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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-Pl network of Co-author network NIH’s core
(With Whom?) one individual competency
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Mapping the Evolution of Co-Authorship Networks

Ke, Visvanath & Bdérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Mapping the Evolution of Co-Authorship Networ. 2

Ke, Visvanath & Bdérner. 2004. Won 1st prize at the IEEE InfoVis Contest.
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Twitter Network of NIH and STSI User Accounts

Tang, Bérnet, Liu, Light, & Simpson. 2016. SMS-VAT: A Scalable Multi-Scale Visual Analytical Tool
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CTSI Expertise Visualization

Tang, Bornet, Liu, Light, & Simpson. 2016. SMS-VAT: A Scalable Multi-Scale Visual Analytical Tool
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Mapping Big Biomedical Data

Weber and Borner. 2015. Visualizing Healthcare System Dynamics in Biomedical
Big Data

WOC Result Vb WO Basult Value

Survival Rate Srvig| Rt

Mapping Big Biomedical Data

Weber and Birner. 2015. 1V isualizing Healthcare System Dynamics in Biomedical Big Data
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Mapping Transdisciplinary Tobacco Use o «rmonereieimemion
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Research Collaborations by the Chinese Academy of Sciences

Huang, Duhon, Hardy & Bérner
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! Language Communities
= of Twitter _

B English
Portuguese
Spanish
Dutch
Russian
French
[ =1ED]
German
Turkish
Arabic
Swedish
Danish
Finnish
Catalan
Romanian

Lithuanian
Slovak
Czech
Greek
Hungarian
Polish
Slovenian
Albanian
Latvian
Galician
Hebraw
Croatian
Bulgarian

Language Communities of Twitter - Eric Fischer - 2012

Chemical Research & Devqlopment . The Enanca &8 7
Powers the U.S. Innovation Engine [t

Macroecanomic Implications of Public and Private R&D Investments in Chemical Sciences

FEDERAL
GOVERNMENT

-
$1 Billion "l $8 Billion

FEDERAL FUNDING TAXES
i

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

U5 ECONODMY

$1B $1B + $5 Billion - $10 Billion $40 Billion
e e o i GROWTH IN GNP

o L RYENTIEN
atsEal SEVEORA DT

CHEMICAL INDUSTRY
OPERATING INCOME

p———————— 20 YEARS 600’000

JOBS CREATED

Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research.




Empowering Anyone to Visualize STI

Example: The Information Visualization MOOC

Information Visualization MOOC 2015 wounauniversity §ICNS  EE

Overview T
WMOOC: Information Visualization MOOC 2015

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 Onli gram, as part of the
Information and Li cience M.S. program, and as part
of the online Datz S. Program offered by the
School of Informatics and Computing. Students seeking
enrollment information should contact Rhonda Spencer at

12-855-2018, il i
Information Visualization MOOC ivmooc.cns.iu.edu

Among other topics, the course covers:

® 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.

Already registered? Click here to go to the course.

Forgot your password? Click here to reset it.

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




Course Schedule

Part 1: Theory and Hands-On

e 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

VMO
Top Studeng

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%).

21

Books Used in the IVMOOC

VlSUAL \Fik t__)'[" K.iiuﬁm’]cdgc
INSIGHTS

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

workflows. pioneering visualizations.

22



Visualization Frameworks

TN
TS
ey Fften |
L wnal |

By
e User insight needs?
e User task types?

e Data to be visualized?
e Data transformation?

* Visualization technique? -
* Visual mapping transformation?

* Interaction techniques?

ikkakiRhe

e Or?

24



Tasks

TYPES

LEVELS

MICRO: Individual Level
about 1-1,000 records

page 6

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

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

Statistical Analysis

page 44

Knowledge
Cartography
page 135

 page 105

Productivity
of Russian
lifa sciencas
research
teams

Mumber

of scientists
versus
population
and RED costs
| versus GNP

¥ page103

WHEN:
Temporal Analysis
page 48

visualizing
decision-
making
processes
page 95

Key events
inthe
development
of the video
tape recorder
page 85

Increasad
travel and
communication
5

page 33

- compositions
(also of text)

- correlations/relationships

i See page 24

numerals

punctuation marks
- pictorial symbols

images

icons

statistical glyphs

WHERE:
Geospatial Analysis
page 52 cell phone Victorian Ecological
e i i i f
5 wilan, aly Furope. sy
Q\_ £ page 109 page 137 page 99
e
Tonical Anelss Rt
opical Analysis E
page 56 K:}:::fgs Evolving ; :mlllclspate
of Appie journal m_u;f“
Computer, networks in aberii i
Inc. and nanotechnology | rnpials
Jerome page 139 3 :;:‘g"f
Deis®Research i e —— ;E;‘fgs:“
WITH WHOM: e——
Network Analysis
page 60 world E A Bectronicand world-wide
Finance o ) new media art scholarly
corporation e e collaboration
>{_\ __4\{\_'% ';5:;“5'; - 3] page 133 p'f‘g:ﬂ?
i See page 5
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 symbols | - spatial - overview
- order/rank/sort - ordinal « chart point position = ZOOIM
- 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) . l'n?”'it'c symbols motion + extract
- geospatial Ex - link and brush

- projection
- distortion

25
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Basic Task Types

Bertin, 1967 Wehrend Few, 2004
& Lewis,
1996
selection categorize
order rank ranking
distribution  distribution
compare nominal
comparison
& deviation
time series
geospatial
quantity part-to-
whole
association correlate correlation
i See page 26
Insight Need Types Data Scale Types
page 26 page 28
- categorize/cluster - nominal
- order/frank/sort - ardinal
- distributions « interval
(also outliers, gaps) - ratio
-~ COMparisons
- trends
(process and time)
- geospatial
- compositions
(also of text)
- correlations/relationships

i See page 24

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
Visualization Types || Graphic Symbol Types
page 30 page 32
- table - geometric symbols
+ chart point
. g[aph line
- map darea
« network layout surface
volume

- linguistic symbols
ext
numerals
punctuation marks
- pictorial symbols
images
icons
statistical glyphs

Tool: Many  Tool: Chart | Borner,
Eyes Chooser 2014
categorize/
cluster
table order/rank/
sort
distribution | distributions
(also outliers,
gaps)
compare comparison | comparisons
data values
track rises trend trends
and falls (process and
over time time)
generate geospatial
maps
see parts composition | compositions
of whole, (also of text)
analyze text
relations relationship | correlations/
between relationships
data points
27
Graphic Variable Types | Interaction Types
page 34 page 26
- spatial - overview
position = ZoOm
- retinal - search and locate
form - filter
color - details-on-demand
optics - history
motion = extract
- link and brush
- projection
- distortion
28



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 layouts: Node position might depends on node
attributes or node similarity. Trees: hierarchies, taxonomies,
genealogies. Networks: social networks, migration flows.

Types

Insight Need Types
page 26
- categorize/cluster
- order/rank/sort
« distributions
(also outliers, gaps)
-~ COMparisons
- trends
(process and time)
- geospatial
- compositions
(also of text)
- correlations/relationships

Data Scale Types
page 28

- nominal

- ordinal

- interval

» ratio

ke See page 25

Visualization Types
page 30

- table

« chart

- graph

- map

- network layout

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

29

Gmphic‘.fariahleTypeJ Interaction Types

page 34

- spatial
position

- retinal
form
color
optics
motion

page 26

= OvETview

- ZOOIM

- search and locate
- filter

- details-on-demand
- history

- extract

- link and brush

- projection

- distortion

30



Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols
Point Line Paiia
x guantitative
¥ - ¥ - f_/ s l
B y quantitative
""g- N g ) R | e e . r )
¥ % % » , T ,
z quantitative : 4 /
Size quantitative
=== A
Shape : \ =
" 5 i : ® A + o »
Rotation quantitative
: v EEs e
E —
£ o
=1 curvature quantitative P D
NA
F| | Ao [ auantatve| > B
3 NA
[
Closure quantitative P D
NA
Valug quantitative
ceeeees | | | | | I I _
5| Hue
3 e 0 0 & @& @ 0 o ®
Saturation quantitative
TR EEEN) | | | | I I |

See page 36

Y
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i
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g | g

g | S

kg

.......

See pages 36-39
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' N Cgberinfrastrutture for
Network Science Center

Sci2 Tool — OSGIi/ClIShell-based Macroscope

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

U o 5ei2 Toal =]
Se File Data Preparation  Preprocessing  Analysis  Modeling  Visualization  Help
= 5 [ ="
° Menu to read data' run B Consale otat Data Manager
. Welcorme to the Science of Science Tool (Scid). - "? Directory Tree - Prefi
a Igorlth ms . The deve\opment of this toal is supported in part by the Cyberi!ﬂfrastr_ucture for
Metnenrk Science center and the School of Library and Information Science atIndiana |=
Uniwersity, the Mational Science Foundation under Grant Mo, SBE-0738111 and
e Console to see work IOg, 15-0715303, and the James 5. McDannell Foundation, See Science of Science

Cyberinfrastructure portal (http:ffsci.slisindiana.edu) far more inforrnation.

references to seminal works.
Primary irvestigators are Katy Birner, Indiana University and Kewin W, Boyack, SciTech
H Strategies Inc. The Sci® tool was developed by Micah W, Linnerneier, Russell J, Duhan,
° Data Manager tO Select, VIeW, Patrick &. Phillips, Chintan Tank, and Joseph Biberstine. It uses the Cyberinfrastructure _

Sl Autbss LSl el e il d b bl ) e i P b b fe R il @

save loaded, simulated, or Epm =

derived datasetS- DREI’TIUVE completed automatically
* Scheduler to see status of

algorithm eXecution. ! Algorithm Mame Date Tirme % Compl

/] Read Directory Hierarchy  08/15/2010 0740217 PM |

< . »

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

33

rinfrastructure for
Network Science Center

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

il

File DataPreparation | Preprocessing Analysis Modeling Visualizaton R Help

T i’ =0 | i Data Managerl L Worlflow Manager| =0 |
Temporal »
.......... Geospatial * 2|\l = [ 151 Data: Ci\Users Katy\Desktop\A-TOOLS \sciz-v1, 1-br
xtract Co-Occurrence  Topjcal » Ed. 361 Unigue ISI Records
mplementer(s): Timoth: pe— “s Extracted Co-Authorship Network
ntegrator(s): Timothy & Metworks  » Extract Top Modes = p

ocumentation: Extract Nodes Above or Below Value sy 1 degree attribute added to no

hittp:/ [wikicns.iwedu/display /{CISHI  Delete Isolates
rk Futrart Tnn Frinee

Exract Co- ~=lolx|

File DataPreparation Preprocessing | Analysis Modeling Visualizaton R Help

>
El Console ‘éernporzl Ly =0 | 4! Data Managerl £ workflow Manager| =0 |
eospatia

.......... ' Topical  » ;Il | =-E1 151 Data: C:\Users'Katy\Desktop|A-TOOLS sci2-v 1. 143.|
==
T R
General » B
Temporal  » E

—— |lork
B schedu || [ Geospatial » | =
xtract Co-Occurrence Network was selected,

1ia Data Manager] £ workflow Manager| =0
-5 151 Data: C: \sers\Katy \DesktoplA-TOOLS \sc2-v 1. 1-br

Em 361 Unigue I5I Records

Topical 3
mplementer(s): Timothy Kelley . T m
ntegrator(s): Timothy Kelley i 5
ocumentation: Gephi ed to noc

hittp:/ fwiki.cns.iv.edu/display/{ CISHELL | Extract+Co-Occurrence+Net
rk Radial Tree/Graph (prefuse alpha)

---------- " X ected Radial Tree Graph with Annotation (prefuse beta)
xtract Co-Author Network was selected, )

mplementer(s): Timothy Kelley Treeieyilprefilse beta)

ntegrator(s): Timothy Kelley Tree Map (prefuse beta)

ocumentation; Force Directed with Annotation (prefuse beta)

hittp:/ fwiki.cns.iv.edu/display{ (ISHELL/ Extract+Co-Author+Network - - -

o8 T exct + Filec/a29 Fruchterman-Reingold with Annotation (prefuse beta) 34
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Needs-Driven Workflow Design

1 : Validation

‘ E

m Interpretation
Stakeholders

DEPLOY

Visually
encode
l data
Types and levels of analysis determine I 4+
data, algorithms & parameters, and Overlay
deployment data
Select A
visualiz.
Data % -_> % — type
READ ANALYZE VISUALIZE >
35
Needs-Driven Workflow Design
DEPLOY
U Validation
. < .
k : Interpretation oo
_‘,' h { o ."”}‘ vf'
Stakeholders visually [N . f:
encode N o
\r\“ e ‘f';\
l data £ ’
Types and levels of analysis determine I ——
/ i i
data, algorithms & parameters, and Overlay [ e, NP
v ®e °®
deployment data W ./fg
Select -
visualiz. [N
-N- -
\_7\_\\ /}A
READ ANALYZE VISUALIZE Ve
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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
TIONS OF 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
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Load One File and Run Many Analyses and Visualizations
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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) IAl Multidimensional Analysis

14) Scraawl: Twitter Analysis

15) llluminated Diagram: Searchable World and Science Maps
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ClIShell/Sci2 World and Science Visualizations

of NIH RePORTER Data
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IAl Multidimensional Analysis 13
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Scraawl: Twitter Analysis
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llluminated Diagram: Searchable World and 15
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llluminated Diagram: Search detail
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Connect With Us

We work closely with
clients to provide
custom-made data,
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software solutions
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