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Type of Analysis vs. Level of Analysis

Micro/Individual Meso/Local Macro/Global
(1-100 records) (101-100,000 records) | (100,000 < 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 in | 113 Years of Physics
(When?) one individual 20-years of PNAS Research
Geospatial Analysis | Career trajectory of one | Mapping a states PNAS publications
(Where?) individual intellectual landscape
Topical Analysis Base knowledge from Knowledge flows in VxOrd/Topic maps of
(What?) which one grant draws. | Chemistry research NIH funding
Network Analysis NSF Co-PI network of Co-author network NIH’s core
(With Whom?) one individual competency
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Individual Co-PI Network

Ke & Borner. 2006.

... Mapping Indiana’s

Intellectual Space

Geospatial/Network Analysis

2001-2006, BioMed, IN Scope
Academic-Industry collaborations and

knowledge diffusion
- . Academic
New »;‘:'ua o Industry

-——-— Academic vs. Academic
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Mapping the Evolution of Co-Authorship Networks

Ke, Visvanath & Bérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Mapping the Evolution of Co-Authorship Networks

Ke, Visvanath & Bérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Studying the Emerging Global Brain: Analyzing and

Visualizing the Impact of Co-Authorship Teams
Bérner, Dall’Asta, Ke & Vespignani. 2005. Complexity 10 (4):58-67.

Research question:

¢ |s science driven by prolific single
experts or by high-impact co-
authorship teams?

Contributions:

e New approach to allocate citational
credit.

e Novel weighted g

e Visualization of t
co-author netwo

e Centrality measu
impact.

production and citations in correlation
with co-authorship team size over
time.

e Local, author-centered entropy
measure.

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

Research Institutions -
Bérner, Penumarthy, Meiss, & Ke. Ia
2006. “Mapping the Diffusion of Scholarly Knowledge Among Major by
U.S. Research Institutions.” Scientometrics 68 (3): 415-426. { 2N

\

Research questions:

Stanford U SR

1. Does space still matter uc
in the Internet age?

2. Does one still have to
study and work '
institutions in o
high-quality dat
high-quality resq:

3. Does the Intern
patterns—i.e., njiE i e
papers produced at geographically distant
research instructions?

Contributions:

» AnswertoQs1+2is YES.

» Answer to Qs 3 is NO.

» Novel approach to analyzing the dual role of
institutions as information producers and \ﬂ'( }}‘
consumers and to study and visualize the : . lf':f‘!-m”; ”
diffusion of information among them. log of geographic distance

w
b
=

1.505-1.771
1.772-2.007
2,088 - 2.528
2,530 - 3,038
3,040 - 4,172



113 Years of Physical Review

http://scimaps.org/dev/map detail.php?map id=171

Herr I, Duhon, Hardy, Penumarthy & Bérner.

| 13Years of Physical Review

EEUEEEEEE N P s

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

11
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Research Collaborations by the Chinese Academy of Sciences
Huang, Duhon, Hardy & Bérner
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Mapping Topic Bursts e
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gene expression regulation LS

Co-word space of Inclscudar weioht o o &

the top-50 most : messenger/genelics P Jps——
frequent and : ‘ b
q cultured | .il'hlbilo"r i
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bursty words used
in the top-10% 0.....
most highly cited
PNAS publications
in 1982-2001.

polymerase chain reaction transfection
93

sequence homology

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

nucielc acid binding
growth-factor

Color Code
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P in vitro teceptor I CC - 01

sequence circle size ~ burst weight
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years of 2nd and 3rd burst are given in colo 14




Map of Scientific Collaborations from 2005-2009

Olivier H. Beauchesne, 2011. Map of Scientific Collaborations from 2005-2009.

e | CLICKSTREAM MaP
: =] OF SCIENCE

This ks

ated from large

Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt, Ryan Chute, Marko A.
Rodriquez, Lyudmila Balakireva. 2008. A Clickstream Map of Science.




Language Communities
= of Twitter

B English
Portuguese
Spanish
Dutch
Russian
French
Italian
German
Turkish
Arabic
Swedish
Danish
Finnish
Catalan
Romanian
Norwegian
Lithuanian
Slovak
Czech
Greek
Hungarian
Polish
Slovenian
Albanian
Latvian
Galician
Hebrew
Croatian
Bulgarian

Language Communities of Twitter - Eric Fischer - 2012

Ward Shelley . 2011. History of Science Fiction.




Chemical Research & Developrrlen‘t The Council for Chemical
Powers the U.S. Innovation Engine |

FEDERAL
GOVERMMENT

-
$1 Billion "“
FEDERAL FUNDING

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

o)

$l B $I B +$5 B|II|0n $10 Billion

SARS >
b '.__',,' CHEMICAL INDUSTRY
OPERATING INCOME

20 YEARS

Research (CCR)

$8 Billion

TAXES

$40 Billion us.£coNomy

WN GNP w
600,000

JOBS CREATED

Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research.
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Places & Spaces at Northwestern University
May 14 - September 23, 2015

[lluminated Diagram Display
on display at the Smithsonian in DC.




Geographic Map: Where Science Gets Done

Ceographic Map: Where Science Gets Done
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Elinor Ostrom - Nobel Prize in Economic Sciences 2009

Born: 7 August 1933, New York. NY, USA

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

Prize motivation: “for her analysis of econOmic govemance, especially

the commons”

Field: Econcmic govemance

Contribution: Challenged the wisdom by afing how
local property can be successhully managed by local commons without any
reguiaton by central authorites or privatizaton

fen
[

Science Map: How Scientific Disciplines Relate

Search

Science Map: How Scientific Disciplines Relate

Interact

Select any location on the Geographic
Map location (by brushing your finger
over an area on the lectem’s fouch
screen) and fopics studied in that area
will highlight on the Science Map: the
brighter a topic glows, the more papers
on that fopic originated in the selected
area. Conversiely, touching a scentiic
area in the Science Map iluminates
places on the Geographic Map where
that topic is studied. Pecple and fopic
butions support the exploration of
publicaton output by selected Noble
laureates and particular lines of
research usng MEDLUINE data from
2000-2009.




Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months 12
coaches, 300 m long Opening was on April 23", 2009 by German Chancellor Merkel

Places & Spaces Digital Display in North Carolina State’s brand new Immersion Theater

2
e _ 26
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Ingo Gunther's Wotldprocessor globe design on display at the Giant Geo Cosmos OLED
Display at the Museum of Emerging Science and Innovation in Tokyo, Japan

Curated by the Cy frastructure for Network : t
I search somaps.org @ o O >

About People Maps & More Exhibitions Hosting Publications Store News Contact
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Hidaige, César A Bailey Kinger, Albert-Liszid Barabisi, and Ricardo Hausrmann, 2007, See also Tha Prox pace map from Phase | of Ploces & Spoces

Call for Macroscope Tools for the Places & Spaces: Mapping Science
EXh[blt (20 15) Themes for the upcoming iterations/years are:

htt // . / ” ¢ 11th Iteration (2015): Macroscopes for Interacting With Science
D' SCImaDS'Orq ca » 12th Iteration (2016): Macroscopes for Making Sense of Science

« 13th Iteration (2017): Macroscopes for Forecasting Science

» 14th Iteration (2018): Macroscopes for Economic Decision Makers
» 15th Iteration (2019): Macroscopes for Science Policy Makers

« 16th Iteration (2020): Macroscopes for Scholars

PR T —

28
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HAP OF SCIENCE: FORECASTING
LARGE TRENDS 1N SCIENCE

ﬂED:CHL SPECIALTIES

/c

SUBDISCIPLINES

ELECTRICAL MM
& [OFUTER

Information Visualization MOOC 2015 INDIANA UNIVERSITY

Overview

This course provides an overview about the state of the art
in information visualization. It teaches the process of
producing effective visualizations that take the needs of
users into account.

The course can be taken for three Indlana University credits

as part of the Online Data St rogram, as part of the
Information and Library Science M.S. program, and as part
of the online Data Science M.S. Program offered by the

School of Informatics and Computing. Students seeking
enrollment information should contact Rhonda Spencer at
8‘[2 855-2018, ilsmain@indiana.edu or

asciging

Among other topics, the course covers:

® Data analysis algorithms that enable extraction of
patterns and trends in data

* Major temporal, geospatial, topical, and network
visualization techniques

# Discussions of systems that drive research and

development.

Already registered? Click here to go to the course.
Forgot your password? Click here to reset it.

Register for free at http://ivmooc.cns.iu.edu. Class restarts January, 2016.

30



The Information Visualization MOOC
ivmooc.cns.iu.edu

o

Area (Linear) Students from ~100 countries

count

537 370+ faculty members
@ e #ivmooc

Course Schedule

Part 1: Theory and Hands-On

e Session 1 — Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

* Session 5 - “With Whom:” Trees

e Session 6 — “With Whom:” Networks
* Session 7 — Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

32



Books Used in the IVMOOC

VISUAL Adas of Knowledge
INSIGHTS

Teaches timely Teaches timeless knowledge:
knowledge: Visualization framework—
Advanced algorithms, exemplified using generic
tools, and hands-on visualization examples and
workflows. pioneering visualizations.

33

Course Schedule

Part 1: Theory and Hands-On

e Session 1 — Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

e Session 5 - “With Whom:” Trees

e Session 6 — “With Whom:” Networks
* Session 7 — Dynamic Visualizations and Deployment
Final Exam

Top Studen;

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

34



Course Schedule

Part 1: Theory and Hands-On
* Session 1 - Workflow Design and Visualization Framework

e Session 2 — “When:” Temporal Data
I Lﬂﬁﬂ OF Ar.l:onm;....‘m |

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

e Session 5 - “With Whom:” Trees

e Session 6 — “With Whom:” Networks
e Session 7 — Dynamic Visualizations and Deployment
Final Exam

Top Studen;

3 2015
H

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

35

Needs-Driven Workflow Design

: B Validation
k ‘) B Interpretation

i
Stakeholders

DEPLOY

Visually
encode
l data
Types and levels of analysis determine I 4
data, algorithms & parameters, and Overlay
deployment data
| | | .
Select A
visualiz.
Data % ée — type

READ ANALYZE VISUALIZE



Needs-Driven Workflow Design

A

Validation

e

Stakeholder_s

l

Types and levels of analysis determine

data, algorithms & parameters, and
deployment

Interpretation

DEPLOY

Visually
encode
data

!

Overlay
data
Data B‘ —)B,___)

READ ANALYZE

!

Select
visualiz.

type

VISUALIZE

° ° .
o A %y
(, «A'“'.O:..\_
.-iJ o .'_>
e e
: ° ﬁ
iJ "
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Load One File and Run Many Analyses and Visualizations

Times Publication City of

Cited
12

18

13

Year Publisher (Full)

2011 NEW YORK USA COMMUNICA Plug-and-Play

TIONS OF
THE ACM
2010 MALDEN USA CTS-
CLINICAL
AND
TRANSLATIO
NAL
SCIENCE
2010 WASHINGTON USA SCIENCE

NAL
MEDICINE

Country Journal Title Title

A Multi-Level Systems
TRANSLATIO Perspective for the

Subject
Category
Computer
Science

Advancing the Science of Research &

Experimental
Medicine

Cell Biology

|Research &
Science of Team Science Experimental
Medicine

Authors

Borner, K

Falk-Krzesinski, HJ|Borner,
K|Contractor, N|Fiore, SM|Hall,
KL|Keyton, J|Spring, B|Stokols,
D|Trochim, W|Uzzi, B

Borner, K|Contractor, N|Falk-
Krzesinski, HJ|Fiore, SM|Hall,
KL|Keyton, J|Spring, B|Stokols,
D|Trochim, W|Uzzi, B

38



Load One File and Run Many Analyses and Visualizations

Times Publication City of Country Journal Title Title Subject Authors

Cited Year Publisher (Full) Category

12 2011 NEW YORK USA COMMUNICA Plug-and-Play Computer Borner, K
TIONS OF Macroscopes Science
THE ACM

18 2010 MALDEN USA CTS- Advancing the Science of Research & Falk-Krzesinski, HJ|Borner,
CLINICAL Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
AND Medicine KL|Keyton, J|Spring, B|Stokols,
TRANSLATIO D|Trochim, W|Uzzi, B
NAL
SCIENCE

13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems  Cell Biology Borner, K|Contractor, N|Falk-
TRANSLATIO Perspective for the |Research & Krzesinski, HJ|Fiore, SM|Hall,
NAL Science of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
MEDICINE Medicine D|Trochim, W|Uzzi, B

Topical Analysis—p. 56 Paper Citation Network—p. 60

q-?;. Co-author and
o : .- many other
e ; i ‘%‘;“,"“‘"“" bi-modal networks.

39

Course Schedule

Part 1: Theory and Hands-On

e Session 1 — Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

e Session 5 - “With Whom:” Trees

e Session 6 — “With Whom:” Networks
* Session 7 — Dynamic Visualizations and Deployment
Final Exam

Top Studen;

Part 2: Students work in teams on client projects.

Final grade is based on Class Participation (10%), Midterm (30%), Final Exam
(30%), and Client Project(30%).

40



Visualization Frameworks
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How to Classify Different Visualizations?
By ol :__;:;.1-._?;-'

* Userinsight needs? - R B
* User task types?

e Data to be visualized?
e Data transformation?

* Visualization technique?
e Visual mapping transformation?
* Interaction techniques?

e Or?



LEVELS

Tasks

MICRO: Individual Level
about 1-1,000 records

page & page 8

TYPES

Statistical Analysis
page 44

WHEN:
Temporal Analysis
page 48

WHERE:
Geospatial Analysis
page 52

WHAT: .
Topical Analysis patent
page 56

1]
bk
i

T Jerome
Lemaiion

R e A AR e Dage B9

journal

WITH WHOM:
Network Analysis -
page 60 i world
1 =3 Corporation
UL =
{ See page 5
Insight Need Types DataScale Types | Visualization Types
page 26 page 28 page30 page 32
- categorize/cluster = nominal - table = geometric symbols
« order/rank/sort - ordinal » chart point
- distributions « interval - graph line
(also outliers, gaps) - ratio « map area
+ Ccomparisons - network layout surface
« trends volume
{process and time) + linguistic symbols
= text
- geospatial
C_J i % numerals
« compositions
(also of text) punctuation marks
i [ "
‘co-r\Iat'on;frelat'crsh-ﬁs “pCsmmton
rrelati ionship: images
icons
statistical glyphs

{ See page 24

MESO: Local Level
about 1,001-100,000 records

tvohing
networks in

nanotec
page 139

page 34

- spatial
position

- retinal
form
color
optics
motion

MACRO: Global Level
more than 100,000 records
page 10

43

Graphic Symbol Types | Graphic Variable Types| Interaction Types

page26
| - overview
- 200m
- search and locate
- filter
« details-on-demand
« history
- extract
» link and brush
- projection
- distortion



Basic Task Types
Bertin, 1967 Wehrend Few,2004 Yau,2011 Rendgen&  Frankel, | Tool: Many  Tool:Chart | Borner,
& Lewis, Wiedemann, 2012 Eyes Chooser 2014
1996 2012
selection categorize category categorize/
cluster
order rank ranking table order/rank/
sort
distribution  distribution distribution | distributions
(also outliers,
gaps)
compare nominal differences compare | compare comparison | comparisons
comparison and data values
& deviation contrast
time series patterns time process track rises trend trends
over time and time | and falls (process and
over time time)
geospatial spatial location generate geospatial
relations maps
quantity part-to- proportions formand | see parts composition | compaositions
whole structure | of whole, (also of text)
analyze text
association correlate correlation relationships  hierarchy relations relationship | correlations/
between relationships
data points
i See page 26
Insight Need Types DataScaleTypes | Visualization Types |Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page30 page 32 page 34 page26
- categorize/cluster = nominal - table - geometric symbols « spatial - overview
- order/rank/sort - ordinal « chart point paosition = 200M
- distributions « interval - graph line - retinal - search and locate
(also outliers, gaps) = ratio « map area form = filter
- comparisons - network layout surface color - details-on-demand
- trends volume optics - history
(process and time) - linguistic symbols maotion « extract
- geospatial text » link and brush
numerals ;
- compositions ehaitan e - projection
(also of text) PR - distortion
melations/etatinshi - pictorial symbols
correlations/relationships images
icons
statistical glyphs

i See page 24




Visualization Types (Reference Systems)

1. Charts: No reference system—e.g., Wordle.com, pie charts

2. Tables: Categorical axes that can be selected, reordered; cells
can be color coded and might contain proportional symbols.
Special kind of graph.

3. Graphs: Quantitative or qualitative (categorical) axes.
Timelines, bar graphs, scatter plots.

4. Geospatial maps: Use latitude and longitude reference
system. World or city maps.

5. Network layouts: Node position might depends on node
attributes or node similarity. Trees: hierarchies, taxonomies,
genealogies. Networks: social networks, migration flows.

Types

Insight Need Types DataScaleTypes | Visualization Types | Graphic Symbol Types | Graphic Variable T Interaction Types
page 26 page 28 page30 page32 page 34 page 26
« categorize/cluster « nomina - table « geometric symbols | - spatial = overview
« order/rank/sort « ordinal « chart point position « 200mM
» distributions » interval » graph ine « retinal - search and locate
(also outliers, gaps) = ratio = map area form
= comparisons - network layout surface color « details-on-demand
- trends VORITIC optics « history
(process and time) = linguistic symbols motion - extract
2 sial tex L .
- geospatial ! » link and brush
- compositions
i3 y f text) S
v b « pictorial symbaols
« correlations/relationships x r',_, ,"
mages
cons
statistical glyphs

= See page 25 45



Graphic Variable Types Versus Graphic Symbol Types
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See page 36
Graphic Variable Types Versus Graphic Symbol Types
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Scharnhorst, Andrea, Borner, Katy, van den Besselaar, Peter
(2012) Models of Science Dynamics. Springer Verlag.

Katy Borner, Michael Conlon, Jon Corson-Rikert, Cornell,
Ying Ding (2012) VIVO: A Semantic Approach to Scholarly
Networking and Discovery. Morgan & Claypool.

Katy Borner and David E Polley (2014) Visual Insights: A
Practical Guide to Making Sense of Data. The MIT Press.

Borner, Katy (2015) Atlas of Knowledge: Anyone Can Map.
The MIT Press. http://scimaps.org/atlas2

We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Research B Latest News B Upcoming Events
_—— OpenDataand Open | EXEEEENENE Pt your money PF=N  Katy Borner attends
Code for Big Sclence = » where your citations 1 PIUG 2013 Nartheast
of Science Studies are: a proposal for a Conference

B Development

IR EBchind the scenes of
TR the design and
development of
AcadernyScope

B videos

R Watch Katy Borer's
S full presentation from

TEDxBloomington

- new funding system
[website accessed
9/05M13)

B Outreach

¥ See some of the most

fascinating data
visualizations
& in the world.

B Teaching

| Successful WMOOC
will be offered again
S |, January of 2014

103 Kary Bammer presencs Mapping
Science Exhibit ae WS5F

1035 Ted Poley & Google Team
resent VMOOC at

1032 Katy Bamer presents at the
SeELD 15 Years Conference

B Our Products
{ We work closely with

|\ dients to provide
custom-made data,
wisualization, and

saftware solutions

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

These slides are at http://cns.iu.edu/docs/presentations

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience




