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Data Visualization Technigues



Pyro Board: 2D Rubens' Tube!

> o) 0:00/6:34 O Yuld [

hitps://www.youtube.com/watch?v=2awbKQ2DI| RE


https://www.youtube.com/watch?v=2awbKQ2DLRE




e Some Theory

e Basic Visual Type
e Perception

* Animation

* [nteractivity

* Implementation



Why

+ Answer questions (or discover them)

Make decisions

- See datain context

Expand memory
Record information

Blueprints, photographs, seismographs, ...

+ Support graphical calculation

Find patterns
Present argument or tell a story Inspire



Story telling (to human) with Data (from computation)

Movies, music, literature, all tell stories...
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The technique ...VS... subject matter.

Data Vis to relate to subject matter, allow generating new
insights, and communicate an intent or a story.



$1,506bn

$1,270bn
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Sinopec °
$187.5bn

Bad example”



New Thinking
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Effective”
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AND STAND OUT INFOGRAPHICS HELP TO VISUALISE
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Effective”?



http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html? r=0

® $0.0
trillion

... but the 2008

forecast for 2012 did.

-0.5
The 1995 forecast for 1999
did not predict a surplus ...

-1.0

1.5

Use the slider to isolate a single year’s forecast.

1982 1986 1990 1994 1998 2002 2006 2010 2020

Effective”


http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html?_r=0

Impact of 9/11 attacks on air traffic

Average flight delayed time [1] and the count of unique aircraft tail number [2] between July and December in 2000 vs 2001
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(1) Deplayed time is the difference between the actual arrival time in minutes. W year2000
Note that the delayed time is negative when aircraft arrives ealier than expected. B year 2001

[2) A 1ail number refers to an unique identification number painted on an aircraft
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User Comment

Play

Notifications
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Time

Timeline

Next Track



SoundCloud &
Android Wear

Thanks to @Mlkael Eldenberg
for the "Free Moto 360 Mockup”
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Some Basic Theory..



Goal

Understand how visualizations convey information
What do people perceive/comprehend”? How do
visualizations correspond with mental models?

Develop principles and technigues for creating
effective visualizations and supporting analysis
Amplity perception and cognition Strengthen tie
between visualization and mental models.



Data Model vs Conceptual Model
(1D float v Temperature)
(3D vector or floats v Space)

D (set, sequence)
D (maps)

D (shapes)

D (relational)
Trees (hierarchy)
Network (graphs)

;
2
3
N

Any more”?



Nominal (labels), =,!=
Fruits: Apples, oranges; Example: bool, short, int32, float, double,
string, ... Abstract types

Ordered, =, !1=, <, >

Quality of meat: Grade A, AA, AAA, Provide descriptions of the
data ;May be characterized by methods/attributes ; May be
organized into a hierarchy

Interval (Location of zero arbitrary), =, !=, <, >, -

Like a geometric point. Cannot compare directly; Only differences
(i.e. intervals) may be compared. Example: plants, animals,
metazoans, ...

Ratio (zero fixed), =, !=, <, >, -, +
Physical measurement: Length, Mass, Temp, ... Counts and
amounts; Like a geometric vector, origin is meaningful



Data transformations (sql)
Projection (select)

Selection (where)

Sorting (order by)

Aggregation (group by, sum, min..)
Set operations (union, ...)
Combine (inner join, outer join, ...)




LES VARIABLES DE L'IMAGE
2 YRR | FRATS:

XY | dimensions | . [ * | A E iy ||vinis,
du plan 415 21 | R ‘9

Taille

Valeur

LES VARIABLES

Grain

i

Couleur

Orientation

Forme

Position, Size, Value, Texture, Color, Orientation, Shape, more?

Transparency, blur/focus?



Multl Dimensional Data

| # Encode “Sales” (Q) and o Encode “Product Type” (N)

o) “Profit" (Q) using Position o 4 using Hue
- Vv LS e teu ;ﬂ AN oo Ao N o L3S AN A e “l”m A vro e Lo

-0 o w0 o
o . ™ Dax (Wbt N L2
40 a»:- Labed « e ’
M’- o T #"
oMb - .
ne » y 2 J 2200 o 3
Lavwl of Dl ; " Lot of Dwend ;
® ". .

radat Tygw ” rodat Typm
W Comee preves % -‘g W Comee " 00,

Eiartaby - Sl st -
B el Ten a l e e -
N te Matet W0
NN (a0,
oy p Encode “Market” (N) 9 g ¥ Encode “Marketing” (Q)
0 #u ann | » using Shape + som B oo ) using Size
4+ e - x 8 Martetrg . 8
X West . » -

% 300 S0 30 MO0 3000 3000 SO 380 %0 ® W L 500 30 S0 S0 3800 00 390 SN0 380
S ) wo v T




Mackinlay's Ranking

Quantitative Ordinal Nominal
PoSition se—— Position ——— PO sition
Length Density Color Hue
Angle Color Saturation Texture
Slope Color Hue Connection
Area N Texture Containment
Volume Q"” Connection Density
Density ‘Q”.‘," Containment Color Saturation
Color Saturation ”"‘ Length Shape
Color Hue 7 Angle Length
T e E / Slope Angle
: Area Slope
Volume Area
i 4 20 Shapesi.p s Volume

Conjecture of effectiveness in visual encoding.



And it's complicated




.

0-05-02 00 02 05 1.0 20 50C 5.0 20 -10 05 02 00 02 05 1




AUSTRALIA 134

BRAZIL 2315

MEXICO 508
COLOMBIA 345

OTHER
COUNTRIES

S KOREA 1792

THAILAND 1,265
CHINA 1,243

JAPAN 1053

VIETNAM 492
TAIWAN 375

INDIA 69

OTHER
COUNTRIES

AMERICAS 555
ARGENTINA

29,004 A FOREIGN-EXCHANGE

HIGH SCHOOL STUDENTS
IN THE U.S,, 2007-08

<4 AMERICAN-EXCHANGE
Crere e HIGH SCHOOL STUDENTS
—GERMANY 440 ABROAD, 2007-08
— AFRICA 35
GHANA 1"

251
137—

129—

76
41—

COUNTRIES
GERMANY 8,189
ITALY 845
NORWAY  B06
SWEDEN 677
DENMARK 650
FRANCE 624
SPAIN 558
OTHER
COUNTRIES



TO AIRPORT EXIT

Daily Garage 2 Legend

sShuttie Bus
* You are here . Pick-up/Drop-off
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EINCEric vehicie Par
) prvanaco () SRR 2200y

Take your parking ticket with you.
Pay for parking at Pay and Go machines. SS———




Charts



Scatter Plots

Olympic Medal Count and GDP Per Capita’
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Toril Medals Won
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Scatter Plots

Does Money Buy You Medals?

<30.000000 15000 000 <20 00C 00D
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Total Olympic athletes

& e
A

Fitness Line, multi charts

More wealth, more athletes
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Nominal Gross Domestic Product (2011)

More athletes, more medals

100 .

Jamaicae

Total Olympic medals won
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Total Olympic athletes
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Medals per Participating Athlete

0.4

0.32

0.16

0.08

China and USA Olympic Medal Efficiency from

Line charts

1984 to 2012
B USA
B China
1984 1988 1992 1996 2000 2004 2008 2012

Olympics Year



Stacked Bar Chart

Sampling of countries that participated in Olympics vs. Number of medals won
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Sampling of Countries that Participated in the Olympics
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Stacked Bar Muti-Chart

% By Medals % By Athletes

CHN
|PN
RUS

MNE
MDA
MNG
DEU
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ITA
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TIK
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“ Female
® Male

100% 80% 60% 0% 20% 0% 0% 20% 40% 60% 80% 100%



Parallel Coordinates

2012 Olympic Relative Rankings by System
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Parallel Coordinates
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Maps

.

Olympic Effeciency: edaling Rates
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Other

How did the Females do?
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Other

2012 Olympic Medal Winners
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ColorBar Chart
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Lines VI

Stacked Color Bar Chart

Bars and Lines |l

A

|

avg: 31.708521739

Histogram

Unstacked Color Bar Chart
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World GDP Through Time

United States Filter GDP
200 $13.660,401 $14,447,100,00
3 aly
Reglon
Other
2004 o
B Africa
B Asia
Europe
2005 B Middie East
B Oceania
I The Americas
2006
2007
2008
2009

2010



@ | Tableau Contiguity Chart (De-Frag’)

Contiguity Chart &8y
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Cormsh Pasty

Honey Ham

Stikon Cheese

Distribution Dots B

o Clement Attlen o [Cuke of Vielngton e Earl Grey o Pit The Younger o Tory Eteir o Winston Churchil

Selections:
Year: 2009 2010 2011

Product: Cornish Pasty Aest Products ~ 0
Heney Ham Pickles m

Picded Onlons

Sausages Regionsl Produce . “ .

Scotch Eges : : : :
Smoked Salmon 0 20,000 40,000 60,000 20,000 100,000 120,000 140,000 160,000

Stllton Cheese
Sales (f)

QVDesign wordpress.com
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Digression - Chart Junk



200 - Calories per 100g for different foods mFrench
Fries
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"= Chips
% >00 E Bacon
U 400
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= 300
'g 200 O Chili Dog
=
Z 100
0
French Potato  Bacon Pizza  Chili Dog
Fries Chips
Type of Food

https://speakerdeck.com/cherdarchuk/remove-to-improve-the-data-ink-ratio



https://speakerdeck.com/cherdarchuk/remove-to-improve-the-data-ink-ratio
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Perception



AWARENESS TEST

https://www.youtube.com/watch?v=Ahgbgcgoay4



(128,128, 128) (144,144,144)

Which is brighter?



(134,134, 134) (128,128, 128)

Which is brighter?



JND (Weber's Law)

N
I

Ratios more important than magnitude

Most continuous variation in stimuli perceived in discrete steps

(I smm






Compare area of circles



Compare length of bars



Shock Heaviness Taste

Length
5 —— I l E
41 -
Areq
Volume
5 3 .. Brightness
H Loudness
Smell
3l .
L ]
| | | |

Steven’s power law



Most accurate Position (common) scale

A Position (non-aligned) scale
Length
Slope

Angle

Area

1

Volume

Least accurate

Color hue-saturation-density



1281768756138976546984506985604982826/762
9809858458224509856458945098450980943585
9091030209905959595772564675050678904567
8845789809821677654876364908560912949686















line (blod) orientation length, width clossre sirze
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[Ware 00]












Connections are clearer with smooth contours [from Ware 04]



Prefer field that shows smooth continuous contours [from Ware 04]



We see a circle behind a rectangle, not a broken circle [from Ware 04]

peipeite]

lllusory contours [from Durand 02]
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correspondence [from Ware 04]




Animation



Process, Dynamic, Causality



Moment to moment




Action to action




Subject to subject




HE CAN'T TEN YEARS
OUTRUN US LATER...

FOREVER/

NO ONE COULD
HAVE SURVIVED

Scene to scene



Aspect to aspect




None
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Example: Andre and Wally B. Example: Andre and Wally B.




rinciples.tumblr.com



http://the12principles.tumblr.com/

http://ggruiz.me/explosions/



http://ggruiz.me/explosions/

http://air.nullschool.net/
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Tokyo Wind Speed
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http://air.nullschool.net/
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http://www.nbcnews.com/id/26295161/ns/weather/t/storm-tracker/#.U3ku/FhdWhs



http://www.nbcnews.com/id/26295161/ns/weather/t/storm-tracker/#.U3kuZFhdWhs
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Just-add-water CSS animations

rubberBand Animate it

Want to thank me for this? Buy me a coffee

http://daneden.qgithub.io/animate.css/


http://daneden.github.io/animate.css/
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http://square.qgithub.io/cubism/



http://square.github.io/cubism/




Interactivity



Selecting/highlighting, Brush,Linking, Sorting



Calvin Klein

A beautiful, innovative collection
in which Francisco Costa layered
references to urban tribes, '80s
art, handcraft and even,
seemingly, radical chicks of the
1920s. It added up to a modern
expression of fashion.

Read more: Calvin Klein in Full Color

Sand-colored, A large emerald A boxy black
orange-accented tweed coat with jacket fringed with
canvas wrapped frayed, multicolored

into a dress and pronounced confetti strings
suit seams

Proenza Schouler

A challenging collection, inspired
by the notion of home and
interiors, it nonetheless showed
the designers in a simpler vein.

Read more: Pleats and Prints

Dresses vined Loose pants Long skirts

with a flossy fil outlined in cream accordioned into

print hand-painted fine metallic
strokes pleats

http://www.nytimes.com/newsgraphics/2013/09/13/fashion-week-editors-picks/



http://www.nytimes.com/newsgraphics/2013/09/13/fashion-week-editors-picks/

Mega pixels
24 ~ 81 Megapixels

(o}
O
Market price
1900 ~ 10000 USD
O
O
(o (o}
(o)
O
Sensor size
4.5 x 6.2 ~ 40.4 x 53.9 mm?2
Professional + High-end DSLR
Semi-pro + Entry-level DSLR
B Hybrid (o)
B Compact Release date

2002-09-24 ~ 2012-09-17

Weight
562 ~ 2450 Grams
(o}
(o}

ISO performance
50 - 400 ~ 50 - 204800

http://owang29.github.io/offshore/camera

B

()

Brand

Model

Type

MSRP

Mpix

Frame
Release
Sensor type
Resolution
Sensor Size

Color filter
array

Pixel pitch
Bits per pixel

Focal length
multipler

Aspect ratio
IS0 latitude
Shutter type

Fastest -
Slowest
speed

Frame rate
Live view
Stablization
Weight

Vvis/

PENTAX
645D

PENTAX
645D
Professional
9400

41

Medium format
2010-03-01
CCD

7424 x 5552
33.0 x 44.0
RGB

5.93
14
0.78

4:3

100 - 1600
mechanical
1/4000 - 30

1.1
yes
N/A
1480


http://bwang29.github.io/offshore/camera_vis/

http://benfry.com/zipdecode/



Ben Bederson Created by Keshif. Click for more...
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Flare code size
circle packing

hitp://mbostock.github.io/d3/talk/20111116/pack-hierarchy.html



http://mbostock.github.io/d3/talk/20111116/pack-hierarchy.html

United States Trade Deficit

Oct
‘ cick on a timaline yer 10 skip 1o that point
i

200 2002 2003 2004 2005 2006 2007 2008 2000 200 20m7 2012 2013

22 Nothargogy -$3,513,917,000,000

* Comulatve drode imbalence since 2001

http://www.brightpointinc.com/interactive/ustrade/index.html?source=d3js



http://www.brightpointinc.com/interactive/ustrade/index.html?source=d3js

Digression Visualize Time
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Visualizing Time - Space to Time matching

http://www.artcom.de/en/projects/project/detail/the-invisible-

shape-of-things-past/



http://www.artcom.de/en/projects/project/detail/the-invisible-shape-of-things-past/

Visualizing Time - Intervals and Splitting

http://vimeo.com/1962465



http://vimeo.com/1962465

Visualizing Time - Frames

TIME: 00:00:06 FRAME: 49

hitp://www.thejohnnycashproject.com/#/explore/TopRated


http://www.thejohnnycashproject.com/#/explore/TopRated

Visualizing Time - Continuity

hitps://www.youtube.com/watch?v=pXPP8eUIEtk



https://www.youtube.com/watch?v=pXPP8eUlEtk

D3

|s basically a SVG selection, decoration,
positioning, and animation library



iciency

Eff

Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Languages
Tableau VizQL, ggplot2, HiVE

Declarative Encoding Languages
Protovis, D3

Component Model Architectures
Improvise, Prefuse, Flare

Graphics APIs
OpenGL, Java2D, GDIl+, Processing

3

SSOUIAISSDIdAX



https://github.com/mbostock/d3/wiki/Gallery






var w = 960,
h = 500,
start = Date.now();

var rings = [
{radius: 65
{radius: 65
{radius: 65
{radius: 65
{radius: 65
] {radius: 65

var svg = d3.select("body").append("svg:svg")
attr("width", w)
.attr("height", h)
.append(“svg:qg")
attr("transform”, “"translate(" + w/ 2 + "," + h / 2 + ")scale(.6)");

1, width: 16, speed: -3e-2},
2, width: 16, speed: -2e-2},
3, width: 16, speed: -le-2},
4, width: 16, speed: le-2},
5, width: 16, speed: 2e-2},
6, width: 16, speed: 3e-2}

* O X X XX

var ring = svg.selectAll("g")
.data(rings)
.enter().append("svg:g")
attr("class", "ring")
.each(ringEnter);

d3.timer(function() {
var elapsed = Date.now() - start,
rotate = function(d) { return "rotate(" + d.speed * elapsed + ")"; };

ring
.attr("transform”, rotate)
.selectAll("rect")
attr("transform”, rotate);
});

function ringEnter(d, i) {
var n = Math.floor(2 % Math.PI % d.radius / d.width * Math.SQRT1_2),
k = 360 / n;

d3.select(this).selectAll("g")
.data(d3.range(n).map(function() { return d; }))
.enter().append("”svg:q")
.attr("class", "square")
.attr("transform"™, function(_, i) { return "rotate(" + i % k + ")translate(" + d.radiu
.append("svg:rect")
attr("x", -d.width / 2)
attr("y", =d.width / 2)
.attr("width", d.width)
.attr("height”, d.width);



