Disciplinary Maps of Sustainability Science

Dr. Katy Bérner

Cyberinfrastructure for Network Science Center, Director
Information Visualization Laboratory, Director

School of Library and Information Science

Indiana University, Bloomington, IN

With special thanks to Luis M. A. Bettencourt, Jasleen Kaur, and
the members of the Cyberinfrastructure for Network Science Center.

Mapping the Structure and Evolution of Sustainability Science
Workshop at AAAS

Decemmber 1, 2010

vberinfrastructure for
NETWORK SCIENCE CENTER

L
ol of Libran

Science | Indiana Universit

Questions about Sustainability Science

Who is funding what research and technology?
What publications/expertise exist on a certain topic?
What patents are filed by whom and where?

What scholarly networks exist?

YV V V VYV

Are there bursts of activity?

Approach

» Use open soutce tools to analyze and map 7 different
publication, patent, and funding datasets on the topics
“biomass” and “biofuel”.

> Design online interface to the data so that domain experts can
interactively explore the field of sustainability research.
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Datasets Used
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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.

Funding

» National Institutes of Health (NTH) awards

» National Science Foundation (NSF) awards

» US Department of Agriculture (USDA) awards

Publications

» MEDLINE papers by the National Library of Medicine retrieved

» Web of Science (ISI) publications by Thomson Reuters identical to the one
used in (Bettencourt and Kaur, 2010)

» Department of Energy (DOE) publications
Patents

» USPTO patents retrieved from the Scholatly Database
(http://sdb.slis.indiana.edu) at Indiana University on 11/20/2010.

vberinfrastructure for
NETWORK SCIENCE CENTER

Science | Indiana Universit

Datasets Processing

Data Type #Records Geo Location Science Location Years Covered

Total / in US first affiliation Using journal then text  for US dataset (Full data)

First author/inventor

Publications
MEDLINE 19328/4,998  100% 4,993 (99.9%) 1965-2010 (1952-2010)
DOE 13,902/3,559 2,431 (68.3%) 2,359 (97%) 1901-2008 (1901-2008)
ISI 1,563 /328 100% 100% 1995-2011 (1974-2011)
Patents
USPTO 1,253 /741 100% 723 (97.6%) 1976-2010 (1976-2010)
Funding
NSF 327673264 100% 3,088 (94.6%) 1972-2010 (1964-2010)
NIIT 141 /140 100% 139 (99.3%) 1971-2010 (1971-2010)
UshA 498 / 498 100% 100% 1993-2008 (1993-2008)
Total Records ... /13,528 1901-2010




Computational Scientometrics
Cyberinfrastructures

il Scholarly Database: 25 million scholarly records
@ http:/ /sdb.slis.indiana.edu

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

Information Visualization Cyberinfrastructure _
http://iv.slis.indiana.edu : s e

http://nwb.slis.indiana.edu w:

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

%ﬁ Network Workbench Tool & Community Wiki

fm% Epidemics Cyberinfrastructure
&S http://epic.slis.indiana.edu/

& g <02 C|Shel|

SQ&‘ SCHOARLY DATABASE Scholarly Database: Web Interface
bttp:/ [ sdb.slis.indiana.edn

Supports federated search of 25 million publication, patent, grant records.

Results can be downloaded as data dump and (evolving) co-author, paper-citation
networks.
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Search | Edit Profile

Browse Results

Admin

Results 1 through 20,

Total results per database:

rour search returned 13,231 results in 0,295 seconds,

MIH: 2,103,

Medline: 10,235, USPTO:!

279, NSF: 614,

Mextsx
Source Authors/Creators Year TiHe :c?o;? (outof
Medline LaCombe 19587 Artificial intelligence. 5.71
Medline 1989 Artifici 1l e expert sy 5,71
Medline Schmitt 1990 [Artficial intelligence in dentisty] 5.71
Medline Adlassn!g and 2002 Artificial-intelligence-augmented systems. 5.60
Adlassnig
Medline Touretzky 1280 Artificial intelligence. 4,86
Medline Gaoldenberg 1930 Artificial intelligence. 4,26 7
¥ scholarly Database :: Downloa ozilla Firefox =0 x|
Fle Edt View Hstory Bockmarks Tools Help
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- Co-author
Cyberinfrastructure for Network Science Center, SLIS, Indiana University, Bloomington
- Co-investigator
Search | Edit Profile | Admin | About | Logout | _ CO—anCntOI‘
- Patent citation
Download Results
A — n les for
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| Hame | Size
NIH Database: CD Writing Tasks ¥ Files Currently on the CD
I Mtk rmaster table T8
File and Folder Tasks S @Me ine_author_table.csy 980 KB
NSF Database: Bl medine_co-author_table_{nwh_format).csv 627 KB
) Make aniew Folder Bl Medine_master_table,csv 13,986. .
7 MsF casinvestigator table(nub farmat) m e Publish this Folder ta the @MEd\lnaiMESHihEadmgitah\a‘Esv 3,453 KB
I W master table L b Bl Medline_MeSH_qualifier_table, csv 853 KB
USPTO Database: =3 ELIMIH_master_table.csv 5,189 KB
Other Places a @NSF_co-invastigator_table_(nwb_Format).csv 19KEB
I UsPTO Patent cosperstion Tresty table m ELINSF_master_table.csv 1,303 KB
™ UseTO agent table = I3 sdientometrics B USPTO_ co-inventor_table_{rwb_format).csv 18KB
I USPTO assignes table - My Documents EL)USPTO_agent_table.csv 20KE
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:: USPTC inventer table [T = Details = ELlusPTO master_(burst_Formak).csv 308 KB
ol USPTO master (burst format) sdb ELUSPTO_master_table.csv I7KB
USPTO master table File Folder I ELUsPTO_Patent_Cooperation_Treaty._table.csv 2KE
Date Modified: Todsy, April
Download | 08, 2005, 1:25FM 4] | B
[ Done 8




Forgot your password?

To recover your account password, please visit our password recovery page.

Mot registered yet?

Register now

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

Seott Weingart,
Biberstine (2010 .
Seience, Indiana Tutorial #01: Science of Science Research

Tutorial #02: Network Science / Information Visualization

Tutorial #03: CIShell Powered Tools: Network Workhench and Science of Seience Tool
Tutorial #04: Temporal Analysis—Burst Detection

Tutorial #05: Geospatial Analysis and Mapping

Tutorial #06: Topical Analysis & Mapping

Tutorial #07: Tree Analysis and Visualization 0 o
Tutorial #05: Network Analysis and Visualization bttp:/ [ sci2.cns.in.edu
Tutorial #09: Large Network Analysis and Visualization -
Tutorial #10: Using the Scholarly Database at IU
Tutorial #11: VIVO National Researcher Networking
Tutorial #12: Future Developments

Geetha Senthil (2010). Multidisciplinary Nature of Work With Reference to PIs and I1Cs Within a Portfolio. PA Group at NIH

NIH Office of Extramural Research and Katy Borner (2010) Network Visualizations Using SPIRES Data and the Sci2 Tool Office of Extramural
Research at MIH.

Sci?2 Tool — “Open Code for S&T Assessment”

Joint Co-Authorship Nerwork

OSGi/CIShell powered tool with NWB plugins and

many new scientometrics and visualizations plugins.
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Horizontal Time Graphs

Bérner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Dubon, Russell Jackson, Phillips, Patrick, Ma, Nianli, Zoss,
A;zw/a, Guo, Hammzu & Price, Mark. (2009). Rete-Netzmerk-Red: Analyzing and 1 isnalizing Scholarly Networks
Using the S cholarly Database and the Network W orkbench Tool. Proceedings of ISST 2009: 121h Tnternational Conference
on Scientometrics and Informetrics, Rio r/e]mm;o, Brazil, July 14-17 . Vol. 2, pp. 619-630.
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Sci? Tool

| Vs Sei

File Preprocessing Modeling  Analysis [ Visualization | Scientometrics  Help

Wifelcome to the Science of Science Tool {Sci
The developrment of this tool is supported i
Metuwork Science center and the School of Li
| Indiana University, the National Science Fou
and I5-0715303, and the lames S McDonnel
Cyberinfrastructure portal thitp:ffscislis.ind

The primary investigators are Katy Bérner, In
SciTech Strategies Inc, The Sci toal was dew
1. Duhan, Patrick &, Phillips, Chintan Tank, a
Cyhberinfrastructure Shell (http:ifcishell.org
for Metwork Science Center thitp:ffons.slis.ii
Mary algarithim plugins were derived from 4
thitp:fInwh.slis.indiana.edul.

Please cite as follows:
Sci® Tearn, (2009), Science of Science Toal, T
Strategies Inc,, http:ffscislis.indiana.edu.
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Mercator Projection

7.2 million papers published in over 16,000 separate journals, proceedings, and series
published by Web of Science (WoS) by Thomson Reuters in 2001-2005.

Bibliographic coupling was applied to determine the similarity of journals.
Spherical Layout was then flattened using a Mercator Projection to create a 2D map.
Each of the 554 nodes represents a set of similar journals.

12




B A oo for

-.i- scifpce BiYciente
S riadarch & practice

8

How to Read the UCSD Map

UCSD Science Map
with data overlay. —

Map legend of ——
circle area size

coding

Listing of all data ——
records organized into
UCSD science areas.
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uirabs fue NTH-CTSA-Publicasions cav

Circle of non-located,
e.g, ‘Unclassified’
records.

Header and footer with
information when this
map was created, by
whom and using what
data set.

Listing and circle of
non-located, e.g.,

D 4 ‘Unclassified’ records.
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Publications — ISI. All Sustainability Research

The Web of Science
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Citation Index
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Social Sciences
Citation Index
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“SUBJECT?” tag co-occurrence network
MST-Pathfinder Network Scaling was applied to reduce the number of edges.
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010400 -- Coal, Lignite, & Peat-- Processing

010402 -- Coal, Lignite, & Peat-- Purification & Upgrading
010403 -- Coal & Coal Products-- Hydrogenation-- (-1987)
010404 -- Coal, Lignite, & Peat-- Gasification i ¥ A

- e
| s

%I.: - s ; @lmf ,i

aration From Wastes Or Bmma&s- (167 fgag)

. i- Solar Ene;gy Cmverslun-‘hﬂmmass F‘mu‘uctﬁ& Conversion—
G . & @od Fuels -’SCIJH Waste & Wood Fuels— (-1989)
Ny " .
Ablation : !
Absorption ) 2 ‘ bt -
Abstracts ¢
w
Abundance .
Acceleration /| b
Accidents M“-;:: sifetonca
Accumulators o
NIH
Bimodal network of ICD (gray) to institutions (red).
L ]
® L : ] e @ National Eye Institute
° e e
o% 5 [ ]
® @ National Instityte Of Ndirological Disorders And Stroke @
[ Mational Institute Of Environmental Health Sciences
P @Michigan State University [ ]
@National Instj Allergy And Infectious Diseases
oo ® ° ° e
] ns Hopkins University [ ] Py ional Cancer Institute
L ] @ National Heart, Lung, And Blood
L @ National Center For Research Resolrces ®
[ ]
L ] ® [ ]
® L ] L}

Naﬁn!'!a.\lnst'rtme Of General Medical Sciences [ ®

._Naﬂnna( Institute Of Diabetes And Digestive And Kidney Diseases

e
e @
[ ] _@National Institute Of Arthritis And Musculoskeletal And Skin Diseases
@ State University New York Binghamton
®
L ]
@ National Institute Of Dental & Craniofacial Research @ National Center For Complementary & Alternative Medicine
[ ] [ ]
[ ]
® ®
® @ National Institute On Aging

@ National Institute Of Mental Health

@ National Institute On Deafness And Other Communication Disorders

@Fagarty International Center
° L @Eunice Kennedy Shriver National Institute Of Child Health & Human Development

@
@ @National Institute Of Nursing Research

. Aidal for

erotheionen
Eresdarch & practice




ISI
Co-author network. Author nodes with more or equal 5 papers are labeled.
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Nodes: 1017 '- R

Edges: 2538 - :
There are 249 weakly connected components. (44 isolates)

ISI
Co-author network. Author nodes with more or equal 200 citations are labeled.
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There are 249 weakly conrjjécted components. (44 isolates)
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Nodes: 47439
Edges: 118838

There are 11322 weakly connected components. (4642 isolates)

The largest connected component con

%2, Extracted Metwork on Coluran Suthors

%2, Weak Compaonent Cluster of 16251 nodes
%5, Weak Compaonent Cluster of 76 nodes
%2, Weak Component Cluster of 72 nodes
%2, Weak Component Cluster of 67 nodes
%2, Weak Component Cluster of 65 nodes
%2, Weak Component Cluster of 64 nodes
'.'. Wfeak Component Cluster of 49 nodes
'.'. Weak Component Cluster of 47 nodes
%2, Weak Compaonent Cluster of 44 nodes
%, Weak Component Cluster of 43 nades

MST-Pathfinder Network Scaling

Nodes: 16251
Edges: 16250

Publications — ISI. All Sustainability Research
Co-Author Network (23,421 not 328 publications)

sists of 16251 ngde‘
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Publications — ISI. All Sustainability Research
Evolution over 3 time periods (74-00, 01-06, 07-11)
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Mapping Sustainability Research

Detail About

orth Pacific.
Ocean

North Pacific
JCcean g

Geographic Visualization

Here we have a more traditional view of the records - a
geographic overlay. Featured here are the records that list
both a city and state in the United States. Feel free to search,
zoom, pan, and click for descriptions
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Waps Detail Data Aboué
About

Anew field of Sustalnability Science and Engineering is
emerging that seeks to understand the fundamental
character ofinteractions between nature and human
society and to help steer the impact of humanity's needs
on the planet's natural resources towards sustainable
trajectories. The field is unified in clear terms by its
ultimate goals but occupies an interdisciplinary position
among traditional research fields, spanning both science
and engineering and spreading across disciplines as
diverse as agriculture, ecology, oceanography, climate
studies, economics, a diverse set of social sciences,
energy and materials and several additional aspects of
engineeting, physics, hiology, and chemistry. Although
Sustainability Science and engineering is by now widely
digcugsed In e sclentime and engineernng community,
and is heginning to be connected to the political agenda
for economic and social development, it remains unclear
o what extent its many facets are heing integrated info a
global perspective and whether researchers are utilizing
itas a nexus to collaborate across traditional scientific
and engineering fields.

Please consultthe Mapping the Structure and Evolution
of Sustainahility Beience warkshop web page for further
infarmation and details.

Weh Page Design

Ihus weh site provides an interactive intertace to
publication, patent, and funding data on ‘hiomass' and
‘hiofuel research. YVisitors are invited to explare what
funding is availahble inwhat geospatial regions and in
what areas of eience and what publications and patents

Google Map JavaScript API was used to implement both maps with two aggregation layers for

each. The geographic map aggregates to the state level and the city level. The science map has a
high level of aggregation of 13 top-level scientific disciplines and a low level of 554 sub-

(ele]
disciplines.
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hlaps Detail i Data i Abaut

Datasets

The dataset covers 13,528 records on "hiomass" and
“hiofuel" regearch and technolody from seven diferent
publication, patent, funding datasets for the vears 1901 to
20100

Funding

Mational Institutes of Health (MIH) awards retrieved from
the Scholarly Databaze (hitp:iisdb.slis. indiana.edu) at
Indiana Liniversity on 11/20/2010. Search guery used
was hiomass OR hiofuel OR "hio mass" OR "hio fuel" in
thie ‘Al Text'field.

Mational Science Foundation (MSF) awards retrieved
from the Scholarly Database (hitpfisdb slis.indiana.edu)
at Indiana University on 112002010, Search gquery used
wag hiomass OR hiofuel OR "hio mass" OR "hio fuel” in
the 'All Text' field

US Departrment of Agriculture (USDAY awards made
avallable by a staff member of the Office of Scientific and
Technical Information fram the US Department of Energy
(DOE)

Publications

MEDLIME papers by the Mational Library of Medicine
retrieved frorm the Scholarly Database

(hitpeisdb.slis indiana.edu) at Indiana University an
11202010, Search query used was hiomass OR biofuel
OR "hio mass" OR "bio fuel® in the ‘Al Text' field.




Minneapolis @ | E Claire "™
2 South o .
Q0 Spaarfish consin

Dakata Lakavlis

B} | e Cshke

Rapid Cay Sioux Falks i g GEEN - Michigan
Q La Crosse

Madmon Mitwaukee

-]
o o R Hamilton @™}
+ Sioux Tt R i |
Sioux Cty QRacine ] J
-] Un__L--e/B“ﬁaln

Alkancs ’%‘ Dubugue @ — Rocklord
o'

Chicago
Scoftsbiuff 0 @ 9% Toledo

‘ Omaha Cedar
Nelrraska @ Des Malnes Rapids Tiniey Park Fort Wayne
Peora

¥ ol °
Grand lsland Llnco‘n O

Fort Collins_ Sterin
Q o

gmont @ Penver e Al llltig |rl.§na -
o A uine _ Vil
A Topeka! - Kansas City W seengteid lnaﬁnapcils Columbus
< Q ]

Marhattan
%o

i oo Cincinnat
pibFado Kar%és i Miﬁ" i O Bellevine :
prings) ¥ Fueble Hutchnsen © i i = §Louisville

@ Girardeay  Evansyille K‘ tick
Wichita J'Jgulr' © Spangheld Q entucky
Enl Clarkavilie

g ou Tulsa

Fayettevl
anta e [ i donesbore f " Kr\ﬂ;\f"le e
> JACKSD
> Amarte 4Dklahoma JsonTenneggot F o

o
Albuguerque ° L Fort. Smith Ar\kag‘;as © Memphis_

o ol gur Rome Green|
%Lew Eiahe Lawlan i i
ico Birmingham o ©

Wichita Fals '-'"{-j““ ° Mississippi o Atlanta

(+]
Roswed

onre ? Ala a
hces Fort Worth @ @ Dallas A MJS o %54 é&m Gemy
Ll ©  Shrevepont O Mendaris © |

Tter Mordgomery

TQ_O'-’SIC Ve xas ap Rateo201 1P E TYEN G noie S BFHHR, INEGI - TEAgma A |
310473 A0 310965 B .1t033’

The geographic map at city level.

O'Detr/
Aurorac O NCleveland!
il oY

Loran

Toronto . o
[+]

h

acksburg @

Harre
-]

~

© Akron

Pennj

=]
Pittsburgh

West}
Virginia

-]
Virginia

Johnson Cy - @ Damvite

United
Btates

Méxleo

A& Canada

Search result for “corn” .
Icons have same sizebut represent different #records

ac

Gulf of St
Lawrence

Atlantic

Gult of Ocean

California
México
Cuba

North Pacific GudTemala Carlbbean
Ocean Sea

Nicaragua
FOWERED BV

J Vi b
Map data ©2010 Europa Technologies, INEGI_e;ni-:ziﬁrsa-:-




Canada

Hudson
Baw

Click on one icon to display all records of one type.

Here publications in the state of Florida.

ON ac
. Gult,of St
" o Lawrence
3 N
s h ‘ eSS BEe
ok H iﬁ& NS
1] W —NH
A MA
¥ ut .04 k RI
“ Florida publications: 2 rcords
[DOE: 1
MEDLIME: 1
- - v Atlantic
Canfornia Gulf of e
México pexieg
Cubss |
PR |
-~
Gudtkmala Carlbbean
r Sea
».caloqun

Maps Detail Dala About
= Florida

MEDLINE

2002

® Recovery Of Dairy Manure Mutrients By Benthic
Freshwater Algae.

DOE
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Wiord Cloud | More Like This
Creator/Author Mullins, J.T.
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United States Patent 7,364,890
Ding, etal April 29, 2008
Thermal tolerant avieelase from Acidothermus cellulolyticus

Ahstract

The invention provides a thermal tolerant (thermostable) cellulase, Awll, that is a member of the glycoside hydrolase (GH) family. Avilll was isolated and characterized from
Acidothermus cellulolyticus and, like many cellulases, the disclosed polypeptide andfor its derivatives may be usefil for the conversion of biomass into bicfiels and chemicals.

Inwentors: Ding; Shi-You (Golden, CO), Adney; William 8. (Golden, CO), Vinzant; Todd B. (Golden, CO), Himmel; Michael E. (Littleton, CO)
Assignee: Midwest Research Institute (Eansas City, MO)
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cyberinfrastructure for
NEI'WORK SCIENCE CENTER

| Indiana University Bloc

Questions about Sustainability Science

» Who is funding what research and technology?
What publications/expertise exist on a certain topic?
What patents are files by whom and where?

What scholatly networks exist?

V V VYV VY

Are there bursts of activity?

Promising Next Steps

»  Add more data — jobs, news, education data?, societal impact data?

»  Add more filters (congressional districts, $ranges, #Hcitations, etc.)

> Evaluate the analysis results and online interface with domain experts
>

Engange in fruitful collaborations that communicate the structure and evolution
of this new field to a wide audience for means of navigation, management and
exploitation.

44
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ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington
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Cyberinfrastructures Qutreach

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




