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Overview



Information Visualization - Definition

“Information Visualization is a process of transforming data and information that are
not inherently spatial, into a visual form allowing the user to observe and understand
the information.”

(Source: Gershon and Eick, First Symposium on Information Visnalization)

Scientific Visualization Information Visualization

Animals
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Information Visualization — Human Advantage

Rooted in geography, scientific visualization.

Not even 30 years old.

Growing fast.
Far reaching (IR, WWW, DL, HCI).

Interdisciplinary nature: computer graphics, electronic engineering, information
systems, geography, information science, ...

Tremendous potential.

Humans can detect a single dark pixel in a 500 x 500 array of white pixels in less than a
second. This screen can be replaced every second by another, enabling a search of 15
million pixels in a minute (Ware, 2000).

Also, people have a truly remarkable ability to recall pictorial images. In one study, Standing, Conezio,
& Haber (1970) showed S's 2560 pictures, each for 10 seconds over 7 hours, in a 4-day period.

Afterwards, S's were asked to classify pictures presented at a rate of 16 pictures/minute and they
achieved better than 90% accuracy.



Information Visualization — Why Now?

» Information explosion (amount doubles every 18 months).
» Work is becoming more ‘knowledge-otiented’.
» Increasing computing power (doubles every 18 months - Moore’s Law).
» Decreasing cost of storage. "
» Fast graphics processors. Processor Speed
» Larger hard disk sizes -> more informatis
» High resolution colotr monitors. Human Ability
» Alternative user interfaces Idesk, CAVE
» Connectivity between systems is expandi % of Human
Ability Used
>
» Increasing visual intelligence. Hme
» 'Thete is a bad mismatch between computer displays and the human perceptual

system and between computer controls and human motor functions.



Information Visualization — Potential

Well designed visualizations ...

>
>

YV VY

Provide an ability to comprehend huge amounts of data.

Reduce search time and reveal relations otherwise not being noticed (perception
of emergent properties).

Often reveal things not only about the data but how the data was collected -
errors and artifacts jump out.

Facilitate hypothesis formulation.

Are effective sources of communication.

Let’s Look at the History of Visualizations



Balance of Trade Chart by Playfair in 1786
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The area between two time-series curves was emphasized to show the difference
between them, representing the balance of trade.



Coxcombs by Florence Nightingale in 1858

This figure (reproduced with
SAS/GRAPH) shows that far
more deaths were attributable
to non-battle causes
("preventable causes") than to
battle-related causes.

Nightingale's Coxcomb is
notable for its display of
frequency by area, like the pie
chart. But, unlike the pie chart,
the Coxcomb keeps angles
constant and varies radius
(proportional to
sqrt(frequency)), a principle
used in the FourFold Display
for 2x2xk tables.

THECAUSES or MORTALITY
N THEARMY N THE EAST.

‘ WIOLINDS
‘ PREVENTIBLE IMSEASE
‘ OTHER CAUSES




Map of Cholera by John Snow in 1855

.o . Snow’s Dot Map
John Snow use of statistical mapping to

deduce the link between cholera and
contaminated water.

v Deaih from Cholera

Based on the map he observed that cholera
occurred almost entirely among those who
lived near (and drank from) the Broad Street
water pump.

Removing the handle of the contaminated
pump ended the neighborhood epidemic
which had taken more than 500 lives.
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http://www.johnpowell.net/pages/handout/snow.jpg

The Loss of Napoleons Army by Charles Minard in 1869

Minard (1781-1870), a French engineer, illustrated the disastrous result of Napoleon's
failed Russian campaign of 1812. The graph shows the size of the army by the width
of the band across the map of the campaign on its outward and return legs, with
temperature on the retreat shown on the line graph at the bottom. Many consider
Minard's original the best statistical graphic ever drawn.
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Thickness of brown line is proportional to number of soldiers (422,00 soldiers
started out).

Black similarly encodes the retreat (10,000 returned).

Crossing of Berezina river.

Temperature plot at the bottom.




Harry Beck’s London
Underground’s way
finding system is an
extraordinary example of
directional signage.

Note the stylized angles
(90 and 45 degrees) and
the regular spacing

between station stops.

HOLLOWAY
ROAD

CALEDONIAN
ROAD

KINGS CROSS

NGT. PANCRAS

WARREN )
STREET L AUSSELL AL CERACATE

TOTTEMNHAM
COURT ROAD J

Beck got 21 pounds

for this work.




The Power of Mapping

» Visualizations are not objective, neutral artifacts.
» They ate created. They include or leave out information.
» They communicate particular messages.

» Commonly, the messages are those of the powerful who pay for the visualizations.
Deconstruct Visualizations!

by questioning who the visualization was made for, by whom, why, and based on

what data.



Edward Tufte's Principles Of Graphic Display

"The success of a visualization is based on deep
knowledge and care about the substance, and the

quality, relevance and integrity of the content."

(Tufte, 1983)

Principles of Graphical Excellence
»  Well-designed presentation of interesting data: substance, statistics, design.
» Complex ideas communicated with clarity, precision, and efficiency.

» Conveying the most knowledge in the shortest time with the least ink in the
smallest space.

» It requires telling the truth about the data.

» It is nearly always multivariate.

(Tufe, 1983)




Five Principles in the Theory of Graphic Display
» Above all else show the data.

Maximize the data-ink ratio, within reason.

Erase non-data ink, within reason.

Erase redundant data-ink.

YV VYV VYV VY

Revise and edit.

Visualizations should strive towards the following goals
» Focus on content of data not the visualization technique.
Strive for integrity.

Utilize classic designs and concepts proven by time.

Comparative rather than descriptive visualizations.

YV V VYV V

High resolution.

Information Visualization Conrse, Katy Borner, Indiana University



Aesthetics

>
>
>
>
>
>
>
>

Propetly choose format and design

Use words, numbers, drawings in close proximity

Use lines of different weights as an attractive and compact way to display data.
Reflect a balance, a proportion, a sense of relevant scale.

Display an accessible complexity of detail.

Let the graphics tell a story about the data.

Avoid content-free decoration.

Make use of symmetry to add beauty (although someone once said that "all true
beauty requires some degree of asymmetry").

A\

Draw graphics an a professional manner, with the technical details of production
down with care.

Information Visualization Conrse, Katy Borner, Indiana University



Visualization Frameworks
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By
e User insight needs?
e User task types?

e Data to be visualized?
e Data transformation?

e Visualization technique? -
-

e Visual mapping transformation?

iy

e Interaction techniques?
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Different Question Types

Terabytes of data

Descriptive &
Predictive
Models

Find collaborators, friends

@ science

[ | e | | e | e
|dentify trends

20



Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

21



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

e Ll

Statistical Analysis
page 44

WHEN:
Temporal Analysis
page 48

WHERE:
Geospatial Analysis
page 52

WHAT:
Topical Analysis
page 56
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MNetwork Analysis
page 60
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See page 5
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Needs-Driven Workflow Design

DEPLOY

‘ Validation
; <€
k b Interpretation
Stakeholders Visually
encode
l data

Types and levels of analysis determine I
data, algorithms & parameters, and

Overlay
data

I

deployment

Select

visualiz.
Data % — % m— type

READ ANALYZE VISUALIZE




Needs-Driven Workflow Design
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Types and levels of analysis determine I
data, algorithms & parameters, and Overlay
deployment data
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READ ANALYZE VISUALIZE



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

Part 2: Students work in teams on client projects.

Final grade is based on Homework and Quizzes (10%), Midterm (20%), Final
(30%), Client Project (30%), and Class Participation (10%).
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IVMOOC App — More than 60 visualizations

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

[

" Google Play ivmooc “
IVMOOC Flashcards IVMOOC Flashcards
Studio Cypher Education o0& Studio Cypher Education
Everyone

| 3 Everyone

IVMOOC

Information Visualization MOOC Flashcards 7o
ivmooc.cns.iu.edu @

@CNS cture for @ ) ) )
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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
Statistical Analysis—p. 44 Temporal Burst Analysis—p. 48 Geospatial Analysis—p. 52 Geospatial Analysis—p. 52
Location Count | # Citations - -=- =
Netherlands 13 92 = — O ?
- o - | |
United 5tates 9 38 = —
Germany n 36 I_
United Kingdom | 1 2 5



Load One File and Run Many Analyses and Visualizations

Times
Cited
12

18

13

Topical Analysis—p. 56

Publication
Year

2011

2010

2010

City of Publisher Country Journal Title Title

(Full)
NEW YORK USA COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE
ACM
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
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

Paper Citation Network—p. 60 Bi-Modal Network—p. 60
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Subject Category Authors

Co-author and
many other
bi-modal networks.
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Cyberinfrastructure for
Network Science Center

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

G2 Sci2 Tool O] =]
File DataPreparation | Preprocessing Analysis  Modeling  Visualization R Help
[
3
El console iEET I = O | 4 Data Manager (, Waorkflow Manager = B
- Temporal F |
.......... Geospatial > ]|l = £ 151 Data: C:\Users\katy \Desktop\A-TOOLS sci2-v 1. 1-by
Topical » Ed. B- L=| 361 Unigue ISI Records

| networks Extract Top Nodes El o Exh’acted C-:u-.ﬁ.uﬂm:urshlp Netwnrk
Extract Modes Above or Below Value P g

Delete Isolates
Fwirart Tnn Frnea

=10 %]
File DataPreparation Preprocessing | Analysis Modeling Visualization R Help
1
*
ocumenta = consdle Temporal 3181 Data Manager (, Workflow Manager = O |
http:/ fwil . Geospatial »
vo28Text | Topicdl  » -] | [ = [ 151 Data: C:\users\katy\Desktop\A-TOOLS \sci2-v1. 1 |
E ]
nput Parar & 5ci2 Tool =10 x|
lle Format ntegrat File Data Preparation Preprocessing  Analysis  Modeling | Visualizaton R Help
de D 3
ocE e = consdle General B || pata Manager c, Workflow Manager =0
Temporal
Geospatial * ElEq_ 151 Data: C:YUsers\Katy\Desktop\A-TOOLS\sd2-v1. 14w
xt’lact Cl:éeﬂ[cniutlienc;raligl-i'nrk was selected, Topical » EE‘ 351 Unigue I51 Records
mplementer{s): Timothy Kelley TIP—
ntearator(s): Timothy Kelley Networks ¥ IRERERES
ocumentation: Gephi |:|Ed to not
http:/ /wiki.cns.iv.edu/display /CISHELL  Extract+ Co-Occurrence+Net
ork Radial Tree/Graph (prefuse alpha)
---------- Radial Tree/Graph with Annotation (prefuse beta)
wiract Co-Author Network was selected. Ttee Wiew (prefuse beta)
mplementer(s): Timothy Kelley
ntegrator{s): Timothy Kelley Tiree Map (prefuse beta)
Dv:ument._aﬁ_u:un: ) ) Force Directed with Annotation (prefuse beta)
mﬁm‘:ﬁﬁ;&;‘;‘”Id'SPIBY‘rEEHELumraCt"' Co-Author+Network £\ iverman Reingold with Annotation (prefuse beta) i
il e e Ay



http://sci2.cns.iu.edu/

Visualization Framework

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

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
motion

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

selection

order

quantity

association

& Lewis,
1996

categorize
rank

distribution

compare

correlate

Few, 2004

ranking

distribution

nominal
comparison
& deviation

time series
geospatial

part-to-
whole

correlation

Yau, 2011

differences

patterns
over time

spatial
relations

proportions

relationships

Rendgen &  Frankel,
Wiedemann, 2012
2012
category
compare
and
contrast
fime process
and time
location
form and
structure
hierarchy

Tool: Many
Eyes

compare
data values

track rises
and falls
overtime

generate
maps

see parts
of whole,
analyze text

relations
between
data points

Tool: Chart
Chooser

table

distribution

comparison

trend

compaosition

relationship

Borner,
2014

categorize/
cluster

order/rank/
sort

distributions
(also outliers,

gaps)
comparisons

trends
(process and
time)

geospatial

compositions
(also of text)

correlations/
relationships
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Visualization Framework

Insight Need Types
page 26

« categorize/cluster
- orderfrank/sort
- distributions

(also outliers, gaps)
= COMpParisons
- trends

{process and time)
- geospatial
= COMpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28

« nominal

- ordinal

- interval
- ratio

Visualization Types

page 30

« table

- chart

- graph

- map

~ network layout

Graphic Symbol Types
page 32
= geometric symbols

point
line
area
surface

valume

- linguistic symbols

text
numerals
punctuation marks

= pictorial symbols

images
icons
statistical glyphs

Graphic Variable Types | Interaction Types

page 34 page 26
- spatial -« Overview
position « Z00Mm
= retinal = soarch and locate
form « filter
color = details-on-demand
optics - history
motion = extract
= link and brush
+ projection
= distortion




Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols

Point

Line

Area

A

E ¥ . | / | A
quantitative .‘. 2 | * | ’
Siz. | quantiative | r x |
NA (Not Applicable} | I I I I = = B . .
Shape " i ; || ; @ A oo * $
[ ey 1/, mms e e
2 Curvature guantitative
=== C C CPBD DO
| | Angl quantitative
| = VL LL?2D DO
Co quanitative
o cCcCcCcoO’r"cD DO
vl R "o 00000 | _
. | e | quaatie
£ e 0o 0 0 00 o0 ° 0 | | | _ l
saturat [t s o0 0000 | _
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Graphic Variable Types Versus Graphic Symbol Types
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Homework

Pick a visualization that provided you with new insights AND made
you change your behavior.

Answer the following questions:

What tasks (temporal, geo, etc.) does the visualization support?
At what level of abstraction (micro, meso, macro)?

What dataset(s) were used? Cite sources.

What algorithms were used? Cite sources/provide Github links.
What visual mappings were used (graphic symbols and
variables)?

How can the visualization be improved?

abkowhE

o

7. How did your behavior change?



The IVMOOC Companion Textbook

This textbook offers a gentle
introduction to the design of (A1 BORNER & DAVID E. POLLEY

insightful visualizations. It I—
seamlessly blends theory and \/‘ S UA
practice, giving readers both the

theoretical foundation and the N SI G HTS

practical skills necessary to render
data into insights.

The book accompanies the
Information Visualization MOOC
that attracted students, scholars,
and practitioners from many fields
of science and more than 100
different countries.

cns.iu.edu/ivmoocbookl4.html



@ IVMOOC 2018 MENU

Information Visualization MOOC ivmooc.cn¥gikedtl

ENGR-E483/E583 Information Visualization, http://ivmooc.cns.iu.edu



http://ivmooc.cns.iu.edu/

Data Visualization Literacy



Data Visualization Literacy: Research and Tools that Advance Public
Understanding of Scientific Data

NSF Org:

Initial Amendment Date:

Latest Amendment Date:

Award Number:

Award Instrument:

Program Manager:

Start Date:

End Date:

Awarded Amount to Date:

Investigator(s):

O

RL
Division Of Research On Learning

June 13, 2017

June 13, 2017

1713567

Standard Grant

Arlene M. de Strulle
DRL Division Of Research On Learning
EHR Direct For Education and Human Resources

August 1, 2017

July 31, 2021 (Estimated)

$1,355,236.00

Katy Borner katy@indiana.edu (Principal Investigator)
Kylie Peppler (Co-Principal Investigator)

Bryan Kennedy (Co-Principal Investigator)

Stephen Uzzo (Co-Principal Investigator)

Joe Heimlich (Co-Principal Investigator)



INTERACTIVE RUN WALL EXHIBIT

https://www.youtube.com/watch?v=0y34R45EfBg



https://www.youtube.com/watch?v=oy34R45EfBg

Beam break
records height

Pressure plate
records weight

Data collected &
fedto..

Existing
‘Rury’
exhibit experience

Beam break
records time

Visitors
manipulate
data

Creating
visualizations

Sketch of the Run exhibit
including data collection
(top) and macroscope add-
on that lets interested
visitors explore more
complex data visualizations
using table-top displays.



Manually Sportsology

entered exhibit data
A A Latitude
Who? Body Body Gender ZIPcode Runtime Jumpheight RuP °
height (in) weight (Ibs) (secs) (inch) time _ o
(secs) i .
Me 170 120 Female 55104 13.0 13 .-.'..o,
#101 180 140 Male 37668 14.3 Unknown <
LY
#234 167 99 Other 55102 17 28 ] 7
m Body height Longitude
Q/ /_h (inch)
Geocode

Size >
lat/long U V.
xMacroscope general setup and activity—Raw data on left is converted to

visualization on right by dragging and dropping (or connecting) column
headers to axes, paint buckets, size, and shape.



table at the Start Line
Kiosk is fed into Elastic

once virtual competitor is

selected

System launches HD video

Data from sensors is fed
into **Elastic Stack™ installation

Data is used by electron wrapper running
performance viz. screen.

users over different parameters

When run is completed, this shows an
animation of user slals as compared to other

——

Virtual Competitor HD Video Plays

Performance Visualization

SMM's architecture
uses Ubuntu

Sensors that measure start/end times, height

etc. are positioned at start and end

¢+

Table entry
for user info
will be

entered
here

Start Line Kiosk

User enters datails

and selects virtual competitor

oF

At SMM there are 2 such lanes.
At CNS this would be a single

Meteor Application +

launches these 2 screens

At CNS this would be
on a single windows
station

Make Visualization

&
]

SMM's architacture doesn't include this right now This
station will have both scatterplot and geomap
visualizations, as well as the table that was used to
enter data at the Start Line Kiosk. This table will be
synced to attributes/layers on the visualization

e
)

User

Data federation via Elastic Stack, Performance

Visualization and Make Visualization



SCWS 2017 15th.Nov.-17th.Nov.2017 ENH

Connecting the Waorld
for » Sustainable Future

ABOUT ~ PROGRAMME ~ REGISTRATION ~ MARKETPLACE ~ SPONSORSHIP  PRACTICAL INFORMATION

SN TOKYO | &

National Museum of Emerging Science and Innovation (Miraikan)

SCWS Session: Visualizing STEAM Data in Support of Smart Decision Making
November 15-17, 2017, Tokyo, Japan. http://scws2017.org
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Augmented Reality
Visualizations
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Sentient Veil, Isabella Stewart Gardner Museum, Boston, MA (2017)
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Luddy Hall Installation
Indiana University Bloomingten UPPER ATRIUM Philip Beesley * Living Architecture Systems
April 29 2017



Luddy Hall Installation
Indiana University Bloomington ASSEMBLY SAMPLE Philip Beesley * Living Architecture Systems
April 29 2017



Upcoming Events



SCIENTIFIC VISUALIZATION

Description: SCIENTIFIC VISUALIZATION webinar track provides an overview of data visualization by
exploring the underlying principles of visualization and set the stage for other introductory data
visualization seminars. Webinars focus on individual tools and capabilibities for visualizing data and
information.

The webinars offered include:

LENGTH
(HOURS)

DATE TITLE SPEAKER

Introduction to Data Visualization .
March 1, 2017 ) . Vetria Byrd 1
Slides | Video | Survey

VisIT: Scalable HPC Visualization and Data Analysis Kevin Griffin,

March 15, 2017 Eric Brugger, 2
Slides | Video | Survey Cyrus Harrison

_ Introduction to Scientific Visualization Using ParaView .
April 5, 2017 i . Vetria Byrd
Slides | Video | Survey

Visualizing non-Spatial Data Rob Sisneros,
June 7, 2017 . 1-2
Slides | Video | Survey Mark Van Moer
June 21, 2017 Hyperglyphs Jeff Sale 2
August 2, 2017 Badges for Visualization Micro-Certification Jeff Sale 1
August 16, 2017 Introduction to the Eclipse Advanced Visualization Project Robert Smith 1

e L . Kalina Borkiewicz,
October 25, 2017 Scientific Visualization in Houdini . 2
A. ]. Christensen

https://bluewaters.ncsa.illinois.edu/webinars/visualization



https://bluewaters.ncsa.illinois.edu/webinars/visualization

‘: IE E E PROGRAM ~ SPEAKERS POSTER CONTEST VENUE REGISTER CONTACT

Advancing Technology
for Humanity

201 //Conference

EnConfeatlires talks, demos, and tours on the cutting-edge of technical innovation. Practicing
engineers, academic researchers, students, and retired engineers will all find something of interest. This
is an excellent opportunity for networking, knowledge sharing and:professional development.

Q.BLOOMINGTON, IN ) NOVEMBER 10 - 11, 2017

Program Committee

e Katy Bérner, Indiana University e Gerhard Klimeck, Purdue University

e Bob Evanich, Duke Energy s Oscar Moralez, Vision Tech

e Chris Foreman, Purdue University * David Peter, Borg Warner

e Brian King, IUPUI s Lisel Record, Indiana University

http://www.cis-ieee.org/encon2017
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CIS-IEEE EnCon 2017 Student
Scholarship Application

Date:
November 10-11, 2017

Location:
Cyberinfrastructure Building
Indiana University

2709 East 10th Street
Bloomington, IN 47405

Twenty students will receive free admission to the full conference. Students who submit a poster
will be given preference. For more information about the conference visit cis-ieee.org/EnCON2017
or contact Lisel Record at recorde@indiana.edu.

* Required

20 ISE students will receive free admission
Fu” name * tO CIS'IEEE EnCOH.
To apply, please complete this web form.



https://docs.google.com/forms/d/e/1FAIpQLSfNRJm-HC01cpteTcJ7mT-Mig0QTcI8EI7-suGF-u9FHkCZLA/viewform?fbzx=7718213478594024000

INDIANA UNIVERSITY
INTELLIGENT SYSTEMS
ENGINEERING

HOME CAMPS ABOUT ISE LOCATIONS CONTACT

Sentient Architecture — Sculptures
that Listen and Talk

As the built environment becomes increasingly more
complex and integrated with new technologies—including
the emerging Internet of Things (loT)—there is an urgent
need to understand how embedded technologies affect the

experience of individuals that inhabit these spaces.

CView Sentient Architecture Camp)

Epiphyte Grove, Trondhgim, Norway, 2012. ©PBAI

http://camps.engineering.indiana.edu
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Join us at diverse Dendrite building sessions.



Join our annual Open House on Fri Oct 27, 4-7p, IUNI House.
CNS Tools and Services are used by

hundreds of thousands around the globe.
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Our mission is to advance datasets, tools, and services for the study of biomedical, social
and behavioral science, physics, and other networks. A specific focus is research on the
structure and evolution of science and technology (S&T) and the communication of
results via static and interactive maps of science. Learn more at cishell.org.

Cyberinfrastructure for
Network Science Center
cns.iu.edu



Cyberinfrastructure for - :
C NS Network Science Center Search f & B

About Us Research Development Teaching Outreach Videos vents Connect With Us

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

B Research B Upcoming Events
- —= Open Data and Open Put your money filad Katy Borner attends
Code for Big Science where your citations 1 PIUG 2013 Northeast
of Science Studies are: a proposal for a Conference
new fundmg system 10.13  Katy Barner presents Mapping
(website accessed Science Exhibit at WSSF

9/05/13
) 10.15 Ted Polley & Google Team

B Development
present VMOOC at EDUCAUSE

& Behind the scenes of ~7 See some of the most

10.22 Katy Barner presents at the

the design and fascinating data CGELOD 15 Years Conference
development of .| visualizations
AcademyScope in the world.
B3 Our Products
S/~ Watch Katy Borner's Successful IVMOOC < s We work closely with
full presentation from will be offered again ( ) clients to provide
TEDxBloomington . inJanuary of 2014 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/presentations.html

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience



http://cns.iu.edu/
http://cns.iu.edu/presentations.html
http://www.facebook.com/cnscenter
http://www.facebook.com/mappingscience
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