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The Power of Data Visualizations

Descriptive &
Predictive
Models

Terra bytes of data

Identify trends




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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Research Collaborations by the Chinese Academy of Sciences
Huang, Duhon, Hardy & Bérner
=}’7F+I‘m 5%%%%%@?% X R

A FAR b AHEE B HRA ?ﬂriéfiﬁ’r

sity, USA. @Bk @ &

Indiana Unive

FHA b A SB AT

L H#A R A BT

¥, Russell J. l)uhnn Elisha F. Hardy, |\n11\ Bumu Indiana l niversity, USA @} Iaieriunates OfFRM
I . N i s

\}} »] ’ll 41) /} ”‘ ‘1, HANRTSIRALAGE
LU e

axaninsaid.

A

: el

RESH R AR 29540K 64

I\/Iapplng TranSd|SC|p|inary Tobacco Use ‘RDI&TTURCPm]cc(lnformation

. . Pl TrURC:,m 100k
Research Centers Publications i e
. . . . N 7 \TTURCPubs
Compare RO1 investigator-based funding with TTURC g 100 // D
Center awards in terms of number of publicationsand =" /;'----‘-“1‘-‘-‘“‘3“*--3 ------
evolving co-author networks. o _— /--R:Pv AR Pubs
s ojects 'y
Stipelman, Hall, Zoss, Okamoto, Stokols, Bérner, 2014. 2 = # TTURC Cenrers__\
Supported by NIH/NCI Contract HHSN261200800812 e
Longitudinal RO1 Co-Authorship Network I'TURC Co-Authorship Network .
4 &5
LROI-13 LROI-14 LROI-12 LROL-18 :'.
R o 4
LRO1-8 LRO1-2 ..:
e iR : X
7 . A LRO1-6 .
e LROI-15 LROL9 1LRO120 LRO1-17 RO A % :
LRO1-16 o %9, o S '-'. 000 -.-,. w
P 1= SR S YEL RS A
- K & -.' ° \ad o o LRO13
¥ .n - o0 LRO1-19 Ei
o N



The Global 'Scientific Food Web'

Mazloumian, Amin, Dirk Helbing, Sergi Lozano, Robert Light, and Katy Bérner. 2013. "Global Multi-
Level Analysis of the 'Scientific Food Web'". Scientific Reports 3, 1167.

Citation shares
http://cns.iu.edu/docs/publications/2013-mazloumian-food-web.pdf 2000-20!
A 2oo7-2ooe
Contributions:
Comprehensive global analysis of /

scholarly knowledge production and
diffusion on the level of continents,
countries, and cities.

Quantifying knowledge flows
between 2000 and 2009, we identify
global sources and sinks of
knowledge production. Our

knowledge flow index reveals,
where ideas are born and
consumed, thereby defining a global
‘scientific food web’.

While Asia is quickly catching up in

terms of publications and citation
rates, we find that its dependence
on knowledge consumption has
further increased.

‘\

Reference shares v
2000-200
zoo7-zoog

Ry

Figure 2 | World map of the greatest knowledge sources and sinks, based on our scientific fitness index. Green bars indicate that the number of
citations received is over-proportional, red that the number of citations received is lower than expected (according to a homogeneous distribution of
citations over all cities that have published more than 500 papers). It can be seen that most scientificactivity occurs in the temperate zone. Moreover, areas

of high fitness tend to be areas that are performing economically well (but the opposite does not hold). 10



MAP OF SCIENCE: FORECASTING
LARGE TRENDS IN SCIENCE
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Places & Spaces: Mapping Science Exhibit
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Places & Spaces: Mapping Science Exhibit, online at http://scimaps.org

LEGEND

| CLicksTREAM MaP
3 e ol W OF SCIENCE

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.




Ward Shelley . 2011. History of Science Fiction.

Language Communities
of Twitter

English
Portuguese
Spanish
Dutch
Russian
French

W ltalian
German
Turkish
Arabic
Swedish
Danish
Finnish
Catalan
Romanian
Norwegian
Lithuanian
Slovak
Czech
Greek
Hungarian
Polish
Slovenian
Albanian
Latvian
Galician
Hebrew
Croatian
Bulgarian

nguage Communities of Twitter - Eric Fischer - 2012




—elmpact or Air Travel on Global Spread of Infectious Diseases e—

14th Century: Black Death

215t Century: SARS
e

Epidemic spreading pattern
changed dramatically after the
development of modern
transportation systems

e 1350

S

* Forecasts or THE Next Pandemic Influenza ¢

The ceniral map represents the cmulaive 15| The US maps focus on the situation in the X

Seasonal e Forecast are obtained with  number of cases in the world after the first | g US after one year, and show the effect of  The model inlcudes the. *Reproductive
@ stochastic computational r from the start of indemic H | han in the original ri

v year from the start of a pandemic 8H| 3 changes in the original scenario Number (Ro]

frocedurictis influenza with Ro=1.9 originafing in H analyzed. Different color coding is used s (Ro)

worldvide for the sake of visualization.
detalled cansus dota o

simulotethe global spread of
aninfluenza pandenic

Hanoi (Vietnam) in the Spring.

The modelng approach
consders nfecton dynanics

travel fom one
nother by means of the
cilne ransporiation
network.

geographical and seasonol

Impact of Air Travel on Global Spread of Infectious Diseases - Vittoria Colizza, Alessandro Vespignani - 2007

P
'y X ./ logicaland

Logicland Participative Global Simulation - Michael Ashauer, Maia Gusberti, Nik Thoenen - 2002




Kristi Holmes holmes - Apr 30
Excited for @cnscenter Places&Spaces at @galterlibrary! @katycns
dNUCATSInstitute #unpackingcrates #viz

Places & Spaces at Northwestern University
May 14 - September 23,2015

L3
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e g 4.4

t

Places & Spaces Exhibit at the David J. Sencer CDC Museum, Atlanta, GA
January 25-June 17, 2016
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Illuminated Diagram Display
on display at the Smithsonian in DC.

Geographic Map: Where Science Gets Done Science Map: How Scientific Disciplines Relate

Top Five Continents Top Five Sclentific Disciplines Search




About

Geographic Map: Wher

Arexrenea

Z

nee Gets Done Science Map: How Sci

Botectuology

Elinor Ostrom - Nobel Prize in Economic Sciences 2009

Bor igust 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 governance, especially

the commons"

Field: Economic govemance

Contribution: Challenged the conventional wisdom by demonstrating how
local property can be successfully managed by local commons without any
regulation by central authorities o privatization.

¢ Disciplines Relate

Interact
Select any location on the Geographic
Map location (by brushing your finger
over an area on the lectem’s touch
screen) and fopics studied in that area
highlight on the Science Map: the
brighter a topic glows, the more papers
on that topic onginated in the selected
area. Converstely, touching a scientific
area in the Science Map iluminates
places on the Geographic Map where
that topic is studied. People and fopic
butions support the exploration of
publication output by selected Noble
laureates and particutar lines of
research using MEDLINE data from

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

12
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Ingo Gunther's Worldprocessor globe design on display at the Giant Geo Cosmos OLED
Display at the Museum of Emerging Science and Innovation in Tokyo, Japan

13



Curated by the Cybe
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About People Maps & More Exhibitions Hosting Publications Store News Contact
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Hidalgo, César A, Bailey Kiinger, Albert-Lészi6 Barabési, and Ricardo Hausmann. 2007. See also The Product Space map from Phase | of Places & Spaces.

Call for Macroscope Tools for the Places & Spaces: Mapping Science

EXhI blt (20 15) Themes for the upcoming iterations/years are:

o 11th Iteration (2015): Macroscopes for Interacting With Science
e 12th Iteration (2016): Macroscopes for Making Sense of Science
o 13th Iteration (2017): Macroscopes for Forecasting Science
):
):

http://scimaps.org/call

o 14th Iteration (2018): Macroscopes for Economic Decision Makers
* 15th Iteration (2019): Macroscopes for Science Policy Makers
o 16th Iteration (2020): Macroscopes for Scholars

Plug-and-Play Macroscopes

14



Microscopes, Telescopes, Macroscopes

The Infinitely Great

Telescope

The Infinitely Small

29

Plug-and-Play Macroscopes

Different datasets/formats.
Diverse algorithms/tools written in
many programming languages.

30
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Plug-and-Play Macroscopes

Developers o . _ Users
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Plug-and-Play Macroscopes

Common algorithm/tool pool N
Easy way to share new algorithms
Workflow design logs

Custom tools

IS

cs
Bio
SNA
Phys

0000

Converters

32
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Information Visualization Framework
&

IVMOOC

LEVELS

Ta S ks MICRO: Individual Level MESO: Local Level MACRO: Global Level
about 1-1,000 records about 1,001-100,000 records more than 100,000 records
page 6 page 8 page 10

e i il

TYPES

statistical Analysis

v
page 44 - productivty o venists
) -8 xooviedze. e e scemess e
s | 5 2nd R&D costs
= x versus e
B o e i page 103
Temporal Analysis ey event 5
page 48 visualizing inthe. = = nereased
decidon- Gevelopment . traveland
making B Sriniopren 33 communication
processes X tape recorder VR
page 55 pagess — i

WHERE: S
Geospatial Analysis -
page 52 cell phone Ecological
ussgein footprint of
Milan, italy - countries
page 109 pagess
HaT Evolving w3
Topical Analysis — A roductspace
5 mal - e
Leaming! networks in - - et of
e Tt thnology Counirs
Technology 9 . 3 page 93
oesseResearch == -
WITH WHOM: —
Network Analysis
page 60 world 3 Hactronic and World-wide
Finance T scholarly
Corparation networks collaboraton
networ i netuorks
page 7 page 157

34
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Visualization Framework

Insight Need Types DataScale Types | Visualization Types | Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page 30 page 32 page 34 page26
- categorize/cluster - nominal - table - geometric symbols | - spatial - overview
- order/rank/sort - ordinal - chart point position - zoom
- 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 motion - extract
« geospatial text - linkand brush
; numerals .
+ compositions ; - projection
(also of text) . puqctuauon marks - distortion
X i . - pictorial symbols
- correlations/relationships images
icons
statistical glyphs
X See page 24

Visualization Framework

Basic Task Types
Bertin, 1967 Wehrend Few,2004  Yau, 2011 Rendgen&  Frankel, |Tool:Many  Tool: Chart | Bdrner,
& 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 | trackrises trend trends
over time andtime | andfalls (process and
over time time)
geospatial spatial location generate geospatial
relations maps
quantity part-to- proportions formand | see parts composition | compositions
whole structure | of whole, (also of text)
analyze text
association correlate correlation relationships  hierarchy relations relationship | correlations/
between relationships
data points

36



Visualization Framework

Insight Need Types DataScale Types | Visualization Types| Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page 30 page 32 page 34 page26
- categorize/cluster « nominal - table - geometric symbols | - spatial - overview
- order/rank/sort - ordinal - chart point position - zoom
- distributions - interval - graph line - retinal - search and locate
(also outliers, gaps) - ratio - map area form - filter
- comparisons - network layout su:face color - details-on-demand
- trends ~ volume optics « history
(process_andtime) . I'"?;Et'c symbols motion - extract
g g
P punctuation marks p.J .
(also of text) N - distortion
. . . - pictorial symbols
- correlations/relationships images
icons
statistical glyphs
4 See page 24 37
Graphic Variable Types Versus Graphic Symbol Types
Geometric Symbols
Point Line Area
R quantitative
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Graphic Variable Types Versus Graphic Symbol Types
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@ IVMOOC 2016

Information Visualization MOOC ivimooc.cngigli et

Register for free: http://ivmooc.cns.iu.edu. Class restarts Jan 12, 2016.




Course Schedule

Part 1: Theory and Hands-On
* Session 1 - Workflow Design and Visualization Framework
* Session 2 — “When:” Temporal Data

* Session 3 — “Where:” Geospatial Data
* Session 4 — “What:” Topical Data

formation Viualzton HOOC
Mid-Term EEEEEEE
* Session 5 — “With Whom:” Trees BONSmm:

* 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%).

Needs-Driven Workflow Design

W . Validation
k ) A\l Interpretation

R
Stakeholders

DEPLOY

Visually
encode
l data
Types and levels of analysis determine I
data, algorithms & parameters, and Overlay
deployment data

!

Select 4

visualiz.
Data B — B — type

READ ANALYZE VISUALIZE

41
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Needs-Driven Workflow Design

Validation

A

Interpretation

Stakeholders

l

Types and levels of analysis determine
data, algorithms & parameters, and
deployment

- = B

READ ANALYZE

B

DEPLOY

M

Visually
encode
data

!

Overlay
data

!

Select
visualiz.
type

VISUALIZE

Load One File and Run Many Analyses and Visualizations

Times Publication  City of Publisher Country Journal Title  Title

Cited  Year (Full)

12 2011 NEW YORK USA
ONS OF THE
ACM

18 2010 MALDEN USA CTS-CLINICAL  Advancing the Science of
AND Team Science
TRANSLATIONA
L SCIENCE

13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems
TRANSLATIONA Perspective for the Science
L MEDICINE of Team Science

' SatisticalAalysisp. 44 TemporalBust Anaysi-p. 43

Location Count | £ Citations
Netherlands B 29
United States 9 318
Germany n 3
United Kingdom 1 2

Subject Category Authors

Research &
Experimental
Medicine

Cell Biology |
Research &
Experimental
Medicine

COMMUNICATI Plug-and-Play Macroscopes Computer Science 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

44
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Load One File and Run Many Analyses and Visualizations

Times Publication  City of Publisher Country Journal Title  Title Subject Category Authors

Cited  Year (Full)

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

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

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

Medicine Trochim, W|Uzzi, B
Topical Analysis—p. 56 Paper Citation Network—p. 60 Bi-Modal Network—p. 60

Co-author and
many other
bi-modal networks.

45

Course Schedule

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

* Session 2 — “When:” Temporal Data — -

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

* Session 5 — “With Whom:” Trees

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

VM
Top Smdonr.

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%).

46
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APractical Guide to Making Sense of Data
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Research B Latest News B Upcoming Events
Open Dataand Open  NENESSSENEN P your money Py oty Bormer attends
Code for Big Science =5 where your citations FRl PG 2013 Northeast
f Science Studies - are: a proposal for a Conference
new funding system 1043 Kty Borner presents Mapping
(website accessed Science Exhiit st WSSF
9/05/13)
B Development B Outreach 1045 Ted Polley & Google Team
present VMOOC at EDUCAUSE

the design and
development of
AcademyScope

B videos

QEVIE Watch Katy Borner's
= full presentation from
TeDxBloomington

See some of the most
fascinating data
visualizations

N in the world.

B Teaching

Successful VMOOC
will be offered again
2 inJanuary of 2014

1022

Katy Borner presents at the
SGELO 15 Years Conference.

B Our Products

p

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