S. Rinzivillo = rinzivillo@isti.cnr.it

DATA VISUALIZATION AND
VISUAL ANALYTICS




I Who | Am?

= Salvatore Rinzivillo

" rinzivillo@isti.cnr.it

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

= On Monday
= 14:00 to 16:00
= Room: Al

= On Friday
= 14:00 to 16:00
= Room: Al

Visual Analytics - CNR - University of Pisa



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

Visual Analytics - CNR - University of Pisa 4



EXAMPLE
SCHOOL DISTRICTS




Textbooks

Design for Information
Isabel Meirelles

Des:gn for
Informatlon

Amodct nto the histories,
theo dbslpct bhd
ualization ”

effe tws nf rmatiof

I Isabel Meirslles

Interactive Data Visualization
Scott Murray

An Introduction to Designing With D3

Intefactive Data
V1suahzat1on

Jor the Web

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

Visual Analytics - CNR - University of Pisa 7



DATA VISUALIZATION AND

VISUAL ANALYTICS
INTRODUCTION




VA - Crash course

Effective Visual Representation
= Vision System
= Visual Variables
= Toolbox — Bootstrap, Node.js, Bower, REACT.js, crossfilter.js
= Toolbox — Base visualizations (NVD3, DC.js)
= Toolbox—D3.js
= Basics
= Charts
= Advanced Visualization
= Scientific Visualization
= Plotting
= Geography
= Storytelling



O
I"\hsa tio

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

11



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)

Visual Analytics - CNR - University of Pisa

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
¢ : :
L]

prime example o

Ld

album @ 2000
il criicised a
album : alarnyine i ind “formulal
QlPink i el . of Thunde Wright is
albgm

member

T o9

aters and 2 ¥ ® 1995
Pulse
live

albur

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

Visual Analytics - CNR - University of Pisa 20



Communicate: Spatio-Temporal data

Curle Figuralive. acs pecs smssos o Bownes 26 0 Qe Fngais
i

o ca 2 Russie 1812 1813,
Deesstepac . NMlimazd, W%

Fonts et Chansion en.

Lo onabies 0 homumes peisents domeprisontés Ao Rosgeus ds soues eoocies
: ) ent Rusie; e

s gnes. Lo

TR s

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

I

1.0

50.0

923.0
Total: 2184 objects; active: 1084

Visual Analytics of Movement.
G. Andrienko, N. Andrienko, P. Bak, D. Keim, S. Wrobel
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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
BTG | AR LT

,‘%
hs
4
,-‘i

%3 qp ‘é*pltc/;m 3

0
""o‘z:

B ;;“‘E 0‘0 7 um- legato

= //\/ \% 2! o,]o

,
f\
'”am

B Fourth

M Third Edition (1861)

First Edition (1859) M Second Edition (1860)

http://benfry.com/writing/archives/529
Visual Analytics - CNR - University of Pisa
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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

mmenw - 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
|m  Vears of Olympic Games
i

. o

il Syl

E
E?"‘

ouapans 11sezrox

l‘ 7 Fob 2015 on YouTube

ideas, issues, knowledge, data — visualized!

most popular

== =

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
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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

THE CLASSICS
Brad Paley - Textare »
Hans Rosling - TED Talk (video) »
Jonathan Harrs - Wo Fool Fine »
Marcos Woskamp - Nowsmap »
Martin Wattenbarg - Baby Namo Voyager »
Michaol Wosch - Wob 2.0 (video) »
stamen.com - Digg Labs »
SHOP BOOKS
Duarbez  VausConpety. The WalSiset cural
Visuaizing o o Informator
nformaton R amnaion ract
in Graphic ‘Manuol Lima Dona M. Wong.
Dosin
Kanton ot
auiul Visualize This ou Soe
Viiaizsion The Fowngbaa Gus  Simpls viuaizaton
Julo Stoolo 1o Dosign, Visualzatin, Tochriques for
‘and Nooh ané Statsics  Quantiatvo Analysis
sy than Yau Stophe
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VISION AND PERCEPTION




Human Eye

Cornea
Posterior chamber

Anterior chamber

aqueous humour
Zonular (aq )

fibres
iliary muscle

Suspensory
ligament
Retina

Choroid Vitreous

humour
Sclera

“Hyaloid
canal

Optic disc

Optic nerve

Retinal
blood vessels

"Schematic diagram of the human eye en" by Rhcastilhos - Schematic_diagram_of_the_human_eye_with_English_annotations.svg. Licensed under
Public Domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:Schematic_diagram_of the_human_eye_en.svgi#tmediaviewer/
File:Schematic_diagram_of the_human_eye_en.svg



Macula and Fovea

macula

perifovea

e TR %

™ foveal.avascular zone

"Macula" by Photograph: Danny Hope from Brighton & Hove, UK -
File:Righ_eye_retina.jpg (which come from My Right Eye). Licensed under CC BY
2.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:Macula.svg#mediaviewer/File:Macula.svg



Photo Receptor Cells

= Two types of light
sensitive cells

= Rod Cells (~¥120M)

" Provide low-light vision
= Peripheral vision
= Almost no role in color
vision
= Cone cells (“6M)
" Provide normal vision

= Three sub-types of cells

= Sensitivity to different
light wavelengths

= Used for colored vision

180 000
160 000
140 000 Py oa

120 000

o
o
o

100 000

80000 | -~ S

60 000

Number of receptors per mm?2

40 000 Fovea Blind spot

20 000 Cones

X //k__
-60° -40° -20° 0° 20° 40° 60° 80°
Angle from fovea

"Human photoreceptor distribution" by Cmglee - Own work. Licensed under CC BY-SA 3.0
via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:Human_photoreceptor_distribution.svg##mediaviewer/
File:Human_photoreceptor_distribution.svg



I Peripheral Vision Test — Game #1

L]
. .‘

x e




Vision Resolution

- LOOK AT THE CENTER WJITH YOUR EYES THIS FAR FROM THE S(REEN ———————>
o w—  E— )
d A 2 )

17

Gwic

\/YOUR CENTRAL

SUAL

* NOT PCTURED: T-B0Z BUND SFOT, CHILL BUND SR,

FIELD

(YOU CAN ROLL UP A SHEET OF PRPER AND QUT T—OR ZoOM THE PRGE —S0 IT MATCHES THIS IMAGE.)

WE ONLY SEE AT HIGH RESOLUTION OVER A

COLOR’ VISION:

\WE DONT SEE MUCH COLOR OUTSHE
THE CEMER OF OUR VISION —OUR
BRANS KEEP TRACK. OF LIHAT QL0
THINGS ARE AND FLL IT N FOR US.

o0 SARE T T (TR of T
EYES ARE SEENG AL THESE PANELS <
nrmmumesm:mormu_\

HOW T VIEW (SR s l
( - N’W
\JE HAVE FEM BLLE 7= o o] K%
mmmwrﬁmm%‘axwfso%’r/ \ & bgj.
; IBUNDSPOI’
BLUE-SKY SPRITES .-
THESE TINY, DARTING BRIGHT \ . e x%
WWQ&E%&% \ o
CELLS MMING N THE. BLODD %ﬁm"}“&%"?i
m.swazmam
mmormmmzm =
BY BREAKDOWN OF YOUR EYEBALL GOOP SEEPO‘MZP“—ON

SIARE AT A WHITE AREA

ONAN LCD DISPLAY WHILE
ROTATING [T (0R YR HEAD)

we ms: ([ ) (Bs0
Rx_ﬂRlZAﬁou DIRECTON 15 SHOWN BY

A FAINT CENTRAL YELLOW,
(ALSO VISIBLE [N DEEP BLJE SKES.)

A5 YOU AGE, BUT-THIS TYPE IS SME
OTHER KIND OF DEBRIS NEAR THE. RETINA..
TDONT KNOW WHAT,

PREA IN THE (ENTER OF OUR VISION
mmmm%m&sasr(wm)

NORMAL LIGHT

157

! RiGHT EYE
\BUND Spot!
/—-

i

NIGHT VISION

CONE.CELLS (SHARE CENTRAL COLOR

v\son)pou‘rm IN (0 LIGHT,

BUT RD (LS (MONOCHROME, Lo -RES, NON -
CENTRAL) DO, THIS 1S WHY You CON WALK
ARDUND IN DIM LIGHT; BUT NoT RERD.
ITS ALSD WHY YOO CAN SPOT FAINTER
STARS BY LOOKING NEXT ™ THEM.

http://xkcd.com/1080/




Visual System

Optical
input

<+—— Sphere of the eye
Retinal rods, cones

4——— Retina

Optic nerve
Crossed fibers

Uncrossed fibers
Optic chiasma

Crossed fibers
= Uneroased fibers
& optic criasme Retinal output - LGN

*— Optic tract
Commissure of Gudden

Pulvinar

Lateral geniculate body
s Superior colliculus
Medial geniculate body

Pulvinar

Lateral geniculate body
=2 Superior colliculus

Medial geniculate body
f i
Nucleus of trochlar nerve / 46 Cortex - simple cells

, 06 \ -
Nucleus of abducent nerve .

M

Nucleus of oculomotor nerve

L

@ D

Cortex of occipital lobes

Cortex of occipital lobes

"Gray722-svg" by KDS444 - https://commons.wikimedia.org/wiki/ "Lisa analysis" by Clock - Own work. Licensed under CC BY-SA 3.0 via
File:Gray722.png. Licensed under Public Domain via Wikimedia Wikimedia Commons - http://commons.wikimedia.org/wiki/
Commons - http://commons.wikimedia.org/wiki/File:Gray722-svg.svg#/ File:Lisa_analysis.pngtt/media/File:Lisa_analysis.png

media/File:Gray722-svg.svg



Vision Resolution

" Fovea yields the highest
resolution (normal light)

= Fovea occupies around
15° Of Visual ﬁeld ° | Differentiableareaof...

= Highest resolution is
provided by fovea
centralis (around 1°)

Gaze
direction

Komatsubara, A. Human error, Maruzen co. Itd. 2008. (In japanese)



Photo Receptor Cells

Green Red
Blue cones Rods cones cones

Normalized absorbance

O | | | | 1 rror T rrrrprrrrprrrrprrrrprrrry

400 500 600 700

Violet Blue Cyan Green - Red

"1416 Color Sensitivity" by OpenStax College - Anatomy & Physiology, Connexions Web site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013..
Licensed under CC BY 3.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:1416_Color_Sensitivity.jpg#mediaviewer/File:
1416_Color_Sensitivity.jpg



Photo Receptor Cells

Distribution of cone cells in the fovea of an individual with normal color vision (left), and a color blind retina.

"ConeMosaics" by Mark Fairchild. Licensed under CC BY-SA 3.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:ConeMosaics.jpgttmediaviewer/File:ConeMosaics.jpg



NE (IN THIS SCENE
E MORE

E THAT'S NEAREST TO HIS TAIL).

D WALDO, WOOF (BUT
DA'S CAMERA, AND ODLAW'S BINOCULARS.

EBEARD, WHO
ND ANOTHER CHARACTER,

BELOW, WHO APPEARS ONCE IN

12 SCROLLS, HE WOULD UNDERSTAND THE

NCE UPON A TIME, WALDO
TRUTH ABOUT HIMSELF.

EMBARKED UPON A FANTASTIC
JOURNEY. FIRST. AMONG A
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IN EVERY PICTURE FIN
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@)
HIS JOURNEY. FOR WHEN HE HAD FOUND

THE GOBBLING GLUTTONS
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THE FOLLOWING 12 PICTURES. AND ON
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FIND WALDO'S KEY, WOOF'S BO!
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WEN
THING! CAN YOU FI
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High Resolution Vision

= HiRes vision is limited to
a narrow angle of field
vision

= Eyes move to scan an

object in order to
expose the image on
the fovea

= The movement of eyes
is not regular or linera

B
Bild 11: Foveale Ergdnzung durch die ersten 6 Fixationen (nach Daten von Yarbus,1967)

"Vision 2 secondes" by Hans-Werner Hunziker. Licensed under CC
BY 3.0 via Wikimedia Commons - http://commons.wikimedia.org/
wiki/File:Vision_2_secondes.jpg#/media/
File:Vision_2_secondes.jpg




I Eye Tracking for Design




Top-Down Attention

BRAIN GAMES | PAY ATTENTION!

BRAIN GAMES!: PAY ATTENTION

http://channel.nationalgeographic.com/brain-games/videos/brain-games-pay-attention/




Perception and Cognition




Game #4 — How many 3s?

1258965168765132168943213
5463479654321320354968413
2068798417184529529287149
2174953178195293926546831
3546516509898554684982984

1258965168765132168943213
5463479654321320354968413
2068798417184F22529287149
2174953178195}1939/6546831
3546516509898555654982984

How many “37?



Perception and Cognition

e Rapid parallel e Slow serial e Sequential
processing to processing to scan to
extract basic extract perform task-
features patterns and oriented

structures interpretation
of visual
information
- / - / -

Ware Colin. Information Visualization, third edition. 2004



Visual Perception

= Early visual processing takes places without
our conscious intervention

" Graphs that convey information at this level
allow the observer to be more efficient in

decoding

* Rapid parallel e Slow serial e Sequential scan
processing to processing to to perform
extract basic extract task-oriented
features patterns and interpretation

structures of visual

information



I Visual Cognition

= At second stage, the observer is required to
consciously analyze the image/scene

= At this level, the observer can perform higher
level reasoning

= This object is larger than the other one
= This street slope is lower than the previous



Timer

GAME #5 — CHOLESTEROL, AGE,
AND GENDER




I Game #5 — Cholesterol, Age, and Gender

Which relation between gender or income level groups?

Income Under65 65and Under65 65 and

Group Over Over
0- 250 200 375 550
24,9995

25,0009 + 430 300 700 500



Game #5 — Visual Solution (2)

800

700

600

500 B Male <25k

S Male >25k
M Female <25k

Female >25k

400 .

300

200

100

Under 65 Over 65



Game #5 — Visual Solution

800

700

600

500

400

300

200

100

Under 65

Over 65

——Male <25k
-=Male >25k
-*Female <25k

Female >25k



Game #6 — Length comparison




Perception

[ | Pe rce ption . the Way in The dorsal stream (green) and ventral stream (purple)
. ) . . are shown. They originate from a common source in
which something is the visual cortex

regarded, understood, or
interpreted (Oxford
Dictionary)

= Electrical signals from

vision system are
interpreted and organized

by the brain
= Two-stream hypothesis:

= Ventral Stream
= Dorsal Stream

"Ventral-dorsal streams" by Selket - | (Selket) made this from
Image:Gray728.svg. Licensed under CC BY-SA 3.0 via Wikimedia
Commons - http://commons.wikimedia.org/wiki/File:Ventral-
dorsal_streams.svg#/media/File:Ventral-dorsal_streams.svg



Visual lllusions

= Perceived images differ from measurable
reality
= Optical lllusions
= Physiolagical illusions (Mach Bands)
= Cognitive illusions

= Arise by unconsciuos inferences based on assumptions
about real world



Physiological Grid lllusion

"HermannGrid" by en:User:Famousdog - http://en.wikipedia.org/ "Grid illusion" by User:Té campos1 - Own work. Licensed under
wiki/File:HermannGrid.gif. Licensed under Public Domain via Public Domain via Wikimedia Commons - http://
Wikimedia Commons - http://commons.wikimedia.org/wiki/ commons.wikimedia.org/wiki/File:Grid_illusion.svg#/media/

File:HermannGrid.gif#/media/File:HermannGrid.gif File:Grid_illusion.svg



Paradox Ambiguos lllusions

"Kanizsa triangle" by Fibonacci - Own work. Licensed under CC BY- "Duck-Rabbit illusion". Licensed under Public Domain via Wikimedia
SA 3.0 via Wikimedia Commons - http://commons.wikimedia.org/ Commons - http://commons.wikimedia.org/wiki/File:Duck-
wiki/File:Kanizsa_triangle.svg#t/media/File:Kanizsa_triangle.svg Rabbit_illusion.jpgt/media/File:Duck-Rabbit_illusion.jpg



Lengths Distortion

Mauller-Lyer illusion

"Mdller-Lyer illusion" by Fibonacci - Own work. Licensed under CC BY-SA 3.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:M%C3%BCller-Lyer_illusion.svg#/media/File:M%C3%BCller-Lyer_illusion.svg



Orientation lllusion

Zollner illusion
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"Zollner illusion" by Fibonacci - Own work. Licensed under CC BY-SA "Café wall" by Fibonacci - Own work. Licensed under CC BY-SA 3.0 via
3.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/ Wikimedia Commons - http://commons.wikimedia.org/wiki/File:Caf
File:Zollner_illusion.svg#t/media/File:Zollner_illusion.svg %C3%A9_wall.svgtt/media/File:Caf%C3%A9_wall.svg



Ebbinghaus lllusion

"Mond-vergleich". Licensed under Public Domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:Mond-vergleich.svg#/
media/File:Mond-vergleich.svg



Ehrenstein lllusion

"Ehrenstein" by Gringer - Own work. Licensed under Public Domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:Ehrenstein.svg#/media/File:Ehrenstein.svg



Simultaneous Contrast

"Simultaneous Contrast” by K. P. Miyapuram - Licensed under
Public Domain via Wikimedia Commons - http://
commons.wikimedia.org/wiki/File:Simultaneous_Contrast.svg#/
media/File:Simultaneous_Contrast.svg



Adelson’s lllusion

"Grey square optical illusion" by Original by Edward H. Adelson, this
file by Gustavb - File created by Adrian Pingstone, based on the
original created by Edward H. Adelson. Licensed under Copyrighted
free use via Wikimedia Commons - http://commons.wikimedia.org/
wiki/File:Grey_square_optical_illusion.PNG#/media/
File:Grey_square_optical_illusion.PNG



Context




I Dress Color




I Takeaway Messages

" Limiations of human vision system

= Exploits message brodcast at early stage of
perception: preattemptive perception

= Avoid possible causes of biases



