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o - 1. Features of Science

E. O. Wilson in Consilience: The Unity of Knowledge (1998) writes:
“Features that distinguish science from pseudoscience are repeatability, economy, menuration,

heuristics, and consilience.”

For a true science of science (policy) this can be detailed as:

" Repeatability refers to the fact that any science analysis, model, or map can be rerun or
regenerated by a scholar other than the author. This requires that datasets are accessible and
documented in a way that they can be recompiled, software is made available or is
documented in sufficient detail so that it can be reimplemented and run with the exact same
parameter settings.

= FEconomy entails that results are presented in a form that is both simplest and most pleasing
not only for the expert but also for a general audience.

" Mensuration means properly measured, using universally accepted scales in an unambiguous
fashion.

" Heuristics — the best science stimulates further discovery.

" Consilience — those explanations and results that are consistent with each other are most likely
to survive.



, O 2. Detailed Needs Analysis

As part of

= TLS: Towards a Macroscope for Science Policy Decision Making. NSF SBE-
0738111 award (Katy Borner, Weixia Huang, Kevin W. Boyack).

that aims to design qualitatively new tools for science policy makers, we are conducting
interviews with science policy makers at different levels of the science enterprise to identify
what 'science of science' research results and tools might be most beneficial.

Each interview comprises a 40 min, audio-taped, informal discussion on specific information
needs, datasets and tools currently used, and information on what a 'dream tool' might look
and feel like. There is also a pre-interview questionnaire to acquire demographics and a post-
interview questionnaire to get your input on priorities.

Results of 30+ interviews should become available at the end of 2008.

But see also Paul Gemperline’s slides.



Identify ‘basic units’ of
science, their
‘interlinkages’, and
major static and
dynamic properties of
interest.

Define (ideally

operationalize) major
terms such as impact,
interdisciplinarity, etc.

What conceptual
description might best
represent sciencer See
also Special Issue of
Journal of Informetrics,

3(1), Jan 2009.

3. Conceptualization of Science / Terms & Definitions

Science of Science: Conceptualizations and Models of Science

Guest Editors: Katy Bomer, Indiana Umiversity & Andrea Scharnhorst, Royal Netherlands
Academy of Arts and Sciences

This special issue of the journal Informetrics aims to improve our understanding of the structure and
evolution of science by reviewing and advancing existing conceptualizations and models of scholarly
activity.

Existing conceptualizations and models of science have been created by scholars from very different
disciplines and backgrounds. They have the form of

+ philosophical concepts (Bernal, Kuhn, Popper),

= (utopian) stories (Wells, Lem),

= visual drawings (Otlet),

* empirical measurements (Price, Garfield), or

» mathematical theories (Goffman, Yablonski)
among others.

It is our belief that a theoretically grounded and practically useful shared conceptualization of science can
provide the intellectual framework to interlink and puzzle together the hundreds of science models in
existence today. This is analogous to how meteorologists or seismologists integrate rather different local
weather models or seismic hazard predictions into a global coherent model that has higher predictive value
and broader coverage. With this issue we aim to start an interdisciplinary discourse towards a science of
science models.

The design of such a conceptualization requires the identification of the

* Boundaries of the system or object.

+ Basic building blocks of science, e.g., units of analysis or key actors.

* Interactions of building blocks, e.g., via coupled networks.

» Basic mechanisms of growth and change.

+»  Existing laws (static and dynamic).
Ideally, the conceptualizations can be also presented in a visual form so that disciplinary and culfural
boundaries can be bridged more easily.



Conceptualizing Science

Hypothetical Model of the Evolution and Structure of Science, by Daniel Zeller
On display in 3rd iteration of exhibit.

Authors are mortal. Papers are immortal.
Densely knit communities. The importance of weak links.

Cumulative structure of science. The unknown is rendered as monster shaped voids.
Impact of funding on science (yellow).
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3. Conceptualization of Science / Terms & Definitions

Process of Analyzing and Mapping Knowledge Domains
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Birner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) 1V isualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual
Review of Information Science & Technology, 1 olume 37, Medford, NJ: Information Today, Inc./ American Society for

Information Science and Technology, chapter 5, pp. 179-255.



“From Data Silos to Wind Chimes”

Grants Patents Papers in Area A Papers in Area B
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Information Visualization laboratory.

Scholarly Enowledge o Citation Links —

Figure 1: The interoperability and cross linkage problem. Many but not all of today’s scholarly datasets,
e.g. papers, patents, grants, are stored and made available so that ‘vertical’ citation linkages can be
traversed. There are very few mstances i which datasets of different origin and/or type are ‘horizontally’
mterlinked.

DESIGN BY ELISHA HARDY

= Interlink creators, data, software/tools, publications, patents, IP, funding, etc.

= Create public databases that any scholar can use. Share the burden of data
cleaning and federation.



SCHOLARLY DATABAS
SDB : il Scholarly Database: Web Interface

Search across publications, patents, grants.

Download records and/or (evolving) co-author, paper-citation networks.

SDB | SCHOLARLY DATABASE

Select Database

[+ cos ["nNiH  ["nNsF [ uspAT [ MEDLINE [ PHYSREV

[~ PNAS

Last Name Middle Name First Name

Author(s) Ijames

Title: | e.g.Classifying DNA
Journal: | e.g.Journal of Biclogical
Sciences

Publication Range

From I 1995 | to|2005 ~| (default Year range is 1945-2005)
Submit | Reset

SDB | SCHOLARLY DATABASE

NIH (336 Matching Records)

1. JAMES, ERIC (2001) GLUCOCORTICOID RECEPTOR-MEDIATED CATARACT,

DESCRIPTION[Applicant’s Abstract) Cataracts are a serious risk to those undergoing steroid therapy,

restricting the efficacy of these . Steroid-i are posterior subcapsular,

frequently occlude the ¢ entral visual axis and often ._.

2. JAMES, GARTH (2001) THE USE OF BIOFILMS TO COUNTER BIOTERRORISM.

DESCHIPTION [Verhallm from Applu:anl s Abstract)The possibility that terrorists will contaminate public
water with ical agents, such as bacteria, viruses, or toxing, becomes greater every

day. Recent cases of intentional food c..

3. JAMES, JUDITH (2001} Fine specificity nl scleroderma autoantibodles.

DESCRIPTION [provided by applicant)Systemic sclerosis (scleroderma) is a disfiguring, multi-system

disease of unknnvn ellology wlm:h |5 chmlenzed by a broad spectrum of disease manif estations with

warying organ

4. JAMES, LAURA (2001) NOVEL THEH.AP\ES FOR AICEI'AMINOPHEN TOXICITY.

DESCRIPTION [adapted from the application] The long term goal of lllls award i |s lu develnp therapies,

based on new mechanistic data, that can be utilized in the tr the [APAP)

overdose patient. At therapeutlc doses, APAP is metab..

5. JAMES, LAURA (2001) NOVEL THERAPIES FOR ACEI'AMINOPHEN TOXICITY.

DESCRIPTION [adapted from the application) The long term goal of this award is to develop therapies,

vl

<< Prev 12345678910 Nexi>>

New Search | Refine Search | Download Records

Register for free access at https://sdb.slis.indiana.edu.
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Datasets available via the Scholarly Database (* future feature)

Scholarly Database: # Records & Years Covered

Dataset # Records Years Covered Updated Restricted
Access

Medline 13,149,741 1965-2005 Yes

PhysRev 398,005 1893-2006 Yes

PNAS 16,167 1997-2002 Yes

JCR 59,078 1974, 1979, 1984, Yes
1989 1994-2004

USPTO 3,179,930 1976-2004 Yes*

NSF 174,835 1985-2003 Yes*

NIH 1,043,804 1972-2002 Yes*

Total 18,021,560 1893-2006 4 3

Aim for comprehensive time, geospatial, and topic coverage.




Holdings of Scholarly Databases/Wikipedia, 1665 to 2006

Hpapers per publication year
Papers & Wikipedia Entries
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A Workbench for Network Scientists ( ; LOGIN 3

Dev Zone About

VN People Research Publications Community Download Documentation

Summary

Metwork Workbench: A Large-Scale Network Analysis, Modeling and Visualization
Toolkit for Biomedical, Social Science and Physics Research. This project will design,
evaluate, and operate a unique distributed, shared resources environment far [
large-scale network analysis, modeling, and visualization, named Network Workbench |~
(MWE). The erwvisioned data-code-computing resources environment will provide ..

fore

Hiowy to cite this project

Download Latest Release
Mote: save the download a3 jar

b’ | DOWNLOAD

News & Updates

+ 2.26.05 MWE Tool 0.9.0 Release

+ 130008 MAB Tool pre 0.9.0 +5 Release

1.28.058 RWE Flver Update (added supported file formsts "
: ot ( we g Windows XF

» 123085 pAE st Sunbeltt 05 (Poster

+ 1.22.05 MWE Flyer Update (novw beeo-sided!)
Get Invelved

« 12208 Mew Tutorials
+ Signup for MWE mailing lists

» 12205 pMAE Basic Tutorial Getting Started

+ Bung Tracking System

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

NDIANA UNIVERSITY

IU News Room
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Search | |

Mervesroom Home = Indiana University Media Relations = MNews Release
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Education

$1.2 million NIH project will help track and
Genera predict epidemics

Health & Medicine [ E-mail this page (=} Print this page

Lawe

— FOR IMMEDIATE RELEASE

Erwironmental Affairs

April 8, 2008
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Science
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.

Social Science

Q/ Technalogy

BLOOMINGTON, Ind. -- The National Institutes of Health has given $1.2
million to Indiana University researchers to build the ultimate international

epidernic research tool.

ultimedia

http://epic.slis.indiana.edu/




See https://nwb.slis.indiana.edu/community ~ July 1st, 2008

Algorithms Currently Available

Analysis Visualization

Preprocessing

Remove Nodes
Extract Top Modes
Extract Modes Above or Below Val
Delete High Degree Modes
Delete Random Modes
Delete Isolates
Remove Edges
Extract Top Edges
Extract Edges Above or Below Val
Remove Self Loops
Trim By DEQI’EEI
Pathfinder Metwork Scaling
Sampling
Snowball Sampling (n nodes)
MNode Sampling
Edge Sampling
Transformations
Symmetrize
Dichotomize
Multipartite Joining

Modeling

General
Random Graph
Watts-Strogatz Small World
Barabasi-Albert Scale-Free
Structured
CAN
Chord
Unstructured

Hypergrid
PEL

Other
TAEL

Discrete Metwork Dynamics

General Purpose
Network Analysis Toolkit?
Unweighted & Undirected
Based on degree/
MNode Degree
Mode Distribution
Based on clustering
k-Mearest Meighbor
Watts Strogatz Clustering Coefficle
Watts Strogatz Clustering Coefficle
Based on path
Diameter
Average Shortest Path
Shortest Path Distribution
MNode Betweenness Centrality
Based on components
Connected Components
Weak Component Clustering
K-Core
Extract K-Corel
Annotate K-Coreness?
Unweighted & Directed
Based on degree
Mode Indegree

MNode Qutdegree
Indegree Distribution

Outdegree Distribution
Based on local graph structure
k-Mearest Meighbor
Single Node In-Out Degree Correla
Unnamed Category?
Page Rank
Based on local graph structure :
Dyad Reciprocity?
Arc Reclgm-clgxl
Adjacency ‘i'ran.s.lth.rlg,:1

Based on components
Weak Compenent Clustering
Fxtract ﬂﬁrﬁ(‘fﬂr"ﬂ?—

Tools
GUESS
GnuPlot?
Predefined Positions Layout
Drl (WxOrd)
Pre-defined Positions (prefuse heta:1
Mowve
Circular
Tree Layouts
Radial Tree (prefuse alpha)
Radial Tree with Annotations (prefuse beta)®
Tree Map
Tree View
Balloon Graph {prefuse al[;ha!1
Metwork Layouts
Force Directed with Annotation (prefuse beta)
Kamada-Kawai (JUNG)
Fruchterman-Reingold (JUNG)

Fruchterman-Reingold with Annotation (prefuse beta)

Spring (JUNG

Small World {prefuse alpha)
Other Layouts

Parallel Coordinates (demal?

LaMet (k-Core Decomposition)

Scientometrics

Extract Network From Table
Extract Co-Authorship Network
Extract Co-Occurrence Metwork From Tablel
Extract Directed Network From Table?
Extract Network From Another Network

Extract Biblingraphic Coupling Similarity Metwork

Extract Co-Citation Similarity Netwark?
Cleaning

Remove ISI Duplicate Records

Detect Duplicate Nodes

Remove Rows With Multitudinous Fields?




'  O 6. Case Studies and Evaluation

Desirable Features

= Theoretically grounded
= Practically relevant

= Testable hypotheses

=  Well documented results

= Repeatable

Types of Studies
= Individual, local, global level

= Temporal, geospatial, semantic, network analysis

Result Presentation

= Textual, tabular, charts, geo maps, science maps, other reference systems



Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Bérner, Katy, Penumarthy, Shashikant, Meiss, Mark and Ke, Weimao. (2006)

Mapping the Diffusion of Scholarly Knowledge Among Major U.S. Research

Institutions. Scientometrics. 68(3), pp. 415-426.

Research questions:

1.

2. Does one still have to

StanfordU 4 =

Does space still matter U Calt &5

in the Internet age?

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

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

3. Does the Internet lead to more global citation

patterns, 1.e., more citation links between papers
produced at geographically distant research
instructions?

Contributions:

» Answerto Qs 1 + 2is YES.

» Answer to Qs 3 is NO.

> Novel approach to analyzing the dual role of

institutions as information producers and
consumers and to study and visualize the diffusion
of information among them.

log of number of institutions citing each other

Hohns Hopkins U

MT{
1} ." -

- 1986

Harvard U

® 1,505
01,772
O 2,098
@ 2,530
@ 3,040

10 10’
log of geographic distance

-1,771
-2,097
-2,529
-3,038
-4,172



Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEEE Infol”is Contest.
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M’lppl]ilg the Evolution of CD Authorql‘up Netwmrks
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Latest ‘Base Map’ of Science
Kevin W. Boyack, Katy Birner, & Richard Kiavans (2007). Mapping the Structure and Evolution of
Chemistry Research. 111h International Conference on Scientometrics and Informetrics. pp. 112-123.

» Uses combined SCI/SSCI
from 2002

Math
Law

aF
.
* 1.07M papers, 24.5M oty B scaistios AT o e
references, 7,300 journals . o
g e . . Economics T ) A
* Bibliographic coupling of Compsel s+ o Phys-Chem
. v
Papersi aggregated to Education .,:-""? . Vision % ppysics e 1: Chemistry
journals gy - —
.. . . . Psychology A
» Initial ordination and clustering L g @B N o
. . £ L - 1 j eoScience
of journals gave 671 clusters rvenay N o
. RV v
» Coupling counts were M oo, siocnen Trwer (IR Silow
reaggregated at the journal g Pacerials . N
cluster level to calculate the £ , . Microbiology
- s Plant
* (x,y) positions for each P g ancer |
. Disease & S e Animal
journal cluster Treatments e
) Virology ™4 ixInfectious Diseases

* by association, (X,y)
positions for each journal



Science map applications: Identifying core competency
Kevin W. Boyack, Katy Borner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)

+ +

Math
Law

@ Computer Tech

Policy . Statistics

Economics

Education
Psychology

Psychiatry

MRI /

rd _
é/ BioChem plology

Bio- ¥
Maggials
Microbiology

Plant
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Borner, & Richard Klavans (2007).

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

Funding Patterns of the National Institutes of Health (NIH)

Math
Law
) Computer Tech
Policy Statistics
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CompsSci
Phys-Chem
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N
- Visual Interfaces Mapping Knowledge Domains

7. Standards and Practices | oDita iraries e,

®  Which ones exist?

Relevant Scholarly Reviews/Issues

" Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge
Domains. In Blaise Cronin (Ed.), Annual Review of Information Science & Technology,
Medford, NJ: Information Today, Inc./American Society for Information Science and
Technology, Volume 37, Chapter 5, pp. 179-255.
http://ivl.slis.indiana.edu/km/pub/2003-borner-arist.pdf

=  Shiffrin, Richard M. and Borner, Katy (Eds.) (2004). Mapping Knowledge Domains.
Proceedings of the National Academy of Sciences of the United States of America,
101(Suppl_1). http://www.pnas.org/content/vol101/suppl 1/

" Borner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In
Blaise Cronin (Ed.), Annual Review of Information Science & Technology, Information
Today, Inc./American Society for Information Science and Technology, Medford, NJ,
Volume 41, Chapter 12, pp. 537-607. http://ivl.slis.indiana.edu/km/pub/2007-borner-

arist.pdf




| O . 8. Dissemination of Results

Advantages for Funding Agencies

=  Supports monitoring of (long-term) money flow and research developments, evaluation of
funding strategies for different programs, decisions on project durations, funding patterns.

Statf resources can be used for scientific program development, to identify areas for future
development, and the stimulation of new research areas.

Advantages for Researchers

Easy access to research results, relevant funding programs and their success rates, potential
collaborators, competitors, related projects/publications (research push).

= More time for research and teaching.

Advantages for Industry

= Fast and easy access to major results, experts, etc.

= Can influence the direction of research by entering information on needed technologies
(industry-pull).

Advantages for Publishers

= Unique interface to their data.

= Publicly funded development of databases and their interlinkage.

For Society

=  Dramatically improved access to scientific knowledge and expertise.



Cartography of the Physical and the Abstra
E:thiminuemﬁunum-ratm:uns Hmmmmmm
ﬂf&ﬂmhﬂiﬂnt updated regularly with new maps and explainations.

Compare & Contrast Maps Connect

The Places &
Spaces exhihbit has been created to
demonstrate the power of maps.

An initial theme of this exhibit is to compare and
contrast first maps of our entire planet with the
first maps of all of science as we know it.

Come see with your own eyes the extent to which maps can be employed to help make
sense of the flood of information we are confronted with and how domain maps can be used
to locate complex and beautiful information.

This online part of the exhibit provides links to a selected series of maps and their makers
along with detailed explanations of why these maps work. The physical counterpart supports
the close inspection of high quality reproductions for display at conferences and education
centers, It is meant to inspire cross-disciplinary discussion on how to best track and
communicate human activity and scientific progress on a global scale.

Placeg & Spa
Cartography of the
Physical ang Abstract

Places & Spaces: Mapping
Science

a science exhibit that introduces
people to maps of sciences,
their makers and users.

Exhibit Curators: Dr. Katy
Borner & Elisha F. Hardy




Mapping Science Exhibit — 10 Iterations in 10 years

The Power of Maps (2005)
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The Power of Reference Systems (2006)
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Science Maps for Economic Decision Makers (2008)
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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)

How to Lie with Science Maps (2014)

So far, the exhibit has been shown in 49 venues on four continents. It is currently on display at

- National Science Foundation, 10th Floor, 4201 Wilson Boulevard, Arlington, VA, permanent display.
- National Research Council in Ottawa, Canada, April 3-Aug. 29, 2008.

- National Science Library of the Chinese Academy of Sciences, Beijing, China, May 17-Now. 15, 2008.



Illuminated
Diagram Display

W. Bradford Paley,
Revin W. Boyack,
Richard Kalvans, and
Katy Borner (2007)
Mapping,
Lluminating, and
Interacting with
Science.

SIGGRAPH 2007,
San Diego, CA.

W. Bradford Paley

Scientific Mapmaker
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Scence | Indiana University Bloomington

Cyberinfrastructures Qutreach

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




