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Map of Scientific Collaborations from 2005-2009

The online world

NOMINET

1985 — Three first Domain Names: .us for the USA, .uk for the UK, and .il for Israel.
2010 — Astronaut TJ Creamer tweets from the International Space Station.
2015 — An estimated 3.2 billion internet users worldwide




Martin Vargic. 2014. Map of the Internet.




Language Communities
== of Twitter

1 English
Portuguese
Spanish

German
Turkish
Arabic

Hungarian
Polish

Galician
Heb

Bulgarian

Eric Fischer. 2012. uage Communities of Twitter.
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Alan Mislove, Sune Lehmann, Yong-Yeol Ahn, Jukka-Pekka Onnela, and James Niels Rosenquist. 2010. Pulse of the Nation.




CLicksTREAM MaP
OF SCIENCE

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

Increasing Data Visualization Literacy




IVMOOC 2016

Information Visualization MOOC ivmooc.cn'gink

Register for free at http://ivmooc.cns.iu.edu
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Needs-Driven Workflow Design
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Course Schedule

Part 1: Theory and Hands-On

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

e Session 3 — “Where:” Geospatial Data
¢ 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

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%).

Books Used in the IVMOOC

VISUAL \”1“ UT I\l iJU\\]u{“L
INSIGHTS

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

workflows. pioneering visualizations.
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Microscopes, Telescopes, Macroscopes Plug-and-Play Macroscopes

The Infinitely Great

The Infinitely Small

Telescope

Deploy  Data
The Infinitely Complex
Visualize Read
~ Analyze
. Nature
Microscope Macroscope

Technology

Load One File and Run Many Analyses and Visualizations

Times  Publication

Cited  Year
12 2011
18 2010
13 2010

City of Publisher Country Journal Title

NEW YORK

MALDEN

(Full)

USA COMMUNICATI
ONS OF THE
ACM

USA CTS-CLINICAL
AND
TRANSLATIONA
L SCIENCE

WASHINGTON USA SCIENCE

Statistical Analysis—p. 44

Location Count | Citations
Netherlands B pird
United States 9 38
Germany n 3%
United Kingdom 1 2

TRANSLATIONA
L MEDICINE

Temporal Burst Analysis—p. 48

Title Subject Category Authors

Plug-and-Play Macroscopes Computer Science Borner, K

Advancing the Science of ~ Research & Falk-Krzesinski, H | Borner,

Team Science Experimental K| Contractor, N|Fiore, SM|Hall,
Medicine KL|Keyton, J|Spring, B|Stokols,

D|Trochim, W|Uzzi, B

A Multi-Level Systems Cell Biology Borner, K|Contractor, N|Falk-

Perspective for the Science |Research & Krzesinski, HJ| Fiore, SM|Hall,

of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B

Geospatial Analysis—p. 52 Geospatial Analysis—p. 52




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, H | Borner,
AND Team Science Experimental K| Contractor, N|Fiore, SM|Hall,
TRANSLATIONA Medicine KL|Keyton, J|Spring, B|Stokols,
L SCIENCE D|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,
L MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,

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

i
I
i

Co-author and
many other
bi-modal networks.

A ik 5, V41

1183 REEEANGS i

Sci2 Tool Interface Components
Download tool for free at http://sci2.cns.iu.edu

=

File DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help

» = =
E] Consoke ?E”E’E‘ o 5 |44 Data Manager | £ aricfon Manager | 8|
‘emporal
e
N ; Geospatial * "] [l = 151 Data: C:\users\Katy \pesktop\a-TOOLS \sci2-v1. 1401
Extract Co-Occurrence | Topial  » Bd- =-£5] 381 Unique 1SI Records
mplementer(s): Tmothy =5, Extracted Co-Authorship Netwark
Iniegrator(&): Tmothy | [  Extract Top Nodes 8% Ex p
Documentation: Extract Nodes Above or Below Value [ sl
http:/ fwikicns.iv.edu/display/CISHI  Delete solates [ Author information
fork Fvirart Tnn Frinea
E Poml §2 sci2 Tool =101 =]
mgemigt: Fle DataPreparation Preprocessing | Analysis Modeling Visualization R Help
Integrator|
Documenta | =] Cmmla} Temporal ¥ =0 l[sm Data Manager} L) workflow Manager| =0 1
b i | e ST ocospatial ) - -
Yo28Text ([ Topical b ~l||[ 2-E 151 Data: c:\Users\caty\Desktop\A-TOOLS \sciz-v 1, 1
tract|
Sl o G 5ci2 Tool P [
File Farmat |btograt Fle  Data Preparation Preprocessing Analysis Modeling | visuglization R Help
""""" ocumer
de D b =
oce Deary d ECMEI _?E”E'E‘ ‘ : E 1048 Data Managerl(, Workflow Manager‘ (]
o A=r—rn e
B seheau ... |7 ' Geospatial | ~l||[ = E 151 Date: Cr\Users\aty\Desktop\A-TOOLS\sd2-v L. 1-b
| Extract Co-Occurrence Network was selected., =17 361 Unique 151 Records

Topical 3
Implementer(s): Timothy Kelley - -

GUESS

ntegrator(s): Timothy Kelley

Documentation: Gephi Hed to not
http://wiki.cns.iu.edu/display /CISHELL/Extract +Ct Net

lork Radial Tree/Graph (prefuse alpha)

.......... Radial Tree/Graph with Annotation (prefuse bets)
Extract Co-Authar Network was selected. Tigs s e mslbes)

Implementer(s): Timothy Kelley

Integrator(s): Timothy Kelley Tree [Map (prefuse beta)
Documentation 3 Force Directed with Annotation (prefuse bets)
m"s#';"&': i E;q,‘;;gllfdlsphv,‘CISHELL,deract+Co'A||H|or+Networ|4 Fruchterman-Reingold with Annotation (prefuse beta)
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Visualization Framework

Insight Need Types Data Scale Types
page 26 page 28
- categorize/cluster - nominal
- order/rank/sort - ordinal
- distributions - interval

(also outliers, gaps) « ratio
- CcOMparisons
- frends

{process and time)
- geospatial
- compositions

(also of text)
- correlations/relationships

See page 24

Visualization Types
page 30

- table

- chart

- graph

+ map

- network layout

Graphic Symbol Types
page 32
- geometric symbols
point
line
area
surface
volume
- linguistic symbols
text
numerals
punctuation marks
- pictorial symbols
images
icons
statistical glyphs

Graphic Variable Types
page 34
- spatial
position
- retinal
form
color
optics
mation

Interaction Types
page 26

- overview

- zoom

- search and locate
- filter

- details-on-demand
- history

- extract

- link and brush

- projection

- distortion
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Visualization Framework

Basic Task Types

Bertin, 1967 Wehrend
& Lewis,
1996

selection categorize

order rank
distribution
compara
quantity

association correlate

Few, 2004

ranking

distribution

nominal
comparison
& deviation

time serles

geospatial

part-to-
whole

correlation

Yau, 2011 Rendgen &  Frankel,
Wiedemann, 2012
2012
category
differences compare
and
contrast
patterns time process
over time and time
spatial location
relations
proportions form and
structure
relationships  hierarchy

Tool: Many  Tool: Chart | Bémer,
Eyes Chooser 2014
categorize/
cluster
table order/rank/
sort
distribution | distributions
(also outliers,
Qaps)
compare (e} mparison O mparisc ns
data values

track rises
and falls
over time

generate
maps

see parts

of whale,
analyze text
relations
between
data points

trend

compaosition

relationship

trends
(process and
time)

geospatial

compositions
(also of text)

correlations/
relationships

22
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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 page 26
- categorize/cluster - nominal - table - geometric symbols | - spatial - overview
- orderfrank/sort - ordinal - chart point position - ZOOMm
- distributions - interval - graph line = retinal - search and locate

(also outliers, gaps) - ratio - map area form - filter
- Ccomparisons - network layout sulrface color - details-on-demand
- trends ~ volume optics - history

{process.andllme) - l'n?:gt'c symbols motion - extract
f i

(also of text) punctuation marks - distortion

B - pictorial symbols
- correlations/relationships images
icons
statistical glyphs
See page 24 23
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Graphic Variable Types Versus Graphic Symbol Types
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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.

http://cns.iu.edu/docs/publications/2013-mazloumian-food-web.pdf Itatlon shares
A 2007-2009

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 -

/ﬁ@

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 citiesthat 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). 28

14



Long-Distance Interdisciplinarity Leads to Higher Scientific Impact
Lariviere, Vincent, Stefanie Haustein, and Katy Bérner. 2015. PLOS ONE DOI: 10.1371.

0% 20% 40% 0% B80% 100%
Data 9.2 millon siolcgy
interdisciplinary _ giotech N
research papers published srain [
between 2000 and 2012. cMeCengn I .
Chemistry [N
. garth 5ci [N
Results: majority (69.9%) of I
co-cited interdisciplinary pairs Health Prof [N
are “win-win” relationships, Humanities | .
i i Infect Dis | —
l.e., papers that cite them Math & phys il
have higher citation impact Med spec | S
and there are as few as 3.3% socse [N e
“lose-lose” relationships. all disc k
UCSD map of science is f A
69.9% 26.8% 3.3%

used to compute “distance.”

W win-win (intra)

® win-lose (intra)
o lose-win (inter)
B lose-lose (inter)

W win-win (inter)
= win-lose (inter)
o lose-win (intra)
W |ose-lose (intra)

29

Al Number of papers citing win-win relationships (210,000 citing papers)

Material Science (387; 91.9%)

Medical Specialties

Surface Science (387, 80.3%) Pharmaceutical Design (401; 84.6%) | /

Molecular Medicine (367; 72.8%)

Magnetic Resonance Imagery (385; 83.9%)

Math & Physics - | Chemistry | / - ’
Applied Optics (350. 81.4%) - /8 i’. -/
E e 9 '. ® °/Pharmacology Science (390; 84.5%)
QJ ‘. g £ . L]
o Statistics (349; 73.6%) .,‘:\ ",.
a . 2
c Legend ‘x ¥
- Node Size i
b -_— () s0s Number of
o o

o 0L \
. \
O 0 win-win ™ p. N
1 relationships “. ‘
Edge Width 4 ° @ \

— 52,354 Number
— 350,000 Of CO-Citing

Peptides (381; 79.5%)
Infectious Diseases

Protein Science (365; 74.5%)

18000 papers Mineralogy (322: 75.6%  Molecular Ecology (s0s:81.2%)  Science History (204; 68.7%)

Earth Sclences Biology

2,940 (5.19%) of 56,614 win-win edges

node color: discipline | edge colol

: mix of adjacent nodes | labels: subdiscipline with highest number

of win-win relationships per discipline (number and percentage of win-win relationships)
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B1 number of papers citing lose-lose relationships (2100 citing papers)

Mechanical Design Engineering (44; 17.3%) Ethnopharmacology (19: 5.4%)

Nursing Theory (62: 19.6%)

t Chemistry Medical Specialties
\ Food Engineering (13; 2.9%)
\ \'. Memory & Cognition (34; 8.7%)
Neural Networks (s7; 147%) '\ Py .\ /
Vo Nl e & w ) . /
. \ A ‘f;l 4 . Yoo 0’/ | Science Education (ss; 17.6%)
Cancer Statistics (35; 8.0%) | ,* & = \-
Math & Physics ~_ Var \ . \ g
[ N =7 '
S o \ ‘ -'/
\ /
. A
A Y
\ s [ g
Legend 4//
Node Size ! “lf .
( 62 Number of @, LrY —
9 2 lose-lose y Fe . — Impotence (16; 5.7%)
1 relationships A Y
Edge Width ‘ - 7
-— 52342 Number ‘/ - \?(a" .
— 30,000 of co-citing Y, . .
100 papers Remote Sensing (35: 10.1%) f E",'Tan Evolution (31:5.0% \\
Earth Sciences e

Infectious Diseases
1,204 (44.4%) of 2,712 lose
node color: discipline

-lose edges

/
Agricultural Environmental Medicine (19; 10.2%)

Science History (28; 9.4%)

e color: mix of adjacent nodes | labels: subdiscipline with highest number of

lose-lose relationships per discipline (number and percentage of lose-lose relationships)
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Long-Distance Interdisciplinarity Leads to Higher Scientific Impact
Lariviere, Vincent, Stefanie Haustein, and Katy Bérner. 2015. PLOS ONE DOI: 10.1371.
. 0% 20% 40% 50% 80% 100%
Data: 9.2 million )
: i giology NN
interdisciplinary Biotech N
research papers published srain [
between 2000 and 2012. cvecengn I A
Chemistry [N ]
. tarthsci [Nl
Results: majority (69.9%) of =
co-cited interdisciplinary pairs Health Prof [
are “win-win” relationships, Humanities | .
i i Infect Dis [N
l.e., papers that cite them Math & Phys il
have hlgher citation Impact Medspec NN
and there are as few as 3.3% socsc NN aa.
“lose-lose” relationships. all disc '
UCSD map of science is ( T
used to compute “distance.” 63.3% 26.8% 3.3%
B win-win (intra) B win-win (inter)
® win-lose (intra) = win-lose (inter)
¥ lose-win (inter) ® lose-win (intra)
M |ose-lose (inter) W |ose-lose (intra)
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Al Number of papers citing win-win relationships (210,000 citing papers)

citing papers

Material Science (387; 91.9%) Molecular Medicine (367; 72.8%)
! Medical Specialties r
) \ ’ / " .
Surface Science (387, 80.3%) \ Pharmaceutical Design (101;84.6%) / Magnetic Resonance Imagery (385; 83.9%)
Math & Physics \, Chemistry | ;

Applied Optics (350, 81.4%) /

Statistics (349; 73.6%) ..&

Legend

Node Size
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Edge Width / .
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1000 papers Mineralogy (322: 75.6%)  Molecular Ecology (s09; 81.2%)  Science History (204; 68.7%)
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2,940 (5.19%) of 56,614 win-win edges
node color: discipline | edge color: mix of adjacent nodes | labels: subdiscipline with highest number
of win-win relationships per discipline (number and percentage of win-win relationships)
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B1 number of papers citing lose-lose relationships (2100 citing papers)

Mechanical Design Engineering (44; 17.3%) Ethnopharmacology (19; 5.4%) Nursing Theory (62; 19.6%)
Chemistry Medical Specialties

Food Engineering (13; 2.9%)
\ Memory & Cognition (34; 8.7%)
Neural Networks (57; 14.7%) \ v A 2 '
. . /
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Cancer Statistics (35;8.0%) . & /
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e
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Earth Sciences / S
Agricultural Environmental Medicine (19; 10.2%) Science History (28; 9.4%)

Infectious Diseases
1,204 (44.4%) of 2,712 lose-lose edges
node color: discipline | edge color: mix of adjacent nodes | labels: subdiscipline with highest number of
lose-lose relationships per discipline (number and percentage of lose-lose relationships)
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Communicating (Web) Science to Different Audiences

Places & Spaces: Mapping Science Exhibit, online at http://scimaps.org

18



Curated by the €

s 8 QO

About People Maps & More Exhibitions Hosting Publications Store News Contact

Srace

tolution
nic diversity

Hidz|go. César A, Bailey Klingsr, Albert-L ézz16 Barsbasi, and Ricarda Hausmann. 2007. See also The = map from Phase | of Ploces & Spaces.

Call for Macroscope Tools for the Places & Spaces: Mapping Science
Exhibit (2016) http://scimaps.org/call

Backgrou nd and Goals Themes for the upcoming iterations/years are:

The Places & Spaces: Mapping Science exhibit was created toin * 11th Iteration (2015): Macroscopes for Interacting With Science

communicate human activity and scientific progress on a glol # 12th Iteration (2016): Macroscopes for Making Sense of Science

that enable the close inspection of large-scale maps in public * 13th Iteration (2017): Macroscopes for Forecasting Science

conferences: (2) novel, interactive macroscope tools that let # 14th Iteration (2018): Macroscopes for Economic Decision Makers
i | s 15th Iteration (201 9): Macroscopes far Science Policy Makers

AcademyScope Mapping Global Society Charting Culture

19



Macroscope Standard Setting

Plug-and-play system architectures—supporting

workflow design.

» Oct 17, 2015, ASTC Panel on “Plug-and-Play
Macroscopes: Modular Hardware and
Software Platforms that Render Data into
Insights” in Montreal, Canada

» See other workshops and slides at
http://cns.iu.edu/workshops

Data-code-vis-expertise marketplaces—easy
access to relevant datasets and tools.

» 0SGI+CIShell, D3, ESRI, Plotly, many others

Visualization hardware—support existing de-
facto display standards, envision novel
interfaces.

» Science on a Sphere, augmented realities, loT

Science on a Sphere by NOAA

Beesley’s Living Architectures

Places & Spaces Exhibit at the David J. Sencer CDC Museum, Atlanta, GA

January 25-June 17, 2016

40
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Seeing for
Action - Using
Maps and
Graphs

to Protect the
Public’s Health.

Maps of Health Exhibit
David J. Sencer CDC Museum
Atlanta, GA

Jan 25-Jun 17, 2016

41

HAP OF
LARGE

UEDICHE SPECIALT}ER Science Forecast
TS S1:E1, 2015
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Predictive Models

@ Home Agenda Confirmed Speakers Organizers & Advisors Venue Attend Contact

Modeling Science, Technology &
Innovation Conference

WASHINGTON D.C. | MAY 16-18, 2016

| View Agenda

Co-funded by the NSF Science of Science and Innovation Policy (SciSIP) program.
Conference brings together international experts and practitioners that develop
and apply mathematical, statistical, and computational models to increase our
understanding of the structure and dynamics of science, technology and
innovation. Slides and recordings are available at http://modsti.cns.iu.edu.
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions
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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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