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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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Interactive Data Visualization

Landmarks of (Data) Visualization
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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

B Charles Minard’'s map of Napoleon's disastrous Russian campaign of 1812
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B Carte Figurative des pertes successives en hommes de I’'armée Francaise dans la
campagne de Russie 1812-1813

® Le nombre dhommes présents sont représentés par les largeurs des zones colorés a
raison d’un millimeétre pour dix mille hommes au travers des zones.

B Le “rouge” désignent des hommes qui entrem en Russie, le noir ceux qui en sorte

¥ Les renseignements qui on servit ..... [References]
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Landmarks in Visualization
o

B Charles Minard’'s map of Napoleon's disastrous Russian campaign of 1812
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B Figurative map of the successive losses of men of the French army in the Russian
campaign 1812-1813

® The number of men present is represented by the widths of the colored areas at the
rate of one millimeter for every ten thousand men across the areas.

B The “red” designate men who enter Russia, the black those who come out.

® The information we served... .. [References]

FACULDADE DE .
CIENCIAS E TECNOLOGIA Course Overview - 13
UNIVERSIDADE NOVA DE LISBOA



Saaremaa

Riga
Jurmalao 3

aigéda
: Lituania e
do Kadha g\ ¢ | RS :
af - SViinus
®

s December Minsk

MiHeK

®
Biafy=lok ~ Bielorrissia

sovia

Lublin
O

Pamu
(w)

Estonia
Tacgtu

Cesis
o

Letonia

Narva

Pskov
[lckos
o)

Gatchina
[aryvHa

Vitebsk

Biuebek €

Veliky |
Novgorod
Benukun
Hoarc?poa

CMoneHck
[o)

Mahilyow 3 !
Marinéy = y
0 y ﬂaGKBNbI
Gomel
[omens
o
Chernigov
YepHiris
o)
<

Solesk

. Vol
Cherepovets g0t
Yepenosed,
Y
: %
Rybinsk
;_95‘63'"“
‘ larc
| Apoc
& ’
y
.‘(/,
Tver ) ‘
TBepb
-0 o ?
X
o ~_Moscovo
- T P aedabockBa
2 T*J;.cl
= | d |
3 Podolsk
Moaonbek
Riaz
Ké
« October -
- Tula
Tyna
0
Briansk
bpsiHcK i
i Oriol
Opén
3 Lipet:
Nunel
(o 1Y
Kursk Voronej
Kygcx e
. Staryy Oskol ¢
Crapbiit Ockon
(]

Sumy;



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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Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers
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dmarks in Visualization

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

® 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.
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Early visualizations

® 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.

® o o

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

® 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.

® & o o

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

Interactive Data Visualization

What is (Data) Visualization”
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Modes of Visualization

Modes of Visualization [JohnC. Hart

Interactive Visualization

* Used for discovery

* |Intended for a single
investigator or collaborators

 Rerenders based on input
* Prototype quality
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Modes of Visualization

Modes of Visualization [JohnC. Hart

Presentation Visualization

* Used for communication

. In'tem‘:ied' forllarge g'r»oAup or
mass audience
* Does not support user input

* Highly polished
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Modes of Visualization

Modes of Visualization [JohnC. Hart

Interactive Visualization Presentation Visualization

* Used orcommumcatlon

* Used for discovery

. Intended for a smgle . In'tencied' forllarge 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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Wdes of Visualization

: Modes of Visualization |John C. Hart

Visualization | User Interaction | Graphics Target
Mode Rendering

FACULDADE DE _ o
CIENCIAS E TECNOLOGIA Introduction to Data Visualization - 29

UNIVERSIDADE NOVA DE LISBOA



Modes of Visualization

Hw
|

Modes of Visualization [John C. Hart

Visualization | User Interaction | Graphics Target
Mode Rendering

Presentation User only Precomputed Colleagues, Slide shows,
Visualization observes rendering mass video
audience
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Modes of Visualization

Hw
|

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
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Mides of Visualization

: Modes of Visualization |John C. Hart

Visualization | User Interaction | Graphics Target
Mode Rendering

Interactive User can filter or Real-time Mass Internet or
Storytelling inspect details of rendering audience kiosk
preset datasets
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Modes of Visualization

_

-
e

Modes of Visualization |[John C. Hart

Visualization | User Interaction | Graphics Target
Mode Rendering

Interactive User controls
Visualization everything,
including dataset

Interactive User can filter or
Storytelling inspect details of
preset datasets

Presentation User only
Visualization observes

Real-time
rendering

Real-time
rendering

Precomputed
rendering

Individual or Software or
collaborators internet

Mass Internet or
audience kiosk

Colleagues, Slide shows,
mass video
audience
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What is the Goal of Data Visualization?

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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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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The concerns of Data Visualization field

¥ 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 circusnces

® Why should we study visualization?
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Interactive Data Visualization

Why (data) visualization is important?

FACULDADE DE

c CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Course Overview - 39



Why (data) visualization is important?

_

Anscombe’s Quartet: Raw Data

1 2 <
X Y X i X Y X ¥
10,0 804 | 100 9.14| 100 7.46 80 6.58
8.0 6.95 8.0 8.14 80 6.77 80| 5.76
130 758 | 13,0 874 13.0 12.74 80| Z.7]
9.0 8.81 9.0 8.77 90 7.1 80 8.84
110 833 | 11.0| 9.26| 11.0 | 7.81 80 847
140 996 | 140 8.10| 140 8.84 80 7.04
6.0 7.24 6.0 6.13 6.0 6.08 80| 525
40 4.26 40 3.10 40 539 19.0 1250
120 1084 | 120 | 9.13| 120  8.15 8.0 556
7.0 482 7.0 | 7.26 7.0 642 80 7.91
50| 5.68 50 474 50 | S.73 8.0 6.89
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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 i |
100 804 | 100 9.14| 100 746, 80 6.8 s £
80 695| 80 8.14| 80 677 80 576 th” ‘;';16
130 7.58| 130 874| 13.0 1274| 80 7.71 S T B s
90 881| 90 877! 90 7.11| 80 884 c
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
60 724| 60 6.13| 60 6.08| 80 5.25
40 426! 40 3.10| 4.0 539| 19.0 12.50
120 1084 | 12.0 9.13| 120 8.15| 8.0 5.56
70 482 70 726| 70 6.42| 80 791
50 568| 50 474| 50 573| 80 6.89
Mean!| 9.0 75 90 7.5 90 7.5 90 75
Variance | 10.0  3.75| 10.0  3.75| 10.0 3.75| 10.0 3.75
Correlation 0.816 0.816 0.816 0.816

Course Overview - 41
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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?

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

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

data looks to be f linear horizontal
tightly clustered pattern
& r:.-&%’g’:!:m_-. u m
City MPG City MPG
e B =
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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?
® Can the presentation of data impact the decision?

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

linear vertical @0 K i inversely
pattern 0@“ QQQ | proportional
: § > TRV 3 | *
E c)\x Q =
E BRI :
: a. P & i
O
%‘ §o5d of, n e
City MPG

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

® 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

® 34 clinicians

B If 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

4 visualizations: Comvetionalveabmert  Ivestgatonal vesimen oo i
Total no N Fal Total no % Fal Good prognosis
T.able Good prognosis 30 2D 35 "
Pie Chart Poor pragnosis 20 4 25 12
Bar Graph e
Icon o 470 o s e e )

g
Z
;

Poor prognoss

Bar graph lcon
E:OM — Comentions! Ireatment
i, oo EEEEEEEEEN
Green - Response L = EEEEEEEES®
. = PROS S Poor
Red - Fail 2 % s N EEN NN NN
. progis T AR R R R R R R
Investgational treatment
I EEEETEEEE-
10 B B B B B B B B B
- EEEEEEEnmEMNm
° W W MWW mm
Convenional reatment Imestigations freatment B DS BSOS OBE BN B B W
st 3 Good prognosis &5 Poor prognoss
W Regerse W Fail

Copyright © 1999, British Medical Journal
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http://www.ncbi.nlm.nih.gov/pmc/about/copyright.html

Table Pie chart

Conventional treatment Investigational treatment Invesﬂga((l:narlj(t)r)eatmem COﬂszgfflator?mment
Total no % Fall Total no % Fail Good prognosis Good prognosis

Good prognosis X 30 35 "

Poar prognosis 20 45 25 12

Total 50 3 60 12

(Negatively framed tables displayed fallure rates in red,
Positively framed tables displayed responsa rates in green)

Poor prognosis
BN Response [ Fail

Bar graph icon
0 e Conventional treatment
osis HE E B B EEEEEN
pmm H B E EEEEE NN
30 Poor H B B EEEEEEMN
prognoss HEEEEEN NN N
X R N MM M M N NN W
Investigational treatment
EEEEEEEE 8.
10 H E EEEEEEEN
H B B EEEEEENn
Y H B B EEEEENEMN
S M N N NN EEE N M
Conventional treatment Investigational treatment HE E EEE N EE®R
B8 Response WM Fai [ Good prognosis S0 Poor prognosis




Why (data) visualization is important?

® 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

FACULDADE DE .
CIENCIAS E TECNOLOGIA Course Overview - 48
UNIVERSIDADE NOVA DE LISBOA



Why (data) visualization is important?

® Nowadays
® Generating a lot of data and information
¥ 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 an efficient and effective manner.
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y (data) visualization is important?
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When (data) visualization is important?

DATA DATA VIS
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When (data) visualization is not important?

DATA
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Whys from Tamara Munzner

® Why have a human in the decision-making loop?
® Why have a computer in the loop?

® Why use an external representation?

® Why depend on vision?

B Why show the data in detail?

® Why use interactivity?
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Whys from Tamara Munzner

® Why is the vis idiom design space huge?
B Why focus on tasks?

B Why are most designs ineffective?

B Why care about effectiveness?

¥ Why is validation difficult?

B Why are there resource limitations?

¥ Why analyze vis?
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Why the study of data visualization is important?
|

® Tamara Munzner, 2015

BBEE 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 the study of data visualization is important?
|

® Tamara Munzner, 2015

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e Ol S S e S E Selected :
: GOOd i solution EBad' = X
: : : O ) X
5 Proposal O
: O O O
: IO space O
O o
Consideration O O
space O O
: o O 0O O
Known : 5 O O
space § O 0 0O O
O ) X
: : O :
- . X Good solution : O p 0O - O o:
S O - : O OK solution : O :
vt £ £ O Space of possible solutions: O Poor Solution :.................... Space of possible solutions:

Figure 1.5. A search space metaphor for vis design.
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Interactive Data Visualization

What is the core idea of Data Visualization?
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\What is the core idea of Interactive Data Visualization?

- r
Jdapbma)ta Y,
Scaue n
N
Interactivity
|

o ) @

Question(s) / Task
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t is the core idea of Interactive Data Visualization?
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What is the core idea of Interactive Data Visualization?

¥ eight visual variables:

¢

® €& & & o oo o

position,
shape,
size,
brightness,
color,
orientation,
texture,

motion

| | [ 144477

g
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Eiﬁht visual variables

Linear
Scale

(%)
[
M
@
>

.
- | Color [ World Regions V]
PTo) FESRH e - AR . e A s
| : | | 3 | ” j
s e
_ Income: X(usmgaLog scale) =
Life expectancy: Y (usmg a Llnear scale) | j |
Population: Size | | | |
2 L optiauion. Size o o S . Log Scale
Reglon COlor per person (GDP/capita, PPPS$ inflation-adjusted)
500 1000 2000 4000 8000 16k 32k 64k 128k
P Income v
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New dataset (v1.9.0) is available

Bubbles 1% Hans ROSllng

Color World Regions v

¢ | United States
¢ | Portugal

¢ | China

Afghanistan

Albania

(United States 1900

O Algeria

Angola

P
Q
c
@©
—
Q
()
Q
x
)
@
—“G—
-

Antigua and Barbuda

Argentina

[Portugal 1900} Armenia

China 1900 = Australia
: Austria
o Azerbaijan

Rahamac

Size Population v

Income :
e - O =&




Interactive Data Visualization

The Visual Variables
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Eight visual variables

¥ eight visual variables:

¢

® €& & & o oo o

position,
shape,
size,
brightness,
color,
orientation,
texture,

motion

It 1s important to remember that the
result will be an image that is to be
interpreted by the human visual

system

C
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Eight visual variables

¥ eight visual variables:

¢

® €& & & o oo o

position,
shape,
size,
brightness,
color,
orientation,
texture,

motion

The first and and most important

visual variable is that of position

rC
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Eight visual variables: Position
L .

B Spatial arrangement of graphics is the first step in reading a visualization:

¢ The maximization of the spread of representational graphics throughout the
display space maximizes the amount of information communicated, to some

degree.
¢ Worst case positioning scheme maps all graphics to the exact same position

¢ Best positioning scheme maps each graphic to unique positions, such that all the

graphics can be seen with no overlaps.
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ht visual variables: Position - Scales

500

450

400

350

300

HP

250

200

150

100

50

oK

10K

20K

30K

40K

50K

Retail Price

60K

70K

X - Retail Price;

Y - Horse Power
80K 90K 100K

Marks - Small square

rCt
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HP
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HP
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Life expectancy v

Eiiht visual variables: \When Log is appropriate

(o2}
o

()]
(@]

30

20

9]
>

o

R . . A Eem. A

Life expectancy v

30

N/

: : per person (GDP/capita, PPP$ inflation-adjusted) : : per person (GDP/capita, PPPS .inﬁation-adjusted)
500 1000 2000 4000 8000 16k 32k 64k 128k 20k 40k 60k 80k 100k 120k 140k

| Income v | Income v

Log Scale Linear Scale
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i"ﬂht visual variables: Position - Scales

Class

60
Y - Count of Cars

X - Class (excluding “"Normal”) -

Equally spaced;
Sorted alphabetically
40
Marks - Bars
30
20
| I

Minivcan  Pickup Sports Wagon

Count of Cars

(@]

(@]
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Y - Count of Cars

ht visual variables: Position - Scales

X - Class (excluding "Normal”)

Class
- 60 -
60 Y - Linear Y - Linear
Include Zero . Not Include Zero
50
50
40 45
2]
» ©
S e
% 2 40
o C
§ 30 §
(&)
35
20
30
10 25
20
0 ] l
Minivcan Pickup Sports SUV Wagon Minivcan  Pickup Sports SUV Wagon
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Y - Count of Cars

ht visual variables: Position - Scales

X - Class (excluding "Normal”)

Class

60 _
Y - Linear

60 Y - Linear
Include Zero
X - Sorted By Y-values

Include Zero

50
50

40
40
20 30
20 20
10 I 10

Minivcan Pickup Sports Wagon Sports Wagon Pickup  Minivcan

Count of Cars
Count of Cars

o
(@]
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Y - Count of Cars

ht visual variables: Position - Scales

X - Class (excluding "Normal”)

Class

60 Y - Linear 50 Y - Log
Include Zero Not Include Zero
Sorted By Y-values
50
20
40
10
30
20
10 I
SUvV SUV

Sports Wagon Pickup Minivcan

Count of Cars
Count of Cars

n

N

o
=

Minivcan Pickup Sports Wagon
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Eiiht visual variables: Position - Splitting the views

Class
Minivcan

Pickup Sports SUV
500

Wagon

400

Avg. HP

oK 20K 40K 60K 80K oK 20K 40K 60K 80K oK 20K 40K 60K 80K oK 20K 40K 60K 80K OK 20K 40K 60K 80K
Avg. Retail Price Avg. Retail Price Avg. Retail Price Avg. Retail Price

Avg. Retail Price

X - Average of Retail Price

Decorate with a trend line
Y - Average of HP

X - Split views by Class

FACULDADE DE _ o
CIENCIAS E TECNOLOGIA Introduction to Data Visualization - 76
UNIVERSIDADE NOVA DE LISBOA



Eight visual variables: Position - Splitting the views
_

Class

Minivcan

X - Average of Retail Price

Y - Average of HP

Y - Split views by Class

400
Suv = / Decorate with a trend line
200

0K 20K 40K 60K 80K

Avg. Retail Price
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Eight visual variables: Position - Splitting the views
h

Drive Train
Class AWD FWD

RWD

400

// X - Average of Retail Price
= ,;‘, -

Y - Average of HP
200 / /

Minivcan

Avg. HP

Avg. HP

X - Split views by Drive Train

o 1 Y - Split views by Class
Sports 2 /
~ 200
o * Decorate with a trend line
SuV o ;’ ’ o«
~ 200 & :
Wagon

0K 20K 40K 60K 80K |OK 20K 40K 60K 80K |0K 20K 40K 60K 80K
Avg. Retail Price

Avg. Retail Price Avg. Retail Price
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Class
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Sports

SUV

Wagon

Avg. HP

Avg. HP

Avg. HP

AWD

400

Avg. HP

200

Avg. HP

400

200

400

[
200

400
o ® T
200

OK 20K 40K 60K 80K

Avg. Retail Price

Drive Train
FWD

0K 20K 40K 60K 80K
Avg. Retail Price

RWD

o .

400
e /®
200
O

OK 20K 40K 60K 80K

Avg. Retail Price

X - Average of Retail Price

Y - Average of HP
X - Split views by Drive Train

Y - Split views by Class

Decorate with a trend line



Eight visual variables: Mark (or shape)

® The second visual variable is the mark or shape: points, lines, areas, volumes, and

their compositions.

® Marks are graphic primitives that represent data:

O+AHRVe

Several examples of different marks or glyphs that can be used.

¢ When using marks, it is important to consider

how well one mark can be differentiated from

other marks

/

OO + X *

CAVJAD
O N + % X%
® AV <>

More Shapes...

Marks Tableau

| Automatic
Automatic

ool Bar

~/ Line

d] Area

[] Square
O Circle
29 Shape
Text

%3 Map

@ Pie

= Gantt Bar

[ Polygon
© Density

C
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Eiiht visual variables: Mark (or shape)

Y - Count of Cars
X - Class (excluding “"Normal”)

Equally spaced;
Sorted alphabetically

Marks - Bars

Count of Cars

60

50

40

30

2

(@)

1

(@]

(@]

Minivcan

Pickup

Class

Sports Wagon

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Introduction to Data Visualization - 81



Y - Count of Cars

Eiiht visual variables: Mark (or shape) X - Class (excluding *Normal”

Class
60
60
Marks - Bars Marks - Line
50
50
40 40
w
» ©
S %
S g
€ 30 3 30
3 ]
o
O
20 20
10 10
0 0
Minivcan Pickup Sports SUV Wagon SUV Sports  Wagon Pickup Minivcan

FACULDADE DE _ o
CIENCIAS E TECNOLOGIA Introduction to Data Visualization - 82

UNIVERSIDADE NOVA DE LISBOA




Y - Count of Cars

ht visual variables: Mark (or shape) X - Class (excluding *Normal”

Class
60
60
Marks - Bars Marks - Area
50
50
40
40
1]
v ©
S v
o
S £ 30
-
§ 30 §
()
20 20
10 10
0 0
Minivcan Pickup  Sports SUV Wagon SUV Sports  Wagon  Pickup Minivcan
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Y - Count of Cars

Eiiht visual variables: Mark (or shape) X - Class (excluding *Normal”

Class
-

60

Marks - Bars Marks - Square
: .
40 40
. " L
20 20 .
10 10

0
SUV

Minivcan Pickup Sports Wagon SUV Sports Wagon Pickup  Minivcan

Count of Cars
Count of Cars

o
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Y - Count of Cars

Eiiht visual variables: Mark (or shape) X - Class (excluding *Normal”

Class
- @

60
Marks - Bars Marks - Circle
. © @
40 40
30 30 ‘
20 20 .
10 10
0
SUV

Minivcan Pickup Sports Wagon SUV Sports Wagon Pickup  Minivcan

Count of Cars
Count of Cars

o
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Y - Count of Cars

Eiiht visual variables: Mark (or shape) X - Class (excluding *Normal”

Class
© K

60
Marks - Bars Marks - Shape
OO+ X %
S0 50 * O AV D
O B 4+ % %
® A Y «»
40 40 More Shapes...
30 30 *
20 20 *
10 I 10
0
SUV

Minivcan  Pickup Sports Wagon SUV Sports  Wagon Pickup  Minivcan

Count of Cars
Count of Cars

o
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Y - Count of Cars

X - Class (excluding “"Normal”)

60

50

Count of Cars

(@]

Marks - Bars
40
30
20
10 I
SUV

Minivcan Pickup Sports

Class

Wagon

Count of Cars

60

50

40

30

20

10

‘ @® suv
B Sports

Class

%+ Wagon
8 Pickup
% Minivcan

Marks - Shape

+

*

X - Class (excluding “"Normal”)

Shape - Class

SUV Sports Wagon Pickup Minivcan
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ht visual variables: Mark (or shape)

Class
500 O Minivcan
O Normal
400 + Pickup
- X Sports
Xk Suv
300 < Wagon
250
200
[a W
I
175
150
120
100
80
O ) i
70 X - Retail Price;
Y - Horse Power
10 000 20 000 50 000 100 000
Retail Price Marks - Class
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ht visual variables: Mark (or shape)

Class
500 x @® Minivcan
B Normal

400 = Pickup

- 8 Sports

> % SUV

300 € Wagon

250

200

(a
T

175

150

120

100

80

O . ]
70 X - Retail Price;
Y - Horse Power
10000 20000 50000 100 000
Retail Price Marks - Class
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Eight visual variables
.

® The position and marks, are required to define a visualization. Without these

two variables there would not be much to see !

¥ The remaining visual variables affect the way individual representations are

displayed;

B These are the graphical properties of marks other than their shape.
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Eight visual variables

¥ eight visual variables:

¢

® €& & & o oo o

position,
shape,
size,
brightness,
color,
orientation,
texture,

motion

| | [ 144477

FC
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Interactive Data Visualization

(Data) Visualization today
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Visualization today

= Car 8 [=]

Application Rainbow |nteraction Options  Style Views Histogram

scatter »

ﬂ Ivoltage

scatter y

B0 ]

Ilspace

o |s u S voltage [-5.632843E+01] Ispace [12.747688]
|Ispace vI

70038 Show Geometry

FC T TN [ Co VAN

Show Statistical

CCR O W Gl A

Coloring Mode

Jor E

140.040

-234.260

Time Step
0 } 60

voltage [-3.931209E+01]

[x]

Single visualization versus Multiple visualization

Heart 3D Model
Additional parameters

Linked parallel coordinates presentation

ouse s oanse
0.227

-96.308

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

Static versus Interactive

Application Rainbow |nteraction Options  Style Views Histogram

scatter »

ﬂ Ivoltage ﬂ

scatter y

20

Ilspace

o0 LEL voltage [5.632843E+01] Ispace [12.747688]
|Ispace vI

70038 Show Geometry

FC T TN [ Co VAN

Show Statistical

CCR O W Gl A

Coloring Mode

Jor E

140.040

-234.260

Time Step
0 } 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

0.227 0.227 0.
) 7

0.047 | 3 4.660

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/aero/

Blood vessel configuration of the head and Brain (http://www.bodyworlds.com/)
background/tools/)
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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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Interactive Data Visualization

(Data) Visualization and other fields
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Visualization and other fields

e

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

others.

® 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

B 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 g : . Disnl
Representation Computer Isplay |
Data Rendering View
Transformations Mappings Transformations
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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

B Rendering: color, illumination, etc.

3D World | Canonical 2D Display
3D Data Coordinates View Volume Cunrdinatei_
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Visualization Process: the knowledge discovery pipeline

® For knowledge discovery the stages are:

Data

Data integration, cleaning, warehousing and selection

Data mining
Pattern evaluation

Rendering or visualization:

Data Data of | Models
Databases Warehouse Interest
Data _ Data ———
Cleaning 5*’1“;“““ Mining
t t

. Evaluatimj

(*) 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

B 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

.
@

l l l 1, °

- 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

N

® What is involved in the Visualization process?

B 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

"

b

Analysis, Computational and Synchronization Tools | w;

Raw data

(information)

Data
tables

l

l

PN

Visual Visualization | / , ,

> » (multiple views ]

- Etlufrturﬂﬂ ) ﬂf‘iriﬁuﬂ]., thlng&:l n IIII

Visual View N )
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.

¥ 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

B 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
¥ The role of Perception.

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

rCt
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Weekly routine
[ m—

M Lectures-1x2h

® The lab sessions -1x2h
® Demoing and Training
® Project support

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)
® One project (for team of two students), with several phases:
B Specification
= Paper
B Code/implementation
® (*) an oral discussion will be required to validate the project components
® Course approval requires the following minimal grades:
® (mean (Test1; Test2) >= 10)
® Project>=10
¥ Final exam may replace mean (Test1; Test2) if project is approved.

B Tests and Exam presencial if possible; Without consultation.
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maries

[TO1]: Course overview

What we mean by “Interactive Data Visualization”? What is Visualization? Why Visualization is important? Early

Lectures

Visualizations; Visualization today; Visualization and other fields. Visualization Process; The role of Perception.

Course Organization and Overview: Syllabus; Bibliography; Evaluation rules; important dates, etc..

Recommended Readings: (i) Interactive Data Visualization: Foundations, Techniques, and Applications,
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.

To Know:

The
The
The
The
The

What is Visualization.

The main "applications"™ of Visualization.

Why Visualization is important.

Key aspects of today Visualizations.

Some important landmarks of early visualizations. For each one why is a landmark.

relation between Visualization and computer graphics. The differences between them.
relation of Visualization with other fields.

general steps of a Visualization Process

role of Perception.

role and the importance of the user.
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Important Dates

Week Subjects Event
1 Overview
2 Introduction to Data Visualization DATES WILL BE PUBLISHED
3
4
5
6
7
8 Visualization Techniques
9 Working in progress
10
11
12 Advanced Topics: !Evalyation;
Research directions
13
14 Students Support
15 Oral Sessions
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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.

Visualization Analysis & Design, from Tamara Munzner, Chapter 1

¥ 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: (https://pt.wikipedia.org/wiki/Florence Nightingale)
Periodic table: (https://en.wikipedia.org/wiki/Periodic_table)
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What you should know

B What is Visualization.

¢ Understanding 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
¥ The role of Perception.

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

B See the video of Hans Rosling, “Debunking third-world myths”

¢ http://www.gapminder.org/videos/ted-talks/hans-rosling-ted-2006-debunking-myths-

about-the-third-world/

¢ https://www.youtube.com/watch?v=RUwS1uAdUcl

S
HANS ROSLING

THE BEST STATS YOU'VE EVER SEEN

® Play with Gapminder

¢ https://www.gapminder.org/tools/

—  Bubble Charts

-  Income
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Recommended Actions

B Check the Summaries and follow its recommendations

¥ Install Tableau software

B https://www.tableau.com/products/desktop/download

B Get the academic license

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