Evolving and Emerging Populations and Topics
Extracted from NSF Awards

Dr. Katy Bérner and Angela M. Zoss
Cyberinfrastructure for Network Science Center
Information Visualization Laboratory

School of Library and Information Science
Indiana University, Bloomington, IN

With special thanks to Kevin W. Boyack, Micah Linnemeier,
Russell J. Duhon, Patrick Phillips, Joseph Biberstine, Chintan Tank
Nianli Ma, Hanning Guo, Mark A. Price, Scott Weingart

Virtnal Presentation to NST on June 7, 2010

ﬁl'ﬁ*ﬁ

e

Q Overview

RV g

Y "h.
”J

o

Analyses using NSF award data from SharePoint

> Identify emerging areas in Career awards using burst analysis
Evolving geospatial coverage of IGERT awards
Topical/science coverage of MRI awards

Co-Investigator network of all 51k NSF awards
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Topic Analysis using data provided by David Newman
» Topics covered by NSF funding

Alternative Analyses that require additional data

> Flexible network extraction workflows

» Geospatial coding and visualization tools

» Temporal/textual analysis for examining topical trends

»  RefMapper tool for analyzing the interdisciplinarity of grant proposals

This project uses the NSF SciSIP funded Science of Science (Sci?) Tool freely available
as open source code and with tutorial at http://sci.slis.indiana.edu/sci2.




Evolving Networks

using NSF award data from SharePoint
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Data Provided

o

All NSF awards that have been active at any time between Oct 2005 and Jan 2010 were provided by
Paul Markovitz. The query was not limited by scientific term, program or program officer.

The data was retrieved from the Research Spending and Results (RS&R) service on Research.gov:
http://www.research.gov/rgov/anonymous.portal?_nfpb=true& pagel.abel=page research funding
search& nfls=false around Feb 3, 2010 (give or take a day).

The challenge with using RS&R for this purpose is that it is a search-based setrvice, while you want all
the records. The Excel spreadsheets were created by executing one query to retrieve all the
information (contained in the spreadsheet columns) from the RS&S database(s) then exporting the
results to Excel. The size of the resulting Excel spreadsheet was too large to upload to the SharePoint
site (I think there is a 50M restriction on file uploads) so I divided the spreadsheet into 3 spreadsheets,
named

NSF awards Oct 2005_to_June 2007 as of Feb03.xlsx
NSF awards July 2007_to_Sept 2008 as of Feb03.xlsx
NSF awards Oct 2008_to_Jan 2010 as of Feb03.xIsx

then uploaded them.




Data Counts and Subsets

» NSF awatrds starting Oct 2005_to_June 2007 as of Feb03.xlsx (16,762 records)
» NSF awatds starting July 2007_to_Sept 2008 as of Feb03.xlsx (18,000)
» NSF awards starting Oct 2008_to_Jan 2010 as of Feb03.xIsx (16,561 records)

Year Count First Awarded Date Last Awarded Date

2005 831 10/5/2005 12/30/2005
2006 10942 1/3/2006 12/29/2006 NSF Data Provided
2007 12031 1/3/2007 12/31/2007 —
2008 11622 1/2/2008 12/31/2008
2009 15312 1/2/2009 12/31/2009 16000 1
2010 584 1/4/2010 2/2/2010 14000 -
Total Count 51322 12000 4
w
E 10000 4
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From the 51,322 awards, we deleted 4000
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"test proposals" resulting in 51,217 records.
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We extracted Year

» IGERT awatds (87 records)

» Career awards (2409 records)

» MRI awards (118 records)
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Comparing dataset with queries run on NSF’s Award search

(http:/ /www.nsf.cov/awardsearch) on 2010.05.13-14:

» IGERT (87 records) NSFawardsearch retrieves 235 for “IGERT” in title with
unchecked Historical Awards, Active Awards Only, Expired Awards Only.

Excluded one research award on the impact of IGERTS. 114 awards start
before Oct 05, 121 after.

» Career (2409 records) NSFawardsearch retrieves more than 3000 hits for
active awards that have “career:” in the title. In *Feb03.xlsx there are 30
awards that started before Oct 2005. In the NSFawardsearch result there are
512 record that start in 2008 while the *Feb03.xIsx files show 530 records.

» MRI (118 records) NSFawardsearch retrieves 1746 for “MRI” in title with
unchecked Historical Awards, Active Awards Only, Expired Awards Only.

This data and the subsequent analyses should not be used for decision
making before the accuracy of the data is confirmed.
SharePoint data is used subsequently.
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Data Fields Comparison
** Dollar amount

statistical, temporal, geospatial, ,and analyses.
NSF’s Awards Search *Feb03.xlsx provided via Sharepoint
Award Number AWARDEE
DOING_BUSINESS_AS_NAME
NSF Organization PI_NAME
Program(s) COPI
Start Date PI_PHONE, PI_EMAIL
Last Amendment Date AWARD_DATE
Principal Investigator ESTIMATED_TOTAL_AWARD_AMOUNT
State FUNDS_OBLIGATED_TO_DATE**
Organization AWARD_START_DATE
Award Instrument AWARD_EXPIRATION_DATE
Program Manager TRANSACTION_TYPE
Expiration Date
Awarded Amount to Date** CFDA_NUMBER
Co-PI Name(s) PRIMARY_PROGRAM_SOURCE
PI Email Address
Organization Street Address FEDERAL_AWARD_ID_NUMBER
Organization City DUNS_ID, PARENT_DUNS_ID
Organization State PROGRAM_NAME
Organization Zip PROGRAM_OFFICER_NAME, PROGRAM_OFFICER_PHONE, PROGRAM_OFFICER_EMAIL
Organization Phone AWARDEE_STREET_1, AWARDEE_STREET_2, AWARDEE_CITY, AWARDEE_STATE,
AWARDEE_ZIP, AWARDEE_COUNTY, AWARDEE_COUNTRY,
AWARDEE_CONG_DISTRICT
PERFORMING_ORG_NAME
PERFORMING_STREET_1, PERFORMING_STREET_2, PERFORMING_CITY,
PERFORMING_STATE, PERFORMING_ZIP, PERFORMING_COUNTY,
Award Number PERFORMING_COUNTRY, PERFORMING_CONG_DISTRICT

Type of Analysis vs. Scale of Level of Analysis

Micro/Individual Meso/Local Macro/Global
(1-100 records) (101-10,000 records) | (10,000 < records)
Statistical Individual person and Larger labs, centers, | All of NSF, all of USA,

Analysis/Profiling | their expertise profiles | universities, research | all of science.
domains, or states

Temporal Analysis | Funding portfolio of Mapping topic bursts | 113 Years of physics

(When) one individual in 20-years of PNAS | Research
Geospatial Analysis | Career trajectory of one | Mapping a states PNAS publications
(Where) individual intellectual landscape

Base knowledge from Knowledge flows in | VVxOrd/Topic maps of
which one grant draws. | Chemistry research NIH funding

Network Analysis NSF Co-PI network of | Co-author network NSF’s core competency
(With Whom?) one individual




@ = Temporal Analysis (When)

Bursty terms in titles of Career awards

Burst Analysis using Kleinberg’s algorithm.

Results are visualized using Horizontal Bar Graph

Area size equals numerical

value, e.g,, burst strength

Text, e.g., title

Start date End date

Terms that are still bursty are not shown.

2005 2006 2007

2008

@ = Temporal Analysis (When)

Bursty terms in titles of Career awards

Burst Analysis using Kleinberg’s algorithm.

Results are visualized using Horizontal Bar Graph

Area size equals numerical

value, e.g,, burst strength
I
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Geospatial Analysis (Where)
Evolving Geospatial Coverage of IGERT Awards

IGERT award data was aggregated by state and overlaid on geomap.

Circles are size coded by total dollar amount and colored by # awards made.

Area (Linear)

Total Funding
755,786
4,569,158

8,382,530

Exterior Color (Linear)

Nurnber of Awards

2006 J Yo, o, —

1 2 3
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Geospatial Visualizations (IGERT 20006)

TGERT Awards
2006

Area (Lincar)
Extenor Color (Linear)
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Geospatial Visualizations (IGERT 2006-2007)

IGERT Awards
2006-2007

Area (Linear)
Extenor Color (Linear)

‘ hic 755,786
| B | 5,554,102
1 # 4 10,352,597
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Geospatial Visualizations (IGERT 2006-2008)

IGERT Awards
2006- 2008

Area (Linear)
Exterior Color (Linear) T'otal

; o 735,786
| | 7958703
! : o 15,161,620
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IGERT Awards 25
2006- 20009 \

Extenor Color (Tinear

Geospatial Visualizations (IGERT 2006-2009)

755,786
(1 N\
— [\ /| 13693754

N s

Note that circle sizes differ across time slices.
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T UCSD Map of Science overlay of 118 MRI awards

The UCSD Map of Science was generated based on 7.2 million papers published
in over 16,000 separate journals, proceedings, and series from Thomson Scientific
and Scopus over the five year period from 2001 to 2005. Papers and journals were
grouped into 554 clusters of highly related journals. The links between the
clusters show that some clusters are related to other clusters but are not as tightly
connected as the journals that make up each cluster.

Each cluster is labeled both by the content area shared by the journals in the

cluster and by the colored
overarching scientific
domain for that cluster.
Data is science located

by matching journal names
or keywords associated ‘

with each of the 554 clusters.

Coproghs ) 2008 The Regeen af ths Vesmaruay of Cdocms




Topical Analysis (What)
UCSD Map of Science overlay of 118 MRI awards

Newman’s terms were matched to keywords associated with the 554 clusters.

116 out of 118 records located.

These 116 records are associated with 10 of 13 disciplines of science and 34 of 554 research specialties in the UCSD Map of Science.

Health Professionals

Chegistry
Math & Physic: O \
= =
g £ # F =
E Bio ) E
g
s Brain Research 8
g o =
= Infections Disease O Chemistry
Cirele Area: Count ) <t ', 3 2 ) I Apacts 4 619163-, 619489; 619770; 619728
1 615645
) 1 ;
\_/ ‘ O O Biology © Earth Sciences
‘ 13 Earth Sciences 1 618764

_/ Electrical Engineening & Computer Science
- 1 618738

1 619195

Coprright ( 1 619337
1 619379
: ) Health Professionals
See Borner-Zoss-MRI-Scimap.pdf file. S
Humanities
1 619890

Network Analysis (With Whom?)
Co-PI Network of all 51,217 NSF award records

The co-PI network for all 51,217
NSF award records was extracted.

There are about 50,000 unique
investigator names grouped in over
20,000 components (unconnected
networks).

The largest (giant) component has
more than 10,000 investigators and
is shown here.

Nodes were size coded by funding
amount—equally split among the
investigators. That is, if there were
5 PIs on an award, each received
1/5 of the amount of the total
award amount.

Investigator nodes are connected if
they co-occurred on one award.

Disclaimer: Four years are very
little time to grow networks.
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Giant component of

L -
Boos _ co-investigator network
(top left)

Zoom (lower right)
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Topic Analysis

using data provided by David Newman




2

O } Topic Data provided by David Newman, UCI on May 15, 2010

http:/ /www.ics.uci.edu/~newman/nsf/mavy15/

Topic model (also known as Latent Dirichlet Allocation) is an unsupervised statistical

algorithm for modeling document collections.

Procedure:

1. A bag-of-words representation was created from the 51k awards from the three xls files
on the Sharepoint site by taking all the text in the title and abstract. Simple tokenization
was performed, and stop words and infrequent terms were deleted.

3. Two results files were produced:

. A topic model was learned using T=400 topics (Gibbs sampler run for 800 iterations

using const symmetric Dirichlet priors of beta=0.01 and alpha=0.05*N/(D*T))

prelim.topics.newman.txt (400 lines) contains a list of top-8 words in each of 400 topics

learned by topic model.

prelim.nsfid.top.topics.newman.txt comprises a list of up to top-four topics in each award
abstract. Topics accounting for < 10% of document were suppressed. There are only
50,608 lines as some awards had had no clear topic tags.
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Complete term network with 3 components (top left)
1,592 term nodes and 10,389 co-occurrence edges.

Nodes with degree >= 50 are given in red and are labeled.
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Complete term network with 3 components (top left)
1,592 term nodes and 10,389 co-occurrence edges.

Nodes with degree >= 50 are given in red and are labeled.

Zoom (lower right)
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Alternative Analyses

that require additional data

Sci? Tool for Science of Science
Research and Practice

W% 5ci2 Tool = o<
File Data Preparation Analysis  Modeling  Wisualization  Help
El Cansale General L = B |48 Data Manager Sarl
........ Temporal k - [F77] 151 Data: CUsersiUser\DesktophSBP-Tutori
Load and Clean IS[File « Geospatial 3 Lj| 361 Unigue 151 Recards

Author(s): Micah Linner
Implementer(s): Micah |
Integrator(s): Micah Lini Metwarks 3 Extract Top Modes
Docurmentatio
https:f{nwh.s|

Topical 3 %%, Edracted Co-futharship Metwark
:‘ Authaor information

ana.edu/com munityf?n=Loal Extract Nodes Above or Below Value

Delete Isolates

Loaded 361 recards,

Rernowved 0 duplicate records, Eir Viapp il

Author names have been normalized. Extract Edges Abowve or Below Value

R Self L

361 records with unique ISIIDs are awvailable via Da SRS SR LOeES
Trim by Degree

Mirate log to MST-Pathinder Metwork Scaling

EJ Scheduler Fast Pathfinder Metwork Scaling

[T Remawe completed autor Snowball Sampling {n nodes)
Mode Sampling
Edge Sampling

! Algorithm Name Date Syrmpnetrize

¥ Extract Co-Author Metw...  03/26/2 Dichatamize
¥ Load and CleanISIFile  03/2672

| n

Multipartite loining

| 4 [ 2
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Sci? Tool: Algorithms
See https:

nwb.slis.indiana.edu/community

Preprocessing
Extract Top N% Records
Extract Top N Records
Normalize Text

Slice Table by Line

Extract Top Nodes
Extract Nodes Above or Below Value
Delete Isolates

Extract top Edges

Extract Edges Above or Below Value
Remove Self Loops

Trim by Degtee

MST-Pathfinder Network Scaling
Fast Pathfinder Network Scaling

Snowball Sampling (in nodes)
Node Sampling
Edge Sampling

Symmetrize
Dichotomize
Multipattite Joining

Geocoder

Extract ZIP Code

Modeling

Random Graph
Wiatts-Strogatz

Small World
Barabiési-Albert Scale-Free
TARL

Analysis
Network Analysis Toolkit (NAT)
Unweighted & Undirected
Node Degree
Degree Distribution

K-Nearest Neighbor (Java)
Wiatts-Strogatz Clustering Coefficient
Wiatts Strogatz Clustering Coefficient over K

Diameter

Average Shortest Path
Shortest Path Distribution
Node Betweenness Centrality

Weak Component Clustering
Global Connected Components

Extract K-Core
Annotate K-Coreness

HITS

Weighted & Undirected
Clustering Coefficient
Nearest Neighbor Degree
Strength vs Degree
Degree & Strength
Average Weight vs End-point Degree
Strength Distribution
Weight Distribution
Randomize Weights

Blondel Community Detection

HITS

Unweighted & Directed
Node Indegree
Node Outdegree
Indegree Distribution
Outdegree Distribution

K-Nearest Neighbor
Single Node in-Out Degtee Correlations

Dyad Reciprocity
Arc Reciprocity
Adjacency Transitivity

Weak Component Clustering
Strong Component Clustering
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farch & practice

Sci? Tool: Algorithms cont.
See https://nwhb.slis.indiana.edu/community

Extract K-Core

Annotate K-Coreness

HITS

PageRank
Weighted & Directed

HITS

Weighted PageRank

Textual

Burst Detection

Visualization
GnuPlot
GUESS

Image Viewer

Radial Tree/Graph (prefuse alpha)

Radial Tree/Graph with Annotation
(prefuse beta)

Tree View (prefuse beta)

Tree Map (prefuse beta)

Fotce Directed with Annotation
(prefuse beta)

Fruchterman-Reingold with Annotation
(prefuse beta)

DrL (VxOrd)
Specified (prefuse beta)

Horizontal Line Graph

Circular Hierarchy

Geo Map (Circle Annotation Style)

Geo Map (Colored-Region Annotation Style)
*Science Map (Circle Annotation)

* Requires permission from UCSD
All four+ save into Postscript files.

Scientometrics

Remove ISI Duplicate Records

Remove Rows with Multitudinous Fields
Detect Duplicate Nodes

Update Network by Merging Nodes

Extract Directed Network
Extract Paper Citation Network
Extract Author Paper Network

Extract Co-Occurrence Network

Extract Word Co-Occurrence Network

Extract Co-Author Network

Extract Reference Co-Occurtrence
(Bibliographic Coupling) Network

Extract Document Co-Citation Network

General Network extraction

28




Network Extraction

farch & practice

Sample paper network (left) and four different network types derived from it (right).
From ISI files, about 30 different networks can be extracted.

Fapers A-E written by authors =, v, £ over 3 years Paper-Paper Citation Network A— C
Each paper happens to have 4 references. Papers are connected via direct citation links E
Arrows represent information flow from B=—D /"r
35 7 0.1 older papers to younger papers.

Yy _
Z C — citabon Author-Author (Co-Author) Network

y A —
% and y co-author papers A and E together

v
:%x 3; 0.0 v and z co-author papers A and E

X
y
— X
‘ \ vy E Document Co-Citation (DCA) Network A C
2,4 7 1.2 > A and B ate co-cited by C and D I~ E
X o B
A

|

X B/ D \:E— A and D ate co-cited by E D
'~ e
_ \\ — Reference Co-Occurrence
o . . C
____——% ~—— (Bibliographic Coupling) Network
_— " = references C and D are bibliographically coupled as they ‘ E
2000 2001 2002 both cite/ reference A and B. B D

Local citation counts (within this dataset) are given n black and global citation counts (ISI times cited) are given in green above each paper.

29
Sci? Tool
Plugins that render into Postscript files:
——
ﬂk?u o J - N J‘
7
s @E.ﬂ,..
o i
| Sci Maps -
19 Chemical, Mechanical, & Civil Engineering
Horizontal Time Graphs

Bdrner, Katy, Huang, Weixcia (Bonnie), Linnemeier, Micah, Duhon, Russell Jackson, Phillips, Patrick, Ma,
Nianli, Zoss, Angela, Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and
Visnalizing Scholarly Networks Using the Scholarly Database and the Network Workbench Tool.
Proceedings of ISS1 2009: 121h International Conference on Scientometrics and Informetrics, Rio de Janeiro,
Brazil, July 14-17 . 170l. 2, pp. 619-630.
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Mapping Collaboration, Publication and Funding
Profiles of One Researcher (section 5.1.1)

Funding Data Analysis
Free online services such as NSF’s Award Search (See Section 4.2.2.1 NSF Award
Search) support the retrieval of ego-centric funding profiles. Here, a search was

exemplarily conducted for “Katy Borner” in the “Principal Investigator” field while
keeping the “Include CO-PI” box checked.

The resulting data is available at

“Fyoursci2directory*/ sampledata/ scientometrics/ nsf/ KatyBorner.nsf.” Load the data using ‘File
> Joad , select the loaded dataset in the Data Manager window, and run ‘Data
Preparation > Text Files > Extract Co-Occurrence Network’ using these parameters:

Il Extract Network from Table x|

Extracts & network from a delimited table

Column Mame IAII Investigators j

Text Delimiter | |

e e

Aggreqgation Function File | CifDocuments and Settings/guohDesktop/scipolicy _windows/scipolicy/sampledatafscientometrics/properties/nsfCoPL properties Browse | .

Cancel
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Mapping Collaboration, Publication and Funding
Profiles of One Researcher (section 5.1.1)

Select the “Extracted Network on Column All Investigators” network and run “Analysis
>Networks > Network Analysis Toolkit (NAT)’ to reveal that there are 13 nodes and 28
edges in the network without isolates. Select ‘I isualization > Networks > GUESS’ to
visualize the resulting Co-PI network. Select ‘GEM’ from the layout menu.

Load the default Co-PI visualization theme via ‘File > Run Script ..." and load
Syoursci2directory*/ scripts| GUESS [ co-Pl-nw.py’. Alternatively, use the “Graph Modifier”
to customize the visualization. The resulting network in Figure 5.2 was modified
using the following workflow:

Resize Linear > Nodes > totalawardmoney > From: 5 To: 35 > Do Resize Linear
Resize Linear > Edges > coinvestigatedawards From: 1 To: 2 > Do Resize Linear

Colorize > Nodes > totalawardmoney From : DTD: > Do Colorize

Colorize > Edges > coinvestigatedawards From: D To: li > Do Colorize
Object: all nodes > Show Label

Type in Interpreter:
»>for n in g.nodes:
n.strokecolor = n.color

A A i ol
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Mapping Collaboration, Publication and Funding
Profiles of One Researcher (section 5.1.1)

Co-PI Network
This is a so called

. thew Palakal
ego-centric network, L R

i.e., almost complete

Snahasis Wusopadhyay Node Size & Color
Total Award Money
data is available and

Staghan Lkzo

shown for exactly 3527728
one ego. The funding
records for all other s 604es0
. 11890
people in the network —
; ? 3527728 11890
are most likely : L
Kawin Boyack
incomplete.
Edge Size & Color
- Co- Ill\‘d;?-'l‘l\';’".l[l.‘d Awards
2
1
|
2 1
7 Santiage Sennail
¥ aet Laszlo Baabas
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Mapping Collaboration, Publication and Funding
Profiles of One Researcher (section 5.1.1)

Award Durations and Totals

For a summary of the grants themselves, with a visual representation of their award
amount, select the NSF csv file in the Data Manager and run ‘Vsualization > Temporal
> Horizontal Bar Graph’, entering the following parameters:

Il Horizontal Bar Graph |

Takes tabular data and generates PostScript for a harizontal bar graph.
Label |Title =l il
StartDate  |Start Date =l il
B
i|

Drake Format IMonth-Day-\"ear Date Format {U.5., e.g. 10/15/2010) j \.?jl

Cancel |

The generated postscript file can be viewed using Adobe Distiller or GhostViewer
(see Section 2.4 Saving Visualizations for Publication).

EndDate  |Expiration Date =l
~

Size By Awarded Amount ko Date
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Mapping Collaboration, Publication and Funding
Profiles of One Researcher (section 5.1.1)

Award Durations and Totals

Area size equals numerical
value, e.g,, award amount.

Text, e.g., title

Start date End date

SCI

2003 2004 2003

2006 2007 2008 2009 2010

Studying Four Major NetSci Researchers (ISI Data)
using Database (section 5.1.5)

Replicate Studies Using Database Support

Load *yoursci2directory*/ sampledata/ scientometrics/ isi/ FourNetS ciResearchers.isi’, using
‘File > Load instead of ‘File > Load and Clean 151 File'.

Run File > Load Into Database > 1.0ad IST File Into Database’. View the database
schema by right-clicking on the loaded database in the Data Manager and clicking

@y 7i e 2

Q2 5ciz Tool -10O] x|
Flle DataFreparation Preprocessing Analysis Modeling Wisualization Help

=] Cunsulel = O ||} pata Manager} =0

Primary investigatars are Katy Borner, Indiana University
tnd Kevin W, Boyack, SciTech Strategies Inc, The Sciz
ool was developed by Micah W, Linnemeier, Russel 1, J
Duhan, Patrick A. Phillps, Chintan Tank, and Joseph
Eiberstine. It uses the Cyberinfrastructure Shel g With. .
http://cishellorg) developed at the Rename
Ivberinfrastructure For Metwork Science Center
http://cns.slis.indiana.edu) at Indians University,
lany algorithm plugins were derived from the Metwork
orkbench Tool http:/ /nwb.slis.indiana.edu.

Discard

|
g

EJ schecer | =

Remave From List | [~ Remove completed automatically |
1| Algorithm Name Date
i | Load ISI File Into Datsbase  03/27/2010

V| Load... 03/27/2010
2
4

1 united Rotepod — =S -in

File Edit Faormat Wiew Help

IADDRESS  PK INTEGER, ADDRESS_CITY WVARCHAR, ADDRESS_COUMTF

IAUTHORS  AUTHORS_DOCUMENT_FK INTEGER, AUTHORS_PERSON_FK 1
AUTHORS_DOCUMENT_Fl ————- > DOCUMENT. P
AUTHORZ_PERSOMN_FK --——-— > PERSON. PK

[CITED_PATENTS ( CITED_PATENTS_DOCUMEMT_FK IMTEGER, CITED_F
CITED_PATENTS_DOCUMENT_FK ————= > DOCUMENT. PE
CITED_PATENTS_PATENT_FK ——--- > PATENT.PK

ICITED_REFERENCES ( CITED_REFERENCES_DOCUMENT_FK INTEGER, €
CITED_REFERENCES_DOCUMENT_FK ————=3> DOCUMEMT. PR

CITED_REFERENCES_REFEREMNCE_FR ————- > REFERENCE.FK
DOCUMENT ( PK INTESER, ABSTRACT_TEXT VARCHAR, ARTICLE_MUME
FIRST_AUTHOR_FK —---— > PERSON. PE
DOCUMENT _SOURCE_FK —-———- > SOURCE. PK
DOCUMENT _KEYWORDS ¢ DOCUMENT_KEYWORDS_DOCUMENT_FK INTEGER,
DOCUMENT _KEYWORDS_DOCUMENT _FK ————= > DOCUMENT. PR
DOCUMENT _KEYWORDS_KEYWORD_FK ————— > KEYWORD. PK
DOCUMENT _OCCURRENCES € DOCUMENT_OCCURRENCES_DOCUMENT_FK TIh
DOCUMENT _OCCURRENCES_DOCUMENT _FK ———-- = DOCUMENT. PK
DOCUMENT _OCCURRENCES_TISI_FILE_FK ———-- » ISI_FILES.PK

EDITORS ( EDITORS_DOCUMENT_FK INTEGER, EDITORS_PERSON_FK 1
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Studying Four Major NetSci Researchers (ISI Data)
using Database (section 5.1.5)

Replicate Studies Using Database Support — Unification

Run ‘Data Preparation > Database > 1ST > Merge Identical 151 People, followed by ‘Data
Preparation > Database > 151 > Merge Journals’ and ‘Data Preparation > Database > IST >
Match References to Papers’. Make sure to wait until each cleaning step is complete
before beginning the next one. Read red warnings.

W Sci Tool [E=8|ESE|E=D|
File Data Preparation Preprocessing  Analysis  Modeling  Wisualization  Help
B Console = O || ¥ Data Manager =8
21795 canonical farms, ’ - 4 E‘ WhistFourMetSciResearchers.isi

4 @ I8 Database From . AisivFourMetSciResearchers.isi
4 i@ with identical people merged
4 @@ with journals merged
w with references and papers matched

Successfully merged 84 entities into other entities, leaving
2083 entities in the database.

8 Windows Task Manager (===
Fie Options View Help
B Scheduler applications | Processes | Services | Performance | metworking [ Users

n . CPU Usage (CPU Usage Histary
Rermave From List| [ Rernowve completed automati

! Algorithm Mame Date
| hdatch Referencesto Pa.,  03/28/2010
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Studying Four Major NetSci Researchers (ISI Data)
using Database (section 5.1.5)
Using Database Support — Extract Basic Properties
Run ‘Data Preparation > Database > 1ST > Extract Authors’ and right-click on the
resulting table to view all the authors from FourNetSciResearchers.isi. The table also
has columns with information on how many papers each person in the dataset
authored, their Global Citation Count (how many times they have been cited
according to ISI), and their Local Citation Count (how many times they were cited in
the current dataset).
A [ B [ ¢ | o | E | F s | H | 1 | J | K

|1 |UNSPLIT_NAME  PAPERS_ GLOBAL_{LOCAL_CI ADDITION, FAMILY_NAME FIRST N FULL_NANMIDDLE Il PERSONAL NAME

| 2 |Barthelemy, M 9 454 12 Barthelerny I

| 3 |Barrat, A 13 A80 14 Barrat A

| 4 |Pastor-gatarras, R 24 1763 48 Pastar-satarras R

| 5 |Wespignani, A 10 36N 213 “espignani A

| B [¥Waszerman, S 32 674 109 Wiasserman a2

| 7 |Daruka, | 7 352 11 Daruka |

| 8 |Makeev, MA g 198 19 Makeey I A

| 9 |Sidaretti, 3 1 1 1 Sidaretti a2

| 10 |lacobucci, D 4] 115 33 lacobucci ]

11 [Wazguez, A 10 620 a Wazguez A

|12 |Oliveira, JG 2 20 1] Oliveira il G

| 13 |Farkas, | 3 47 1 Farkas |

|14 |Jeang, H 17 4160 143 Jeang H

15 | Oltvai, 7N 7 29! &5 Oltvai z N

|16 [Cuema, R 2 27 11 Cuerna R

| 17 |Dobrin, R 2 85 2 Dobrin R

18 |Beg, QK 1 1 0 Beg Q K

19 | Pudavkin, Al 5 32 B Pudavkin A | 38




Studying Four Major NetSci Researchers (ISI Data)
using Database (section 5.1.5)

Using Database Support — Records over time

Aggregate data by year by running ‘Data Preparation > Database > 151 > Extract Authors >
Extract Longitudinal Study.” Result is a table which lists metrics for every year mentioned in the
dataset. The longitudinal study table contains the volume of documents and references
published per year, as well as the total amount of references made, the amount of distinct
references, distinct authors, distinct sources, and distinct keywords per year.

F1 - & DISTINCT_AUTHORS
| A | B | C | D | E | F | 6 | H | 1 [ 4 | K | L
A ¥R DOCUMENTS_|REFERENCES FTOTAL_REFERIDISTINCT _RERDISTINCT AUIDISTINCT |DISTINCT_DISTINCT_DISTINCT_OTHER_KEYWOF
83| 1995 19 153 672 477 32 9 0 57 0
84 | 1996 14 148 430 401 23 9 3 62 0
85 | 1997 13 179 343 289 16 B 4 49 0
6 | 1995 19 158 527 383 23 9 4 57 0
&7 | 1999 24 176 757 550 39 1 18 94 0
B8 | 2000 19 191 G&0 455 2B 9 13 57 0
85 | 2001 28 192 706 497 44 13 13 ois] 0
90| 2002 21 186 770 542 44 1 12 61 0
= 2003 21 144 474 358 a1 15 g 62 0
82| 2004 23 94 723 471 34 12 14 65 0
==l 2005 20 24 542 406 25 13 20 49 0
=2y 2006 3 1 100 94 ] 3 3 17 0
95 2007 1 0 12 12 1 1 1 2 0
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Studying Four Major NetSci Researchers (ISI Data)
s using Database (section 5.1.5)

Using Database Support — Records over time

Aggregate data by year by running ‘Data Preparation > Database > 151 > Exctract Authors >
Extract Longitudinal Study.” Result is a table which lists metrics for every year mentioned in the
dataset. The longitudinal study table contains the volume of documents and references
published per year, as well as the total amount of references made, the amount of distinct
references, distinct authors, distinct sources, and distinct keywords per year.

900
——DOCUMENTS_PUBLISHED
800 -
200 A ——REFERENCES_PUBLISHED
600 ——TOTAL_REFERENCES_MADE
500 ———DISTINCT REFERENCES_MADE
400 =
——DISTINCT_AUTHORS
300 i -
200 ——DISTINCT_SOURCES
100 DISTINCT_AUTHOR_KEYWORDS
O - ——— g DISTINCT_ISI_KEYWORDS
PSRRI TRRIBERLID AL D
AR A S R S P - - S SN =R A = e DISTINCT _OTHER _KEYWORDS
=~ =~ =~ =~ ~ ~ ~ =~ =~ =~ &~ ~ o ~Ao ~A o o A ™~ - -

40




Studying Four Major NetSci Researchers (ISI Data)
using Database (section 5.1.5)

Using Database Support — Burst Analysis for References

The queries can also output data specifically tailored for the burst detection
algorithm (see Section 4.6.1 Burst Detection). Run ‘Data Preparation > Database >
IST > Exctract Authors > Extract References by Year for Burst Detection’ on the cleaned
database followed by “Analysis > Topical > Burst Detection’ with parameters on left and
then run ‘Visualize > Temporal > Horigontal Bar Graph’ with parameters on right.

x| Watch those red warnings!

Perform Burst Detection on time-seties bextual data, x|

Gamma IID— il Takes tabular data and generates PostScript for a harizantal bar graph.

General Ratio IZU— il Label IWord j il

FistRato  |z0 | il Start Date [start =l il

Bursting States ll— il End Date IEnd j il

Date Column Ih il Size By |Strength ﬂ il

oo 0 | il Date Format |Month-Day-Year Date Format {U1.5., .q. 10{31/2010) | il

Text Calumn lm il ‘ear Label Font Size IZD.D il

Text Separator |||— il Bar Label Font Size | 20.0] il
Eancell Cancel
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348 PM EDT

eftmnor) manmen bt el 1

Diare el =
Tegust

tata: B

analyins [Year

Horizontal Bar Graph for masimum busst level 1

Dare Format Column: Moak-Dar-Yeu Diate Fonms
Year Label Font Size: 30,0
Biar Label Foas Sizes 20.0

Open HBG4NetSci.pdf

Cylermfmstnsceurs fie Netwerk Seence Creser (209 Hemizoneal Bur Geaph, Trdins Universty, bine (doci gie i
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e Studying Four Major NetSci Researchers (ISI Data)
| using Database (section 5.1.5)

Using Database Support — Burst Analysis Result

Wasserman 5, 1986, BRIT | MATH STAT PSY, V39, F
Wasserman S, 1987, PSYCHOMETRIKA, V52,
Wasserman 5, 1985, | MATH PSYCHOL, V29, P406
Fienberg SE, 1985, ] AM STAT ASSOC, V80, P'51
Wasserman S, 1984, SOC NETWORKS, Vo, P177
Holland PW, 1981, ] AM STAT ASSOC, V76, P33
Holland PW', 1983, SOC NETWORKS, V5, P109
Fienberg SE, 1981, SOCIOLOGICAL METHODO
Meyver MM, 1982, ANN STATIS, V10, P1172
Fienberg SE, 1980, ANAL CROSS CLASSIFIE
Bashop YMAIL, 1975, DISCRETE MULTIVARIAT
White HC, 1976, AM | SOCIOL, V&1, P730

Guartield E, 1977, CURR CONTEN'TS, P5

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
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=i Topic Mapping: UCSD Science Map

ch & practice

Science Map via Journals for FourNetSciResearchers.isi

314 joumal references matched out of 361 found.

These 314 references are associated with 13 of 13 diseiplines of science and 255 of 554 research specialties in the UCSD Map of Science.

Copraght (c) 2008 The Rageets of the Usirecry of Cabfocnia

JournalsScienceMap-FourNetSciResearchers.pdf

5| Science Map ==

Locate the journals from a table on the UCSD Map of Science

Journal column Journal Mame (fbbreviated) ']
Dataset display name  FourMetSciResearchers.isi
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RN Biomedical Funding Profile of NSF (NSF Data)

BREL cifpce orlcience

TR (section 5.2.4)

MedicalAndHealth.nsf

Time frame: | 2003-2010

Region(s): | Miscellaneous

Topical Area(s): | Biomedical

Analysis Type(s): | NSF Organization-Program Network

What organizations and programs at the National Science Foundation support
projects that deal with medical and health related topics? Data was downloaded from
the NSF Awards Search SIRE (http://www.nsf.cov/awardsearch) on Nov 23rd, 2009,
using the query “medical AND health” in the title, abstract, and awards field, with
“Active awards only” checked (see section 4.2.2.1 NSF Award Search for data
retrieval details).

45

. Biomedical Funding Profile of NSF (NSF Data)
:";“;‘“"‘;5‘“ (section 5.2.4)

A tool far

Lid Hgtory
Using NSF Awards Search: KR o s e e
http://www.nsf.gov/awardsearch el T ] U ij&.ng
download relevant NSF awards that R National Science Foundation ILQ
have “medical” AND “health” e e e

in title, abstract, and awards. Award Search Sarul Commants | Amar tasmch Halp
Active awards only. i ——— —

it The tct Bl Balow ‘Semrch Amard For' daneching e titln, sbatract, and awied enber finkd.

Seaech Amard Forr  Fredmr s omew
Number of awards: 283 awards St i o

A amardes Information

Total awarded amount to date:

Pringipal Tnvnstigatar

$152,015,288 | Pitaskon |
Hint: Ina.q:mq: P rﬂl!ll ity Elswar taarchas,
. Draanization: I Organization Loskup. I
Retrieved on Oct 18, 2009 — =
2P rade —
Country: I |

Himt: Historical dats i from prior to 1976, This data may not be as complets as recant dats.
Historical Awards: [
Active Amards Only: R
Expired Anards Onlv: [
Search | Reser |

. . 7
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Biomedical Funding Profile
(section 5.2.4)

Horizontal Bargraph
Area size equals numerical
value, e.g,, award amount.
Text, e.g., title

Start date End date

Top-10 grants with highest $Awarded to Date:

Title NSF Org. Program(s) Pl State  Organization $ Awarded to Date
University of Newhexico/Harvard PREM: Leadership in Bi DMR PREMIMATERIAL: Lopez, Gabriel R University of Mew Mexico 2037 500
TC: Large: Trustworthy Information Systems for Healthcare CNS TRUSTWORTHY CKotz, David MH Dartmouth College 2,999 599
|IGERT- Manomedical Science and Technology DisE IINMGERT FULL PF Sridhar, Srinivas M, Mortheastern University 3323891
IGERT. Bio-Applications of Membrane Science and Techr DiGE HUrMAN RESOUR! Fried, Joel OH University of Cincinnati Main Campu 3644 410
Pacific Research Center for Marine Biomedicine QcE CHEMICAL OCEA Laws, Edward HI University of Hawaii 3816943
Pacific Morthwest Center for Oceans and Human Health  QOCE CHEMICAL OCEA Faustman, Elaine WA University of Washington 4 026 953
A Proposal to Continue A National Data Program for the SSES ISCIEMCE & ENG Smith, Tom IL Mational Opinion Research Center 5835140
A Proposal to Continue "4 National Data Program for the $5ES ISCIEMNCE & EM(Davis, James IL Mational Opinion Research Center 10053 BE2
NSEC: The Center for High-rate Nanomanufacturing (CHN) EEC Studies of Policy SBusnaina, Ahmed  MA Mortheastern University 13,047 758
Engineering Research Center (ERC) on Mid-Infrared Techn EEC COLLABORATIVE Gmachl, Claire M Princeton University 13681 294

Biomedical Funding Profile
(section 5.2.4)




"W Biomedical Funding Profile of NSF (NSF Data)
(section 5.2.4)

b cifpce of hoience

Bimodal Network of NSF Organization to Program(s)

Extract Directed Network was selected.

Source Column: NSF Otrganization R ®DNR
Text Delimiter: |
Target Column: Program(s) S[Ed ®CMnl

Nodes: 167 e LY

Tsolated nodes: 0 P ) N \/ At

Edges: 177 * . @ — FhCE
. - GBET @
No parallel edges were discovered. . BEC

. . MCB
Did not detect any edge attributes !

@0us, -
This network does not seem to be a valued network. i £ S0 .
- . . . OISE £
Density (disregarding weights): 0.00638 ° . .
@ses - eDuE
(. .
®ECCS
{41
WARC
- *OCE M.‘\JGF‘. RESEARCH INSTRUMENTATIONEE 1=Te:]
o . .
sCHE " X A\ e 3 oEF
®cris . faat
“ 1 aPHY
L)
E
eDBI SANT

®CCF

&GED
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Measuring (Input/Output) Interdisciplinarity

tarch & practice

Can be measured based on Can be visualized as

» Title, abstract or full proposal text » Tables with cluster assignments.
using simple text analysis or » 'TopicMaps—rvisual groupings of
linguistic techniques. Difficult across awards that are similar.
disciplinary boundaries as writing styles > Science Map overlays, sce below

and word usage are very different. and next slide.

» Proposal references (cited base
knowledge) using RefMapper.

reference_1.pdf : 31 out of 31

» Keywords provided by investigators,

e.g., for CDI proposals. o 1 w Cap

» Background/departments/publications o -
/ptior funding of PI/Co-Pls—
requires unique people IDs and resume reference_4.pdr : 12 out of 18
like information. VIVO might help
here (http://vivoweb.org). 0 o

» Publications and other results reported
in NSF progress reports.
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Reference Mapper

Diubon & Borner, forthcoming.

(a) Overview

(b) Visual Index

Date and input directory —

Basic counts —|

Overlay of all matched —

joumal I'EFETEHCES me

all PDF files on

554 scientific disciplines (nodes)
in UCSD Map of Science

Circle size denotes # references

Listing of all references | =

grouped by 13 science areas

Bt Rt

——— For each PDF file:
Basic counts and thumbnail
science map

Max 18 per page

(R

P

e

(d) Top-10 Most Similar

For each PDF file:

Overlay of all matched
journal references on 1

554 seientific fields (nodes)

in UCSD Map of Science

Circle size denotes # references
Colors and of

g 8 0 S bt -

| — Top-n most similar PDF filas
identified based on journal
name Co=ocCcurrences

The similarity of each PDF
file to itselfis 1

selence areas that are cited

Alphabetic listing of cited —|
journals and # of times cited

Overlay of matched journal
references from all above
listed PDF files on UCSD Map
of Science and grouping by
— 13 sclence areas
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CYbermﬁ-a PP —

Ctll,reﬂ .

Provided by the Cyvberinfrastructure for Network Science Center at Indiana University.

Introduction
E. 0. Wilson writes in Consiience: The Unity of Knowledge (1998): “Features that distinguish science from
are ¥, econemy, euristics, and consilience.”

Please see Brner's recent presentation at the 4 Deeper Look at the Visualization of Scientific Discovery NSF
Workshep for a general intreduction of the needs and the resources provided here.

Needs Analysis

As part of the “TLS: Towards a Macroscope for Science Policy Decision Making” NSF SBE-0738111
award, interviews with science policy makers are conducted to identify what ‘science of science’ research
results and tools might be most desirable and effective. So far, 30 formal, one-hour interviews have been
conducted with science policy makers at university campus level, program officer level, and division
director level for governmental, state, and private foundations. Data compilation will start in October
2008 and resulting report can be ordered by sending a request to Mark Price (maaprice@indiana.edu).

Conceptualization of Science

A ‘science of science’ requires a theoretically grounded and practically useful conceptualization of the
structure and evolution of science. A special journal issue entitled “Science of Scienc
Conceptualizations and Models of Science” edited by Katv Bérner, Indiana University & Andrea
Scharnhorst, Royal Netherlands Academy of Arts and Sciences invites contributions on this topic. It will
be published in the Journal of Informetries 3(1) in January 2009.

Scholarly Database

The Scholarly Database (SDB) at Indiana University aims to serve researchers and practitioners
interested in the analysis, medeling, and visualization of large-scale schelarly datasets. The database
currently provides access to over 2o million papers, patents and grants. Resulting datasets can be
downloaded in bulk. Register for free access at https://sdb.slis.indiana.edu/.

Cyberinfrastructures

The Scientometrics filling of the Network Workbench (NWB) Tool provides a unique distributed, shared
resources environment for large-scale network analysis, modeling, and visualization. Thomson
Scientific/IS1, Scopus and Google Scholar data, EndNote and Bibtex files, or NSF awards can be read and
diverse networks can be extracted and studied. Download User Manual with focus on Scientometrics.

http:/ /sci.slis.indiana.edu

52




CIs Developed and Served by CNS

: a0 Scholarly Database: 23 million scholarly records
http:/ /sdb.slis.indiana.edu

4» Information Visualization Cyberinfrastructure
: http:/ /iv.slis.indiana.edu

s Network Workbench Tool + Community Wiki
http://nwb.slis.indiana.edu

¥ #l» Sci2 Tool and Science of Science CI Portal
http:/ /sci.slis.indiana.edu

Epidemics Cyberinfrastructure
*es http://epic.slis.indiana.edu/
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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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