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

INSTITUTE FOR THE FUTURE

Science & Technology Outlook: 2005-2055

Alex Soojung-Kim Pang, David Pescovitz, Marina Gorbis, Jean Hagan . 2006. Science &
Technology Outlook: 2005-2055.
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Andre Skupin. 2005. In Terms of Geography.
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n, 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

5 English

Portuguese
Spanish
Dutch
Russian
French

B ltalian

Hungarian
Palish

atvian
Galician
Hebraw
Croatian
Bulgarian

Eric Fischer. 2012

Ward Shelley .

. Language Communities of Twitter.

2011. History of Science Fiction.
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April, 2005: 101st Annual Meeting of the
Association of American Geographer, Denver, Colorado.

§2005: 101st Annual Meeting d |
American Geographer, Denvj




Kristi Holmes @ kristinoimes - Apr 30
Excited for @cnscenter Places&Spaces at @galterlibrary! @katycns

@NUCATSInstitute #unpackingcrates #viz

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




Illuminated Diagram Display
on display at the Smithsonian in DC.

Science Map: How Scientific Disciplines Relate




raphic Map: Where Scie

About Elinor Ostrom - Nobel Prize in Economic Scien

Born: gust 19 u

fthe award: Indi:
Tempe. AZ, USA

research
2000

Science Maps in “Expedition Zukunft” science train visited 62 cities in 7 mo
Opening on April 23, 2009 by German Chancellor Merkel




Places & Spaces Exhibit at the David J. Sencer CDC Museum, Atlanta, GA
January 25-June 17, 2016 19

Seeing for
Action - Using
Maps and
Graphs

to Protect the
Public’s Health.

CDC Opening Event: Maps of Health
Tutorial and Symposium
February 4-5, 2016
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® MACROSCOPES FOR INTERACTING WITH SCIENCE [ NG e et

e
A
Sy

AcademyScope Mapping Global Society Charting Culture

Microscopes, Telescopes, Macroscopes Plug-and-Play Macroscopes

The Infinitely Great

Telescope

Deploy Data X
The Infinitely Complex
Visualize Read
Analyze
) Nature
Microscope Macroscope

The Infinitely Small
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Curated by the Cyberinfra

CES e = 00 =

About People Maps & More Exhibitions Hosting Publications Store News Contact

Srace

tolution
nic diversity

EXPLECONPARLPRUOICT

Hids|go. César A, Bailey Klinger, Albert-Lész6 Barabasi, and Ricardo Hausmann. 2007. See also The Product Spacs map from Phase | of Ploces & Spaces.

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

Background 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

# 12th Iteration (2016): Macroscopes for Making Sense of Science

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

» 14th Iteration (2018): Macroscopes for Economic Decision Makers

conferences; (2) novel, interactive macroscope tools that let | 23
s 15th Iteration (2019} Macrosconesfor Seisnes Policy Makers

communicate human activity and scientific progress on a glol
that enable the close inspection of large-scale maps in public

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.

» OSGI+CIShell, D3, ESRI, Plotly, many others

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

» Science on a Sphere, Beesley’s Living

Architectures, augmented realities, loT Beesley’s Living Architectures
24
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Science Forecast
S1:E1, 2015

Home Agenda Confirmed Speakers Organizers & Advisors Venue Register Contact

Modeling Science, Technology &
Innovation Conference

WASHINGTON D.C. | MAY 17-18, 2016

View Agenda

This conference is co-funded by the NSF Science of Science and Innovation Policy
(SciSIP) program. It 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, see details at http://modsti.cns.iu.edu.
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Improving Data Visualization Literacy

Visualization Frameworks
IVMOOC
APPs

iR&ukanka
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How to Classify (Name & Make) Different Visualizations?
ey Bl LA™ |3 8 (4
By — 1% =
e User insight needs?

User task types?

e Data to be visualized?
e Data transformation?

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

e Or?

29

Different Question Types e P

Descriptive &
Predictive
Models

Terabytes of data

Identify trends w0

15



Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

31

LEVELS

Tasks

TYPES

MICRO: Individual Level
about 11,000 records
page 6

i i i

MESO: Local Level
about 1,001-100,000 records
page 8

W

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

Statistical Analysis

Heumber
of scientists

WHEN:
Temporal Analysis
page 48

WHERE:
Geospatial Analysis
page 52

F”"‘:rf
e, ”
\L\V {

WHAT:
Topical Analysis
page 56

S Retarch el

WITH WHOM:
Network Analysis
page 60

A

See page 5

32
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Needs-Driven Workflow Design

[ , Validation

k ) A Interpretation
= 5

Stakeholders

DEPLOY

Visually
encode
l data
Types and levels of analysis determine I A
data, algorithms & parameters, and Overlay
deployment data
| | e
Select A
visualiz.
Data % —>% _> type
READ ANALYZE VISUALIZE >
Needs-Driven Workflow Design
DEPLOY
U y Validation
k ) X Interpretation "
- . Ry
Stakeholders visually [ g .4
encode ,_\,‘-\-I.",j
l data d -
Types and levels of analysis determine I 5 !
data, algorithms & parameters, and Overlay o, N
deployment data P 4
l I T
Select
7 r
visualiz. ~— 2
Data % ﬁ% _— type ! {“h
READ ANALYZE VISUALIZE RSN




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

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

18



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
ine
area
surface
volume
- linguistic symbols
text
numerals
punctuation marks
- pictorial symbols
images
cons
statistical glyphs

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

Interaction Types
page 26

- overview

- ZDOm

- search and locate
« filter

- details-on-demand
- history

- extract

« link and brush

= projection

- distortion

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 graphs: Node position might depends on node

attributes or node similarity. Tree graphs: hierarchies,

taxonomies, genealogies. Networks: social networks,
migration flows.

38
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IVMOOC App — More than 60 visualizations

The “IVMOOC Flashcards” app can be downloaded from Google
Play and Apple iOS stores.

'} Google Play ivmooc “

IVMOOC

IVMOOC Flashcards

¥

Information Visualization MOOC Flashcards

IVMOOC Flashcards

{ b |
I O 1 )
39
Insight Need Types Data Scale 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 symbals | - spatial - overview
- order/rank/sort - ordinal - chart point position - Zoom
- distributions - interval - graph ine = retinal - search and locate
{also outliers, gaps) » ratio = map area form - filter
- Ccomparisons - network layout surface color - details-on-demand
- trends _ VU!{'TQ optics - history
(process and time) - linguistic symbols motion - extract
geospatial e - - link and brush
. numerals -
+ COMPOS " - projection
. . punctuation marks N
(also of text) - - - distortion
o R - pictorial symbols
- correlations/relationships o
1ages
cons
statistical glyphs

. .‘ See page 24
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Graphic Variable Types Versus Graphic Symbol Types
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Graphic Variable Types Versus Graphic Symbol Types
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@ IVMOOC 2016

Information Visualization MOOC ivmooc.cn¥gief et

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

The Information Visualization MOOC
ivmooc.cns.iu.edu

Students from ~100 countries
370+ faculty members
#ivmooc

22



Books Used in the IVMOOC

VISUAL Atlas 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.

Course Schedule

Part 1: Theory and Hands-On

¢ 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
e 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%).

46
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Load One File and Run Many Analyses and Visualizations

Times Publication  City of Publisher Country
Cited  Year

12 2011 NEW YORK USA
18 2010 MALDEN USA
13 2010 WASHINGTON USA

Statistical Analysis—p. 44

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

Temporal Burst Analysis—p. 48

Journal Title  Title

Subject Category Authors

Falk-Krzesinski, H | 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,

(Full)

COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE

ACM

CTS-CLINICAL  Advancing the Science of ~ Research &
AND Team Science Experimental
TRANSLATIONA Medicine

L SCIENCE

SCIENCE A Multi-Level Systems Cell Biology
TRANSLATIONA Perspective for the Science |Research &
L MEDICINE of Team Science Experimental

Medicine

Geospatial Analysis—p. 52

KL|Keyton, J|Spring, B|Stokols,
D|Trochim, W|Uzzi, B

Geospatial Analysis—p. 52

Load One File and Run Many Analyses and Visualizations

Times Publication  City of Publisher Country
Cited  Year

12 2011 NEW YORK USA
18 2010 MALDEN USA
13 2010 WASHINGTON USA

Topical Analysis—p. 56

Paper Citation Network—p. 60

Journal Title  Title

Subject Category Authors

Falk-Krzesinski, H | 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,

(Full)

COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE

ACM

CTS-CLINICAL  Advancing the Science of ~ Research &
AND Team Science Experimental
TRANSLATIONA Medicine

L SCIENCE

SCIENCE A Multi-Level Systems Cell Biology
TRANSLATIONA Perspective for the Science |Research &
L MEDICINE of Team Science Experimental

Medicine

Bi-Modal Network—p. 60

1183 REEEANGS i

KL|Keyton, J|Spring, B|Stokols,
D|Trochim, W|Uzzi, B

Co-author and
many other
bi-modal networks.

48
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Sci2 Tool Interface Components
Download tool for free at http://sci2.cns.iu.edu

=

File DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help

B Conscke General =5 ‘
Temporal

4! Data

Manager |0 Workfiow Manager | =8|

d.
Extract Top Nodes

Extract Co-Occurrence  Topical
mplementer(s): Timoth:

»
3
.......... Geospatial
3
Integrator(s): Timothy b, L

Documentation: Extract Nodes Above or Below Value
http:/ /wiki.cns.iu.edu/display/CISH  Delete Isolates
fork

Fviract Tan Frinee

"] [l = 151 Data: C:\users\Katy \pesktop\a-TOOLS \sci2-v1. 1401
SRS

£ 361 Unique ISI Records
= ’.'. Extracted Co-Authorship Network
! tiribute added to nof

= schedu

. |[Extract Co-Occurrence Network was selected.
Implementer(s): Timothy Kelley

ntegrator(s): Timothy Kelley

Pocumentation:

.......... Geospatial » | =
Topical

S G2 Sci2 Tool =1olx|
mgemigt: Fle DataPreparation Preprocessing | Analysis Modeling Visualization R Help
Integrator|
Documenta |E Cmme} Tl b =0 l[sm Data Manager}{, Workfiow Manager| = Ew
et il | e ey oo TR e Ccospatial b
Ve2BText [ Topicsl ¥ IS || EElswata:c:\Usersvcaty\Deskmp\A:roms\sdm1.14:-‘
tract |
nput Parar g{:sszool =10l x|
File Farmat |btograt Fle  Data Preparation Preprocessing Analysis Modeling | visuglization R Help
ocumer
b ) =
il ECmsdEI Eme D E 14 Data Managerl(, Workflow Manager‘ (]
o T Temparal b

=17 361 Unique 151 Records
GUESS
Gephi

| =1 151 Data: C:\Users\Katy\Desktop A-TOOLS \sci2-v 1, 1-b

hed to not

http://wiki.cns.iu.edu/display /CISHELL/Extract +Ct
fork

Extract Co-Authar Network was selected.

Implementer(s): Timothy Kelley

Integrator(): Timothy Kelley

pocumentation:

%0 2BText+Files%29

Ihttp:/ /wiki.cns.iu.edu/display / CISHELL/Extract + Co-Author-+ Network

Radial Tree/Graph (prefuse alpha)

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

Tree Map (prefuse beta)

Force Directed with Annotation (prefuse beta)
Fruchterman-Reingold with Annotation (prefuse beta)
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

0 Upcoming Events

AT iy Bser prteess Mapgeng
Scunnce Extuba s WIS

A Tod Pulley & Gougse Team
resers MMOOC mt EDUCALISE

T2 fany Bt preveers atthe.
SOELD 13 Year Costerance

develops o
AcoddemyScope

10 Our Products

. We work closely with

{ b ) coernsto provice
Custom-made data
visualization. and

saftware soticers

All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides will soon be 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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