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DATA-DRIVEN: Human versus Computer

Humans are pattern-

driven
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DATA-DRIVEN: Data wordt op steeds grotere schaal verzameld e
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The stages of computing innovation
Innovation
type Problem Innovation el Adopti i
L ption Refinement , )
recognition We're currently (2018) in
Computing | Cracking codes | Pre-1950s ~1950s ~1970s ~1980s the refinement phase of
High-powered * Purpose-built « Enigma « First PCs « Supercomputers b|g_d ata collection &
physics computing « ENIAC « Computers in | » Consumer PCs :
Ship navigation machines schools and the ado pthﬂ pha.se Of_
libraries statistical analysis of big
Networking Communicating | ~1970s ~1980s 1990s 2000s data '
and sending « pre-internet « Academic « Prodigy + Mobile devices
text and files * ARPANET networks « Compuserve « Social networks
*IRC « AOL « Cloud services BWILEY Second Ediion
Big data Too much ~2000 2000s 2010s 2015+ MACID(II:ND?A\_IS_EI\IISE
collection useful data » Web crawling » Google search | « Twitter firehose | « Massive API b " i
i s il
Ik T3 z:/";g thrown * Click tracking « Big retailers » Hadoop development = ==
g + Early, big tracking users Sl MAKING SENSE OF DATA ‘
social networks standardization 1
A Practical Guide )
Big data Even basic 2000s 2010s 2015+ 2025+? X aRdCiaming
stafistical | statistics are « Google search | « Netflix « Google « Ubiquitous
analysis hard to calculate | | o0 challenge Analytics intelligent, Gt
ontlarge daia streamlining + Kaggle.com + Budding integrated '
sets processes analytics systems GLENN J. MYATT
start-ups




Wat geeft grip op DATA?

The Art of Data Science

A Guide for Anyone Who Works with Data

Roger D. Peng & Elizabeth Matsui
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DOMAIN
EXPERTISE

STATISTICAL
RESEARCH

DATA
SCIENCE

Source: Palmer, Shelly. Data Science for the C-Suite.
New York: Digital Living Press, 2015. Print.

T_hink Li.ke a
ta Scientist

Tackle the data science process step-by-step

Brian Godsey

L L RTTTI

uEXTS IN COMPUTER SCIENCE

Data Science Design

Steven S. Skiena

@ Springer

2 2

HOGESCHOOL
ROTTERDAM



http://intelligence.agconnect.nl/content/van-data-naar-informatie ",

HOGESCHOOL
ROTTERDAM

DATA KENNIS

ruwe gegevens, gestructureerde uitkomst van verwerking en

gestructureerd of gegevens met een aggregatie/ toepassing van

ongestructureerd: betekenis: combinatie/analyse kennis op een
van informatie: hoger niveau:

-relationele -klantgegevens

tabellen -verkopen -behaald resultaat -business-
-documenten - transacties - categorisatie van besluitvorming
-websites gegevens
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Building Responsive
Data Visualization
Bill Hinderman for the Web
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the mistake?
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DATA-DRIVEN: WHAT IS DATA?

Data [gegevens]

Raw Facts
No Context
Numbers
Symbols

Data comes from the Latin
word, "datum,” meaning a
“thing given.”

Although the term "data” has
been used since as early as the
1500s, modern usage started in
the 1940s and 1950s as
practical electronic computers
began to input, process, and
output data.

OOOOOOOOOO

98734975471894614398734578
20875980542158009258202908
12349823094823048002343423

98734975471894614398734578
20875980542158009258202908
12349823094823048002343423

n
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TYPES OF DATA: Quantitative versus Qualitative [numerical vs categorical] HOGESCHOOL

Data Quantification

Quantitative [Numerical] data:
This data can be described
using numbers, and basic
mathematical procedures,
including addition, are possible
on the set. It can be discrete
(countable numbers) or
continuous (infinitely large or
small)

Qualitative [Categoricall] data:
This data are categories.

It cannot be described using
numbers and basic
mathematics. Is generally
thought of as being described
using'natural’ categories and
language.

ROTTERDAM

Data
.

Numerical Categorical
Made of numbers Made of words
Age, weight, number of Eye colour, gender, blood type,

children, shoe size ethnicity

* Quantitative values
— Measure things
— Revenue, Units, Marketshare, Duration, Customer
Satisfaction, Visits, Price, etc.
» Categorical values
— Subdivide things into groups

— Region, product, category, employee, etc.
12



Data

Qualitative «

Descriptive
z information

b Quantitative

Numerical
information

Ve

Y
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“l drink coffee every day”

Discrete D P P 4

(Counted) “| drink 4 coffees every day”

Continuous v — 809

nk 80grs of coffee every day”

13
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CATEGORICAL DATA

NOMINAL DATA ORDINAL DATA

4
8
4
ﬂ hair = - Jjob
color hierarchy
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Likert-scale data e
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dsfs’;’;?;ye Disagree Neural | Agree  Strongly agree ORDINAL VARIABLE - INTERVALS ARE UNKNOWN

Is this a Likert '
item? O O :O E O @ "GOOd"——3 uGoodn__ 3 «Goodu__ 3 (POSIT'VE)
Are these k ; ] ’
options O O @ r O O =25 - 2.5 Neutral'- 2.5 T

2 ae 2 L}
equidistant? ; ! » “Neutral'=-2 ) SENTMENT
Is this a NOT : i
l.sike:ts sacale? ; O O :O X @® O ‘Neutral'=-1.5 =15 =15 1
Is this non- : i ‘Bad'-1 ‘Bad"L-1 ‘Bad'L-1
parametric? O @) @ : O O INEGATIVE]
:r’]z:é’ﬁ ;‘:g‘: 0O O @ i o) 0O Situation A Situation B Situation C
parametric? - '

Median (3)

15
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Principles of
Data Science

Data
Y

Categorical

Made of words
Eye colour, gender, blood type,

Learn the techniques and math you need to start making
sense of your data

Numerical

Made of numbers
Age, weight, number of

L] Packt>

children, shoe size

O\

ethnicity

O\

Continuous
Infinite options
Age, weight, blood
pressure

Discrete
Finite options
Shoe size, number of
children

Ordinal
Data has a hierarchy
Pain severity, satisfaction
rating, mood

Nominal
Data has no hierarchy
Eye colour, dog breed,
blood type

16



LEVELS OF DATA: LEVELS OF MEASUREMENTS/OBSERVATIONS 3
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We onderscheiden 4 meetniveaus:
nominaal + ordinaal [discrete data]
interval + ratio [continue datal

Meetniveaus / Meetschalen:

Wanneer je onderzoek doet heb je vaak variabelen die je hierin moet verwerken.

Variabelen zijn elementen uit een onderzoek die verschillende waarden kunnen aannemen.
Deze waarden kunnen worden gecategoriseerd in verschillende meetniveaus.

Meetniveaus kunnen iets vertellen over welke data-analyse geschikt is voor structurering.

17
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LEVELS OF DATA: LEVELS OF MEASUREMENTS/OBSERVATIONS

Meetniveau

Wat je kunt berekenen met behulp van waarden op het meetniveau

Nominaal Tellen, percentages berekenen

Ordinaal Tellen, percentages berekenen en hoger/lager aangeven

Interval Tellen, hoger/lager aangeven, verschillen in eenheden aangeven, gemiddelde, spreiding

Ratio Tellen, hoger/lager aangeven, verschillen in eenheden aangeven, gemiddelde, spreiding en het berekenen van verhoudingen

18
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LEVELS OF DATA: LEVELS OF MEASUREMENTS/OBSERVATIONS

Meetniveaus [level] /Meetschalen [scale]:

De hoogte van het meetniveau is bepalend voor:

Statische-analyse + Grafische weergave

Rationiveau
Verhouding blijven gelijk

Meetniveaus & hun kenmerken Scale

Intervalniveau

Ordinaal niveau Gelijke verschillen | Gelijke verschillen
Nominale niveau | Ordening Ordening Ordening
Onderscheid Onderscheid Onderscheid Onderscheid
Geslacht Opleidingsniveau | Intelligentie Leeftijd




LEVELS OF DATA: LEVELS OF MEASUREMENTS/OBSERVATIONS

SCALE EXAMPLE
Nominal % % % % Gender
Ordinal % % % % Positionin race

4th

3rd  2nd lst

Interval 2
0

-20°-10° 0° 10° 20° 30° 40°

Temperature
(in Fahrenheit)

Ratio

: 5 3B

0 $100 $200 $300 $400 $500

Money

Ordinal

Nominal
\ A J
Y Y
Nonparametric Parametric

(qualitative data) (quantitative data)

Level of Information
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Order of data values

is undisputable?

Yes

~

\

Data values have fixed
unit of measurement?

Yes

.

Zero value
means "nothing?”

CATEGORICAL
VARIABLES

Nominal

Variable

SE—
Ordinal

Variable

-~

SEEE—
Interval
Variable

|

Ratio

Variable

METRIC
VARIABLES

Nationality,
Favorite animal

"Bad, neutral,
good”

Year of birth,
Degrees Celsius

Body length,
number of children

LEVELS OF DATA: What data to measure or observe?

Variable has precisely 2

distinct valid values?

Order of data values
is undisputable?

Yes

Data values have fixed
unit of measurement?

2 7
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Dichotomous

Yes Variable

Nominal
Variable

v

Categorical
Variable

'y

Ordinal
Variable

Metric

Yes Variable

21



LEVELS OF DATA: What data to measure or observe? "

ROTTERDAM

Categories of Data Levels/Scales of Measurement

l Quantitative: natural numerical scale, mathematical operations are meaningful
(height, weight, wages, temp, time, age, value)

Qualitative (attributef count): categorical, |

non-numerical, mathematical operations are

meaningess ((-:olors, polltlcal.party,rellglon, — Discrete:—ountable, finite, only  measureable/quantifiable: Infinitive possible
race, gender, zip codes, meeting attendance,

G color tat bodymnes golhoiao) Blestaith _certain }’3|U95 are possible (# of  yalues, not countable, usually a measurement
affinity diagrams and flowcharts eggs laid, grades (A, B, C, D, or (temperature, pressure, humidity, length,
E), dice sides) time). Data that are limited by the precision
‘ of the measuring device.

Continuous/ variable/

Nominal: name-only, labels,

not ordered (nationality, Ordinal: ordered, meaningless differences
occupation, gender, region, between units (list of wealthiest people, exam Interval: ordered, Ratio: ordered,
religion, defect category). grades, running race results, customer survey meaningful/ equal meaningful/ equal
LEAST informative of the four results, (size (small, medium, large), attitudes  differences between  differences between
measurement scales. (Likert scale: strongly disagree, disagree, units, no natural zero units, natural zero
neutral, agree, strongly agree)) (temperature in (time, temperature in

Fahrenheit/ Celsius, 1Q) Kelvin, dollars.)

|

Binary: two possible \

values (lamp on/off, Not Binary Binary: two possible values {(undergraduate,
answer true/ false, 0 or 1, postgraduate)

yes/no) 22
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Context
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Informatio;i~\‘
y- Who, i
what, ‘.‘ ‘.‘
Data % when, s
il 2 " H o = g
Pl e s ; Wisdom is the recogniti owledge
Understanding patterns arise fro al principles
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Drin -
Knowledge is represented by patt Wisdom
among data, information an
ther knowledge. Th

don’t
y consti edge until the!
are

/UNDERSTANDING PRINCIPLES

, nowledge

Information re b
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y other '“f°’ma"°"/ UNDER DING PATTERNS
Information
Data is anqi
eve €0 text
o elation to UNDERSTANDING RELATIONS
Other things.
Data

24



Data, informatie en kennis is wat ons verbindt

visie en beleid architectuur
business demand data governance

kennismanagement

semantiek

data, informatie en kennis

feiten

data operations
BIG Data intelligence

data technologie data science

2 2
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DATA-DRIVEN: Data versus Information "

ROTTERDAM

Data [gegevens] Information
Raw Facts Data with structure = processed data
No Context Value-added to Data
Numbers AN INTRODUCTION T0 *  Summarised
Symbols 1 = Organised
Data Science ;| 9%

VISUAL
NSIGHTS

 APractical Guide to Making Sense of Data

Jeffrey Stanton, Syracuse University

26




TYPES OF DATA: structured vs Unstructured [organized vs unorganized ] m‘ss!:m

ROTTERDAM

Data Structuring Structured Data

High Degree of organization, such as
a relational database
Structured (organized) data:

This is data that can be thought

of as observations and
Characteristics. It is usually Column Value

organized using a table Patient Joe Brown
method (rows and columns). Date of Birth ~ 02/13/1972
Date Admitted 02/05/2014 Unstructured Data

Information that is difficult to organize
using traditional mechanisms

Unstructured (unorganized)

data: This data exists as a free “The patient came in complaining of chest
entity and does not follow any pain, shortness of breath, and lingering
standard organization h_eadaches...smgkes 2 packs a day... family
. history of heart disease...has been
hierarchy. experiencing similar symptoms for the past
12 hours....”

27
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DATA STRUCTURING: Generalized Form of a Data Table

Data Table
[DATA MATRIX]

A generalized version of the
data table is shown.

This table can represent any
number of observations
described over multiple
variables.

This table describes a series of
observations (from ol to on)
where each observation is
described using a series of
variables (from x1 to xp). A value
is provided for each variable of
each observation.

ROTTERDAM

Variables
Observations X X, X3 e Xp
01 11 X12 X13 X1p
%) 21 X22 X23 e X2p
03 X31 X32 X33 e X3p
Oy Xnl Xn2 Xn3 T xnp

Most data that exists in text form, including server logs and
Facebook posts, is unstructured

Scientific observations, as recorded by careful scientists, are kept
in a very neat and organized (structured) format: THE DATA

TABLE

A genetic sequence of chemical nucleotides [ACGTATTGCA] is
unstructured even if the order of the nucleotides matters

28



DATA STRUCTURING: Observations versus Variables

Data Table
[DATA MATRIX]

A generalized version of the
data table is shown.

This table can represent any
number of observations
described over multiple
variables.

This table describes a series of
observations (from ol to on)
where

each observation is described
using a series of variables (from
x1 to xp). A value is provided for
each variable of each
observation.

Patient ID

Treated

Yes

No

Yes

No

No

No

No

No

No

Age
Young
Young

old

old
old
old
old
Young

Young

Variables

Observations

0y

03

Xy

X
X1
31

X2

432

X3
13
23
X33

Xn3

Outcome
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Negative

Positive

Random

0.24

0.85

0.64

0.70

0.87

0.72

0.86

0.16

0.17
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DATA STRUCTURING: data worden pas inzichtelijk "

als (beeld)figuur (graphical visualization) of GRAAF (graph) -

Jacques Bertin who wrote the classic works of graphical
visudlization “Semiology of Graphics” states that the
“transformation from numbers to insight requires two stages” March 18, 2015

COMPSCI 216:
Everything Data

DOTO PI’OCGSSIﬂg Algorlthm AngeIaZ_oss _
Dt and visuaiation Series
y : m . Communicating through infographics: visualizing
| O g e Pe rce ptl O n scientific and engineering information

@IEEE Nicholas School of the Environment

Duke University

Practical Data Visualization

SEE ALSO: htip://www.cs.wright.edu/~jgalli/hfe306/Data_Visualization _Quenin.ppt 30
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DATA STRUCTURING: Preattentive Processing [perceptual level] ‘

ROTTERDAM

THREE-STAGE MODEL OF Bottom-up information drives pattern building
PERCEPTUAL PROCESSING

A schematic overview of the
simplified information-processing Top-down attentional processes reinforce relevant information

model of human visual perception
proposed by Collin Ware."

STAGE 1 STAGE 2 STAGE 3
Billions of neurons work in Patterns are extracted serially At the highest level of perception,
parallel to extract millions of and slowly, such as regions of we are able to hold between one
features that are processed the same color, and regions of and three objects at any instance
1 | ' rapidly and simultaneously, the same texture. The pattern- in our working visual memory.
gl N\ P = such as color, texture, finding process leads to two Patterns that provide answers
Des‘ n fOI N orientation, and so on. pathways: object perception, to the visual query construct
Information pe and locomotion and action. the objects in conjunction with
AR . information stored in our long-
| A term memory and that are related
; to the task at hand.

3N



DATA STRUCTURING: pPreattentive Processing [perceptual level] "

ROTTERDAM

Stage 1: Rapid parallel processing to extract basic features; 18596746321475030608030504090
Stage 2: Slow serial processing for extraction of patterns 70502769843010215346748950213

and structures; 06057204020503090845064201040
Stage 3: Sequential goal-oriented processing with information 70204070835061305080239245798

reduced to a few objects and held in working visual

memory to form the basis for visual thinking.

18596746321475030608030504090
70502769843010215346748950213
06057204020503090845064201040
70204070835061305080239245798

HA

AN\ 18596746321475030608030504090

Design for THE DISCIPLINE or ORGANIZING 70502769843010215346748950213

I PROFESSIONAL EDITION 06057204020503090845064201040

;Infortlon oA AA 70204070835061305080239245798
u) H.0 HE

AO®O OO0 18596746321475030608030504090

70502769843010215346748950213

ety ROBERT 1. GLUSHKO 06057204020503090845064201040

70204070835061305080239245798 32



Gestalt psychologie classificeert perceptie
volgens (top-down) groepering principes

similarity
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Gestalt classificeert Perceptie
R
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Gestalt Is geen PoP-out fenomeen
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Curvature

Sharpness
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Gestaltprincipes zijn een bijzondere vorm van passieve visuele waarneming
ze vereisen dan ook geen oogbewegingen



1891-1900 1900-1934 1934-1970 1970-1986 1986-2002 2002-2004 2004-present



1 Paradox van het Zien

Zien is meer dan fotos maken

Het oog als camera

e zien de wereld om ons heen door
middel van onze ogen en de
daarmee verbonden deken die
tezamen het “visuele-breirn”
vormmen. Het proces wan |

de visuele gewzarword ing
delen we op in een aantal
stadlia.

Het eerste stadium is zuiver “optisch™
het vormen van een scherpe afbeekling
doorde lens van het cog op het netvlies
freting ), dat de lichtgevcelige cellen he-
vat. Yolgende stadia zijn het omzetten
wvan een afbeelding in zenuwsignalen en
het verwerken van deze signaken doorde
hersenen.

_{}w V vaak
~A C = met de werking

— Het zuiver optische
stadium  thet af-

beeldings-proces)
in het oog wordt
vergeleken

van een camera,
waarin ook een
lens een afbeekling
vormt op een licht-
geveelige  filmlaag.
Heoewel deze vergelijking onjuist is, leidt
zij weltot zinvolle viagen.

Hoeis het mogelijk dat
wemetons oog scherp en

“rechtop staand”zien?

Bij het maken van een foto moeten we
de camera zoveel megelijk stil houden.
Wanneer niet de camera, maar het ge-
fotografeemde object beweegt, wordt de
fotoonscherp. Ook wordt het object ®op
zijn kop® afgebeeld. Tenslotte moet de
belichting stijd zeer kort zijn.

Hetoog beweegt in het hoofd, het hoofd
beweegt opons lichzam, dat zich weer
verplatst in de ruimte. Het netvlies is
continu belicht. Tach heefje niet muisstil
te zitten om goed te kunnen zien!

Zien

We nemen onze omgeving scherp waar
terwijl we lopen, fietsen of autoriden,
en ook bewegende objecten kunnen we
schem zien. Terwijl retinale-afbeeklin-
gen juist omgekeerd, instabiel en plat
(tweedimensionzal, 2D) zijn.

In de wereld om ons heen
vinden we aanwijzingen dat
dieren {inclusief primatenzoals
wijzelf) niet reageren op de

afbeeldingen in hun ogen, maar
op een*brein-veranderende-
versie” ervan.

‘Wanneer de cgen van een kikker opera-
tief worden omgedmaid tow. zijn kop,
dan kan hij geen vliegen meer vangen.
Maar, na een paar dagen is de kikker
herstekd. Dus het kikkerbrein maakt dat
wat de ogen @an beeklen binnen halen
geschikt om eriets mee te kunnen doen
inde “buitenwerekl”.

+ 850 ! < < Same
P T .

+ o 5 -+ —
+ 3t '. "¢ :. mt
I .l' .‘: 'l' I
S e L o S5 4

>, . -

Eriseen prijs die we betalen
voordeze “Brein-verandende-
versie”. Zien is“niet natvur-

getrouw”. Ditfenomeen ken-
nen we als “Gezichtsberog”

In dit cahierzullen we stap voor stap na-
gzan hoe wetenschappers / kunstenzars
“gezichtsbedrog™ bestudeerd hebhen.
Beide concluderen dat ons brein zich ge-
dreagt als een “verhalen verteller”.

Gezichtsbedrog wordt vaak omschreven als
“onverwachte valkuilen van het zien.”

Het zijn echter “ogenschijnlijke” weeffouten die
alleen kunnen bestaan in de visuele ruimte van
onze hersenen als gevolg meerduidigheid of

incompleetheid van de zintuigelijke informatie.

Ons visuele brein kiest voor de meest

voor hand liggende interpretatie ---of vult zelf aan---
door gebruik te maken van ingebouwde “kennis”

in ons brein over de tastbare wereld om ons heen.



. 3 De hypothese van twee zichzelf
In de wetenschap Zlen Is tekende handen staat weliswaar niet
weerspiegelt het los van het beeld op ons netvlies maar

u : 7 ze botst wel met de “natuurwet” die

experiment” het doel K M k
vanpde e euzes a en ons leert dat handen vast zitten aan
een lichaam en hetis dat lichaam wat

om oorzaak en gevolg maakt dat die handen tekenen.
vast te leggen, en zo

een “hypothese” (een
veronderstelling) te ' L 5 : ‘ Het brein interpreteert
kunnen testen door ; Arind en maakt zo een keuze,

deze te aanvaarden of » L8 Het vertelt een verhaal

te verwerpen. . = ¥ ' ] vanuit een bepaald

' A vitgangspunt of

Tekenen van wat we om ons , ARy R hypotese:

heen zien vormt de oudste -

methode om waarnemingen
vast te leggen.

Een gedachte waar niet
aan getwijfeld wordt.

De waarnemer verklaart:
We kunnen nu tevreden de armen
over elkaarslaan en het verband
Zoals de grottekeningen van de tussen de retinale-afbeelding van
Cro-Machnon (zie blauwe kader). AR EN GG B de ogen (oorzaak) en de “brein-ver-
VL e L I B AT [ anderende-versie” ervan (gevolg) als

hand ook een potlood opgelost beschouwe‘:n: Er moet hier

vasthoudt ... en als dit afge- sprakezijn van “gezichtsbedrog”

beeld wordt op een stukje EDEZ; hysog“eTe is °”jUi5tk') ';er was
. : 2 scher’s bedoeling ons te bedriegen.

papier; wat zien we dan? Toch zal elk kind van een jaar of 3-4

zich niet voor de gek laten houden;

simpelweg omdat het jonge brein niet

De litho “Tekenen” (1948) van de graficus de verbanden “kent” die de meeste

Escher, zoals weergegeven in het midden Vvolwassenen wel zouden “zien”.

Prehistorische grottekeningenvan Lascaux  van deze pagina, doet ons geloven dat

in Zuid-Frankrijk tonen kleurrijke afbeel-  twee handen “efkaar tekenen’”,

dingen van dieren, die meer dan 15.000

Jjaargeleden werden gecreéerd.

"Ik keek en dit is wat ik zag!”

Zo bezien ishet maken van een teken-
ing geen betrouwbare methode om
oorzaak en gevolg vast te leggen.




Classes Example Description

Ambiguity Information is insufficient to result in a
single interpretation.

Rubin’s figure can be perceived either as
a vase (black) or as two face-to-face

characters (white).

Distortion | The visual context induces a distortion in
size, contrast, motion or disposition
appreciation.

In the Café Wall illusion , the lines,

although parallel, appear to be convergent
or divergent.



Classes Example Description

Paradox The figure appears to be an impossible
object when viewed from a critical
position.

The Penrose triangle introduces a “mise
en abyme,” which makes the figure
implausible.

Fiction f ’ The observer perceives visual elements
absent in the figure because of the

‘ ‘ context.

The Kanisza square ’s contour is
reconstructed by the perceptual system.



DATA STRUCTURING: Bertin’s 7 Visual Variables (1967)

Characteristics

SEE ALSO: http://www.cs.wright.edu/~jgalli/hfe306/Data_Visualization_Quenin.ppt

Selective | Associative |Quantitative Order Length

position| ® ° L S T. e0e* '= o0 ‘= Thc::f:(:‘tiitzally
g s[* @[%e’e e
s | Shore " ite
> Value| 9% ¢’ | g 0“0 ® 0 Distinction: ~10
Z|_ | o [%%°S o 7
> Orientation | <\ | P Thtlerc:flriitiitially

Texturel O @ (@M@ ) Th?r?friitiitfea"y

2 2
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http://www.cs.wright.edu/~jgalli/hfe306/Data_Visualization_Quenin.ppt

DATA STRUCTURING: visual Variables

Visual Variable

Size

Shape

Lightness/
value

Color
(hue+saturation)

Orientation

Texture

Location

Hue

SEE ALSO:

Author

Bertin (1967/83), Morrison (1974),

MacEachren (1995), Kraak & Ormeling (2003),

Krygier & Wood (2005), Dent et al. (2009),
Slocum et al. (2010), Tyner (2010).

Bertin (1967/83), Morrison (1974),

MacEachren (1995), Kraak & Ormeling (2003),

Krygier & Wood (2005), Dent et al. (2009),
Slocum et al. (2010), Tyner (2010).

Bertin (1967/83), Morrison (1974),

MacEachren (1995), Kraak & Ormeling (2003),

Krygier & Wood (2005), Dent et al. (2009),
Slocum et al. (2010), Tyner (2010).

Bertin (1967/83).

Bertin (1967/83), Morrison (1974),

MacEachren (1995), Kraak & Ormeling (2003),

Dent et al. (2009), Slocum et al. (2010),
Tyner (2010).

Bertin (1967/83), Morrison (1974),
MacEachre (1995), Kraak & Ormeling (2003),
Krygier & Wood (2005), Dent et al. (2009),
Tyner (2010).

Bertin (1967/83), MacEachren (1995),
Kraak & Ormeling (2003),

Krygier & Wood (2005), Dent et al. (2009),
Slocum et al. (2010), Tyner (2010).

Morrison (1974), MacEachren (1995),
Kraak & Ormeling (2003),

Krygier & Wood (2005), Dent et al. (2009),
Slocum et al. (2010), Tyner (2010).

Example

Visual Variable

Saturation/
intensity

Arrangement

Focus/
crispness

Resolution

Transparency

Spacing

Perspective
Height

Author

Morrison (1974), MacEachren (1995),
Krygier & Wood (2005), Dent et al. (2009)
Slocum et al. (2010), Tyner (2010).

Morrison (1974), MacEachren (1995),
Dent et al. (2009), Slocum et al. (2010),
Tyner (2010).

MacEachren (1995).

MacEachren (1995).

MacEachren (1995).

Slocum et al (2010).

Slocum et al (2010).

http://www.iag-aig.org/attach/30dee 1{85f7bd479367f1f933d48b701/VEINT_2FT.pdf

2 2
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http://www.iag-aig.org/attach/30dee1f85f7bd479367f1f933d48b701/V61N1_2FT.pdf

DATA STRUCTURING: visual Variables

TG marks can

FLANGR
CINENSIONS te pecca vud 4g
St AR,

(- ASSCCATION ——

‘ The mar<s an

LEVEL OF THE RETINAL VARIABLES

peorce vad gy
DIFERENT,
feeming lamiias

(e SELECTION ——— nuuau ounTTy
Q
Tre ey
ey

alwahn‘n e un ’ aros

TEXTURE

coLoa

Lttt

GRIENTATIGN

SHAPE

SEE ALSO:

XXX TH Y

AN

2

Cervan
ELEMENT

. | = =

Shape

Lightness/
value

Color
(hue+saturation)

Orientation

Texture

Location

Saturation/
intensity

Arrangement

Focus/
crispness

Resolution

Transparency

Perspective
Height

http://www.iag-aig.org/attach/30dee1{85f7bd479367f11933d48b701/VE1IN1_2FT.pdf

http://www3.sympatico.ca/blevis/thesis4?prev.himl

T

Order Example

HO A
Bl .-
I

-Ol

b 'a“

1 1 [

Marginally
Good effective Poor

2 2
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http://www.iag-aig.org/attach/30dee1f85f7bd479367f1f933d48b701/V61N1_2FT.pdf
http://www3.sympatico.ca/blevis/thesis49prev.html

DATA STRUCTURING: Preattentive Processing [perceptual level] ossscioor

@ x
A

Shape Color Position Line Length

Hum *%° \|H

e e
e e
e@e

Orientation Size Added Marks Line Width
47



DATA STRUCTURING: preattentive Processing [data type]

-

Categorical

i

Shape

Quantitative

T

Color

GGGG

Quantitative

2 2

HOGESCHOOL
ROTTERDAM

LINE ORIENTATION LINE LENGTH LINE WEIGHT CURVATURE
— — h— ' ~—r ~—
— — D— p— p— p—
— — D— e e e
— — — N~ N~ ~—
— / D— - p— — p—
— — — N p— S
— — D— e R R
— = — —=— — — — S —
ADDED MARKS ENCLOSURE COLOR/UE INTENSITY/VALUE
EEER EEEN EEER EEEN
EEERN EEEN EEERN EEEN
" EEn LA "= EE " Em
I ] EEEN EEER EEEN
am ]
HE EEE HEEEEN L B A u L
EEEN EEEN - e m
n =
mEenmanm ] [ | " E
" mEN " m NN T E EEm
[ 1] n
SHAPE SIZE SHARPNESS NUMEROSITY

Orientation

Quantitative
| (weak)

Size

Position

Categorical

Added Marks

Quantitative

Line Length

Quantitative
(weak)

Line Width

48



2 2

DATA STRUCTURING: Relationships & Patterns [applied] wocezoo:
lender  |Adjustable |Fixed |
e Tables: Bank 1 7% 5.25%
— Accuracy Bank 2 7.25% 5.5%
— Lookup
* Charts
— Story

— Summarize lots of data

. d W

Category 1 Category 2 Category 3 Category 4 49




DATA STRUCTURING: Rrelationships & Patterns [applied: CHARTS] "

ROTTERDAM

Semiotiek en de lijngrafiek
raditioneel leest iedereen in de westerse wereld lijngrafieken z6,

datomhoogdoorgaansiets positiefs betekent. Zonder enige toe-
voeging weten we dat het goed gaat met de zaken als we dit zien:

Breng cijfers
beterin beeld

< Ook zonder as-titels associéren we

deze lijn metiets positiefs (al zou het

ook kunnen gaan om de stijging van het

B onderwijs ' T aantal diefstallen). (Fig. 12.8

B R tal diefstallen). (Fig )
Grote hoeveelheden cijfers weer- B eeldtaal Die waarneming heeft met semiotiek te maken. We beheersen een
tekensysteem waarbinnen we hebben afgesproken dat rechts om-
geven met behulp van grafieken en p S8 hoog iets positiefs aanduidt. Naar rechts is vooruit, en omhoog is
. ) meer. ledere afwijking van dit patroon levert vanwege een verkeerde
tabellen biedt allerlei voordelen: betekenisassociatie verwarring op bij de kijker. Kijk maar. Hieronder

Drie grafiekenwaarbij  is nog drie keer dezelfde dataset weergegeven. Merk je hoe verwar-
deassenstelselszijn  rend dat werkt? Zo sterk zijn grafiekconventies. Wijk er alleen vanaf
omgedraaid.  als je verwarring wilt stichten.

abstracte data worden samengevat
in een beeld of een lijst, en tekst

en data kunnen van elkaar worden

gescheiden. Een plaatje blijft beter

hangen dan een reeks cijfers. En

vergeet ook niet de retorische func-

T Richting x-as omgewisseld. T Richting y-as omgewisseld. 1 Richting van x- én y-as

tie van grafieken en tabellen.
(Fig. 12.9) (Fig.12.20) omgewisseld. (Fig. 12.11) so



DATA STRUCTURING: Relationships & Patterns [applied: CHARTS]

Length, Position

T T

Beverages Food Snacks

Shape, Position, Position
P
+
®

Length, Position, Color

M Revenue

B "Profit"

Beverages Food Snacks

Size, Color, Position, Position

2 2

HOGESCHOOL
ROTTERDAM
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DATA STRUCTURING: Rrelationships & Patterns [applied: CHARTS] "

ROTTERDAM

Time Series Numerical Nominal Comparison
Made of numbers

Age, weight, number of
children, shoe size

% Continuous Discrete
Infinite options Finite options

Age, weight, blood Shoe size, number of
pressure children

1/1/11  2/1/11  3/1/11  4/1/11

Part-to-whole

Categorical .
Made of words Ranklng

Eye colour, gender, blood type,
ethnicity

South

/ \ North

Ordinal Nominal
Data has a hierarchy Data has no hierarchy WeSt
Pain severity, satisfaction Eye colour, dog breed,
- - rating, mood blood type E ast
I I I

1 I T T

East South North West 0 5000 10000
52



DATA STRUCTURING: Relationships & Patterns [Anscombe Quartet] "

ROTTERDAM

Anscombe's quartet

| ] ]} v 15.0

10.0 8.04 110.0 9.14| 100 7.46] 80 658 ]| ["°°
75
80 695080 814| 80 677]80 576
50
130 7.58 |130 874|130 1274| 80 771 ||

90 88190 8771 90 7.11 )80 8.84 0.0

11.0 833 J11.0 9.26] 11.0 7.81 | 8.0  8.47 150

14.0 9.96 §14.0 8.10] 14.0 884 | 80 7.04| |,5

6.0 724 |60 6.13] 6.0 6.08] 80 525]| |00
40 426 | 40 3.10| 40 5.39]19.0 1250| | 75

12.0 10.84)12.0 9.13] 120 8.15] 8.0 5.56 50 0
70 48270 726] 70 642]80 791]|?%°
0.0
50 568 | 5.0 4.74] 50 5.73]| 80 6.89 00 25 50 75 100 125 150 00 25 50 75 100 125 15(
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DATA STRUCTURING: Relationships & Patterns [applied] "

ROTTERDAM

when the image is the data

the visual medium is ideal
for depicting multivariate
data

FEAR

arguably univariate and
bivariate data should be
tabularized, within
reason

this example shows a plot
for a case where data
cannot be easily
parametrized

http://www.edwardtufte.com/tufte/posters AAGE
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DATA STRUCTURING: Relationships & Patterns [HIERARCHIES] L

CARTESIAN SYSTEMS

node-link layout

icicle tree

HOGESCHOOL
ROTTERDAM

Graph Drawing o If
dendogram
4 Major tree visualizations ﬂ?ﬁlgﬁéﬁon

indented layout Indented lists

%‘}\

cone-tree

Node-link trees

Layered diagrams

Treemaps ]
treemap

ill <2

55



DATA STRUCTURING: Graph (graaf) [freemap versus intented list] "M

RRRRRRRR

A Design for
}nforgnauon :
A | |
B B B
I
D | I
B C C C

56



Wat is een graaf
(graph)?

Graph Drawing

The primary concern of graph

drawing is the spatial
arrangement of nodes and

links

Often (but not always) the goal
IS

to effectively depict the graph
structure:

O Connectivity patterns
Q Partitions / Clusters

O Outliers



Wat is een graaf )
(graph)? i

2 the |
functional
- art

an introduction to
information graphics
St and visualization

alberto cairo




Wat is een graaf
(graph)?




Wat is een graaf
(graph)?




Wat is een graaf
(graph)?




Wat is een graaf
(graph)?




DATA STRUCTURING: TREE MAP [example] rosescroa.

AMERICAS EUROPE

dop) ; ' rsen \ Ohvo gunman
#crich Ay 0 v i ipes G ke aboud
Aneta Me ondda Mt : — | ‘trouble’ 3t home

Oscars
2012: US TV
ratings up

ast year
Jean Dujardin
apologises for
dropping F-bomb at
0 3

How to fix the

‘A Linke: Klar ] Romney and
Oscars - and Fraport erwagt

Kandidatin Santorum in key
e 2 test in - . . ;

Klage gegen - A vm‘gm = i Canada United Kingdom Germany | India

Streikausweitun s . - '

Kek ’ s - Cross quit : : United States Netherlands Austria Australia

in Frankfurtin -~ s = R : SPA0UALION talkg SA-te pca = Mexico France Italy New Zealand

nt = - il — e B Brazil Spain
Argentina

AUTHOR Marcos Weskamp (concept, design, frontend and
backend coding) and Dan Albritton (backend coding)
COUNTRY United States

DATE 2004

MEDIUM Online, real-time interactive application

URL http://newsmap.jp

DOMAIN News coverage aggregated by Google News AP

TASK To provide an overview of online news stories and reveal

underlying patterns in news reporting around the world

STRUCTURE  The visualization uses the treemap technique. The
algorithm renders the inner-division shapes closer to
rectangles, facilitating readability of text.

DATA TYPE AND VISUAL ENCODING

Categorical:  News segments

Encoding: Color hues and spatial grouping

Categorical:  Countries

Encoding: Label and enabled by selection

Temporal: News age: how old the news is

Encoding: Color value

Quantitative:  Number of related stories

Encoding: Area size

Nominal: Title of news story

Encoding: Type size relative to the quantitative data
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DATA STRUCTURING: TREE MAP [example]

https://github.com/lJMacD/newsmap-js

https://newsmap.ijmacd.com

Telegraat.nl: William Spaaij: ‘Breuk Noortje
heeft miln ogen geopend
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'Breuk
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https://newsmap.ijmacd.com/
https://github.com/IJMacD/newsmap-js

DATA STRUCTURING: TREE MAP [example] Lol
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DATA STRUCTURING: spatial relationships [MAPPING]
mu VISUAL ELEMENTS SIGNIFYING PROPERTIES Vi S u a l E n Cod i n g

The data attribute of dimension is one
of the most important characteristics
when considering how to
conceptualize

visual marks in cartography.

DISSOCIATIVE

POINT LINE

LR T

VARIABLES OF THE IMAGE

B AssociaTive

XY | 2 dimensions of the plane

B B cuantiraTive

The basic graphic elements of
visual representation are:

Size

N
|
[

Value

Point has no dimension

DIFFERENTIAL VARIABLES provides a sense of place.

‘e
~

!Ilfif il

\

\
N\
\ JR N\ I
g o S
N

\llmq "i‘-

|

e g = S I\ “H 'J Line has one dimension [X]
B provides a sense of length and
Color /2 m direction.

Plane has two dimensions [X,Y]

provides a sense of shape and scale.
Volume has 3 dimensons [X,Y,Z]

provides a sense of space, shape and
scale. 66
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' Orientation W27 %
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DATA STRUCTURING: Relationships & Patterns [HIERARCHIES] i

POLAR SYSTEMS

node-link radial layout

HOGESCHOOL
ROTTERDAM

Deslgn for
Information

radial icicle or sunburst
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DATA STRUCTURING: Relationships & Patterns [HIERARCHIES] wossscrooL

OTHER GEOMETRIES

3D hyperbolic tree vonoroi treemap

68



continuous

discrete

DATA STRUCTURING: spatial relationships [MAPPING]

abrupt

smooth

Visual Encoding

Visual encoding is the process of matching the
phenomena to be visualized, which is provided
by the dataset (data scale and attributes), to
the most suitable type of representation
(graphical elements and visual properties).
Visual encoding in cartography is often called
symbolization.

The data attributes highly significant for spatial
relationships are discrete versus continuous
data & abrupt (low resolution) versus smooth

data(high resolution). n E

Design for
Information

W“

2 2

HOGESCHOOL
ROTTERDAM
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DATA STRUCTURING: Mapping w

ROTTERDAM

xu Maximization of useful information on a limited display

Design for
Information
1 iS‘w Probably the best statistical graphic ever drawn, this map by Charles
G ra p h |Ca|. I Joseph Minard portrays the losses suffered by Napoleon's army in the
MethOdS Russian campaign of 1812. Beginning at the Polish-Russian border, the thick

band shows the size of the army at each position. The path of Napoleon's
retreat from Moscow in the bitterly cold winter is depicted by the dark
There are 6 graphical methods lower band, which is tied to temperature and time scales. Exquisitely

used primarily in thematic printed in two colors on fine archival paper, 22" by 15".

maps for representing all sorts  Minard's sources. Minard's biography.

of qualitative and quantitative I —_— — Bavad 2. i

data: i Y T S Envisioning Information

1. Dot Distribution Maps

2. Graduated Symbol Maps
4. [sometric & Isopleth Maps
5. Flow And Network Maps
3. Choropleth Maps g e N e  EH @ H
6. Area & Distance Cartograms | =~ e e e -

nnnnnnnnnnnnnnnnnnnn

TEENANTENN NN

nnnnn

Napolcon's March to Moscow  The War of 1812 i 70
NARRATIVES OF SPACE AND TDEE


http://www.edwardtufte.com/tufte/minard
http://www.edwardtufte.com/tufte/minard-obit

DATA STRUCTU RING: Mapping Dot distribution Maps HOGESCHOOL

ROTTERDAM

Ehe New ork Times
Mapping the 2010 U.S. Census

Browse population growth and decline, changes in racial and ethnic concentrations and patterns of housing development.

http://www.nytimes.com/projects/census/2010/map.html

View More Maps

Distribution of racial
and ethnic groups in
2010
One dot = 5,000 people
B white
I Black

Hispanic
W Asian
M Native American
M Other

Zoom to a State v

Missouri

Whites: 81%
Blacks: 1%
Hispanics: 4%
Asians: 2%
Native Amer.: 0%
Multiracial: 2%
Other groups: 0%

n



http://www.nytimes.com/projects/census/2010/map.html

DATA STRUCTURING: Mapping Graduated symbol maps L

HOGESCHOOL
ROTTERDAM

~ Obama McCain
Electoral Votes Electoral Votes
Projected Winner

270 needed to win P

State winners @, ZooM IN
County bubbles
County leaders

Voting shifts

Year

08 04 V0 96 92

Map key
Circle size is proportional to

the amount each county's
leading candidate is ahead

Larger Smaller

https://www.nytimes.com/elections/2008/results/president/map.html
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https://www.nytimes.com/elections/2008/results/president/map.html

DATA STRUCTURING: Mapping Isometric and isopleth maps "

ROTTERDAM

EYE TRACKING THE USER EXPERIENCE
A Practical Guide to Research
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DATA STRUCTURING: Mapping Flow and network maps

LINEAR:

/"\ Nodes are organized linearly

tedd + and the links are usually arcs
u connecting nodes.

Con: It's hard to identify clusters -

and is only feasible for small

datasets.

SANKEY TYPE DIAGRAMS: e

Nodes are organized vertically and X - \ !

the links horizontally. . 2 .

FORCE DIRECTED:

There are many algorithms
that use an iterative process
to locate nodes according to
physical forces.

Con: There are too many node
occlusions and link crossings
in dense areas.

FORCE DIRECTED:

. Force directed graphs centered

on a node.

CIRCULAR:

Nodes are organized around the
circumference and usually grouped
by categories. Links cross the circle
and are usually bundled so as to
simplify the crossings.

Con: It's hard to identify clusters.

POLAR OR RADIAL:

Nodes are organized around a
central node, with their position
related to the number of hops it
takes to reach it

» COMMUNITY STRUCTURE:

The focus is on community
structures.

. RADIAL COMMUNITY STRUCTURE:
é/ ~ N Nodes are organized around a
© © | central community
N
@

GEOGRAPHY BASED:

Spatial location of a node is

provided by its geo position.

2 2

HOGESCHOOL
ROTTERDAM

MATRIX:

Grid of nodes with link information
positioned within the cell.
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7
DATA STRUCTURING: Mapping Choropleth (Multivariate) maps ‘

ROTTERDAM

Multivariate Data

Thematic maps can depict several sets of
nonspatial data simultaneously. When a
thematic map portrays exclusively one set of
data, it is called univariate. If it shows two

distinct sets of data, it is called bivariate, and for White Women Black Women
more than two sets, maps are called
multivariate.
Cervical Cancer

)

®

@

Q

c

o

=3

2

° Breast Cancer

Z

Cancer rate
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7
DATA STRUCTURING: Mapping Choropleth (Multivariate) maps ‘

ROTTERDAM

v -
1]
)
=
S - 24
U T
s Multivariate control limit .-~~~ . .
: -- e . * %o
=3 o
® o
: 0 ® ’}
@ ...~ .
N e o ° °
1 e o
| o0 4 -
annual per capita income =3 20 e
5.0 25 0.0 25
Y2

two-theme map legend (bivariate)

Multivariate Data

Thematic maps can depict several sets of nonspatial data simultaneously.
When a thematic map portrays exclusively one set of data, it is called univariate.
If it shows two distinct sets of data, it is called bivariate,

and for more than two sets, maps are called multivariate. 26



DATA STRUCTURING: Mapping Area and distance cartograms

TotallyMoney.com

London uUnderground Map
weekly rent vs journey time

London underground
Tube Lines

Central
District

Victoria

Piccadilly

Jubilee
Hammersmith & City
Circle

Metropolitan
Northern

Bakerloo

Most expensive

station

© Oxford Circus

(@ South Kensington

(® Green Park

(@ sloane Square
Green Park

(© Great Portland Street

o) South Kensington

(© BakerStreet

(@ Goodge Street

® Oxford Circus

¢

HOGESCHOOL
ROTTERDAM

Each station is labelled with the average weekly rent of properties near it.
Circled numbers denote the journey time in minutes to the most desirable station on that line.

Furthest time to most
expensive station (minutes)

Hainult

(@ Upminister

(@ Walthamstow Central

(@ Cockfosters
Stanmore

@ Barking

%) Aldgate

@® Chorleywood

@ Morden

@ Harrow & Wealdstone
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THE NATURE OF CODE

How can we capture the unpredictable
evolutionary and emergent properties of T H E N A T U R E O F C O D E
nature in software?

SIMULATING NATURAL SYSTEMS WITH PROCESSING
How can understanding the mathematical
principles behind our physical world help us

to create digital worlds?

This book focuses on a range of
programming strategies and techniques
behind computer simulations of natural
systems, from elementary concepts in
mathematics and physics to more advanced
algorithms that enable sophisticated visual

results. Using the open-source language

NVWd4dIHS T73INVA

374703~ 073’910 LN, N--3"A L

Processing, readers will progress from
building a basic physics engine to creating
intelligent moving objects and complex
systems, setting the foundation for further

experiments in generative design.

http://natureofcode.com

DANIEL SHIFFMAN




Processing

A Programming
Handbook for

Visual Designers

and Artists

Casey Reas
Ben Fry

Foreword by John Maeda

2 2
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LEARNING
PROCESSING

A Beginner’s Guide to Programming
Images, Animation, and Interaction

Daniel Shiffman




size(640, 360);
background(0);
noStroke();

fill(204);
triangle(18, 18, 18, 360, 81, 360);

fill(102);
rect(81, 81, 63, 63);

fill(204);
quad(189, 18, 216, 18, 216, 360, 144, 360);

fill(255);
ellipse(252, 144, 72, 72);

fill(204);
triangle(288, 18, 351, 360, 288, 360);

fill(255);
arc(479, 300, 280, 280, PI, TWO_PI);

2 2
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https://processing.org/examples/

15
TECHNOLOGY
MAKING US
BETTER...

/

2010 SCOTT STANTIS/DIST. BY UFS, INC.

S =T 3
| TING. N IT 20 YEARS
DEPENDENT? SEEMS LIKE IT'S PHERNEE‘B AGO, THAT HOGESCHOOL
STIFLING ORIGINAL MAKING W%"égNH:VE ROTTERDAM
\ THOUGHT. US DUMB?  \WITTIER

©0Ee

Creative Commons License Types

Can someone

commercially?

Can someone
create new
versions of it?

Attribution

®

Share Alike

No Derivatives

Non-Commercial

®®

Non-Commercial

Share Alike ® @ @

Non-Commercial No
Derivatives

®SG

9| <9 |0 | & | €| €

SOURCE

sterewmedia.0rgMow-to-publish-a-book-under-a-creative-commons-icense/

This lesson was developed by:

Robert Frans van der Willigen
CMD, Hogeschool Rotterdam
MARCH 2019

http://creativecommons.org/licenses/by-nc-sa/3.0/
This lesson is licensed under a Creative Commons
Attribution-Share-Alike license. You can change it,
transmit it, show it to other people. Just always give
credit to RFvdW.

http://empoweringthenatives.edublogs.org/2012/03/15/creative-
commons-licenses/

http://creativecommons.org/licenses/
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http://creativecommons.org/licenses/
http://empoweringthenatives.edublogs.org/2012/03/15/creative-commons-licenses/
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