i -

Tutorial #10. Using the Schol I http:/ [ sci.wiki.cns.in.edn

Tutonal #11: V 0
Tutonal #12: Future Developments

Geetha Senthl (2010). Multidisciplinary Nature of Work With Reference to PIs and 1Cs Within a Portfolio. PA Group at NIH

NIH Office of Extramural Research and Katy Bomer (2010) Network Visualizations Using SPIRES Data and the Sci2 Tool. Office of Extramural
Research at NIH
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» National Science Foundation,

» National Institutes of Health,
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Department of Agriculture, and

» National Oceanic and Atmospheric Administration
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Sci? Tool — Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global
(10,000 < records)
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Individual person and
their expertise
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universities, research
domains, or states

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

Temporal Analysis | Funding portfolio of | Mapping topic bursts | 113 Years of Physics
(When) one individual in 20-years of PNAS | Research

Geospatial Career trajectory of Mapping a states PNAS publications
Analysis (Where) | one individual intellectual landscape

Topical Analysis

Base knowledge from

Knowledge flows in

VxOrd/Topic maps of

(What) which one grant Chemistry research NIH funding
draws.

Network Analysis | NSF Co-Pl network | Co-author network NIH’s core

(With Whom?) of one individual competency
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Individual Co-PI Network
Ke & Barner, (2006)
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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEELE Infol”Zs Contest.

Tavlor Su
Chen

Paxson  Wisnovsky

Konstan ‘Woodmnf
Baldonado

Kuchinsky

Chang
Jerding

Zelweger
Price Stasko  Kreamer

Jm;»wkheqea
°

Brown Hamold
Botafogo
Eagan
Findin
= Bederson Wosienberg
Furnas Flose

Zhang Flaisant

Zocks
Carmr
Legend
Nodes ~ Authors
Node area size - Number of papers publshed
Node color = Number of citations

Edpes = Co-auihorship relations
Edge color ~ Year of first co-authorship

Widodf
Milash

Stonebraker
Adken
Spalding Che
Hellersten

Ercegovac
Olston Lin

Landay Fobbins

Munzner
Guirnbretiere
Deline

Gosswailer Foberson

* Hearst
Mackiniey Masinter
Schank
Hahorsen
Pedersen

Puralli

Prtkow
Igarashi

Lamping

Johnson Card

L)
Shaeiderman Wolland

Dandzich Thiel

Larson

Wake
Crerwingki Hix

Schulman
Brueni

Chiear Nowell

Dighl otk

Tanasse

Hatzler
Tensv Whitney

Havre

Senn

Burks

Folojechick Luces

Diunmere
Goldstgin SOMberg

Cgh Mems Swaftalino

Jain Hao

Williamson

Doan
Tenin
Beigel

Displayed Year: 1988

Kerpadjiev

Derthick
Harrigon

Moare

Mapping the Evolution of

‘Co-Authorship Networks
Weimao Ke, Lalitha Visvanath & Katy Bomer
InfoVis Lab @ Indiana University
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Mapping Transdisciplinary Tobacco Use Research
Centers Publications

Compare RO1 investigator based funding with TTURC
Center awards in terms of number of publications and
evolving co-author networks.

Zoss & Barner, forthcoming.

Supported by NIH/NCI Contract HHSN261200800812
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MEDLINE Publication Output by The National Institutes of Health (NIH)
Using Nine Years of EXPORTER Data

Katy Borner, Nianli Ma, Joseph R. Biberstine, Cyberinfrastructure for Network Science Center, SLLS, Indiana University,
Robin M. Wagner, Rediet Berbane, Hong Jiang, Susan E. Ivey, Katrina Pearson and Carl McCabe, Reporting Branch,
Division of Information Services, Office of Research Information Systems, Office of Exctramural Research, Office of the
Director, National Institutes of Health (NIH), Bethesda, MD.
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Circle Area: Paper Count 36,148
2001 - 2009

Topic co-occurrence network of the 2885 cognitive and
neuroscience NSF projects funded between 2007 and 2011.
Statistical text mining (Topic model) was used to identify topics
from NSF awards and proposals from 2000-2011.

Each award is tagged with up to 4 topics. Lines represent the co-occurrence of the
connected topics within an award(s). The nodes are scaled by number of awards
(max = 355) and the lines are scaled on number of co-occurrences (max =91). The
node colors differentiate the nodes via the level-0 Blondel communities.

This is ... an entirely new way of characterizing and understanding the NSF
portfolio. This is in part because this enables analysis of the content of the
awards/proposals independent of the institutional structure. One can quickly
identify ALL of the Cog/Neuro awards throughout the entire NSF portfolio — so it
captures research in all of the unexpected institutional places. This method also
allows one to easily identify areas of parallel or potentially collaborative
research being funded by different institutional structures and ... to identify
potential areas for advancing science by facilitating collaborations.

Leah G. Nichols, NSF
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Cognitive and Neuroscience at the NSF: 2007-2011
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Sci? Tool Usage at National Institutes of Health

Sci2 Tool now supports Web services and serves as a visual interface to publically
available NIH RePORT Expenditure and Results RePORTER)/ RePORTER data
provided by NIH.
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Sci? Tool Usage at the National Oceanic and
Atmospheric Administration (NOAA)

Co-author network generated from publications supported by NOAA’s Office of
Ocean Exploration and Research (OER). Nodes are sized based on the number of
publications produced and colored to highlight clustering. Edges are sized and
colored based on the number of collaborations between authors.
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Sci? Tool Usage at James S. McDonnell Foundation

h & practice

How did cognitive neuroscience of attention emerge from neurobiology and
psychology, 1980-2005? Author co-citation analysis and Pfnet is used to trace
prospectively the development of the field from its precursor disciplines:
cognitive psychology, single cell neurophysiology, neuropsychology, and evoked

potential research. -

Bofwent
. :}““""" COG PSYCH
I'. e ’)\w bw Naslansh
/,/,S"’
NEUROSCIENCE /
_____,..-—""'-' gvon
T -‘ Tromman
sern
Weamon B Scwider

Fig. 1 In the 1980 net, neuroscience (black nodes and black—white nodes) and cognitive psychology (white
nodes) develop as clusters with high internal co-citation rates. ERP (grey nodes) develops later in net
construction. These clusters are connected by secondary edges at very low levels of co-citation
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By 1990 a distinct cognitive neuroscience specialty cluster emerges, dominated
by authors engaged in brain imaging research.

Watson
Fig. 5 The strongest link in the 1995 net is a primary edge linking Posner and Petersen. ERP and single cell

neurophysiology are linked to cognitive neuroscience cluster by secondary edges

Bruer, John T. (2010). Can we talk? How the cognitive neuroscience of attention emerged from neunrobiology and psychology,
1980.2005. Scientometrics, 83(3), 751-764. http:/ [ ivl.cns.in.edu/ km/ tools/ 2010-bruer-scientometrics.pdf
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Mapping Topic Bursts
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Mixed-Indicators Model for Identifying Emerging Research Areas
Guo, Hanning, Scott B. Weingart, and Katy Birner. 2011. Scientometrics 89 (1): 421-435.

Three indicators are combined:

* sudden increases in the frequency of specific words,

* number and speed by which new authors are attracted to an emerging area,
* changes in the interdisciplinarity of cited references.

The model is validated using four emerging research areas and two datasets:

“RNAI”, “Nano”, “h-Index”, and “Impact Factor” research using papers published in
the PNAS (1982-2009) and Scientometrics (1978-2009).

Results:

* Keyword bursts occurred 8 years later for “Nano*,” 7 years later for “RNA1” and
only 1 year later for “h-Index.” (different from full text words)

* Appearance of new authors always signifies the beginning of an emerging area.

* In “Nano*” “RNAi” and “h-Index” datasets, a sudden increase in the diversity of
cited references occurred with the appearance of new authors simultaneously. The
correlation between increasing new authors and diversity of cited references
suggests that new authors are coming from diverse established areas rather than
some already nascent cohort with a pre-existing body of research.
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Aligning Science Basemaps using the Sci2 Tool
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