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

INSTITUTE FOR THE FUTURE
Science & Technology Outlook: 2005-2055

Science & Technology Outlook: 2005-2055 - Alex Soojung-Kim Pang, David Pescovitz, Marina Gorbis, Jean
Hagan - 2006



Language Communities
of Twitter

English

Portuguese
Spanish
Dutch
Russian
French
Italian

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

Language Communities of Twitter - Eric Fischer - 2012
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In Terms of Geography - Andre Skupin - 2005



CLIcksTREAM MaP
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.
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April, 2005: 101st Annual Meeting of the

Association of American Geographer, Denver, Colorado. 9

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



Kristi Holmes (@ kristinolmes - Apr 30
'f ) Excited for @cnscenter Places&Spaces at (@galterlibrary! @katycns

Places & Spaces at Northwestern University
May 14 - September 23, 2015 11

Places & Spaces Exhibit at the David J. Sencer CDC Museum, Atlanta, GA
January 25-June 17, 2016 12



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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How to Classify (Name & Make) Different Visualizations?

By et T n — =

e Userinsight needs?
e User task types?

e Data to be visualized? &= . ;

e Data transformation? - "

* Visualization technique? s

e Visual mapping transformation? S3e _‘-j-f
* Interaction techniques? e L e

e Or?

- -

:\l las of |\| 1 'I‘.‘.']L_'\_!I"_':I_."

* VISUAL
Information Visualization MOOC |NS|GHT




Different Question Types

Descriptive &
Predictive

..........

Terabytes of data

20« | oo | coos | mor | avea | 2o

Identify trends

Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

18



-I-a S kS LEVELS

TYPES Ll gty

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

Statistical Analysis
page 44 — -
,EE Knowledge
0 _‘ cartography
4 pagelis

Techno
5" Rasearch i b A Yase  Page 59

WHEN:
Temporal Analysis Ky events
page 48 visualizing faca
e decision- = development
1 making of the video
— processes tape recorder
| = S e
WHERE:
Geospatial Analysis
page 52 call phone victorian Ecological
o usage in poetry in foatprint of
Milan, italy Europe countries
. 3 page 103 page 137 page 99
WHAT: ——
Topical Analysis patent
ape 56 hoidings Evolving
pag = ._: of Apple journal
i = e computer, metworks in
Inc. and manatechnology
page 139

WITH WHOM: . F

Network Analysis
page 60 world Electronic and
Finance ‘mew media art
corporation e
n
metve . page 133

S See page 5

Needs-Driven Workflow Design

DEPLOY

Validation

f
l\ ) A Interpretation m
-
Stakeholders Visually
l encode

A

data

Types and levels of analysis determine I

data, algorithms & parameters, and Overlay
deployment data

!

Select

visualiz.
Data 9 é% —_— type

READ ANALYZE VISUALIZE
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Needs-Driven Workflow Design

DEPLOY
f B Validation
k b’ A Interpretation i
S { ,.. Yo
Stakeholders Visually o4
encode = ™ .\
l data J -
Types and levels of analysis determine I i
data, algorithms & parameters, and Overlay [ e, B Bl 4
deployment data {° g
l |
Select )
visualiz. R=s )
pata % _)% —> TR | ' {"‘
READ ANALYZE VISUALIZE o\ ¢ T \
Needs-Driven Workflow Design
DEPLOY
f B Validation
k b’ A Interpretation
e
Stakeholders Visually Graphic
cprl Variable
l data Types
Types and levels of analysis determine I Modify
data, algorithms & parameters, and Overlay reference
deployment data system, add

I records & links

Visualization

Select

visualiz. Types
Data % —)% —_— type (reference
systems)

READ ANALYZE VISUALIZE
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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.
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IVMOOC App — More than 60 visualizations

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

h/ Google Play ivmooc “

IVMOOC Flashcards
Studio Cypher  Education
£ Everyone

IVMOOC u IVMOOC u

IVMOOC Flashcards

dic Cypher  Education

€ Everyone

Information Visualization MOOC Flashcards . A Y
ns.iv.edu r ‘\J

) I N (5 Y O 0 e
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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

- COMparisons
« trends

(process and time)
- geospatial
- Ccompasitions

(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

Visualization Framework

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

Interaction Types
page 26

- averview

+ Z00Mm

« 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 | trackrises trend trends
over time and time | 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

26



Visualization Framework

Insight Need Types Data Scale Types \"isualizaﬁonTypesl 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
- order/rank/sort - ordinal - chart point position - Z00m
- distributions - interval - graph line - retinal - search and locate
{also outliers, gaps) - ratio - map area form - filter
- COMmparisons » network layout squace color - details-on-demand
» trends ~ volume optics « history
(process and time) . "n?”'it'c symbals motion - extract
- geospatial nixmerals - linkand brush
- compaositions unctuation marks - projection
(also of text) _p ) - distortion
lations/relationshi - pictorial symbaols
+ correlations/relationships images
icons
statistical glyphs
{ See page 24 27
Graphic Variable Types Versus Graphic Symbol Types
Geometric Symbols
Point Line: Area
% quantitative
¥ - - ¥ .
E y quantitative /_/
a o, : ——— o
3 quantitative 7 T
i quantitative
: NA Not Applicable) | I I I I x 1 B . .
Shay ! 1
- BB EE
Rotation quantiative
~A |/ ~ _|mm s s e
£ —
| Curvature guantitative " | ( ( ( C P D D -I-: O
|V LLP2DDO
- = (CCCOPEDDO
Valug quantitative
LT CE——
cecececces | [[|]]]]]] NI
aturation idpincich]
“ EERERERI
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Graphic Variable Types Versus Graphic Symbol Types

—— ey e
= = = - 5.
i =] ; o g ; | :
e (Tl 1 (+"nmm e
e I T T N AT TN S o T w0 G
e PFFERETEL
e =
. [ 1 € g B Ddeg
3 [—=]
i ~ Frle - LFe D80
o =
COC E0F™DD 0
= == |
3= =
[r— [—|
=y [
comiir —.
i~
—— T—] -
- = 1T S
i" == TLELTTTTT |
|=—| P
T secsccscac||[[[[[[]]] ]| @ @B :
il 00
e =, | - _—
= -
b - - | |. | |. }.
i = . Fokod -
= |[F=— [

Load One File and Run Many Analyses and Visualizations

Times  Publication

Cited  Year

12 2011 NEW YORK
18 2010 MALDEN
13 2010

Location Count | £ Citations
Netherlands 13 29
United States 9 38
Garmany n El
United Kingdom | 1 2

City of Publisher Country

USA

USA

WASHINGTON USA

AND
TRANSLATIONA
L SCIENCE
SCIENCE

L MEDICINE

CTS-CLINICAL  Advancing the Science of
Team Science

Temporal Burst Analysis—p. 48

A Multi-Level Systems
TRANSLATIONA Perspective for the Science
of Team Science

Journal Title  Title Subject Category Authors
(Full)

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

ACM

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




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,
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

Co-author and
many other
bi-modal networks.

Information Visualization MOOC

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




MAP OF SCIENCE: FORECASTING

LARGE TRENDS 1N SCIENCE

< MEDICAL SPECIALTIES Science Forecast
S0 /2 S1:E1, 2015
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The Infinitely Great i, Galaxies

Telescope

Deploy  Data
Visualize Read
Analyze

Microscope Macroscope

The Infinitely Small 3% Technology




Microscopes, Telescopes, Macroscopes Plug-and-Play Macroscopes

The Infinitely Great

Telescope

Deploy  Data
The Infinitely Complex
Visualize Read : _
Analyze e
4 ] Nature
Microscope Macroscope

The Infinitely Small

35

ph

@® MACROSCOPES FOR INTERACTING WITH SCIENCE @5"”‘-' g'pAE;E'g‘g{;--?.;;;

AcademyScope Mapping Global Society Charting Culture




i

s

[lluminated Diagram Display
on display at the Smithsonian in DC.
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Geographic Map: Where Science Gets Done

Schemce Map: How Scientific Disciplines Relate

[CRETY -

Top Five Continents

Top Five Sclentific Disciplines
Marr e

Search
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Hidalgo, César A, Bailey Klinger, Albert-Laszi¢ Barabssi, and Ricardo Hausmann. 2007, Seealso T

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

ce map from Phase | of Ploces & Spaces.

Batkgl’ou nd and Goals Themes for the upcoming iterations/years are:

The Places & Spaces: Mapping Science exhibit was created toin * 11th lteration (2015): Macroscopes for Interacting With Science
communicate human activity and scientific progress onaglot ® 12th Iteration (2016): Macroscopes for Making Sense of Science
that enable the close inspection of large-scale maps in public * 13th lteration (2017): Macroscopes for Forecasting Sclence

14th lteration (2018): Macroscopes for Economic Decision Makers

conferences; (2) novel, interactive macroscope tools that let 1 . ) R 40
. . . . . . s 15th lteration (2019): Macroscopes for Science Policy Makers
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Latest News
EEERE Pt yolr money

» where your citations
are: a proposal for a

B Upcoming Events

Katy Borner attends
PILG 2013 Northeast
Conference

Open Data and Open
Code for Blg Sclence

of Science Studies —
-

new funding system 1013 Kty Bormer
(website accessed Eesence Exhibi atWESE
9/05/13)

B Development 0I5 Ted Poliey & Goagle Team

— om0 Behind the scenes of
;E-‘“ [ the design and
L1 development of
AcademyScape

B videos

B Warch Katy Barner's
full presentation from
TEDBloomington

B outreach

F See some of the most
M fascinating data

visualizations

ok, i

b In the wortd.

B Teaching

§ Successiul VMOOC
will be affered again
B in January of 2014

present WMOOC a2 EDUCAUSE

1033 Katy Borner presenss as the
S0FL0 15 Years Conference

B Our Producis

We work closely with
‘ ‘ cllents 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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