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Interactive Data Visualization

Ask google for Data Vis (images)
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Ask google for Data Vis (images)
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Ask google for Data Vis (images)
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Ask google for Data Vis (images)
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Ask google for Data Vis (images)
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Interactive Data Visualization

What is (Data) Visualization”
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What is Visualization?

_

B “Communication of information using graphical information”
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What is Visualization?
e

B “Communication of information using graphical information”

® Pictures were used before written language
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What is Visualization?
———

B “Communication of information using graphical information”

® Pictures were used before written language

W A picture can contain a lot of information
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What is Visualization?

B “Communication of information using graphical information”

® Pictures were used before written language

B A picture can contain a lot of information

B A picture can be processed (by humans) more quickly than a comparable
page of words

¢ Human perceptual system makes parallel processing of pictures
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What is Visualization?

B “Communication of information using graphical information”

® Pictures were used before written language

B A picture can contain a lot of information

B A picture can be processed (by humans) more quickly than a comparable
page of words

¢ Human perceptual system makes parallel processing of pictures

® A picture can be independent of local language
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Visualization in everyday life
D

¥ Visualization provides an alternative or a supplement for textual or verbal
information

¥ (in many situations) Visualization provides a richer description of information than

the word-based counterpart !
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Visualization in everyday life
D

¥ Visualization provides an alternative or a supplement for textual or verbal
information

¥ (in many situations) Visualization provides a richer description of information than

the word-based counterpart !

E Why?

FACULDADE DE

CIENCIAS E TECNOLOGIA Course Overview - 12
UNIVERSIDADE NOVA DE LISBOA

C



Visualization in everyday life

i
¥ Visualization provides an alternative or a supplement for textual or verbal

information
¥ (in many situations) Visualization provides a richer description of information than

the word-based counterpart !

E Why?

¥ In what kinds of situations are visualizations effective?
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Visualization in everyday life

¥ Visualization provides an alternative or a supplement for textual or verbal

information

¥ (in many situations) Visualization provides a richer description of information than

the word-based counterpart !

® Why?
¥ In what kinds of situations are visualizations effective?

® What type of information can and cannot be visualized?
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Visualization in everyday life

B Visualization provides an alternative or a supplement for textual or verbal
information

¥ (in many situations) Visualization provides a richer description of information than

the word-based counterpart !

® Why?
¥ In what kinds of situations are visualizations effective?
® What type of information can and cannot be visualized?

® How many different ways are there to show the same data? Which ones are best for

particular circumstances?
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Visualization in everyday life

¥ Visualization provides an alternative or a supplement for textual or verbal
information

¥ (in many situations) Visualization provides a richer description of information than
the word-based counterpart !

® Why?

¥ In what kinds of situations are visualizations effective?

¥ What type of information can and cannot be visualized?

® How many different ways are there to show the same data? Which ones are best for
partiur circusnce

® Why should we study visualization?

C
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What is the Goal of Data Visualization?

e

“Data visualization is not just about seeing data !
Is about UNDERSTANDING data,
and being able to make decisions based on the data”

by John C. Hart
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What is the Goal of Data Visualization?

“Data visualization is not just about seeing data !
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Interactive Data Visualization

Landmarks of (Data) Visualization
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Landmarks in Visualization

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Landmarks in Visualization
h

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Landmarks in Visualization
o

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812
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Landmarks in Visualization
h

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Landmarks in Visualization
.

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers
remaining; temperature; time.
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Landmarks in Visualization
[

® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Landmarks in Visualization
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® Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
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Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers

remaining; temperature; time.
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Landmarks in Visualization

¥ Broad Street cholera outbreak, (John Snow, 1854)
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Landmarks in Visualization
h

¥ Broad Street cholera outbreak, (John Snow, 1854)
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Landmarks in Visualization

_

¥ Broad Street cholera outbreak, (John Snow, 1854)
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Landmarks in Visualization

_

¥ Broad Street cholera outbreak, (John Snow, 1854)
\V’\Q\ l\
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dmarks in Visualization

® Broad Street cholera outbreak, (John Snow, 1854)
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Early visualizations

_

® William Playfair: Plot of National Debt over time | }
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Early visualizations

_

® William Playfair: Plot of National Debt over time

William Playfair invented three types
of diagrams: 1n 1786 the line graph
and bar chart of economic data, and
in 1801 the pie chart.
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Early visualizations

_

® William Playfair: Balance trade between England and Denmark (1786)
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lly visualizations

®  William Playfair: Universal Comercial History
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What is the Goal of Data Visualization?

O
\0
>
QO
&
(00
\0\\\ “Data visualization is not just about seeing data !
%
¢ Is about UNDERSTANDING data,

and being able to make decisions based on the data”

by John C. Hart
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Early visualizations

B Recommended readings:

¢ (Matthew O. Ward et all, 2010) pages 6 - 15.

¢ See the suggested links at the end.

B Some “Landmarks”:

¢ Broad Street cholera outbreak, by John Snow, 1854.
Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
William Playfair founder of graphical methods of statistics.

Florence Nightingale’s “Rose” representing the causes of mortality in the army.

® & oo o

Periodic Table: Dmitri Mendeleev (1869); Julius Lothar Meyer (1870).
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https://en.wikipedia.org/wiki/Statistical_graphics

Interactive Data Visualization

Why (data) visualization is important?
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Why (data) visualization is important?

_

Anscombe’s Quartet: Raw Data

UNIVERSIDADE NOVA DE LISBOA

1 2 3
X Y X ¥ X Y X Y
100 8.04| 100 9.14| 10.0 7.46 8.0 6.58
8.0 6.95 80 8.14| 80 6.77 8.0| 5.76
13.0 758 | 13.0 | 874 | 13.0 12.74 80 7.71
90 8.38I1 90| 877 90| 7.1] 8.0 8.84
110 833 | 11.0| 926| 11.0 | 7.81 8.0 847
140 996 | 140 8.10| 140 884| 80 7.04
60 724| 60 6.13| 6.0 6.08 80| 5.25
40 426 40 3.10| 4.0 539| 19.0 1250
12.0 (1084 | 120 | 9.13| 12.0 | 8.15 8.0 5.56
70 482 70 726| 7.0 642 80| 7.91
50 5.68 50 474 50 573 8.0 6.89
FACULDADE DE
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Why (data) visualization is important?

_

Anscombe’s Quartet: Raw Data

1 2 3 4
X ¥ X Y X X X Y
10,0 8.04| 10.0 9.14| 100 7.46 8.0 6.58
80 6.95 8.0 8.14 80 6.77 80 5.76
13.0| 758 | 130 | 8.74| 13.0 |12.74 80| 7.71
9.0 8.81 9.0 8.77 9.0 7.11 80 8.84
110 833| 110]| 9.26| 11.0| 7.81 80 847
140 996| 140 8.10| 140 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
40 4.26 40 | 3.10 40 539| 19.0 12.50
120 10.84 | 120 9.13| 120 8.15 8.0 5.56
7.0 4382 7.0 | 7.26 7.0 642 80 7.91
50 5.68 50 474 50| 5.73 8.0 6.89
Mean 90| 75 90 7.5 90| 7.5 90 7.5
Variance | 10.0 3.75| 100 3.75| 100 3.75| 10.0 3.75
Correlation 0.816 0.816 0.816 0.816
FACULDADE DE
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Why (data) visualization is important?

_

Anscombe’s Quartet: Raw Data

4 datasets
2 variables, 11 rows

1 2 3 Mean of X 9
X Y X Y X Y X Y Variance of X 11
100 804 | 100 9.14| 100 746| 80 6.58 sl i
80 695| 80 814| 80 677| 80 576 th” ‘;';16
130 7.58| 13.0 874| 130 1274| 80 7.71 ErE et
9.0 8.81 90 877! 9.0 7.11 80 884 —
11.0 833| 11.0 926 11.0 7.81 80 847 F. J. Anscombe (1973)
140 996 | 140 8.10| 140 884| 80 7.04
60 7.24| 60 6.13| 60 6.08| 80 525
40 426| 40 3.10| 40 539| 19.0 1250
120 10.84 | 120 9.13| 120 8.15| 80 5.6
70 482| 70 726| 70 642 80 7.91
50 568! 50 474! 50 5.73| 80 6.89
Mean| 9.0 75 90 7.5 90 7.5 9.0 7.5
Variance | 10.0  3.75| 100 3.75| 100 3.75| 10.0 3.75
Correlation 0.816 0.816 0.816 0.816

Course Overview - 33
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Why (data) visualization is important?

4 datasets
2 variables, 11 rows

Mean of X 9

Variance of X 11

Mean of Y 7.5

Variance of Y 4.1
Correlation 0.816

Linear Regression y =3.0 + 0.5x

F. J. Anscombe (1973)
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Why (data) visualization is important?

4 datasets
2 variables, 11 rows

Mean of X 9

Variance of X 11

Mean of Y 7.5

Variance of Y 4.1
Correlation 0.816

Linear Regression y =3.0 + 0.5x

F. J. Anscombe (1973)

Statistic is not enough !
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Why (data) visualization is important?

4 datasets
2 variables, 11 rows

Mean of X 9

Variance of X 11

Mean of Y 7.5

Variance of Y 4.1
Correlation 0.816

Linear Regression y =3.0 + 0.5x

F. J. Anscombe (1973)

Statistic is not enough Data Vis is not enough !
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Why (data) visualization is important?

B What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

B Can we say which presentations are better or more influential than others?
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Why (data) visualization is important?

B What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

B Can we say which presentations are better or more influential than others?

City MPG
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Why (data) visualization is important?

B What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

B Can we say which presentations are better or more influential than others?

data looks to be
tightly clustered

City MPG

FACULDADE DE

CIENCIAS E TECNOLOGIA Course Overview - 35
UNIVERSIDADE NOVA DE LISBOA




Why (data) visualization is important?

i
® What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

® Can we say which presentations are better or more influential than others?

data looks to be
tightly clustered

Retail Price

u
C-'E%t{m-m-- " m

City MPG M
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Why (data) visualization is important?

® What is the effect of the presentation of the data on the decision making
process?
B Can the presentation of data impact the decision?

® Can we say which presentations are better or more influential than others?

data looks to be linear horizontal
tightly clustered pattern
-9 E"&é:thﬂ-- = m
___CityMPG City MPG
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Why (data) visualization is important?

B What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

B Can we say which presentations are better or more influential than others?

linear vertical
pattern
£ i
City MPG
FACULDADE DE _
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Why (data) visualization is important?

® What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

® Can we say which presentations are better or more influential than others?

linear vertical i
pattern | .

Retail Price

CT ]
Retail Price

qﬁﬂﬂ‘j@ﬂnl o

City MPG City MPG
|

FACULDADE DE ]
Course Overview - 36

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

C



Why (data) visualization is important?

® What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

® Can we say which presentations are better or more influential than others?

linear vertical inversely
pattern | . proportional

: ' i -
i ﬁ

2 % 2

City MPG City MPG
|
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Why (data) visualization is important?

S—
® What is the effect of the presentation of the data on the decision making

process?
B Can the presentation of data impact the decision?

® Can we say which presentations are better or more influential than others?

linear vertical @0 K 1 inversely
pattern OO X I proportional
@ (‘)‘b&x ‘.“\‘o @ T '-
= i . o -
= N =
2 O R 2
: P i
O
%x il ol =
City MPG - City MPG
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Why (data) visualization is important?

e

¥ What is the the role of human preferences and training in the visualization?

Linda S. Elting, James M. Walker, Charles G. Martin, Scott B. Cantor, and Edward B. Rubenstein.

“Influence of Data Display Formats on Decisions to Stop Clinical Trials.” British Medical Journal
318 (1999)

® Hypothetical clinical trial:

® Two treatments: 50 patients with conventional and 60 with investigational
® Two populations: 65 with good prognosis and 45 with bad prognosis
® Two outcomes for each treatment: Response (positive) vs Fail

B 34 clinicians

B |f a clinician sees that one treatment is better than the other, then he should stop

the clinical treatment
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Why (data) visualization is important?

¥ What is the the role of human preferences and training in the visualization?

Table Pie chan
4 visualizations: e T e T
Tab le o Tot: m % :n To: m '.b:al
Pie Chart rapogess B & B
Bar Graph - SR B B B
Icon e ot s o ‘ ‘

Poor prognoss

Bar graph lcon
40 — Comentional Ireatment
Green - Response gm pogros ==E=E=E===
. -, . B = - . .
Red - Fail 2 " EEEEEEEEN X
i pagss NN NN N W
Investgational treatment
l EEEEEEEEE.
10 - EEEEEEEE-.
- EEEEEEE-mE-.
° T
Converional eaiment Imestations reatment B B EREEREEEREE R
B Cooenn C R e 3 Good prognoss &S Poor prognosis

Copyright © 1999, British Medical Journal
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Why (data) visualization is important?

B What is the the role of human preferences and training in the visualization?

® PARTICIPANTS were shown tables, pie charts, bar graphs, and icon displays containing
hypothetical data from a clinical trial and were asked to decide whether to continue the
trial or stop for an unplanned statistical analysis.
® MAIN MEASURE : Percentage of accurate decisions with each type of display
® RESULTS:
¢ More correct decisions were made with icon displays (82%) than with tables
(68%), pie charts (56%), and bar graphs (43%).
¢ Most (21) clinicians preferred the table; Several were contemptuous of the icon
display.

The visualization is key in presenting data
but the user preferences are very involved
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Why (data) visualization is important?
[ m—

® Tamara Munzner, 2015

REBEE Why Are Most Designs Ineffective?

The most fundamental reason that vis design is a difficult enter-
prise is that the vast majority of the possibilities in the design space
will be ineffective for any specific usage context. In some cases, a
possible design is a poor match with the properties of the human
perceptual and cognitive systems. In other cases, the design would
be comprehensible by a human in some other setting, but it’s a bad
match with the intended task. Only a very small number of pos-
sibilities are in the set of reasonable choices, and of those only
an even smaller fraction are excellent choices. Randomly choosing
possibilities is a bad idea because the odds of finding a very good
solution are very low.
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Why (data) visualization is important?

® Nowadays
B Generating a lot of data and information
B Need to process such information

B Need to communicate increasing levels of information

Visualization is a cornerstone of modern knowledge discovery tools. Applications
often include one or more visualizations to provide different views of data to describe

some patterns or structures.

We need to communicate information to people in a efficient and effective manner.
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What is the Goal of Data Visualization?

O
\0
>
QO
&
(00
\0\\\ “Data visualization is not just about seeing data !
%
¢ Is about UNDERSTANDING data,

and being able to make decisions based on the data”

by John C. Hart
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Interactive Data Visualization

(Data) Visualization today
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Visualization today

B Qualitative versus Quantitive
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Qualitative versus Quantitive Paris
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Qualitative versus Quantitive Lisbon
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Viiualization today

® Precision versus Imprecision

$11,956,584,748,608.58

US National public debt at January 22, 2006

Dow Jones Industrial Average

20,000

15,000

10,000

5,000

1900 1920 1940 1960 1980 2000
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Visualization today

® Precision versus Imprecision

e aVR v3 ve

A 79 year old man with 5 hours of chest pain A 53 year old man with Ischaemic Heart Disease
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Visualization today

Single visualization versus Multiple visualization
« Cardiac Simulation =[0x]

Application Ranbow Interaction Options Style Views Histogram

scatter y scatter ®
ﬂ(‘ u Ilepace ZI Ivoltage EI

Heart 3D Model
Additional parameters

Linked parallel coordinates presentation

i voltage [5.632843E+01] Ispace [12.747688]

K
u u lspace v
. = Shon Geamety P T T T T P P YR
0.227 0.227 0.
0. v

38.917
CRCR T Tl r [ Col v Al

0.047 0.043 4.660

Show Statistical

CRCH T Tl T [ Col VAN

Coloring Mode

Jor E

0.001

Time Step
0 f 60

D. L. Gresh, B. E. Rogowitz, R. L. Winslow, D. F. Scollan, and C. K. Yung. “WEAVE: A
volktage [-3.931205€+01) System for Visually Linking 3D and Statistical Visualizations, Applied to Cardiac Simulation

and Measurement Data.”
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Visualization today

Static versus Interactive

a i [=]

Application Ranbow Interaction Options Style Views Histogram

o [o]o

scatter y scatter ®
ﬂ(‘ u Ilepace ZI Ivoltage EI

100 Ll vokage [5.632843E+01] Ispace [12.747688]
|Ispace vl

Show Geometry

CRCR T Tl r [ Col v Al

Show Statistical

CRCH T Tl T [ Col VAN

Coloring Mode

Jor E

Time Step
0 f 60

voltage [-3.931209E+01]

In an interactive visualization the user
can query the display and thus interact
with the application display directly rather
than menus

Linked parallel coordinates presentation

38.917

0.227 0.227 0.
D. 7

0.047 0.043 4.660

0.001

D. L. Gresh, B. E. Rogowitz, R. L. Winslow, D. F. Scollan, and C. K. Yung. “WEAVE: A
System for Visually Linking 3D and Statistical Visualizations, Applied to Cardiac Simulation
and Measurement Data.”
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Visualization today
-

® Abstraction versus “real images”

Simulation visualization of the air generated by a Harriet Jet (http://quest.nasa.gov/aer

background/tools/)

Blood vessel configuration of the head and Brain (http://www.bodyworlds.com/)

FACULDADE DE _
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Visualization today

_

® Abstraction versus “real images”

x-coordinate: number of atoms;
y-coordinate: heat information;

y=mx+b,m=-12.5and b =50

Color of each point: Gibs energy

Visualization provides visual
representation of objects that may
include data, algorithms, results of
computations, process and many other
components of the application

The ability to provide rich
descriptions of data is one of the
strengths of visualization

Mechanism of action for yeast (image generated by UMass Lowell UVP Software)
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Visualization today

B Recommended readings:

¢ (Matthew O. Ward et all, 2010) pages 15 - 21.

¢ See the suggested links at the end.

B Some Highlights
¢ Qualitative versus Quantitative
Precision versus Imprecision
Single visualization versus Multiple visualization

Static versus Interactive

® & o o

Abstraction versus “real images”
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Modes of Visualization

Modes of Visualization [John C. Hart

Interactive Visualization Presentation Visualization
e Used for discovery * Used for communication
* Intended for a single * Intended for large group or
investigator or collaborators mass audience
 Rerenders based on input * Does not support user input
* Prototype quality * Highly polished

Interactive Storytelling
* Presentations via interative webpages
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Modes of Visualization

_
Modes of Visualization |John C. Hart

Visualization | User Interaction | Graphics Target
Mode Rendering

Interactive User controls Real-time Individual or  Software or
Visualization everything, rendering collaborators internet
including dataset
Interactive User can filter or Real-time Mass Internet or
Storytelling inspect details of rendering audience kiosk
preset datasets
Presentation User only Precomputed Colleagues, Slide shows,
Visualization observes rendering mass video
audience
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What is Data Visualization?
T

“Data visualization is not just about seeing data !
Is about UNDERSTANDING data,
and being able to make decisions based on the data”

by John C. Hart
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Visualization today: IEEE - VIS

e

W |EEE - VIS conference is a major venue for visualization from 1987 !

® |EEE Visual Analytics Science and Technology (VAST)
® |EEE Information Visualization (InfoVis)

® |EEE Scientific Visualization (SciVis)

B http://www.aviz.fr/[~bbach/vis25timeline/

5 =5 Anniversory

Revive 25 Years of Visualization
Research in the VIS25 timeline!
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Visualization today:
-

+ Add Visualization + Add Visualization

I

»
~

Thunderstorm

Donna National Center for
Supercomputing Applications
(NCSA)

Visualization in Scientific
Computing

B.H. McCormick, T.A Defanti,
M.D Brown

Venus
D. Cox, G. Francis, R.
Idaszak (NCSA)

VIS 25 TIMELINE

+ Add Visualization

o

N
W
.

k. ™
T

,%
ey
Q

I_,y

L

POBSTNODERN

X

PALEOLITHIGC

Donna Cox's Capstone talk at
IEEE Visualization 1990
Donna Cox

Donna Cox's Capstone talk at
IEEE Visualization 1990
National Center for
Supercomputing Applications
(NCSA)

+ Add Visualization

Techniques for Visualizing
Fermat's Last Theorem

A. Hanson, P. A. Heng, B. C.
Kaplan

+ Add Visualization

o Qi N e
./’ 5 /'\ J /~ v -}1

Visualizing causal effects

in 4D space-time vector

fields

D. Silver, M. Gao, N.

Zabusky

The Vis5D system for easy
interactive visualization
W. Hibbard, D. Santek

- - —

Tree-maps: A Space-filling
Approach to the
Visualzaition of
Hierarchical Information
Structures

B. Johnon, B. Shneiderman

g \Z\é‘ e

\a N

G4

1L L % L.L ko L.x._.x,

Parallel coordinates: a tool
for visualizing
multi-dimensional geometry
A. Inselberg, B. Dimsdale

A Tool for Visualizing the
Topology of
Three-dimensional Vector
Fields

A. Globus, C. Levit, T.
Lasinki

Figure 4 Two possible triangulations which yield a
topologically correct isovalue surface

The Symptotic Decider:
Resolving the Ambiguity in
Marching Cubes

G. M. Nielson, B. Hamann
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Visualization today: VIS 25 TIMELINE
| S

+ Add Visualization + Add Visualization

»

Total Column Ozone

/ - Min. = 127 DU

Max. « 471 DU

e

8.D. = 58 DU

-

Dobson Units (DU

-

HyperSlice - Visualization Visualization of : : :

of Scalar Functions of Many Stratospheric Ozone Visual Feedback in Querving

Variables Depletion and the Polar Ear/geKDgtab:sgsK -

R A . . A. Keim, H.-P. Kriege
Rendering Surface Particles J.J. van Wik, R. van Liere VL—,OEFtri)i(nish and T. Seid|

J. J. van Wijk

Texture Splats for 3D Scalar
and Vector Fields

Implicit Stream Surfaces

— " J. J. van Wijk Cave picture Visualizations
Display of scientific data Electronic Visualization R. Crawfis, N. Max
structures for algorithm Laboratory (EVL)
visualization
W. Hibbard, C. R. Dyer, B.

E. Paul

A Probe for Local Flow Field

Visualization
W. C. de Leeuw, J. J. van
Wijk
An architecture for a Cloud Tracing in
FACU Scientific Visualization Convection-Diffusion Systems
CIEN( System K-L Ma, P. J. Smith Course Overview - 59
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+ Add Visualization

3D Visualization of Unsteady
2D Airplane Wake Vortices
K-L. Ma

Virtual Reality Performance
for Virtual Geometry
R.A. Cross and A.J. Hanson

Visualization and Geographic
Information System
Integration: What are the
needs and the requirements,
if any

T-M. Rhyne and T. Fowler, M.
Marietta

DAL '.?'T'-S?E'F:z-_z;,'.az
THE MULTIVARIATE DATA

]Vlsuauuzml‘tou TooL ‘

XmdvTool: Integrating
multiple methods for
visualization Multivariate
Data

M. O. Ward

An Evalutation of
Reconstruction Filters for
Volume Rendering

S. R. Marschner

i \A i

+ Add Visualization

Visualization today: VIS 25 TIMELINE
_

Enhancing Transparent Skin
Surfaces with Ridge and
Valley Lines

V. Interrante, H. Fuchs and
S. Pizer

[ Y— Py

First InfoVis

Recursive Pattern: A
Technique for Visualizing

Very Large Amounts of Data
D. A. Keim, H.-P. Kriegel
and M. Ankerst

We Cylinds TWorsepe TWaight [Rccaler [Year  [Ovigin

High Dimensional Brushing
for Interactive Exploration

of Multivariate Data
A. R. Martin, M. O. Ward

Visualizing the non-visual:

spatial analysis and
interaction with information
from text documents

J.A. Wise, J.J. Thomas, K.
Pennock, D. Lantrip, M.
Pottier, A. Schur, V. Crow

Visualising Cyberspace:
Information Visualisation in
the Harmony Internet Browser
K. Andrews
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+ Add Visualization

Visualization over the WWW
and its application to
environmental data

J. Wood, K. Brodile, H.
Wright

Distortion Viewing
Techniques for 3D Data

S. Carpendale, D.J.
Cowperthwaite, F.D. Fracchia

Circle Segments: A Technique
for Visually Exploring Large
Multidimensional Data Sets
M. Ankerst, D. A. Keim and
H.-P. Kriegel

BEST PAPER

Global and Local Vector
Field Visualization Using
Enhanced Line Integral
Convolution

H.W. Shen, C.R. Johnson,
K-L. Ma

Interactive Visualization of

3D-Vector Fields using
llluminated Stream Lines
M. Zockler, D. Stalling,
H-C. Hege

-
.

Figure 3 Lattice Classification

Isosurfacing in Span Space
with Utmost Efficiency
(ISSUE)

H-W. Shen, C. Hansen, Y.
Livnat, C. R. Johnson

Towards Rich Information
Landscapes for Visualising
Structured Web Spaces

K. Andrews, M. Pichler, P.
Wolf

Visualization today: VIS 25 TIMELINE
_

+ Add Visualization

Strategies for Effectively

Visualizing 3D Flow with
Volume LIC
V. Interrante, C. Grosch

s

Extracting Feature Lines

from 3D Unstructured Grids,

K-L. Ma and V. Interrante

ie“(
o §

I —

Vectorized Radviz and lts
Application to Multiple
Cluster Datasets

J. Sharko, G. G. Grinstein,
K. A. Marx

Information Pyramids : A New
Approach to Visualising
Large Hierarchies

K. Andrews, J. Wolte, M.
Pichler

nnnnR i

Collaborative Visualization
J. Wood, H. Wright and K.
Brodlie,

H3: Laying Out Large
Directed Graphs in 3D
Hyperbolic Space.

T. Munzner

Figare $ A 2D scalar fickd (3091 with the assoxusted comtour
ApeCtrum with supcrmponed < o trve (Bottom)

The Contour Spectrum
C. L. Bajaj, V. Pasucci, D.
R. Schikore

BEST PAPER

An Anti-Aliasing Technique
for Splatting

J. E. Swan |l, K. Mueller,

T. Méller, N. Shareef, R.
Crawfis, and R. Yagel
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+ Add Visualization

Similarity Clustering of
Dimensions for an Enahnced
Viualization of
Multidimensional Data

M. Ankerst, S. Berchthold,

Visualizing diffusion tensor

images of the mouse spinal D. A. Keim
cord
D. H. Laidlaw, E. T. Ahrens,
D. Kremers, M. J. Avalos,R. mm.«,,.’:: d =&
E. Jacobs, C. Readhead T Sk L -
T— i = —
TooeTé T mmm
vty - e B2 |wm— =
,
-t = 6 6 =
1d 7
.
66%ééé_ mm

Eliminating popping
artifacts in sheet
buffer-based splatting
K. Mueller, R. Crawfis

An Operator Interaction
Framework for Visualization
Systems

E. H-H. Chi, J. Ried|

L

Information Slices:
Visualising and Exploring
Large Hierarchies using
Cascading, Semi-Circular

Discs
K. Andrews, H. Heidegger

The Gridfit Algorithm: An
Efficient and Effective
Approach to Visualizing
Large Amounts of Spatial
Data

A. Herrmann, D. A. Keim

CIENCIAS E TECNOLOGIA
' UNIVERSIDADE NOVA DE LISBOA

Visualization today: VIS 25 TIMELINE

+ Add Visualization

+ Add Visualization

Cluster and Calendar Based

4 S
R S

Visualization of Time Series
Data

J. J. van Wijk, E. R. van
Selow

Hierarchical Parallel
Coordinates for Exploration
of Large Datasets.

Y-H. Fua, M. O. Ward, E. A.
Rundensteiner

Cushion Treemaps:
Visualization of
Hierarchical Information
J. J. van Wijk, H. van de
Wetering

The "Parallel Vectors"
Operator: A Vector Field
Visualization Primitive
R. Peikert, M. Roth

Simplified Representation of

Vector Fields
A. Telea, J. J. van Wijk

Focus+Context Display and
Navigation Techniquesfor
Enhancing Radial,
Space-Filling Hierarchy
Visualizations

J. Stasko, E. Zhang

WEAVE: A System for Visually
Linking 3D and Statistical
Visualizations, Applied to
Cardiac Simulation and
Measurement Data

D.L. Gresh, B.E. Rogowitz,
R.L. Winslow, D.F. Scollan,
C.K. Yung

=y
5
L ]

A spreadsheet interface for
visualization exploration
T. J. Jankun-Kelly, K-L. Ma

Polaris: A System for Query,
Analysis and Visualization
of Multi-Dimensional
Relational Databases

C. Stolte, P. Hanrahan

sconomi ovsc
rmort.  EmEE
WATO 5o redetine Traq Lavades
L-nnn strategy t

ThemeRiver: visualizing

theme changes over time
S. Havre, B. Hetzler, L.
Nowell

Volume lllustration:

Non-Photorealistic Rendering
of Volume Models
D. S. Ebert, P. Rheingans

course vverview - 62



Visualization today: VIS 25 TIMELINE
_

( ‘1’/4\} ‘]
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+ Add Visualization

Botanical Visualization of

Huge Hierarchies
E. Kleiberg, H. van de
Wetering, J.J. van Wijk

Visualization of State
Transition Graphs

F. van Ham, H. van de
Wetering

Technical Note: Visually
Encoding Program Test
Informationto Find Faults
in Software

J. Eagan, M. J. Harrold, J.
A. Jones, J. Stasko

Ordered treemap layouts
B. Shneiderman, M.
Wattenberg

Interactive Volume Rendering
Using Multi-dimensional
Transfer Functions and

Direct Manipulation Widgets
J. Kniss, G. Kindlmann, C.
Hansen

FACULDADE DE
Fc t CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Visualzing Time-series on
Spirals

M. Weber, M. Alexa, W.
Muller

ZUUCZ

+ Add Visualization

Case Study: Visual Debugging

Interactive information
visualization of a million

items
J-D. Fekete, C. Plaisant

of Finite Element Codes
P. Crossno, D. H. Rogers, C.
J. Garasi

Beamtrees: Compact
Visualization of Large
Hierarchies

F. van Ham, J. J. van Wijk

\
AR 'N\ ‘¢n¢'{c7, A

Arc Diagrams: Visualizing
Structure in Strings
M. Wattenberg

Pixel Bar Charts: A
Visualization Technigue for
Very Large Multi-Attribute
Data Sets

D. A. Keim, M. C. Hao, U.
Dayal and M. Hsu

BEST PAPER
Non-Photorealistic Volume
Rendering Using Stippling
Technigues

A. Lu, C. J. Morris, D. S.
Ebert, P. Rheingans, C.
Hansen

TT11

ol

e o

BEST PAPER
Multiscale Visualization
Using Data Cubes

C. Stolte, D. Tang, P.
Hanrahan

L~

BEST PAPER
Interactive Translucent
Volume Rendering and
Procedural Modeling

J. Kniss, S. Premoze, C.
Hansen, D. Ebert

_? v— ‘?‘ .- \..‘ ‘_- ;
R

Efficient Cartogram
Generation: A Comparison
D. A. Keim, S. C. North, C.
Panse, J. Schneidewind

Course Overview - 63
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Visualization today: VIS 25 TIMELINE

2003 2004
+ Add Visualization + Add Visualization

o@

Image Based Flow
Visualization for Curved

i
%

S

Curvature-Based Transfer

Functions for Direct Volume
Rendering: Methods and

Applications

RecMap: Rectangular Map
Approximations
R. Heilmann, D. A. Keim, C.

The InfoVis Tookkit
J-D. Fekete

A
i

Surfaces G. Kindlmann, R. T. Whitaker : ‘
surfaces ) Panse and M. Sips -'
iy EdgeLens: An Interacti Interactive Visualization of v ARl
gelens: An Interactive

Method for Managing Edge Small World Graphs BEST PAPER

Congestion in Graphs F. van Ham, J. J. van Wijk a%arz:g/riss-s Texture

N. W e dale, S. T e e

. L. M. Hwa, M. A. Duchaineau,
Greenberg
K. I. Joy

BEST PAPER BEST PAPER
Smooth apd efficient zooming A Model for Smooth Viewing 2D Maps for Visual Analysis Interactive Exploration of
and panning and Navigationof Large 2D and Retrieval in Large ‘ '
J. J van Wijk, W. A. A. Information Spaces Mli-Featiiis 3D Modal Structured Document
Nuij J. J. van Wijk and W. A A. Databeses Repositories
: : Enhancing volumetric Nuij B.B im. C M. Granitzer, W. Kienreich,
Interactive-Poster: Business : ~ - Bustos, D. A. Keim, C.
datasets with sub-resolution V. Sabol, K.Andrews, W.
Impact Visualization Panse, T. Schreck

: detail using texture Klieber
F. Casati, U. Dayal, M. C. synthesis —

Hao, D A. Keims J. L. Wang, K. Mueller
Schneidewind

BEST PAPER
Knowledge Precepts for
Design and Evaluation of
Information Visualizations
R. A. Amar, J. T. Stasko

Effectively Visualizing
Multi-Valued Flow Data Using :
Color and Texture Building Highly-Coordinated

T. Urness, V. Interrante, |. é(;%elg;:\atiog\}'elchniq;escfjorI GeoTime Information Visualizations in Improvise
Marusic, E. Longmire, B. 1K - s_eﬁ V\(/) urtne LSACRAng Visualization _ C. Weaver
Ganapathisubramani - Kruger, R. Vvestermann T. Kapler and W. Wright
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+ Add Visualization

Visualization of the Genus
of Knots

J. J. van Wiik, Arjeh M.
Cohen

llluminating the Path
J. J. Thomas, Kristin A.
Cook

Baby Names, Visualization,

and Social Data Analysis
M. Wattenberg
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Vizster: Visualizing Online
Social Networks
J. Heer, D. Boyd

Voronoi treemaps
M. Balzer, O. Deussen

Integration of Parallel
Coordinates and Star Glyphs

E. Fanea, S. Carpendale, T.
Isenberg

The Value of Visualization

Jarke J. van Wijk*
Dept. Mathematics and Computer Science
hnische Universiteit Eindh

BEST PAPER

The Value of Visualization
J. van Wijk

BEST PAPER
Dig-Col a: directed graph
layout through constrained
energy minimization

T. Dwyer, Y. Kohen

BEST PAPER

Drawing Directed Graphs
using Quadratic Programming
T. Dwyer, Y. Kohen, K.

Marriott

Importance-Driven

Visualization Layouts for
Large Time Series Data

M. C. Hao, D. A. Keim, U.
Dayal, T. Schreck

ualization today: VIS 25 TIMELINE

Dust & Magnet: Multivariate
Information Visualization
using a Magnet Metaphor
J. S.Yi, R. Melton, J.
Stasko, J. Jacko

Retrieve Value

Filter

Compute Derived Value
Find Extremum

Sort

Determine Range
Characterize Distribution
Find Anomalies

Cluster

Correlate

Low-level Components of
Analytic Activity in
Information Visualization

R. Amar, J. Eagan, J. Stasko

STRINGY

-3 STRIATED

Graph-Theoretic Scagnostics
L. Wilkinson, A. Anand, R.

Grossman

..:’r -

N

High Dynamic Range Volume

Visualization
X. Yuan, M.X. Nguyen, B.
Chen, D. H. Porter

erview - 65
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+ Add Visualization

BEST PAPER
Hierarchical Edge Bundles:
Visualization of Adjacency
Relations in Hierarchical
Data

D. Holten

Jim Thomas presentations
with images from the 2004 -
2006 time frame -> founding
of VAST symposium during
IEEE VIS week.

J. Thomas

Visualization Research
Challanges (NIH/NSF)

C. Johnson, R. Moorhead, T.
Munzner, H. Pfister, P.

First VAST
*RtLilh B
os-: -"3' .
oan. _',"!-{ .
*o 3 et gasges
Coot "e " -2 "y 200
NBHER R Y
SR TTLP L
34 1
, L Eaddi
: Ty

Network Visualization by
Semantic Substrates
B. Shneiderman, A. Aris

MatrixExplorer: a
Dual-Representation System

to Explore Social Networks
N. Henry, J-D. Fekete

Visualization of Geo-spatial
Point Sets via Global Shape
Transformation and Local
Pixel Placement

C. Panse, M. Sips, D. A.
Keim and S. C. North

Interactive Poster:
Exploring Block Access
Patterns of Native XML
Storage

H. Janetzko, D. A. Keim, M.
Kramis, F. Mansmann, M.
Waldvogel

NN7
200/

+ Add Visualization

Many Eyes: A Site for
Visualization at Internet
Scale

F. B. Viegas, M. Wattenberg,

F. van Ham, J. Kriss, M.
McKeon

[mEs =y
il

(R o SR ||

Animated Transitions in
Statistical Data Graphics
J. Heer, G. Robertson

Jigsaw: Supporting
Investigative Analysis

through Interactive
Visualization

J. Stasko, C. Gorg, Z. Liu,
K. Singhal

Visualization today: VIS 25 TIMELINE

Time Dependent Processing in

a Parallel Pipeline
Architecture

J. Biddiscombe, B. Geveci,
K. Martin, K. Moreland, D.
Thompson

lawyer a7,
- 4

pusiness ¥

“‘“Mm

e

VisLinks: Revealing
Relationships amongst
Visualizations

C. Collins, S. Carpendale

Interactive Tree Comparison
for Co-located Collaborative

Information Visualization
P. Isenberg, S. Carpendale

e
4 Ei"u“ g f,{

x E
Plavest o & L 3 ) W,

NodeTrix: A Hybrid
Visualization of Social
Networks

N. Henry, J-D. Fekete, M.
McGuffin

\ |
Wi chtin  Magack b rvehar  Ascovwred sk

BEST PAPER
Visualizing the History of
Living Spaces

Y. A. Ivanov C. R. Wren, A.
Sorokin, |. Kaur

n

Anslogy Templste nalogy Target

BEST PAPER

Querying and Creating
Visualizations by Analogy
C. E. Scheidegger, H. T. Von
D. Koop, C. T. Silva

High-Quality Multimodal
Volume Rendering for
Preoperative Planning of
Neurosurgical Interventions
J. Beyer, M. Hadwiger, S.
Wolfsberger, K. Buehler

- 1 .
5 :‘u:n ) uE :.-.
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AdaptiviTree: Adaptive Tree

alBation't
Tournament-Style Brackets
D. Tan, G. Smith, B. Lee, G.
Robertson
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Isualization today: VIS 25 TIMELINE

2009

+ Add Visualization

ex * 38)

Protovis: A Graphical
Toolkit for Visualization
M. Bostock, J. Heer

MizBee: A Multiscale Synteny

Participatory Visualization
with Wordle

F.B. Viegas, M. Wattenberg,
J. Feinberg

Lark: Coordinating

Ve

Ak
% oo
S

Spatiotemporal Analysis of
Sensor Logs using Growth
Ring Maps

P. Bak, F. Mansmann, H.
Janetzko, D. A. Keim

Browser. Co-located Collaboration
M. Meyer, T. Munzner, H. with Information
Pfister Visualization
M. Tobiasz, P. Isenberg, S.
Carpendale
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BEST PAPER ABySS-Explorer: Visualizing
Mapping Text with Phrase Genome Sequence Assemblies
Nets C. B. Nielsen, S. D.

F. van Ham, M. Wattenberg
and F. B. Viegas

Jackman, |. Birol, S. J.M.
Jones

Visual Opinion Analysis of
Customer Feedback Data

D. Oelke, M. C. Hao, C.
Rohrdantz, D. A. Keim, U.
Dayal, L.-E. Haug, H.
Janetzko
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Document Cards: A Top Trumps

Visualization for Documents
H. Strobelt, D. Oelke, C.
Rohrdantz, A. Stoffel, D. A.
Keim, O. Deussen

Combining automated analysis
and visualization techniques

for effective exploration

of high-dimensional data

A. Tatu, G. Albuquerque, M.
Eisemann, J. Schneidewind,
H. Theisel, M. Magnor, D. A.
Keim

BEST PAPER
Depth-Dependent Halos:
lllustrative Rendering of
Dense Line Data

M. H. Everts, H. Bekker, J.
B.T.M. Roerdink, T. Isenberg

Guided Analysis of Hurricane

Trends Using Statistical
Processes Integrated with
Interactive Parallel
Coordinates

C. Steed, J.E. Swan II, T.J.
Jankun-Kelly, P. Fitzpatrick

Fig. 2. Thveats and valdation in he nested model. Downstream lovels
are gistnguished from upstieam ones with contarment and cokr, & n
Figure 1. Many freats a1 1he oulde kvels raquire downstream valda-
o, which cannot be carried out until the inner levels within them are
adcressed, as shown by the red Ines. Usually a single paper woukd only
#ddross a subset of these levels, not al of them at once.

A Nested Model for
Information Visualization
and Design

T. Munzner

I
.
£

Interactive Dimensionality
Reduction Through

User-defined Combinations of

Quality Metrics

S. Johansson, J. Johnansson

Bubble Sets: Revealing Set
Relations with Isocontours

*Search, Show Context,
Expand on Demand":
Supporting Large Graph
Exploration with
Degree-of-Interest

F. van Ham, A. Perer

FromDaDy: spreading data
across views to support
iterative exploration of
aircraft trajectories.

C. Hurter, B. Tissoires, S.
Conversy

over Existing Visualizations
C. Collins, G. Penn, S.

Carpendale

Scattering Points in
Parallel Coordinates

X. Yuan, P. Guo, H. Xiao, H.
Zhou, and H. Qu
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Narrative Visualization:
Telling Stories with Data
E. Segel, J. Heer

VDVR: Verifiable Volume

Visualization of

Z. Zheng, W. Xu, and K.
Mueller

arge-Scale Events
M. Dork, D. Gruen, C.
Williamson, S. Carpendale
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BEST PAPER
Graphical inference for
infovi

H. Wickham, D. Cook, H.
Hofmann, A. Buja

Stacking Graphic Elements to
Avoid Qver-Plotting

T. Dang, L. Wilkinson, A.
Anand

1l
I
i
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BEST PAPER

Visual Readability Analysis:
How to Make Your Writings
Easier to Read

D. Oelke, D. Spretke, A.
Stoffel, D. Keim

Behaviorism: A Fram rk For

Dynamic Data Visualization
A. Forbes, T. Hollerer, G.

Legrady

Analysis for Financial Time

Series Data
H. Ziegler, M. Jenny, T.
Gruse, D. A. Keim

World Lines

J. Waser, R. Fuchs, H.
Ribicic, B. Schindler, G.
Boschl, e. Groller

', called <2
acor dudiey
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SparkClouds: Visualizing
Tr in I
B. Lee, N. Henry Riche, A.

Karlson, S. Carpendale

2011

+ Add Visualization

—&.r,,s."
1ation
visualization
ManiWordle: Providing
Flexible Control over Wordle

K. Koh, B. Lee, B. Kim, J.
Seo

D3 Data-Driven Documents
M. Bostock, V. Ogievetsky,
J. Heer

Pre-Operative Planning of
Brain Tumor Resections
S Diepenbrock, J Prasni, F

Lindemann, H Bothe, T FIexn.bIe.Lmked Axes for

ualization today: VIS 25 TIMELINE

W |

Asymmetric Relations in
tudi :
U. Brandes, B. Nick

e Multivariate Data
Fopinskd Visualization
J. H. T. Claessen, J. J. van
—— Wijk
£l
£ .L’

% 28
% E ®™

Untangling Euler Diagrams
N. Henry Riche, T. Dwyer

Visual Thinking In Action:
Visualizations As Used On
Whiteboards

J. Walny, S. Carpendale, N.
Henry Riche, G. Venolia, P.
Fawcett

Visualizing Global
Correlation in Large-Scale
Molecular Biological Data
A.N.M. Choudhury, K. Potter,
T-M. Rhyne, Y. Livnat, C.
Johnson, O. Alter

BEST PAPER
Scalable Analysis of
Movement Data for Extracting
and Exploring Significant
Places

G. Andrienko, N. Andrienko,
C. Hurter, S. Rinzivillo, S.
Wrobel

ST ]

BEST PAPER
Context-Preserving Visual
Links

M. Steinberger, M. Waldner,
M. Streit, A. Lex, D.
Schmalstieg

Evaluation of Artery
Visualizations for Heart
Disease Diagnosis

M. A. Borkin; K. Z. Gajos; A
Peters, D. Mitsouras; S.
Melchionna, F. J. Rybicki,

C. L. Feldman, H Pfister

TextFlow: Towards Better

Understanding of Evolving
Topics in Text

W. Cui, S. Liy, L. Tan, C.
Shi, Y. Song, Z. Gao, H. Qu,
X. Tong

Spatial Generalization and
Aggregation of Massive
Movement Data

N. Adrienko, G. Adrienko

[otetst
. DEE
OO

MoleView: An Attribute and
Structure-Based Semantic
Lens for Large Element-Based
Plots.

C. Hurter, O. Ersoy, A.

Telea.

Crepuscular Rays for Tumor
Accessibility Planning

R. Khlebnikov, B. Kainz, J.
Muehl, D. Schmalstieg
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Isualization today: VIS 25 TIMELINE

2012

+ Add Visualization

Propel Ice Hockey Analytics
H. Pileggi, C. D. Stolper,
J. M. Boyle, J. T. Stasko

M-‘*‘r

ol ks

Fuzzy Volume Rendering
N. Fout, K-L. Ma

mllll"

Understanding Pen and Toug
Interaction for Data
Exploration on Interactive
Whiteboards

J. Walny, B. Lee, P. Johns,
N. Henry Riche, S.
Carpendale

BEST PAPER
Hierarchical Exploration of
Volumes Using Multilevel
Segmentation of the
Intensity-Gradient

Histograms
C. Y. Ip, A. Varshney, J.

JaJa

HONORABLE MENTION
Efficient Structure-Aware

Selection Techniques for 3D
Point CI Visuali

with 2DOF Input

L. Yu, K. Efstathiou, P.
Isenberg, T. Isenberg

n
BEST PAPER
Visual Analytics Methodology ——
for Eye Movement Studies PivotPaths: Strollin

@G. Andrienko, N. Andrienko,
M. Burch,D. Weiskopf

s@eERmaNg
S Em .

BEST PAPER
How Capacity Limits of
Attention Influen:

Information Visualization
Effectiveness

S. Haroz, D. Whitney

through Faceted Information

Spaces

M. Dork, N. Riche, G. Ramos,

S. Dumais

Design Study Methodology:
Reflections from the
Trenches and the Stacks
M. Sedimaier, M. Meyer, T.
Munzner

HONORABLE MENTION

Interactive Volum

$
|

Microscopy Data Streams

Using a Visualization-Driven
Virtual Memory Approach

M. Hadwiger, J. Beyer, W.-K.

Jeong, H. Pfister

= *t’;\'w —
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Assessing the Effect of
Visualizations on Bayesian
Reasoning through
Crowdsourcing

L. Micallef, P. Dragicevic,
J.-D. Fekete

2013

+ Add Visualization

e

Understanding Interfirm
Relationships in Business
Ecosystems with Interactive
Visualization

R. C. Basole, T. Clear, M.
Hu, H. Mehrotra, and J.
Stasko

N

BEST PAPER

LineUp: Visual Analysis of
Multi-Attribute Rankings
S. Gratzl, A. Lex, N.
Gehlenborg, H. Pfister, M.
Streit

A Multi-Criteria Approach to
Camera Motion Design for
Volume Data Animation
W-H. Hsu, Y. Zhang, K-L. Ma

Lighting Design for Globally

lumin | i
Y. Zhang, K-L. Ma

BEST PAPER
Comparative Visual Analysis

of Lagrangian Transport in
CFD Ensembles

M. Hummel, H. Obermaier, C.

Garth, K. |. Joy

BEST PAPER

A Partition-Based Framework
for Building and Validating
Regression Models

T. Muhlbacher, H. Piringer

B 95 3

Visual Sedimentation
S Huron, R Vuillemot, J-D
Fekete

SketchStory: Telling More

Engaging Stories with Data
through Freeform Sketching
B. Lee, R.H. Kazi, G. Smith

Visual Exploration of Big

Spatio-Temporal Urban Data:

A Study of New York City
Taxi Trips

N. Ferreira, J. Poco, H. T.
Vo, J. Freire, C. T. Silva

Visualizing Dynamic Networks
with Matrix Cubes

B. Bach, E. Pietriga, J-D.
Fekete

Tr
Based on Trajectory Data
Z. Wang, M. Lu, X. Yuan, J.
Zhang, and H. van de
Wetering

Dimension Projection
Matrix/Tree: Interactive
Subspace Visual Exploration
and Analysis of High
Dimensional Data

X. Yuan, D. Ren, Z. Wang, C.
Guo
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Interactive Data Visualization

(Data) Visualization and other fields
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Visualization and other fields

e

B Visualization emerges as a sub-field of Couteraphics, and is now a new
field that encompasses aspects from human-computer interaction, perceptual
psychology, databases, statistics, data mining, and computer graphics, and

others.

W Computer graphics focus on graphical objects and the organization (and
implementation) of graphical primitives.

¥ Visualization is the application of graphics to display data by mapping data to

graphical primitives and rendering the display.

¥ In Computer Graphics the visual realism is often one major concern. In

Visualization the focus is on finding an effective communication of information.
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Visualization Process

® What is involved in the Visualization process?

® Type of data available for display

® Type of the information the Viewer hopes to extract from (exploration; confirm

hypotheses) or convey with the display (present results)

Symbolic Image in Image on
Data - : - " Disol
Representation Computer Isplay
Data Rendering View
Transformations Mappings Transformations

C
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Visualization Process: computer graphics pipeline

® For computer graphics the stages are:
® Modeling: 3D model
B Viewing: virtual camera
® Clipping: bounds of the desired image
® Hidden surface removal & Projection: mapping to a 2D system

® Rendering: color, illumination, etc.

= = ; -
— 3D World | Canonical | 2D Display
ata Coordinates View Volume Cﬂﬂl‘ﬂlﬂﬂtﬂi
FACULDADE DE _
c CIENCIAS E TECNOLOGIA Course Overview - 73
UNIVERSIDADE NOVA DE LISBOA




Visualization Process: the knowledge discovery pipeline

® For knowledge discovery the stages are:

Data:

Data integration, cleaning, warehousing and selection:

Data mining:

Patter evaluation

Rendering or visualization:

Data | Data of | Models
Databases Warehouse Interest
Data _ Data ————F
Cleaning 5“‘*1“‘;““’1 Mining
$ "

’ Evaluatimﬂ

(*) Interactive visualization can be used at every step of KD pipeline

C
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Visualization Process: visualization pipeline

® For visualization the stages are:
® Modeling: the data to be visualized
® Data Selection: similar to clipping

® Data to visual mappings: the heart of the visualization is mapping data values to
graphical entities or their attributes; may involve scaling, shifting, filtering,

interpolating, or subsampling.
B Scene parameter setting: (ex: color mapping)

® Rendering or generation of the visualization
User interaction/collaboration and control
Analysis, Computational and Synchronization Tools
o

l l | ,, =

: Visualization
Raw data > Data » Visual » (multiple views
(information) tables structures of visual things
Data/flow Visual View -
transformations mappings transformations

User interaction/collaboration actions
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Visualization Process: visualization pipeline

® What is involved in the Visualization process?

® Type of data available for display

® Type of the information the Viewer hopes to extract from (exploration; confirm

hypotheses) or convey with the display (present results)

User interaction/collaboration and control
Analysis, Computational and Synchronization Tools
@

\ °
T T- T
Visual Visualization
> » (multiple views
View
transformations

User interaction/collaboration actions
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Visualization Process: visualization pipeline

® What is involved in the Visualization process?

® Type of data available for display

® Type of the information the Viewer hopes to extract from (exploration; confirm

hypotheses) or convey with the display (present results)

User interaction/collaboration and control
Analysis, Computational and Synchronization Tools
@

l l >

¥
Raw data Data Visual Visualization
- > » (multiple views
e tables Visual structures Vi E:rfvisl?al things)
15 1ew
mappings transformations

User interaction/collaboration actions
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Visualization Process: visualization pipeline

® What is involved in the Visualization process?

® Type of data available for display

® Type of the information the Viewer hopes to extract from (exploration; confirm

hypotheses) or convey with the display (present results)

User interaction/collaboration and control .
Analysis, Computational and Synchronization Tools v

b
—— S
~
b
y g "
LY

T 'r" T ; y
Data Visual Visualization | /' 4\
* » (multiple views
tables Visual structures Vi of visual things) | \ «__ -/
18 1ew . 4
mappings transformations |

User interaction/collaboration actions
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Interactive Data Visualization

Further Reading and Summary

Q&A
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Further Reading

® Recommend Readings
¢ Interactive Data Visualization: Foundations, Techniques, and Applications, Matthew O. Ward
et all, 2015, pages 1 - 38.

B Supplemental readings:

¢ Cholera map’s John Snow:

— https://en.wikipedia.org/wiki/1854 Broad_Street _cholera_outbreak

¢ Napoleon
— https://en.wikipedia.org/wiki/Charles_Joseph_Minard
¢ William Playfair:
— https://en.wikipedia.org/wiki/William_Playfair
¢ Florence Nightingale: Check - vis25timeline
—  https://pt.wikipedia.org/wiki/Florence_Nightingale
¢ Periodic table:

— https://en.wikipedia.org/wiki/Periodic table
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What you should know

¥ What is Visualization.
¢ grocking the data => take decisions
¥ Data Visualization can be extremely powerful
¢ Uncover new patterns; confirm hypothesis;
¥ Why Visualization is important.
¢ Stats not enough; communication needs; exploratory needs
m Key aspects of today Visualizations.
¢ Interactions; visual abstractions; multiple (linked) visualizations.
B The general steps of a Visualization Process
¢ Raw data -> data -> viz structures -> images -> perception + feedback

B The role of Perception.

¢ The role and the importance of the user.
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Further Reading and Summary
|

Q&A
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Interactive Data Visualization

Course Organization and Overview
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Introduction to Data Visualization

What Is Visualization?

Relationship between Visualization and Other Fields.
The Visualization Process.

Data Foundations.

Human Perception and Information Processing.
Semiology of Graphical Symbols.

The Visual Variables.

Visualization Techniques

Visualization Techniques for Spatial Data

Visualization Techniques for Geospatial Data
Visualization Techniques for Time-Oriented Data
Visualization Techniques for Multivariate Data
Visualization Techniques for Trees, Graphs, and Networks
Text and Document Visualization

Interaction Concepts and Techniques

Interaction Operators, Operands and Spaces (screen, object, data, attributes)
Visualization Structure Space (Components of the Data Visualization)
Animating Transformations

Interaction Control

Designing Effective Visualizations

Comparing and Evaluating Visualization Techniques

Visualization Systems

Systems Based on Data Type

Systems Based on Analysis Type

Text Analysis and Visualization

Modern Integrated Visualization Systems
Toolkits

Research Directions in Visualization

g il
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Interactive Data Visualization: Foundations, Techniques, and Applications
Matthew O. Ward, Georges Grinstein, Daniel Keim

| 2015, 2nd Edition

ISBN: 9781482257373

ISBN (e-Book): 9781482257397

INTERACTIVE
DATA VISUALIZATION

FounDanoss, TEC®EOUES, AND APPLICATIONS
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Visualization Analysis & Design
Tamara Munzner

2015,

ISBN: 9781466508910

ISBN (e-Book): 9781498707763
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Visualization of Time-Oriented Data
Wolfgang Aigner, Silvia Miksch Heidrun Schumann, Christian Tominski

Visualization of
Time-Oriented Data

The Functional Art: An introduction to information graphics and visualization
Alberto Cairo

the
functlonal
art

an introduction to
! information graphics
i and visualization

alberto cairo
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Weekly routine
|

M Lectures-1x2h

@ The lab sessions -1x2h
® Demoing and Training
® Project developing

B The recommended readings

B The recommended actions

Meetings for student support if required
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Evaluation rules

® Two mid-term written individual tests (25% each)

B One project (for team of two students), with several phases:
B Specification
u Paper (20%)
B Code/implementation (30%)

® (*) an oral discussion will be required to validate the project components

® Course approval requires the following minimal grades:
B (mean (Test1; Test2) >= 10) AND (Test1 >= 8) AND (Test2 >= 8)

® (mean(Paper;Code&Implementation) >=10) AND

® Final exam may replace mean (Test1; Test2) if project is approved.
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b Site: http://vid.ssdi.di.fct.unl.pt

IDV 17/18 FACULDADEDE

Interactive Data Visualization

CIENCIAS/EATECNOLOGIA
UNIVERSIDADE NOVA DE LISBEOA

Visualization and Data Science
05 52 03 52 18 230 10:43 Filed in: Notice

Information

(Interactive Data) Visualization is a major component of Data Science. In the Columbia's Introduction to Data Science the
Resources student have different backgrounds. This image shows the students skills according 8 axes of competencies. See more here.
- Summaries
- Training
' Evaluation
Notice tudents in Columbia’s .-'é."

Introduction to Data S

March 2018 Science course came <
VID RSS Feed from across the academic

spectrum. Their skills are
presented here in star charts
with spokes representing their
skill levels* across the data
science skillset: , )

fion . /

, computer science,
and . In addi-
tion to hovering in the center,
the star chart of the overall
class mean underlies each
academic domain, so you can
see students from each aco-
demic domain relative to the
rest of the class. How would
you compose your own inter-
galactic data science team?

*Skills were ossessed by o survey written and
odministered by o subset of students in the class.

The IDV site is up and running

0552 03 52 18 a20 10:43 Filed in: Notice

The site of Interactive Data Visualisation is up and running. This site is public and will be the most important communication
channel with the students.

FACULDADE DE

CIENCIAS E TECNOLOGIA Course Overview - 88
UNIVERSIDADE NOVA DE LISBOA



http://vid.ssdi.di.fct.unl.pt

b Site: News
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News /

Interactive Data Visualization

'Home

_ Visualization and Data Science
News

0552035218 a30 10:43 Filed in: Notice

Information

(Interactive Data) Visualization is a major component of Data Science. In the Columbia's Introduction to Data Science the
~Resources student have different backgrounds. This image shows the students skills according 8 axes of competencies. See more here.
- Summaries
- Training

- The Stars of Data Science

Notice tudents in Columbia’s
Introduction to Data
March 2018 Science course came

: : from across the academic

( VID RSS Feed spectrum. Their skills are
presented here in star charts

with spokes representing their

skill levels* across the data

science skillset: , )

, computer science,
and . In addi-
tion to hovering in the center,
the star chart of the overall
class mean underlies each
academic domain, so you can
see students from each aco-
demic domain relative to the
rest of the class. How would
you compose your own inter-
galactic data science team?

* Skills were assessed by o survey written and
odministered by o subset of students in the class.
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b Site: Information
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Interactive Data Visualization RNIVERSIDADE RO AT e

News / Information /

Home Interactive Data Visualisation (IDV) is a 6 ECTS curricular unit of the set of specialization units offered to the
students of 4th or 5th year of Mestrado Integrado em Engenharia Informatica (MIEI), and to students of Mestrado em
Analise e Engenharia de Big Data (MAEDBD). Interactive Data Visualization presents the theoretical basis and
practices for the design, use and evaluation of modern systems for Interactive Data Visualisation.

News

Bibliography This course is provided by Departamento de Informatica (DI) da Faculdade de Ciéncias e Tecnologia (FCT) da

Sylabus Universidade Nova de Lisboa (UNL).

Evaluation Rules Objectives:

Schedule Knowledge:
Resources ¢ What is Information Visualization, Data Visualisation (DV) and the different purposes of DV.

¢ The role of interactivity in DV and the general interaction patterns.
Summaries e The concept of Visual Variable and the practical consequence in the design of Interactive Data Visualization
Trainin (IDV).
9 e The classification of data for DV purposes and the impact on IDV.

Evaluation e For each type of data the most relevant available techniques.

e Due to its wide applicability, some deep understanding on Visualization Techniques for multivariate Data time
oriented data and Geospatial Data.

e The main components of general IDV systems and the principal characteristics required on modern IDV
systems.

¢ The available approaches to Compare and Evaluate Visualization Techniques and Systems.

e The actual trends in IDV and their role in more general systems and applications.

Application:

e Choose the visual variables and visualization techniques for a given data set and purposes.

e Use a given an existing IDV system to explore one or more data sets.

e Based on existing frameworks and platforms, design and build an IDV system appropriate for a class of data
sets and a class of exploration and visualization tasks.

e Setup an experimental environment to evaluate a DV technique. Analyze the data gathered in the
experimentation.

Soft-Skills:

¢ Understand the multidisciplinary nature of the area and the relationship with other areas.
e Explore the experimental nature for design IDV systems.

Prerequisites:
None

Teacher
Prof. Jodo Moura Pires (jmp@fct.unl.pt) at office P3/2 and Tel: 10746.
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News / Information /

Home

News

Bibliography

Sylabus

Evaluation Rules

Schedule

Resources

Summaries

Training

Evaluation

Interactive Data Visualisation (IDV) is a 6 ECTS curricular unit of the set of specialization units offered to the
students of 4th or 5th year of Mestrado Integrado em Engenharia Informatica (MIEI), and to students of Mestrado em
Andlise e Engenharia de Big Data (MAEDBD). Interactive Data Visualization presents the theoretical basis and
practices for the design, use and evaluation of modern systems for Interactive Data Visualisation.

This course is provided by Departamento de Informatica (DI) da Faculdade de Ciéncias e Tecnologia (FCT) da
Universidade Nova de Lisboa (UNL).

Objectives:
Knowledge:

e What is Information Visualization, Data Visualisation (DV) and the different purposes of DV.

e The role of interactivity in DV and the general interaction patterns.

e The concept of Visual Variable and the practical consequence in the design of Interactive Data Visualization
(IDV).

¢ The classification of data for DV purposes and the impact on IDV.

e For each type of data the most relevant available techniques.

¢ Due to its wide applicability, some deep understanding on Visualization Techniques for multivariate Data time
oriented data and Geospatial Data.

e The main components of general IDV systems and the principal characteristics required on modern IDV
systems.

e The available approaches to Compare and Evaluate Visualization Techniques and Systems.

e The actual trends in IDV and their role in more general systems and applications.

Application:

e Choose the visual variables and visualization techniques for a given data set and purposes.

e Use a given an existing IDV system to explore one or more data sets.

e Based on existing frameworks and platforms, design and build an IDV system appropriate for a class of data
sets and a class of exploration and visualization tasks.

e Setup an experimental environment to evaluate a DV technique. Analyze the data gathered in the
experimentation.

Soft-Skills:
¢ Understand the multidisciplinary nature of the area and the relationship with other areas.
e Explore the experimental nature for design IDV systems.

Prerequisites:
None

Teacher
Prof. Jodo Moura Pires (jmp@fct.unl.pt) at office P3/2 and Tel: 10746.
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News / Information / Schedule /

pome IDV-16-17
News Hoje N BN Margo de 2018 ~ SImprimir Semana Més Agenda *
Segunda Terca Quarta Quinta Sexta Sabado Domingo
26 27 28 1 Mar 2 3 4
Bibliography
Sylabus

Evaluation Rules

Schedule

Resources

Summaries

Training D 6 7 8 ] 10 1

16:00 Teorica de VIL
Evaluation 18:00 Pratica de VIC
Subscribe this calendar:
( ICAL

12 13 14 15 16 17 18

16:00 Teorica de VIL
18:00 Pratica de VIC

19 20 21 22 23 24 25
16:00 Teorica de VIL
18:00 Pratica de VIC
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News / Resources / Lectures /

Home Material used by the teacher during the lectures.

News

IDV-01-COURSE OVERVIEW [PDF]

Information What we mean by “Interactive Data Visualization”? What is Visualization? Why Visualization is important? Early Visualizations;
Visualization today; Visualization and other fields. Visualization Process; The role of Perception. Course Organization and
Overview: Syllabus; Bibliography; Evaluation rules; important dates, etc

Resources

Lectures

Papers

Miscellaneous notes

Links

Summaries

Training

Evaluation

Jodo Moura Pires STAResearch.NET Contact Me
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News / Resources / Papers /

Interactive Data Visualization

Home Recommended papers.
Qs Some suggested by the students
Information
POLARIS: A SYSTEM FOR QUERY, ANALYSIS, AND VISUALIZATION OF MULTIDIMENSIONAL
DATABASES
Lectures By Chris Stolte, Diane Tang, and Pat Hanrahan
Crapers D
A FEATURE-INTEGRATION THEORY OF ATTENTION
Miscellaneous notes By Annem. Treisman and Garrygelade.
Links
VISUAL SEARCH AND ATTENTION: A SIGNAL DETECTION THEORY APPROACH
Summaries By Preeti Verghese
Training
) THE STRUCTURE OF THE INFORMATION VISUALIZATION DESIGN SPACE
Evaluation By Stuart K. Card and Jock Mackinlay
AN OPERATOR INTERACTION FRAMEWORK FOR VISUALIZATION SYSTEMS
By Ed Huai-hsin Chi, John T. Ried|
TOUR THROUGH THE VISUALIZATION Z00
A survey of powerful visualization techniques, from the obvious to the obscure, by Jeffrey Heer, Michael Bostock, and Vadim
Ogievetsky
TREE VISUALIZATION WITH TREE-MAPS: 2-D SPACE-FILLING APPROACH
By Ben Shneiderman
Joao Moura Pires STAResearch.NET Contact Me
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Home In this area we will share some useful links. Please contribute with your suggestions
hlews From the main bibliography
Information
e The companion web site of "Interactive Data Visualization: Foundations, Techniques, and Applications":
http://www.idvbook.com
e The companion web site of "Visualization Analysis and Design": http://www.cs.ubc.ca/~tmm/vadbook/
Lectures e The companion web site of "The Functional Art: An introduction to information graphics and visualization":
Papers http://www.thefunctionalart.com
e The companion web site of "Visualization of Time-Oriented Data": http://www.timeviz.net
Miscellaneous notes

\Unks ) Tools
Summaries e Data-Driven Documents: http://d3js.org Propose useful Stuff

Training

: Recommended
Evaluation

Surveys

e The 14 best data visualization tools: http://thenextweb.com/dd/2015/04/21/the-14-best-data-visualization-tools/

e Datavisualization.ch Selected Tools: http://selection.datavisualization.ch

Recommended by the students

e Color encyclopedia : Information and conversion: http://www.colorhexa.com/ (recommended by Nuno Martins)

e Javascript library help you to select appropriate color maps https://github.com/gka/chroma.js (recommended by Ricardo
Silva)

Recommended by the students 16/17

e Visualizagdo dos "inner workings" de uma rede de convulsdo: http://scs.ryerson.ca/~aharley/vis/conv/ (Relacionado

com a forma como o olho funciona (feature maps)).

Graphlab, framework para visualizagdo de dados, processamento em escala e machine learning em python.
https://turi.com/products/create/ (Ha licengas gratuitas para estudantes).
e To find datasets: https://www.kaggle.com/datasets (suggested by Sara Rosa and Jodao Monteiro)
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News / Summaries /

Home
[TO1]: Course overview
News
) Lectures
Information
What we mean by “Interactive Data Visualization”? What is Visualization? Why Visualization is important? Early
Resources Visualizations; Visualization today; Visualization and other fields. Visualization Process; The role of Perception.
m Course Organization and Overview: Syllabus; Bibliography; Evaluation rules; important dates, etc.. /\/
Training Recommended Readings: (i) Interactive Data Visualization: Foundations, Techniques, and Applications, :
Evaluation Matthew O. Ward et all, 2010, pages 1 - 33.
/)
Recommended Activities: (ii) Visit the various sections of this site; (iii) instal Tableau software o ]
your computer. Follow the link http://www.tableau.com/academic/students. :
Lectures
To Know:
< RSS Feed
e What is Visualization.
e The main "applications" of Visualization.
e Why Visualization is important.
e Key aspects of today Visualizations.
e Some important landmarks of early visualizations. For each one why is a landmark.
e The relation between Visualization and computer graphics. The differences between them.
e The relation of Visualization with other fields.
e The general steps of a Visualization Process
e The role of Perception.
e The role and the importance of the user.
Jodo Moura Pires STAResearch.NET Contact Me
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News / Evaluation /

Home This area is dedicated in general to the evaluation process and more specifically to the team-work projects, namely important
N dates, and detailed instructions about the registration of teams and registration of subjects, report delivering and
team-work discussion .
Information
R esouEcas Important Dates
Summaries * Team registration: until March 30th
o o Subject specification: until April 16th
Training e Paper: until May 18th
e Code and Implementation: until June 8th
e Oral discussions: from June 11th up to June 15th, with previous appointment
Subjects

Instructions

Team registration

The students have to create teams with 2 students and make a team registration. The team registration process requires
to fill-up a google sheet already shared with you.

Subject definition

A registered team must register its subject choice for the Practical team-Work. The purpose of subject registration is to provide
the teacher with a clear description of the chosen subject, the functional scope of the implementation, the proposed
architecture and the technologies used, to get a teacher's approval, and from that point you should keep your subject
registration updated as you start the development. By doing that you keep an appropriate live summary of your project for
you, for your colleague and for the teacher. You may update your subject registration as many times you want. Please make your
subject registration as clear and complete as possible. Consider the following recommendations:

Abstract; should be a short paragraph which describes the goal of your system and its most important features.

Description: you should describe: (i) the scope of your project; (ii) the proposed architecture and approach.

In order to present the scope you should identify the inputs, the main concerns about the data or the data model, the
functionalities and eventually the outputs.

With the respect with the architecture you should describe the main components, how their purpose, how they exchange
information and the technology you intend to use and their role.

Tasks: you should keep a list of tasks, as detailed as possible, in order to plan your work and check the feasibility of your
approach. By doing this you will have to think in a very concrete way of how to address the all project and consequently you
check if the previous description is sound. Also you break your original problem into many small problems that you can
distribute the by the team members.

References: the text books, the papers, the sites you use during the design and the implementation of your project
Software: list of software you will use in the development of your project

Development: you can use this section for further details and eventually to indicate a URL where the teacher can check your
system.
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News / Evaluation /

This area is dedicated in general to the evaluation process and more specifically to the team-work projects, namely important
dates, and detailed instructions about the registration of teams and registration of subjects, report delivering and
team-work discussion .

Important Dates

Team registration: until March 30th

Subject specification: until April 16th

Paper: until May 18th

Code and Implementation: until June 8th

Oral discussions: from June 11th up to June 15th, with previous appointment

Instructions

Team registration

The students have to create teams with 2 students and make a team registration. The team registration process requires
to fill-up a google sheet already shared with you.

Subject definition

A registered team must register its subject choice for the Practical team-Work. The purpose of subject registration is to provide
the teacher with a clear description of the chosen subject, the functional scope of the implementation, the proposed
architecture and the technologies used, to get a teacher's approval, and from that point you should keep your subject
registration updated as you start the development. By doing that you keep an appropriate live summary of your project for
you, for your colleague and for the teacher. You may update your subject registration as many times you want. Please make your
subject registration as clear and complete as possible. Consider the following recommendations:

Abstract; should be a short paragraph which describes the goal of your system and its most important features.

Description: you should describe: (i) the scope of your project; (ii) the proposed architecture and approach.

In order to present the scope you should identify the inputs, the main concerns about the data or the data model, the
functionalities and eventually the outputs.

With the respect with the architecture you should describe the main components, how their purpose, how they exchange
information and the technology you intend to use and their role.

Tasks: you should keep a list of tasks, as detailed as possible, in order to plan your work and check the feasibility of your
approach. By doing this you will have to think in a very concrete way of how to address the all project and consequently you
check if the previous description is sound. Also you break your original problem into many small problems that you can
distribute the by the team members.

References: the text books, the papers, the sites you use during the design and the implementation of your project

Software: list of software you will use in the development of your project

Development: you can use this section for further details and eventually to indicate a URL where the teacher can check your
system.




Important Dates

Week Subjects Event
1 Overview
2
3 _ _ o Team registration
Introduction to Data Visualization

4 March 30 => Wednesday, March 28
5
6
7 o . Test 1
3 Visualization Techniques
9
10 Paper
11 Advanced Topics: Evaluation;

Research directions
12
13

Students Support :

14 Test 2; Code and Implementation
15 Oral Sessions Oral Sessions

C
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Important Dates
L

B Team registration up to March 30th (week 04)
¥ Project Specification: Up to April 16th (week 07)

W Test 1: April 20th (week 07) - During the Lecture; The lab session will be
important

® Paper : Up to May 18th (week 11)

B Test 2: June 8th (week 14) - During the Lecture; The lab session will for teams
support

W Project Code: Up to June (week 14)

Project Oral discussion: 11 to 15 June (week 15)

C
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Interactive Data Visualization

Further Reading and Summary
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Further Reading

® Recommend Readings
¢ Interactive Data Visualization: Foundations, Techniques, and Applications, Matthew O. Ward
et all, 2015, pages 1 - 38.

B Supplemental readings:

¢ Cholera map’s John Snow:

— https://en.wikipedia.org/wiki/1854 Broad_Street _cholera_outbreak

¢ Napoleon
— https://en.wikipedia.org/wiki/Charles_Joseph_Minard
¢ William Playfair:
— https://en.wikipedia.org/wiki/William_Playfair
¢ Florence Nightingale: Check - vis25timeline
—  https://pt.wikipedia.org/wiki/Florence_Nightingale
¢ Periodic table:

— https://en.wikipedia.org/wiki/Periodic table
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What you should know

¥ What is Visualization.
¢ grocking the data => take decisions
¥ Data Visualization can be extremely powerful
¢ Uncover new patterns; confirm hypothesis;
¥ Why Visualization is important.
¢ Stats not enough; communication needs; exploratory needs
m Key aspects of today Visualizations.
¢ Interactions; visual abstractions; multiple (linked) visualizations.
B The general steps of a Visualization Process
¢ Raw data -> data -> viz structures -> images -> perception + feedback

B The role of Perception.

¢ The role and the importance of the user.
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Recommended Actions

B Read the available information on the Web Site

B Update your calendar (or subscribe the calendar)

® VID RSS Feed

¥ Find a partner for your team work
B Make the registration until March 30th

B Check the Summaries section and follow its recommendations

B Install Tableau software

B http://www.tableau.com/academic/students
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