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Descriptive &
Predictive
Models

Terra bytes of data

Identify trends




Descriptive Models

Multiple levels: Micro ... Macro

Answering: When? Where? What? With Whom?

Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level




Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-100,000 records)

Macro/Global
(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
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 NSE_all of LISA|
Analysis/Profiling their expertise profiles | universities, research allofsg -~
domains, or states \
e
Temporal Analysis | Funding portfolio of ic bursts in | 113 Years of Physics
(When?) one individual “PNAS Research g
[ ; = .
Geospatial Analysis | Career trajectory of on¢._ e~ g PNAS publications
(Where?) individual “Tintellectua BY (.
Topical Analysis = fl VxOrd/Topic .’*;'r-; a ¥
(What?) TR s. » researcn NIH funding | } L t':”’
P = A
e |E Boi%a
Network Analysis NSF CO-PTNetworkK oT Co-author network NIH’

(With Whom?)
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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 Networ. 2

Ke, Visvanath & Bérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Mapping Indiana’s
Intellectual Space

Identify

> Pockets of innovation

»> Pathways from ideas to products
> Interplay of industry and academia

(}“‘ r
/ ‘@ LU

Academic
Industry

Academic vs. Academic
Academic vs. Industry
Industry vs. Industry
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Mapping Transdisciplinary Tobacco Use  moermurerop isfmaon
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E Language Communities
=0 of Twitter

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

Language Communities of Twitter - Eric Fischer - 2012

Chemical Research & Development

Powers the U.S

. Innovation Engine

Macroeconomic implications of Public and Private R8D Investments in Chemical Sciences

FEDERAL
GOVERNMENT

.

$1 Billion

FEDERAL FUNDING

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

$1B- $1B + $5Bilion - $10 Billion

RS—1 F——911 YEARS ——+—> 5 YEAR
sl o CHEMICAL INDUSTRY
OPERATING INCOME

20 YEARS

$40 Billion

GROWTH IN GNP

+
600,000

JOBS CREATED

$8 Billion

TAXES

U.5. ECONOMY

The Council for
Research (CCR)

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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Empowering Anyone to Visualize STI

Example: The Information Visualization MOOC

Information Visualization MOOC 2 woana university GCNS

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 Indiana University credits
as part of the Online Dat: ce Program, as part of the
Information and Library Sc 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
812-855-2018, ilsmain@indiana.edu or

latasci@indiana.edu.

Information Visualization MOOC ivmooc.cns.iv.edu

Among other topics, the course covers: — ’
Register Tor Course

® 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.

Register for free at http://ivmooc.cns.iu.edu. Class restarted in January 13, 2015.

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

16




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
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%).

Books Used in the IVMOOC

INSIGHTS

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

workflows. pioneering visualizations.




Visualization Frameworks

How to Classify Different Visualizations?

By
e User insight needs?

User task types?

¢ Data to be visualized?
¢ Data transformation?

e Visualization technique?
* Visual mapping transformation?

* Interaction techniques?

e Or?

10



WHEN:

LEVELS

MICRO: Individual Level
about 1-1,000 records
page 6

Temporal Analysis

WHERE:
Geospatial Analysis
page 52
- f'v?}
Y

.
s

page 48

WHAT:
Topical Analysis
page 56

ki
Technology

5" Research &

L

visualizing
decision-
making

processes
page 95

cell phone
sagein

Milan, rtaly

page 109

Lemelson
et s uRAS Ve  page 50

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

page

Efpe

MACRO: Global Level
more than 100,000 records

page 10

page 139

Product space.
.

showing
co-export
pamerns.of

WITH WHOM:
Network Analysis
page 60 world Eectronic and World-wide
Finance et scholarly
v L Corpersion e cotsseranon
N
{ See page 5 P
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 - 1able - geometric symbols - spatial - overview
« order/rank/sort « ordinal « chart point position = zoOm
« distributions « interval = graph line = retinal « search and locate
(also outliers, gaps) « 1atio « map area form « filter
« comparisons « network layout surface color + details-on-demand
- trends VO!J”'G . optics - history
(process and time) ) ]1“.3“5"( symbols motion + extract
- geospatial D + linkand brush
o numerals -
+ compositions p + projection
tikn eoF punctuation marks
(also of text) « distortion
orrelations/relationsh: * pictorial symbols
correlations/relationships images
icons
statistical glyphs.
| See page 24

11



Basic Task Types

Bertin, 1967 Wehrend Few, 2004  Yau, 2011 Rendgen&  Frankel, | Tool:Many  Tool: Chart |Bérner,
& 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 | compositions
whole structure | of whole, (also of text)
analyze text
association correlate correlation relationships  hierarchy relations relationship | correlations/
between relationships
data points
5% See page 26
Insight Need Types Data Scale Types | Visualization Types | Graphic Symbol Types | Graphic Variable Types | Interaction Types
page 26 page 28 page30 page32 page 34 page 26
- categorize/cluster - nominal - 1able - geometric symbols - spatial - overview
« order/rank/sort « ordinal « chart point position = Zoom
« distributions « interval + graph line » retinal « search and locate
(also outliers, gaps) « 1atio « map area form « filter
« comparisons « network layout surface color + details-on-demand
- trends VG!U"‘G . optics - history
(process and time) b im?“ﬂ'( symbols motion + extract
- geospatial D « link and brush
J : numerals
+ compositions & « projection
I £ punctuation marks
(also of text) « distortion
omelations/rekationsh » pictorial symbols
correlations/relationships images
icons
statistical glyphs.
34 See page 24

12



1.

2.

Visualization Types (Reference Systems)

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

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

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

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

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 DataScale Types | Visualization Types | Graphic Symbol Types | Graphic Variable Typeq Interaction Types

page 28 page 30 page 32 page 34

- nomina - tab

= geometric symbols = spatia

« ordinal t
« interval h ne . 1€
« ratio

etwork layout

motion

:...-' See page 25

26
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Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols
Point Line Area

Spatial

sza quantitative
NA (Not Applicable} | | I I l = & N

'

i

i

NA

orm

Retinal

NA

: treeeNS ‘ | | | | _
qualitative
5| e
® o 0 0 0 0 0 L
3
secseoeel [ [LLTTTTLI|S m—

See page 36 27

Graphic Variable Types Versus Graphic Symbol Types

000 T

E sty ) e
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@ l NS Cyberinfrastructure for
Network Science Center

Sci2 Tool — OSGi/CIShell-based Macroscope

Download for free at http://sci2.cns.iu.edu

U % Sci2 Teol [EE=
se File Dats Preparation  Preprocessing  Anslysis Modeling Visuslzation Help
¢ Menu to read data, run B.conle = 51| Dos Marager]|_ = 8

. Welcome to the Science of Science Tool (Sci). - ¥ Directory Tree - Prefy
a |g0 rit h ms. The development of this tool is supported in part by the Cyberinfrastructure for
Metwork Science center and the School of Library and Information Science atIndiana | =
University, the National Science Foundation under Grant No. SBE-0738111 and
¢ Console to see work log, ES115305, w th s 5 wiomnill Founaton. S Scionc ofScence
. Gy portal i.shis indis for more
references to seminal works.

Primany investigators are Katy Bamer, Indiana University and Kevin W, Boyack, SciTech

o Data Manager to SEIECE, VIEW, | s rim i o eion oo onretosonens
save loaded, simulated, or =
derived datasets. (Bamasi] B rericoe ormpieied witsrmatcaly (e Lo
¢ Scheduler to see status of m
algorithm execution. | Agorthr Nome oate T 5 Compl

¥ Resd Directory Hierarchy  08/15/2010 070217 PM e

B Scheduler =a

All workflows are recorded into a log file (see /sci2/logs/...), and can be re-run for
easy replication. If errors occur, they are saved in a error log to ease bug reporting.

All algorithms are documented online; workflows are given in Sci2 Manual at
http://sci2.wiki.cns.iu.edu

Cyberinfrastri
Network Science

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

& sci2 Tool =10l x|
File DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help
‘ECmsdeL ?Hdd : =ﬁ|l5?&?mmmuw|(,workﬂoww‘ ='|3|
. Tempor

.... g = Geospatial * a|||[ = [ 11 Data: : \users\Katy \Desktop\A-TOOLS sci2-v 1. 1401
Extract Co-Occurrence  Topicll b pd- [ 361 Unique IS1 Records
[mplementer s): Tmath pr——" -5, Extracted Co-Authorship Network
Integralm(s):Tmmw Extract Top Nodes e e
il il T (¥ Nodles Above or Below Vakie B Network with degree attribute added to nog
Ihttp:/ /wiki.cns.iu.edu/display/CISHI  Delete Isolates £ author information
fork Fytract Tan Frines
Exvact co- A 1o
lmp*ementz File DataPreparation Preprocessing | Analysis Modeling Visuaization R Help
fintegrator, & e
pocuments | 2] Console M | = 014 ata Mansger | ) Workdow Mansger | =g|

p:/ Jwi {

OTTETICS ¥5T ¥ UOT 19 LU e SEa U e S.ast s
o2sText [T Toicd b 2]||[ & T 151 0ste: - Vsers Kty Pesktop & ToOLS o2+ b |
=
e [ o xi
[leFormat |lntegrat Fle Data Preparation Preprocessing Analysis Modeling | Visualization R Help
.......... Documer . - :
flode Desre nttp:/ /| £ console 1‘3"‘“; : 1| 433 Data Manager | € Workfiow Manager | s
empor:
B schedu || i Geospatial » | ~|||[ =T 151 Data: C:\Users\Katy\Desktop\A-TOOLS \sci2-v1. 14
Extract Co-Ocaurrence Network was selected. Topical » B F .}élumque ISI Records

fimplementer (s): Timothy Keley

integrator(s): Timothy Kelley GUESS

Pocumentation: Gephi .00
http:/ /wiki.cns.iv.edu/display/CISHELL /Extract+Co-Occurrence+Net -
lork Radial Tree/Graph (prefuse alpha)

oo Radial Tree/Graph with Annotation (prefuse beta)
Extract Co-Author Network was selected. Toae

Implementer(s): Timathy Kelley

fintegrator(s): Timothy Kelley ;

:umr;eﬂtaknnn: e disoter] , " , Force Drected with Amnotatn (refuse bet)
ttp:/ [wiki.cns.iu.edu/display/CISHELL /Extract+Co-Author+Netwo s i
%28Text+Files%29 g eqmensR shogord st Aorotaton @eeline bera)

30
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Needs-Driven Workflow Design

DEPLOY
. - B Validation
k ) A Interpretation
X L -
Stakeholders Visually
encode
l data
Types and levels of analysis determine I A
data, algorithms & parameters, and Overlay
deployment data
| | [N
Select A
visualiz.
Data % —>B _> type
READ ANALYZE VISUALIZE 5
Needs-Driven Workflow Design
DEPLOY
i . Validation
k _') A Interpretation - P
1 L - X B o
Stakeholders Visually e . g
encode S ,w—“ii
l data o h
Types and levels of analysis determine I — N
data, algorithms & parameters, and Overlay % ..,.;’ f"'
deployment data L o4
1 I N e ‘,\‘
Select
visualiz. B )
Data% —>B —_— type v g#‘
READ ANALYZE VISUALIZE -




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
TIONSOF  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
Statistical Analysis—p. 44 Temporal Burst Analysis—p. 48 Geospatial Analysis—p. 52 Geospatial Analysis—p. 52
Location Count | #Citations .é %
Netherlands B m - .
United States 9 318 _.—
Germany n 3% l_
United Kingdom 1 2 .'='

33

Load One File and Run Many Analyses and Visualizations

Times Publication City of Country Journal Title Title Subject

Cited Year Publisher (Full) Category

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

18 2010 MALDEN USA CTS- Advancing the Science of Research &
CLINICAL Team Science Experimental
AND Medicine
TRANSLATIO
NAL
SCIENCE

13 2010 WASHINGTON USA SCIENCE A Multi-Level Systems  Cell Biology
TRANSLATIO Perspective for the |Research &
NAL Science of Team Science Experimental
MEDICINE Medicine

Topical Analysis—p. 56 Paper itation Network—p. 60 Bi-Modal Network—p. 60

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

Co-author and
many other
bi-modal networks.

34
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' NS Cyberinfrastructure for
Network Science Center

Existing Interfaces for Health-related
Data

9) NIH RePORTER: Visual Interface to Biomedical Funding Data in U.S.
10) CIShell/Sci2 World and Science Visualizations of NIH RePORTER Data
11) NIH RePORTER: NIH Map

12) BBSRC: Visual Interface to Biomedical Funding Data in UK

13) IAlI Multidimensional Analysis

14) Scraawl: Twitter Analysis

15) Illuminated Diagram: Searchable World and Science Maps

' NS Cyberinfrastructure for
Network Science Center

NIH RePORTER: Visual Interface to 9
Biomedical Funding Data in US

R | @

)

http://projectreporter.nih.gov/




' N Cuherinfrastrutlurefnr
Network Science Center

of NIH RePORTER Data

CIShell/Sci2 World and Science Visualizations

St

10

l NS Cyberinfrastructure for
. Network Science Center

Sci2 Desktop

[ 52 Tout
Fe Data Preparstion | Preprocessig. Andlyss Modelng Vousizaton R Heb
B conscle 20
dract Co-¢a
broiementer(s): Temoth
ieggator e}, Tnoy. Extract Top Nodes
umentaon: Extroct Nodes Abare or Below Vakue L3N
fittp:// wiki.cos.iu.edu/display/ CISH|  Delete Isoistes [T muthor informaton

Exiract Top Edges.

e 1S o o
integrator (s); T B
Pocumentabon: Fie DataPreparation Preprocessing | Analyss Modeing Visuskzabon R Help
[http:/ /wikicns.$
lozat oxteried) | B consse]
TS ET

Fie Format: s 72t Co-Oeaurrence Network was ses | E Rl
2 e (s): Tenothy Kelay

tegratoris): Trwathy Keley

Pocumentation:

= D || 111 oata Manager | 3 wordom Manager =D

Fie DataPreparation Preproceseng Analyss Modeing | Visusizaton R Heb

t Co-ALthor Network was selactad,

tes(s): Trnothy Kebey
integrator(s): Tmathy Keley
poamentaton

) ik ISHELL/ Extract+Co
28T exts Frlesto29

rout Parameters:
e Format: &

_ .
| ) Console 0 || it pata © Workdlow:
B scheder 15t % ; Hanspes Mansger
I s + | 21| E T st 0t Cosers oty Peskop To0LS o2
i xract Co-Ocaurence Network was 2 = S
foxtact Co-author Network wos seected, [} [EX72C% Co Curronis Metyork mas seected. » {T] 361 Unique 151 Records
stegraton(s): Trothy Keley [ cuess |
Gephi. 0 Ao
TseLL
Radal Tree/Graph (prefuse aigha)

Radial Trea/Graph with Annotation (prefuse beta)
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NIH RePORTER: NIH Map

' NS Cyberinfrastructure for
Network Science Center
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' NS Cyberinfrastructure for
Network Science Center

BBSRC: Visual Interface to
Biomedical Funding Data in UK

25 BBSRC
” bioscience for the future
Advanced Grants Search

ANALYSIS TYPE:
o m Carvert Compteted

FUND TV (S
gy
msTITUTIONIS}:
oy
RESEARCH TOMCISE
)

CATEGORYSK:

http://www.bbsrc.ac.uk/
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BBSRC: Temporal animation

Cyberinfrastructure for
Network Science Center
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Scraawl: Twitter Analysis

Edit Report

: :

14

https://www.scraawl.com/

' NS Cyberinfrastructure for
Network Science Center

llluminated Diagram: Searchable World and
Science Maps

http://cns.iu.edu/interactive_displays.html
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llluminated Diagram: Search detail
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We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Research

Open Data and Open
Code for Big Sclence
of Science Studies

B Development

Behind the scenes of
the design and
development of
AcadermyScope

B Videos

- B Watch Katy Borer's
full presentation from
TeDxBloomingtan

B Latest News
TSR . your money

» where your citations
are:a proposal for a
new funding system
(website accessed
9/05/13)

B Outreach

5 See some of the most
~ fascinating data
visualizations

inthe world.

B Teaching

Successful VMOOC
will be offered again
== in January of 2014

I3 Upcoming Events
FYe] Koty Borner attends
[l Pus 2013 Northeast
Conference

1013 Katy Baener prasents Magping
Science Exhibit at WSSF

1015 Ted Polley & Google Team
present NMOOC at

1022 Katy Barner presents at the
SGELD 15 Years Conference.

B Our Products

We work closely with

{ \ clients o provice
custom-made data.
visualization. and

software solutions.

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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