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The Changing Scientific Landscape

Star Scientist -> Research Teams: In former times, science was driven by key scientists. Today, science is driven
by effectively collaborating co-author teams often comprising expertise from multiple disciplines and several
geospatial locations (Bérner, Dall'Asta, Ke, & Vespignani, 2005; Shneiderman, 2008).

Users -> Contributors: Web 2.0 technologies empower anybody to contribute to Wikipedia and to exchange
images and videos via Fickr and YouTube. WikiSpecies, WikiProfessionals, or WikiProteins combine wiki and
semantic technology in support of real time community annotation of scientific datasets (Mons et al., 2008).

Cross-disciplinary: The best tools frequently borrow and synergistically combine methods and techniques from
different disciplines of science and empower interdisciplinary and/or international teams of researchers,
practitioners, or educators to fine-tune and interpret results collectively.

One Specimen -> Data Streams: Microscopes and telescopes were originally used to study one specimen at a
time. Today, many researchers must make sense of massive streams of multiple types of data with different
formats, dynamics, and origin.

Static Instrument -> Evolving Cyberinfrastructure (CI): The importance of hardware instruments that are
rather static and expensive decreases relative to software infrastructures that are highly flexible and
continuously evolving according to the needs of different sciences. Some of the most successful services and
tools are decentralized increasing scalability and fault tolerance.

Modularity: The design of software modules with well defined functionality that can be flexibly combined helps
reduce costs, makes it possible to have many contribute, and increases flexibility in tool development,
augmentation, and customization.

Standardization: Adoption of standards speeds up development as existing code can be leveraged. It helps pool
resources, supports interoperability, but also eases the migration from research code to production code and
hence the transfer of research results into industry applications and products.

Open data and open code: Lets anybody check, improve, or repurpose code and eases the replication of scientific
studies.

Just as the microscope empowered our naked eyes to see cells, microbes, and viruses
thereby advancing the progress of biology and medicine or the telescope opened our
minds to the immensity of the cosmos and has prepared mankind for the conquest of
space, macroscopes promise to help us cope with another infinite: the infinitely complex.
Macroscopes give us a ‘vision of the whole’ and help us ‘synthesize’. They let us detect
patterns, trends, outliers, and access details in the landscape of science. Instead of making
things larger or smaller, macroscopes let us observe what is at once too great, too slow, or
too complex for our eyes.




_ Desirable Features of Plug-and-Play Macroscopes
' l?._u_ g

Division of Labor: 1deally, labor is divided in a way that the expertise and skills of computer
scientists are utilized tor the design of standardized, modular, easy to maintain and extend “core
architecture”. Dataset and algorithm plugins, i.e., the “filling”, are initially provided by those that
care and know most about the data and developed the algorithms: the domain experts.

Ease of Use: As most plugin contributions and usage will come from non-computer scientists it must
be possible to contribute, share, and use new plugins without writing one line of code. Wizard-
driven integration of new algorithms and data sets by domain experts, sharing via email or online
sites, deploying plugins by adding them to the ‘plugin’ directory, and running them via a Menu
driven user interfaces (as used in Word processing systems or Web browsers) seems to work well.

Plugin Content and Interfaces: Should a plugin represent one algorithm or an entire tool? What
about data converters needed to make the output of one algorithm compatible with the input of
the next? Should those be part of the algorithm plugin or should they be packaged separately?

Supported (Central) Data Models: Some tools use a central data model to which all algorithms
conform, e.g., Cytoscape, see Related Work section. Other tools support many internal data
models and provide an extensive set of data converters, e.g., Network Workbench, see below.
The former often speeds up execution and visual rendering while the latter eases the integration
of new algorithms. In addition, most tools support an extensive set of input and output formats.

Core vs. Plugins: As will be shown, the “core architecture” and the “plugin filling” can be
implemented as sets of plugin bundles. Answers to questions such as: “Should the graphical user
interface (GUI), interface menu, scheduler, or data manager be part of the core or its filling?” will
depend on the type of tools and services to be delivered.

Supported Platforms: If the software is to be used via Web interfaces then Web services need to be

implemented. If a majority of domain experts prefers a stand-alone tool running on a specific
operating system then a different deployment is necessary.

Hubble telescope has cost a total of about $10
billion over its 20 years of operation. Ed Weiler,
HST space science chief, computed that this
"...equates to about two cents per week per

American taxpayer over 20 years" — a true bargain.
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Open Data and Open Code
Studying Individual, Local, and Global Flows and Activity Patterns

Design comprehensive databases that capture relevant data and
cyberinfrastructures that can be used to make sense of this data(stream).

Science studies can be conducted at different levels:
> local (individual),
> meso (local, e.g., one institute, one funding agency), or

> globallevel (all of science or world wide).

Using

> Statistical Analysis/Profiling

» Temporal Analysis (When)

> Geospatial Analysis (Whete)

» Topical Analysis (What)

» Network Analysis (With Whom?)

ClI for a Science of Science Studies

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

»&¢. Information Visualization Cyberinfrastructure
W% http://iv.slis.indiana.edu

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

‘._.'-:* Sci? Tool and Science of Science CI Portal
http:/ /sci.slis.indiana.edu

Epidemics Cyberinfrastructure
*es® http://epic.slis.indiana.edu/
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Network Workbench Tool
A large-scale network
analysis, modeling and
visualization toolkit for

Macroscope Design

Science of Science Tool
for science of science studies
at the individual, local, or
global level for temporal,

Epidemics Research Tool
An open computational
infrastructure for epidemics

research.

biomedical, social science and
physics research.

geospatial, semantic, or
network analysis and vis.

€ EpiC |
Vi

epic.slis.indiana.edu

sci.slis.indiana.edu

t

SClishell

1 OSGi

bttp:/ [ mwb.slis.indiana.edu bitp:

bttp:

Alliance

CIShell.org
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Joint Co- Authorship Neework

Sci? Tool
htp://sci.slis.indiana.edu

“Open Code for S&T Assessment”
Branded OSGi/CIShell based tool with NWB plugins

and many new plugins.
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Borner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micabh, Dubon, 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 1SS1 2009: 12th International Conference on Scientometrics and Informetrics, Rio de Janeiro,
Brazil, July 14-17 . 1ol. 2, pp. 619-630.




3 S Tool

File Preprocessing Modeling  Analysis [ Visualization | Scientometrics  Help

B Consale,
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 Mational 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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Rernawe From List | [ Rermowve cormpleted

GUESS
GruPlot

Radial Tree/Graph (prefuse alpha)

Radial Tree/Graph with Annotation (prefuse beta)
Tree Yiew (prefuse beta)

Tree kap {prefuse beta)

Force Directed with Annotation (prefuse beta)

Fruchterman-Reingold with &nnotation (prefuse beta)

Dl (WxOrd)
Specified (prefuse beta)

Horizontal Line Graph

Circular Hierarchy

Geo Map (circle annotations)

Geo Map (region coloring annotations)
Image Wiewer

Reftdapper

! Algorithm Name Date

VI Load and Clean IS File 094032009 00:15:05 AhA

Tirne % Conr

4 [

] Estract Co-Author Metw... 0970372004 00:15:20 A6 —
L _—
|

Circular Hierarchy

d|

Topic Mapping: UCSD Science Map

Journal locatons for FourNetSciResearchers.as

342 journal references matched out of 361 found.

These 342 references are associated with 13 of 13 disciplines of science and 238 of 534 research specialties in the UCSD Map of Science.

Earth Sciences

Copaight (¢) 25 Tiow Rapents of the Univsty of Cabfounia
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farch & practice

Sci? Tool: Supported Data Formats

Personal Bibliographies
»  Bibtex (.bib)

» Endnote Export Format (.enw)

Data Providers

» Web of Science by Thomson Scientific/Reuters (.isi)
»  Scopus by Elsevier (.scopus)
» Google Scholar (access via Publish or Perish save as CSV, Bibtex,

EndNote)

»  Awards Search by National Science Foundation (.nsf)

Scholarly Database (all text files are saved as .csv)
» Medline publications by National Library of Medicine
NIH funding awards by the National Institutes of Health

(NIH)

VY VY

(USPTO)

Y

NSF funding awards by the National Science Foundation (NSF)
U.S. patents by the United States Patent and Trademark Office

Medline papers — NIH Funding

Network Formats

> NWB (nwb)

> Pajek (.net)

»  GraphML (xml ot
.graphml)

>  XGMML (.xml)

Burst Analysis Format
» Burst (burst)

Other Formats
CSV (.csv)
Edgelist (.edge)
Pajek (.mat)
TreeML (.xml)

YVVVY
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farch & practice

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
Multipartite Joining

Geocoder

Extract ZIP Code

Modeling

Random Graph
Wiatts-Strogatz

Small World
Barabiési-Albert Scale-Free
TARL

Analysis
Network Analysis Toolkit (INAT)
Unweighted & Undirected

Node Degtee

Degree Distribution

K-Nearest Neighbor (Java)
Wiatts-Strogatz Clustering Coefficient
Watts 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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Sci? Tool: Algotithms cont.

See https://nwb.slis.indiana.edu/community

lirch & practice

Visualization Scientometrics
Extract K-Core GnuPlot Remove ISI Duplicate Records
A K-Corene GUESS Remove Rows with Multitudinous Fields
nnotate sS . .
Image Viewer Detect Duplicate Nodes
Update Network by Merging Nodes
HITS Radial Tree/Graph (prefuse alpha)
PageRank Radial Tree/Graph with Annotation Extract Directed Network
Weighted & Directed (prefuse beta) Extract Paper Citation Network
HITS Tree View (prefuse beta) Extract Author Paper Network
. Tree Map (prefuse beta)
Weighted PageRank Fotce Directed with Annotation Extract Co-Occurrence Network
(prefuse beta) Extract Word Co-Occurrence Network
Textual Fruchterman-Reingold with Annotation Extract Co-Author Network
Burst Detection (prefuse beta) Extract Reference Co-Occurrence
(Bibliographic Coupling) Network
DrL. (VxOrd)
Specified (prefuse beta) Extract Document Co-Citation Network

Horizontal Line Graph

Circular Hierarchy

Geo Map (Circle Annotation Style)

Geo Map (Colored-Region Annotation Style)

m« NWB=Sci2 Tool: Output Formats

NWB tool can be used for data conversion. Supported output formats comprise:

CSV (.CSV) Medline Co-authorship Network

>

>

» NWB (.nwb) Largest Component
» Pajek (.net)

> Pajek (.mat)

» GraphML (.xml or .graphml)

» XGMML (:xml)

» GUESS

Supports export of images into

common image file formats. | NedeSieandColorby
Betweenness Centrality
. 6,578,770
» Horizontal Bar Graphs ® ool
» saves out raster and ps files. il




Sample Study — NSF Funding of STEM
g

Department of §1352,500
: Transportation T
Using NSF Awards Search:
http://www.nsf.gov/awardsearch Departmentof | ¢ 54c 56

Agriculture
download relevant NSF awards

. Departmentof § . 0
that have “stem” and “education” Energy f **31000
in title, abstract, and awards. Departmentof [ .\ .o

Commerce o

Active awards only.
National Aeronautics &
Space Administration

Number of awards: 1,340 Department of Health
and Human Services

$23,000,000

§52,022,464
Total awarded amount to date:

$1,347.802,833 Department of §238,592,000
National Sdence
Retrieved on Oct 18, 2009 Foundation 24100

]
0 50 100 150 0 250
Federal K-12 STEM Education Program Funding in 2006
(in millions of dollars)

Federal K-12 STEM Education Program Funding in 2006
SOURCE: Department of Education, Report of the Academic Competitiveness Conncil, 2007

(3 HSF - Award Search - Search All Fields - Mazilla Firefox [E=nEcR|Ex=|

Eile Edit Wiew History Bookmarks Tools Help
@ - C 7 | http:/ fwsnear.nsf.goufaward search/fafSearch.da?Search Type=afSearch&page=4&Query Text="stem" +anc 7.7 = ' nsf awards search P

2 Maost Visited ¥ Getting Started 5 Latest Headlines

&vuze ‘[ - H> p Search = t\ What's Hot = Mz What's Mew - ? Featured ~ [@ For¥ou - !f Motifications =

S C——— 5
@ National Science Foundation e

| »

<
HOME | FUNDING | AWARDS | DISCOVERIES | NEWS | PUBLICATIONS | STATISTICS | ABOUT | FastLane _
.8
Award Search Send Comments | Award Search Help
| Awardee Information | Program Information Search All Free-Text Search All Fields More Options

Hint: The text field below 'Search Award For' searches the title, abstract, and award number fields.

Search Award For: "sterm’ and "education”

Restrict to Title only: [

/) Awardee Informat

principal mvestigator, S€ALCh for awards that have “stem” and “education”
ol in title, abstract, and awards.

Active awards only. Query run on 10,/18/2009.




@ MEF - Awvard Search - Search Al Fields - Mozilla Firefox o= =)
File Edit ‘iew History Bookmarks Tools Help

@ B C o \ http:d v nsf. owfawardsearch/fafSearch.do?SearchType=afSearchéipage =4&QuenText="ster" +anc 17+ |[G]* nsf awards search »
£ Most Visited P Getting Started 5, Latest Headlines

dvuze [
N C—

- (0 What'sHot - ¢ What's New - § Featured - @ For¥ou - B Motifications -

Back
Results are sorted by award date, with the most recent awards at the top. Clidk on a column heading to re-sort the results.

The up/down arrows at the right of each column title control whether the sort is ascending or descending.

To view the abstract, click on the award number or title, Click on the data in other columns to perform a new search with that parameter.

m,

Refine Search

ibEElUE N E G Eifound, displaying 1 to 50.
[First/Prev] 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 [Next/Last]

Award NSF Principal
Title Program(s) Start Date + State < Organization
Number Organization Investigator

Self-Efficacy and Student

Characteristics as

Predictors of Success for
0941971 Supplemental Instruction DUE

CClI-Phase 1

Exploratory), Texas State U
S-STEM:SCHLR SCI B L Marcos

Im

Top-10 Projects with highest Award Amount to Date

Title NSF Org Program(s) Pl State Organization $ Awarded to Date
Mext Generation Biometrics: Achieving Strength in Molecul: EPS RESEARCH INFRASTRUCTURE Paul Hill W Higher Education Policy Commission 10,799,803
UMBC-BCPS STEM Project DUE Teaching & Mstr Tchng Fellows|| Anne Spence MD University of Maryland Baltimore County 11410713
MRSEC: MREEC on Manostructured Interfaces DMR MATERIALS RSCH 5C1 & ENG |Juan De Pablo W University of Wisconsin-Madison 11,694 150
Spatial Intelligence and Learning Center (SILC) SBE II1SLC ACTMITIES|ISCIENCE O|Mara Newcombe % Ternple University 12 578 415
Project Pathways: Opening Routes to Math & Science Suc DUE Teaching & Mstr Tehng Fellows| Marilyn Carlson AZ Avizona State University 13,392,614
MCLT: A Center to Develop Manoscale Science and Engine DRL MNANO CTR FOR LEARN & TEAR. P. H. Chang L Morthwestern University 15 988,084
Enabling a Giant Segmented Mirror Telescope for the Unite AST MID-SCALE INSTRUMENTATIONWilliarm Srmith DC  AURA/Mational Optical Astronomy Obse 18,000,000
Support of Synchrotron Radiation Center Operations DMR MPS DMR INSTRUMEMTATION Martin Cadwallader W1 University of Wisconsin-Madison 19 526,500
TeraGrid Extension: Bridging to XD ocl ETF lan Foster IL University of Chicago 30,207 358
System-Wide Change for All Leamers and Educators DUE Teaching & Mstr Tchng Fellows|| Terrence Millar W University of Wisconsin-Madison 35,900,000

1340 Funded Projects
Horizontal Bar Graphs

Horizontal Line Graph was selected.
Input Parameters:

Start Date: Start Date
Size By: Awarded
Label: Titl
e: Expiration Date

Start date End date

nt to Date




1,340 Funded Projects
Geographic Maps

Geocoder was selected.

Input Parameters:

Place Name Column: Organization State

Place Type: STATE

Geo Map (Circle Annotation Style) was selected.
Input Parameters:

Longitude: Longitude

Size Circles By: Awarded Amount to Date

Color Circle Exteriors By: Awarded Amount to Date
Color Circle Interiors By: None (no inner color)
Exterior Color Scaling: Linear

Exterior Color Range: Green to Red

Interior Color Range: Green to Red

Size Scaling: Linear

Projection: Albers Equal-Area Conic

Map: US States @
Author Name: K. Borner

Interior Color Scaling: Linear

Latitude: Latitude

Geo Map (Circle Annotation Style)
Albers Equal-Area Conie Projection
Oct 18,2009 | 11:34:57 AM

K. Borner

[ o Mags el ki)

e, and

ach dimersi con e ko sl belire geocessing

e [T | |

Latiude Lattude '_:’I

Size e By 'Wﬂj

i g [ — ]
:wnwtnmwlm'ﬂ

(o) , o
(o] e

Exterior Color (Linear) Area (Linear)
Awarded Amount to Date Awarded Amount to Date
0 17,950,000 35,000,000

o
17,950,000
35,900,000

What Co-PI Networks Exist?

Extract Directed Network was selected.
Input Parameters:

Source Column: Principal Investigator
Text Delimiter: |

Target Column: Co-PI Name(s)
Network Analysis Toolkit (NAT) was selected.
Nodes: 3225

Isolated nodes: 276

Edges: 2265

Average total degree: 1.4047

Average in degree: 0.7023

Average out degree: 0.7023

Weak Component Clustering was selected.
Number of top clusters: 10

722 clusters found, generating graphs

for the top 10 clusters.

Giant component has 39 nodes
Next largest networks have 35, 17, 16 nodes

N sGay Stewant w
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" +Bhaik Jeslani ..

S Michels Wheatly

Timothy Muys’s‘eau“ :
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Co-PI Networks — Giant Component

Nodes = investigators
Size and color coded by number of collaborators (degree)

Directed edges from PI to Co-PI

o Harvey Segur
o Anne Dougherty

a William Klemm OMary Melson
o.James Lindner

oG, Allen
.Lar Johnson
Y OJames Curry
odames Kracht a Ernest Chavez
a Richard McCray
@) ) oWiliamWood o Derek Briggs
Rick Miranda o Larrie Shepard o
oTamara Ticktin
O'Peter Dorhout OErian Argrow a Steven Pollock
oMark Hernandez . Valerie Otero oKent Bridges
o Hector Carrasco .Philip DiStefano @ aii .Will McClatchey
) Dﬂm Wehhb
oTodd Gleeson o Michael Ky mikowsl

a My Lien Mguyen

.Noah Finkelstein
Onndrea Beach

O wWendell Potter

.Charles Henderson oG .Thomas Sallee
O akira Miyake
oR. SamLarson
o Melissa Dancy a Tiffany Ito
o Geoffrey Cohen

What Projects Fund Which PIs?

Extract Directed Network was selected.
Input Parameters:

Source Column: Title

Text Delimiter: |

Target Column: Principal Investigator

Network Analysis Toolkit (NAT) was selec
Nodes: 2478

Isolated nodes: 0

Edges: 1337

Average total degree: 1.0791

Average in degree: 0.5395

Average out degree: 0.5395

This graph is not weakly connected.
There are 1144 weakly connected compo
The largest connected component consis
Density (disregarding weights): 0.0002

® Award
® PI




What Projects Fund Which PIs - Zoom
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What Programs at NSF are Co-Funding STEM?
Extract Co-Occurrence Network was selected.
Input Parameters:
Text Delimiter: |
Column Name: Program(s) ° ., °
L]
.......... PR
Node Degree was selected. . e o o o
.......... . ' o, e o o o
Network Analysis Toolkit (NAT) was selected. PRLE e
Nodes: 226 0, 08 e, @ . o8 s 0 0.
Isolated nodes: 71 .c: 0%, o 3 - s s o o »
Edges: 483 !_. L == e N SR
H 0w, ¥ 9 o * e
No self loops were discovered. IS D . .
Average degree: 4.2743 - AT e A
Density (disregarding weights): 0.019 . '- °% op° F " S M asiede
.......... o L3 ¥ AN ¢ * & o @
GUESS ¢ y '.. e & & & @
Weak Component Clustering was selected. s ° ¢ e
79 clusters found T ® ¢ o o o
---------- e ® e @
Network Analysis Toolkit (NAT) was selected. .y
Nodes: 135 . . . . e . e o o
Isolated nodes: 0 . L . . .
Edges: 467 - * b ..
No self loops were discovered. . hd
Average degree: 6.9185 e o6 6 6 6 6 o o o

Density (disregarding weights): 0.0516




What Programs at NSF are Co-Funding STEM — Giant Component
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What Organizations are funded by what NSF Programs?

Extract Directed Network was selected. 1 .:
Input Parameters: ° *s
Source Column: Organization e
Text Delimiter: | . 4

Target Column: Program(s)

Network Analysis Toolkit (NAT) was selected.

Nodes: 794 &
Isolated nodes: 1

Edges: 1592

Average total degree: 4.0101

Average in degree: 2.005

Average out degree: 2.005

The largest connected component consists of 777 nodes.
Density (disregarding weights): 0.0025

O Organization
® NSF Program




What Organizations are funded by what NSF Programs?
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PORTAL

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

Introduction

E.0. Wilson writes in Consilience: The Unity of Knowledge (1998): “Features that distinguish science from
pse arer bility, economy, euristice, and consilience.”

Please see Birner's recent presentation at the A Deeper Look at the Visualization of Seientific Discovery NSE
Workshop for a general introduction 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).

Conceptua].izalicm 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 Science:
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 (NWE) Tool provides a unique distributed, shared
resources environment for larze-scale network analysis, modeling, and visualization. Thomson
Scientific/ISI, 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

Overview

1. Plug-and-Play Macroscopes

2. Sci2 Tool Introduction and Demos
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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

VxOrd/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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Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global

Statistical
Analysis/Profiling

Temporal Analysis
(When)

Geospatial Analysis
(Where)

(10,000 < records)

3 = Mgy o ¥
Topical Analysis e A ’}r B
(What) = - e
Network Analysis e :
(With Whom?) % %n g
s .‘; - .. “?&_‘ et -
: A

44




Bloomington

&o

Fort Wayne

Mapping Indiana’s Intellectual Space

Geospatial/Network Analysis
2001-2006, BioMed, IN Scope
Academic-Industry collaborations and knowledge diffusion

o @]
. Academic
New AC':"“"V O Industry
[ — Academic vs. Acaderic
(Byansville - —— Academic vs. Industry
O Industry ws. Industry
45
Mapping Topic Bursts Mepping Kovidge Do
RN CLONING receptors - . 5
gene expression regqulation o . .
Co_Word Space Of molecular weight .8 g =
. messengerdgenctics
the top 50 highly
frequent and bursty cultured o / inhibition
. polymeraze chain reaction "_“:-' transfection
words used in the , CEro—
o .ac:tivation ‘M@ 93 bl
zequence homology
tOp 10 /O most rectiction mapping A

highly cited PNAS
publications in
1982-2001.

Mane & Birner. (2004)
PNAS, 101 Suppl. 1):
5287-5290.

Temporal/Topical Analysis
1982-2001, US, PNAS (BioMed) Scope

Topic evolution and bursts

rucleic acid

growith-factar

g5
base sequence

Color Code

82-85

86 -89

e 90 - 93

. - 97

. 0:- 01

circle size ~ burst weight

) cicle calar ~ burst onset
ring color ~ year of max word count

aniihg acid sequence

QENE EXpIEssion

years of 2nd and 3rd burst are given in color P




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. 4154264

Harvard U

Research questions: =i y

Stanford U .
4§ 1 e MIT

U Calif SF_g8 ' L J—
1 = Hohns Hopkins U
Mﬁf

1,505 - 1,771
1772-2.087
2,088 -2.529

. . Temporal/Geospatial Analysis 20-319
SRRl 1952-2001, US, PNAS (BioMed) Scope

quality research? e i
Citation impact and knowledge diffusion

1. Does space still matter

in the Internet age?

2. Does one still have to
study and work 2

institutions in org

3. Does the Internef
patterns, i.e., mo
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 , . A
of information among them. log of geographic distance 47

log of number of institutions citing
v
il

Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell ]. Dubon, Elisha F. Hardy, Katy Birner, Indiana University, USA
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. - Geospatial Analysis

World, Chinese Academy of Science

Collaboration and knowledge diffusion via co-author networks
This map highlights t
Sciences with locatio A2 2 ATOC JCODTA A
shows the research collaborations of all CAS institutes. Each smaller geographic map shows the
research collaborations by the CAS researchers in one province-level administrative division.
Collaborations between CAS researchers are not included in the data. On each map, locations
are colored on a logarithmic scale by the number of collaborations from red to yellow. The
darkest red is 3,395 collaborations by all of CAS with researchers in Beijing. Also, flow lines are
drawn from the location of focus to all locations collaborated with. The width of the flow line is
linearly proportional to the number of collaborations with the locations it goes to, with the
smallest flow lines representing one collaboration and the largest representing differing amounts
on each geographic map.
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Individual Co-PI Network
Ke & Birner, (2006)
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Temporal/Network Analys
2001-2006, US, Infolis Scope
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Mapping the Evolution of Co-Authorship Networks
Ke, Viisvanath & Birner, (2004) Won 15t price at the IEEE Infol”is Contest.

Taylor 2y Stonebraker Dantzich Thiel baal Heath
Chen .
Aiken Larson Lakow Fox
Faxson  Wisnowvsky  Laiday Robhins
Spalcing ch M Wake Awaraoch
Helerstarn unzner Czerwinski Hix
Konstan “Woodruff Guimnhbretiers France
Baldonaca Ercegowves
Bary Olston [y DeLine Seni Sehulman
Kuchinsky
Caills Chi Gossweiler Robertson Guyer MNowell
Riedl Hearst
) .
Mackinlay Diehl Masinter fork Tanasse
Shoop Schank
Fietzel Halvorsan Hetzler
Federsen Tenav Whitney
Lewis Chang Piralli Hawre
Badro Ptk oo
Fiao
Zhang Jerding ZEHWEQEV"garaShI Rushall
Stefik :
Lamping
Frice Stask  [EEMET Q’/J'Tankins Senn
Callahar
Burks
tAukherjea
Jones Lucas
®Brown Harrold Waissr ok Kolojechick
Botafogo dohnson Card Dunrmire
Cagan Serston Godstein Gomberg
Weiland
Firdlin Shneiderman Lot Chuah Matis Stroffaling
Bederson Wattenberg Jain Hao ot
° i Hermann Dayal
Furnas Rose Williamson Kerpedjiev
Hsu
Marth
Zhang ), Flaisant il \;‘Vldﬂﬂ Seidl Keim Derthick
u tas Ahlberg el Schneidewind Harrison
Kriegel
Doan
Zacks Tanin Norh  pance
Carr Beigel “Wistranc Berchtold Moore
Ankerst
Legend Node Color Code Edge Color Code
039 - . . .
Nodss ~ Authors 10.19 PO Mapping the Evolution of
Hode corer ~ amiar of chatong - S 20 29 oe-co Co-Authorship Networks
30-3 NN o1- Weimao Ke, Lalitha Visvanath & Katy Borner
Edges - relations 40- 49 N InfoVis Lab @ Indiana Umvers}s
Figy: el - Yasr af firsd cn-sutharship so- N sohyed vear: 1988 20




Mapping the Evolution of Co-Authorship Networks
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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? i 2‘./ A W ol gl \./

< el

Contributions: O e

¢ New approach to allocate citational
credit.

ENGOREHGES: Temporal/Network Analysis

* Visualization of th 1986-2004, US, Infol is Scope
co-author networ Impact of co-author relations

¢ Centrality measure
impact.

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

* Local, author-centered entropy measure.




113 Years of Physical Review

btip:/ [ scimaps.org/ dev/map _detail phpmap id=171

Bruce W. Herr II and Russell Dubon (Data Mining & Visualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Birner (Concept)

| 3Years of Physical Review

s Topical/Network Analysis
SmoT 1893-2006, World, Physics Scope
R Topic evolution, knowledge diffusion, Nobel predictions

Topical Composition and Knowledge Flow Patterns in Chemistry Research for
1974 and 2004
Revin W. Boyack, Katy Borner, & Richard Klavans (2007)

Chemistry - Biology Interface

1974 _ 3 . 2004 Chemistry, Polymer
¢ Wy Chemistry, Polymer K . o * *
Physical Chemistry N’ sty Folyme Physical Chemistr

/|

iy ) Chemistry, / : ("\,hc mistry,
. ¥ Analytical / ) \ Analytica

Temporal/Network Analysis

e " 1974-2004, US, NSE Chenistry Funding Scope

¥

Biochemistry

Biochemistry

W\
:' h \{11'[‘[]&}1!): | ! \r'll I'f)!‘il‘(’:
\__/ Plant Science 7 Plant Science

Number of papers by cluster Fraction of papers by cluster Knowledge flows cluster to cluster
40,000 Biology
20,000 Other Chemistry source recipient
10,000
J 5,000 Biochemistry cited ciring




Interactive Maps of Science — NIH Funding
Google maps with charts and tables

‘NIH - Visual Browser apna Labels: _On Search | Clear

tSjeening
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o’ Training Program.. PI. Loring, Jeanne
F

Topical/Network Analysis

. 2007, US, NIH Funding Scope
Placeniadl Formatian/Fu : . . - . . . .
e Mapping the main structure color coded by funding institute
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Gastric System
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RO1 & TTURC Project Information

160,

Mapping Transdisciplinary Tobacco Use Research o [ E— 77T TTURC S i 00k
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- ~ \ - b
. . . . X 100, ]
Compare RO1 investigator based funding with TTURC EN £ asimion
. . Z e e
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evolving co-author networks. Ul T sl v b \
. ) ) BT £ TTURC Centers _\
Zoss & Barner, forthcoming. S T o T 3
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Temporal/Network Analysis .
1998-2009, US, Tobacco Research Scope :
Comparing co-author networks with different funding

- 4 : .
'., wr o mite S aw o Paty - i e
- " =
NS = ° LB '-a-
=8 -~ oy W o)




Reference Mapper

Dubhon & Borner, forthcoming.

(a) Overview

(b) Visual Index

Date and input directory — =5

Basic counts

Overlay of all matched —|——

journal references from

all PDF files cn

554 scientific disciplines (nodes)
in UCSD Map of Science

Circle size denotes # references

Listing of all references
grouped by 13 science areas

For each PDF file: | -
Dverlay of all matched

Journal references on +——

554 seientific fields (nodes)
in UCSD Map of Science

Circle size denotes # references

Colors and names of
selence areas that are cited

Alphabetie listing of cited
joumals and # of times cited

Topical/Network Analysis
2009, US, NSF Funding

Grouping interdiciplinary funding proposals for review

——— For each PDF file:

Basic counts and thumbnail
science map

Max 18 per page

— ! Top-n most similar PDF fllas

identified based on journal
name co-cecurrences

Tha similarity of each PDF
file to itselfis 1

——— Owverlay of matched journal

references from all above
listed PDF files on UCSD Map
of Science and grouping by

| — 13 sclence areas 57

° 2 Mapping S&T Job Market Data in Real Time — GeoMap
" Awngela Zoss, Michael Conover

Data

Thousands of full-
text, location-
specific, time
stamped job
postings from

Nature Jobs and

Science Careers
RSS feeds. The
posts have been
parsed and stored
in a relational
MySQL database.

Jobs have been
geolocated on a
Google map.

Visualization of Job Postings
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Geographic Visualization

Here we have a i




Visualization of Job Postings

[Map of Science] [ Geographic]
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Postdoc at Harvard Medical School —
Link to Post

Harvard Medical School, Massachusetts
General Hospital, Gastrointestinal Unit,
Une Fost-doctaral Position Available

We are now looking for an additional
post-doctoral fellow who wants to
study in the area of cellular and
molecular mechanisms during the
development of inflammatory bowel
disease {ulcerative colitis and
Crohn&€™s disease). The successful
candidate will be involved in studies on
physiological functions of key molecules
(including Toll-like receptars and tumor
necrosis factor receptors) in colonic
epithelial cells/microbial interactions.

Candidates need to have MD, PhD,
MD/PhD, or equivalent degree(s) with
research training in the field of
immunology, pathology, microbiology,
biochemistry, and/or malecular biology.
Actual starting date will be July or
August 2009, An initial appointment will
be for 2 years, but the term can be
extended depending on the research
accomplishment, Salary will be
competitive and commensurate with
experience.

Massachusetts General Hospital is the
third oldest general hospital in the
United States and the oldest and
largest haospital in Mew England. The

=

The UCSD Map of

Science used here is
the product of a large
study by researchers at
the University of
California - San Diego
using 7.2 million
papers and over

16,000 separate

]ournals proceedings,

and series from

Thomson Scientific
and Scopus over the
five year period from

2001 to 2005.

Jobs were associated

Visualization of Job Postings

Mapping S&T Job Market Data in Real Time — SciMap
Angela Zoss, Michael Conover
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Mapping Science Exhibit — 10 Iterations in 10 years

e

Science Maps for Science Policy Makers (2009)

Science Maps for Scholars (2010)

Science Maps as Visual Interfaces to Digital Libraries (2011)
Science Maps for Kids (2012)

Science Forecasts (2013)

Telling Lies With Science Maps (2014)

Exhibit has been shown in 72 venues on four continents. Currently at
- NSE, 10th Floor, 4201 Wilson Boulevard, Atlington, VA
- Wallenberg Hall, Stanford Univers

- Center of Advanced European Studies and Research, Bonn, Germany

- Science Train, Germany.




1

Debut of 5% Iteration of Mapping Science Exhibit at MEDIA X was on May 18, 2009 at Wallenberg Hall,
Stanford University,

\\%\W
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

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




