S. Rinzivillo — rinzivillo@isti.cnr.it

DATA VISUALIZATION AND
VISUAL ANALYTICS




Who | Am?

= Salvatore Rinzivillo
" rinzivillo@isti.cnr.it

= Page course: http://didawiki.cli.di.unipi.it/
= Visual Analytics

= Github page:
= https://github.com/va602aa-2020

= Telegram channel:
" https://t.me/vab02aa
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I Schedule

= On Monday
= 16:00 to 18:00
= Room: L1

= On Friday
= 16:00 to 18:00
= Room: C1
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Grading

" Project (50%)
= Up to 2 persons per
group (!)
" Project discussion (50%)

= Project topic
= Multidimensional
exploration of a dataset

= One (or two) dataset(s)
assigned for all

= Specific proposal may be
discussed
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Project features

= A project should have the following requirements:

= The application should contain several visual widgets,
each providing insights on a selection of dimensions of the
original data

= |t is possible to use state-of-the-art charts (bar charts, line
charts, etc.) and libraries (plotly, nvd3, etc). It is should
implement a novel, original visualization to present the
data in a creative, non-trivial way. (see examples on Vast
Challenge 2008 developed in class)

= |nteractivity should be implemented, providing toolbars,
selections and filters for the data.

= The visual widget should interact among them, realising a
set of linked display to browse the data across multiple
dimensions



http://itisaasta.com/nycs/

EXAMPLE
SCHOOL DISTRICTS




http://mbtaviz.github.io/

BOSTON SUBWAY SYSTEM




Textbooks

Design for Information Interactive Data Visualization
Isabel Meirelles Scott Murray
o An Introduction to Designing With D3 -
Des:gn for : e
: Interactive Data
Information E
N\ V1suahzat1on
\ Jor the Web
I :::::::::mion . O'REILLY® Scott Murray

http://alignedleft.com/tutorials
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Interesting Readings

Information Visualization The Visual Display of Visual Information
Colin Ware Edward R. Tufte
Information Visualization
PERCEPTION FOR DESIGN
Third Edition

The Visual Display

w of Quantitative Information

EDWARD R. TUFTE

Colin Ware

Copyrighted Material
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DATA VISUALIZATION AND

VISUAL ANALYTICS
INTRODUCTION




VA - Crash course

Effective Visual Representation
= Vision System
= Visual Variables
= Toolbox — Bootstrap, Node.js, Vue.js, crossfilter.js
= Toolbox — Base visualizations (Plotly.js, DC.js)
= Toolbox—D3.js
= Basics
= Charts
= Advanced Visualization
= Scientific Visualization
= Plotting
= Geography
= Storytelling



O
I’ Visualization

Al
Convey Information through

graphical representation of data



Motivations

= Data everywhere
= No value for raw data

= Need to extract valuable information
" |Information overload:
" |rrelevant for current task

= Processed in an inappropriate way
" Presented in an inappropriate way
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I Visualization Goal

= Record Information
= Sketches, photographs, ECG,...
= Analyze data to support decisions (exploration)
= Create and verify hypotheses
= |dentify Patterns
= |dentify Outliers
= Communicate (explanation)

= Share or highlight insights on data
= Persuade



Data Set A
X Y
10.0 8.04
8.0 6.95
13.0 7.58
9.0 8.81
11.0 8.33
14.0 9.96
6.0 7.24
4.0 4.26
12.0 10.84
7.0 4.82
5.0 5.68

Data Set B
X Y
10.0 9.14
8.0 8.14
13.0 8.74
9.0 8.77
11.0 9.26
14.0 8.10
6.0 6.13
4.0 3.10
12.0 9.13
7.0 7.26
5.0 4.74

Data Set C
X Y
10.0 7.46
8.0 6.77
13.0 12.74
9.0 7.11
11.0 7.81
14.0 8.84
6.0 6.08
4.0 5.39
12.0 8.15
7.0 6.42
5.0 5.73

Analyze: Anscombe's quartet - datasets

Data Set D
X Y
8.0 6.58
8.0 5.76
8.0 7.71
8.0 8.84
8.0 8.47
8.0 7.04
8.0 5.25
19.0 12.50
8.0 5.56
8.0 7.91
8.0 6.89




Analyze: Anscombe's quartet - properties

Property Value
Mean of x in each case 9 (exact)
Sample variance of x in each
11 (exact)
case
Mean of yin each case 7.50 (to 2 decimal places)

Sample variance of yin each
case

4.122 or 4.127 (to 3 decimal places)

Correlation between xand y

. 0.816 (to 3 decimal places)
in each case

Linear regression line in y =3.00 + 0.500x (to 2 and 3 decimal
each case places, respectively)



Analyze: Anscombe's quartet — graphics

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18



Communicate: Hierachical Structures

What did the United States export in 20117

Medical

Reﬁ ned Instruments
Petroleum

058% 0.44% 0.44%

033% 02%

Parts : Whgat 01.7% 034%
% —
Delivery Trucks
3% 1% 2% .!!
_—
A
e ‘ T
® l'H'H““‘\i‘H\ 1]
http://www.stefanieposavec.co.uk/entangled-word-bank/ http://atlas.media.mit.edu/
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Communicate: Networks

2001

METAL PRODUCTS
CONSTR MATL.& EOPT
HOME & OFFICE
PUPLARER
CHEMICALS & HEALTH
AGROCHEMICALS
OTHERCHEMICALS
INOLSALTSZ AUIS
PETROCHEMICALS
LEATHER

MILX & CHEESE
ANIMAL FBERS
MEATA E66S

et R 1D GY AN ELT R 2 SNAZ:

TROPICAL AGRC.

CEREALS & VER. 008

COTTON'RICE/SOY & OTHERS

Faum

NOT CLASSIFED

TOMLESFABKS

BEESHNTSA 06S.

KemoPEIan:

https://www.flickr.com/photos/blprnt/sets/72157614008027965/ http://atlas.media.mit.edu/
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Communicate: Temporal Structures

1890

JAPANESE PRINTS

Gouguin d. 1903
SYNTHETISM

1888 Pont-Aven. Paris

Cézonne
ace
d. 1906

ORPHISM

Loyden
1916

;4 SUPREMATISM

DE STIL ond
NEOPLASTICISM
Borlin
Paris

1
1900 |
1
1
1}
1
1
H
1905 % FAUVISM
N 1905 Poris
\
\‘\
\
1910 [ABSTRACT)  EUTURISM
EXPRESSIONISM 1910 Milon
9 Munich
N
1915
[ABSTRAC
DADAISM
Sheale PURISM
|920 Berlin 1918 Poris
\ 4
[ABSTRACT)
1925 SURREAL M MODERN
. i ARCHITECTURE
1930
1935 NON-GEOMETRICAL ABSTRACT ART

Seurat d.1891
NEO-IMPRESSIONISM

1886 Poris.

Sl

Rousseau
Poris.
d.1910

CUBISM

190608 Poris

)
1913 Moscow

CONSTRUCTIVISM

1914 Moscow

BAUHAUS
Weimar Dessou
1919 1925

4
GEOMETRICAL ABSTRACT ART

1890

1895

1900

1905

1910

1915

1920

1925

1930

1935

CUBISM AND ABSTRACT ART

Cubism And Abstract Art (Alfred H. Barr 1936)
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Over the Decades, How States Have Shifted

Recent elections have placed a heavy emphasis on “swing states” — Ohio, Florida and the other competitive states.
Yetin the past, many more states shifted between the Democratic and Republican parties. A look at how the states
stacked up in the 2012 election and how they have shifted over past elections.

Chart Ch: « MORE DEMOCRATIC | MORE REPUBLICAN —»
Size of Lead | Electoral Votes 250% +40% 430% +20% +10% +10% +20%

Obama | Romney
Obama Re-slectad [ | 0TS0 momms )
The country voted about 5
percentage points more
Republican in 2012 than in
2008. Obama lost North
Carolina and Indiana, but won
every tossup except Florida,

| !
which remains too close to call. Obama | McCain

Highlight Tossups

Kerry | Bush

As Goes Ohio

Ohio, which has voted for the
winner in every election since
1964, provided the decisive
electoral votes in 2004, and it is
the state likeliest to play that
role again this year, according to
the FiveThirtyEight model.

Gore | Bush

[N

Highlight Ohio l
!
Clinton | Dole
incumbonssabity 18I o (gm0
When an incumbent runs for re-
election, fewer states typically
change party affiliation: only
three states shifted from 2000 to
2004, and five from 1892 to
1996. Yet incumbency is no
guarantee of victory. Bill Clinton
defeated the first President
George Bush by winning 22
previously Republican states.

Clinton /[ Bush

(N (0 e - 1111

aEmImm |

I I Dom e @ueaon w00 |

I wgen nm Wi |

Each box represents a state sized
by number of electoral votes.

Each curve shows how much it
shifted left or right between elections

+30% +40% 250%

|

| 202

(T L e B R TR e | 2008

8
®

2000

1996

1992

http://www.nytimes.com/interactive/2012/10/15/us/politics/

swing-history.html
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Communicate: Temporal Structures

1,5160—20?0

QY1 ) oot e
(] G § . ‘ The Dark Si “",‘,‘,'i:‘:““ or
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live
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http://www.80211.cc/
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Communicate: Maps

https://www.flickr.com/photos/walkingsf/sets/
72157624209158632/

B Obama
E McCain

"ElectoralCollege2008" by Gage - Own work. Licensed under
Public Domain via Wikimedia Commons - http://
commons.wikimedia.org/wiki/
File:ElectoralCollege2008.svg#tmediaviewer/
File:ElectoralCollege2008.svg
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Communicate: Spatio-Temporal data

CUrle Figuralive. ses peces suassioss o homes 30,8 Xemie. Framgaie-2ams b 2 Russie 812 1813,
Y Dl . Dt ecsd, Duspetine Gieal esTouts P A

Lo onabies 0 homumes peisents domeprisontés Ao Rosgeus ds soues eoocies
s gnes. Lo g Lo e Rusie; e

‘ | IABLEAU CRAPHIOUE della températur

TR s

"Minard" by Charles Minard (1781-1870) - see upload log. Licensed under SN 7
Public Domain via Wikimedia Commons - http:// N of moves
commons.wikimedia.org/wiki/File:Minard.png##mediaviewer/

File:Minard.png |1 :

50.0

923.0
Total: 2184 objects; active: 1084

Visual Analytics of Movement.
G. Andrienko, N. Andrienko, P. Bak, D. Keim, S. Wrobel
Visual Analytics - CNR - Univer§ipyi¥385a2013 23



Communicate: Text

reation of Pavoured Traces

ox THE ORIGIN OF SPECIES the Prese

doing this they frequently pushed each other into
the bucket, and their wings being thus wetted they
could not fly away, but were compelled to crawl
out throngh the passage formed by the spout or
overflow. Dr. Cruger saw a "continual procession”

T
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http://benfry.com/writing/archives/529
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Visualization and Visual Analytics

= Make data and
information processing '"cred'b'y fast,
transparent and stupid;

. - humans are
Combine strengths of incredibly slow,
humans and computers inaccurate |

and brilliant;
together

they are powerful

imagination.

.
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Visual Analytical Process

User Interaction

S

Visualization

Transformation

W Mapping

Model I
Visualizatlon

Model
Building

Knowledge

Data Mining

Parameter
Refinement

mmenew - EXploration ! Explanation

Keim, Kohlhammer, Ellis, Mansmann



Elements of Good Visualization

Inviting
Visualization

Sophisticated
Execution

Information
Graphics




Importance of valid data

Bad

Visualization




Other Resources

datavisualization.ch

+ DATAVISUALIZATION.CH

sHow

Observe how others resolve

informationisbeautiful.net

SUBMIT ABOUT

Information is Beautiful

TooLs OPINIONS DATASETS NOTES

d design problems

infosthetics.com

i information aesthetics. Where form follows data. SUGGEST ARCHVES AsouT B @

How We Created Color Scales

share insights. for creating
refined color scales for charts and visualizations. A diverse and

communicate information trough color. Read more &

Visualizing Substratum

\

\

S
®

As p i at Interactive Things,
create a lexical visualization of a collection of interviews. In this article she
shares her process, challenges and insights. Read more §

Interactively Explore the YOLO Flip

A Carotuly Soactod it

Substratum — A Series
ofinegiratona
SaNov 2oty

Erom Japan — Urgent
. Fooesttor narmaton

How We Visuaized 112
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i

. o

il Syl

E
E?"‘

ouapans 11sezrox

l‘ 7 Fob 2015 on YouTube

ideas, issues, knowledge, data — visualized!
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== =

Puhllcly

Data Onl » &=

FROGS & TOADS
7% at risk

3 et . e B

SALAMANDERS
67% at isk

ficent Web-footed Salamander

]
A The Di: ing Planet: C: The inction Rat »
e T MR

o =

GitHut: The Universe Of Programming Languages Across » =

+ @0 0 0o

Searemr

ARARARARARADARAD
THITATATATATAwAwA
ARARARARARARARAR
THITATATATaTawaTy
ARARARARARARARAS
TATATATATATATANTN R
ARARARARARARARAD ——te
THITATATATATaewaTy
AvARARARATARARAR —
TITATATATATNTNw] “

A vm e R

Visual Analytics - CNR - University of Pisa

seaRcH

ALONG TME AGO.

Noimages found in ML file

connecr

3,373 peopie ko this. Be the fis of your
iencs.

7 Follow Ginfosthetics | 18.2K folowers
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Brad Paley - Textare »
Hans Rosling - TED Talk (video) »
Jonathan Harrs - Wo Fool Fine »
Marcos Woskamp - Nowsmap »
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