Visualization

Emanuel Zgraggen

Many slides borrowed from Drucker, Agrawala, Heer, Stasko, etc. References at the end.



DEMYSTIFIYING DATA UNITS
From the more familiar ‘bit' or ‘megabyte!, larger units of measurement are more frequently
being used to explain the masses of data

Unit Value Size

bit Oort 1/8 of a byte

The exponential growth of data is undisputed, but the numbers behind this explosion - fuelled by internet of things and ot o
e 8 bits. 1byte

the use of connected devcies - are hard to comprehend, particularly when looked at in the context of one day of data will be created every day by 2025
kilobyte 1,000 bytes 1,000 bytes

i

megabyte 1,0002 bytes 1,000,000 bytes
gigabyte 1,000° bytes 1,000,000,000 bytes
terabyte 1,000¢ bytes 1,000,000,000,000 bytes

petabyte 1,000° bytes 1,000,000,000,000,000 bytes
exabyte 1,000° bytes 1,000,000,000,000,000,000 bytes
zettabyte 1,000’ bytes 1,000,000,000,000,000,000,000 bytes

of data created by yottabyte 1,000° bytes 1,000,000,000,000,000,000,000,000 bytes &

Facebook, including

— Howsree ™ } i photos and videos are

350m hot shared on Instagram
photos

tweets are sent

every day hours of video Instagram Business
100 M watch time

Tuitter
Facabook Research

320bn

emails to be sent
each day by 2021

messages sent over WhatsApp and
two billion minutes of voice and
video calls made

N\

Facsbook

306bn

emails to be sent
each day by 2020

billion emails are sent

Radicati Group.

R
Searches made a day 5bn
to be generated from wearable

devices by 2020
of data produced by a connected car

Intel

people use emails
Searches made

a day from Google

3.5bn

ACCUMULATED DIGITAL UNIVERSE OF DATA

Smart insights

4.47B 4478

RACONTEWR

https://www.raconteur.net/infographics/a-day-in-data/



How do we make sense of all this data?
How do we use data in decision-making processes?
How do we avoid being overwhelmed?



Challenge

Transform the data into understanding and
Insight thus making i1t useful to people
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[Tor Narretranders]

Hearing
1250 MB/s 125 MB/s 12.5 MB/s Smell

Same bandwidth as a computer network USB Key Hard Disk



Human Vision

Highest bandwidth sense
Fast, parallel
Pattern recognition
Pre-attentive
Extends memory and cognitive capacity
People think visually






Why create visualizations?



X Y

10 8.04
8 6.95
13 7.58
9 8.81
11 8.33
14 9.96
6 7.24
4 4.26
12 10.84
7 4.82
5 5.68

[Anscombe's Quartet]

X Y

10 9.14
8 8.14
13 8.74
9 8.77
11 9.26
14 8.1
6 6.13
4 3.1
12 9.13
7 7.26
5 4.74

X Y

10 746
8 6.77
13 12.74
9 7.11
11 7.81
14 8.84
6 6.08
4 5.39
12 8.15
7 642
5 5.73

IV
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6.58
5.76
7.71
8.84
847
7.04
5.25
12.5
5.56
7.91
6.89



Mean of xin each case

Mean of yin each case

Sample variance of xin each case

Sample variance of yin each case

Correlation between xand yin each case

Linear regression line in each case

[Anscombe's Quartet]

7.50

11
4122 or 4.127

0.816
y=300+0500x



Find patterns

[Anscombe's Quartet]



Answer a question

Everyone

Sleeping, eating, working and watching television take up about two-thirds Everyone Employed White Age 15-24 H.S. grads No children

of the average day. Men Unemployed || Black Age 25-64 Bachelors One child
Women Notin lab... Hispanic Age 65+ Advanced Two+ children

/

Household activities

TV and movies

[New York Times]



700 - Cumulative deaths from cholera,
beginning August 19, 1854; final
600+ total 616 deaths ] I I
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See data in context
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See data in context
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See data in context
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Tell a story
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of O-Ring Damage in Field Joints (Cont)
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O-ring damage
index, each launch

12 12
[ ]
SRM 15
8 8
SRM 22
4 o0 H . 4
26°-29° range of forecasted temperatures
(as of January 27, 1986) for the launch °
of space shuttle Challenger on January 28
0 | snmmEEm. o§003 o0 03 o0 o 0
25" 30° 35 40° 45 50° 55 60° 65° 70° 75 80" 85°

Temperature (°F) of field joints at time of launch



Make a decision

O-ring damage
index, each launch

12 12

8 8
4 4
26°-29° range of forecasted temperatures
(as of January 27, 1986) for the launch
of space shuttle Challenger on January 28
2 - -
25° 30° 35" 40° 4s° 50’ 5s° 60° 65 70° 75° 80’ 85°

Temperature (°F) of field joints at time of launch



Support graphical calculations

Sum of odd numbers:
1+3+5+74+9=5




Teach

Expectation

The expectation of a random variable is a number that

attempts to capture the center of that random variable's 6
distribution. It can be interpreted as the long-run average of

many independent samples from the given distribution.

More precisely, it is defined as the probability-weighted sum

of all possible values in the random variable's support, 57

E[X] = Z xP(x)

x€X

Consider the probabilistic experiment of rolling a fair die
and watch as the running sample mean converges to the
expectation of 3.5.

Roll the Die
. Roll 100 times
Change the distribution of the different faces of the die (thus

making the die biased or "unfair") by adjusting the
bars below and observe how this changes the expectation.

Value

T T 1
50 100 150 200
Number of Rolls

[students.brown.edu/seeing-theory/, Daniel Kunin]



Why create visualizations?

 Answer questions (or discover them)
» Make decisions

e See data in context

e Expand memory

 Support graphical calculation

 Find patterns

* Present argument or tell a story

e Teach



How do we create visualizations?



task

data
physical type

int, float, string, etc

abstract type

nominal, ordinal, etc.

domain
conceptual model

processing

mapping

visual encoding

visual methaphor

Image
visual channel

retinal variables



task

data
physical type

int, float, string, etc

abstract type

nominal, ordinal, etc.

domain
conceptual model

Processing

mapping

visual encoding

visual methaphor

»

Image
visual channel

retinal variables



9

Data ¢

task
data Processing image
physical type > visual channel
int, float, string, etc .
abstract tygpe mapping retinal variables

nominal, ordinal, etc.

domain
conceptual model

visual encoding

visual methaphor

Domain



Data Model

* How the data is organized
 How are data elements related

Conceptual Model

* Mental constructions
* Include semantics and support reasoning

Data vs. Conceptual

e 1D list of floats vs. Temperature
« 3D list of floats vs. Space



Data Model Taxonomy

o >0 >0

v v v v

o >0 >0
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Variables

* Physical types
 Characterized by storage format
 Characterized by machine operations

« Example:
* bool, short, int32, float, double, string, ...

* | evel of measurement

 Describes the relationship among values

 Nominal
e Ordinal
* (Quantitative



Nominal, Ordinal and Quantitative

« N = Nominal (labels):
 Fruits: Apples, Oranges, ...
* 0 = Ordinal
 (uality of meat: Grade A, AA, AAA

0 — Interval (Location of zero is arbitrary)
e Dates: Mar. 14, 1933
e Lat: 26.1, Long: -110.0
« Only differences (i.e. Intervals) can be compared

) — Ratio (zero fixed)
* Physical measurements: Length, Mass
e Counts and amounts

[S. S. Stevens, On the theory of scales of measurements, 1946]



Nominal, Ordinal and Quantitative

N - Nominal (labels):
 Operations: =, #
0 - Ordinal
e Operations: =, #, <, > <, 2
« 0 - Interval (Location of zero arbitrary)
e Operations: =, #,<, > <, 2, -
» Can measure distances or spans
* 0 - Ratio (zero fixed)
e Operations: =, #,<, >, <, >, -, +
 Can measure ratios or proportions

[S. S. Stevens, On the theory of scales of measurements, 1946]



Example

e Data Model
e 3250, 540 17.30, ...
e 1D, floats

 Conceptual Model
* Temperature
* N,0,0 Type
 Burned vs. Not burned (N)
 Hot, warm, cold (0)
« Continuous range of values (Q)



Width Length Species
1.2 5.1|setosa
1.4 4.9|versicolor
0.8 4.7|virginica
1.7 4.6|setosa
4.9 4.3|virginica

0. QN




Image

task
data processing image
physical type > visual channel
int, float, string, etc .
abstract tygpe mapping retinal variables

nominal, ordinal, etc.

visual encoding

) visual methaphor
domain

conceptual model




Pre-attentive

unconscious, parallel, fast

Attentive

conscious, serial, slow



[Tor Narretranders]

Hearing
1250 MB/s 125 MB/s 12.5 MB/s Smell

Same bandwidth as a computer network USB Key Hard Disk
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LES VARIABLES DE L'IMAGE
XY

DIMENSIONS
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Color hue Color brightness Position

Color saturation Size Texture

Orientation

HEEE
HEQN
HEEE

Shape
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Line orientation Length, width closure
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curvature density number, estimation



intensity

3D depth cues,

stereoscopic depth

Intersection
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Flicker



[http://www.csc.ncsu.edu/faculty/healey/PP/index.htmi]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.htmi]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.htmi]



[http://www.csc.ncsu.edu/faculty/healey/PP/index.htmi]



Mapping

task
data processing image
physical type >  visual channel
int, float, string, etc .
abstract tygpe mapping retinal variables

nominal, ordinal, etc.

visual encoding

) visual methaphor
domain

conceptual model
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Price
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Can you order these?
(low -> high)







Can you order these?
(low -> high) ’







Can you order these?
(low -> high)







Can you order these?
(low -> high)







Nominal, Ordinal and Quantitative

Position N 0 0

Size N 0 0 Nominal
Value Ordered
Quantitative

=
o
o

Texture

Color

Orientation

zZ | Z2 | Z2 | Z

Shape




[Edward Adelson, 1995]



[Edward Adelson, 1995]



http://vis4.net/blog/posts/choropleth-maps/



6% 9% 12% 15% 18% 23% 6.6% 9.8% 13.0% 16.3% 19.5% 22.7%

http://vis4.net/blog/posts/choropleth-maps/



Some Principles & Guidelines
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http://homes.cs.washington.edu/~jheer/files/zoo/



http://homes.cs.washington.edu/~jheer/files/zoo/

Bar chart

Display different quantities of single-variable data

A B (o} D E F G H | J K L M N (0] P Q R S T U \' w X Y z

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

12%

Frequency
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0%



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

Line chart

Display how a variable develops over time

perature (°F)

80

70

)
JRALL AR

|

20
n | 1 1 | |
October November December 2012 February March

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

|
July

|
August

1
September


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

Stacked area chart

Display total of a variable over time

100%
90%
80%

70%

60%

0f, -
50% Chrome

40%

30%

20%

10%

0%

November December 2012 February March April May June July August September October

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



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

Pie chart

Display distribution of a variable

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



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

Scatterplot

Display relationship between two variables
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Scatterplot matrix

Display relationship between multiple variables
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Parallel coordinate plot

Display relationship between multiple variables
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https://github.com/mbostock/d3/wiki/Gallery

Tree

Display hierarchical data

O Arrayinterpolator

O Colorinterpolator

O Easing O Datelnterpolator
O FunctionSequence O Interpolator
interpolate O O Matrixinterpolator
O ISchedulable O Numberinterpolator
O Parallel O Objectinterpolator
analytics ©
O Pause O Pointinterpolator
animate O
O Scheduler O Rectanglelnterpolator
data O O Sequence
display © O Transition
O Transitioner
flex O
TransitionEvent
flare O 2
hysics
e O Tween O Axes
query © O Axis
axis O O AxisGridLine
scale- @
controls © O AxisLabel
utit ©
data O O CartesianAxes
vis O events O
legend O
operator ©

O Visualization

https://github.com/mbostock/d3/wiki/Gallery
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Display hierarchical data

Radial tree
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Tree map

Display hierarchical data

I- T -- . -I I
EdgeRenderer .. Dw.
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Force-directed graph

Display graphs, netwaorks, relationships
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Radial graph

Display graphs, netwaorks, relationships
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Displ
play graphs, networks, relationships

Radial graph

=
A.N 2
= s
0% . 0
7.2 _.u 1
AR g d 1 i
5%.9% dlaliss m
T — 38 5 £ 5 ¢ 3 &
) \w\.\erFibu‘cmx S
b % 5 : :
20%% Tiee 7 Eresssyh 3 2 fes ¢
i o weee SEEEEE L SYNEF g
L s Sk, L Blg: 8 oI
.\o\esoo&c %, B, qxﬁﬁo B & GCEzezsA AMMv.mommu.w.m.%ﬁ
s, %, % POt N
i ot i
AN Y
W AR,
o, A E
20,7, 40,7 % SR
0,00 e\oevoeexe
R A e
o&& e
P
SIRG)
239%
rw 0,
ewﬁxw
oo\\\.q
25,05,
N Yiip
o lqe, Sy
553%\5&
.
I
wmﬁews st
120/,
ny, m.&w% 5 Sscw 4
iAoy,

ey :
Hequy- SIqT
PDssau3S «m =
——
A —

1asnj; Apipa
I ),
S_S_J:w nnug
L Y W
Tre
msn_wmm%wwﬁ«wu,_
andomLay
?,_,s:aor.w_w____ﬂ
Piel.ayout
zc%r._:wﬁnnr&ci
B
redTreekd
—:o.ﬂ.ﬂ«aé«(&ﬂﬁ
maaoo.:nns%ﬂﬁo W\ i
Og&orﬁv i deporeosy
. & 3JEasiea
cudl® ool 3J[psFory
oma@%i s
Eéo A o ;
' ; eads 1 HuEn,
s,on/mA Sferooh
[N &t i
RS S S
S RTINS a\ﬂu@w:mow
S Sy, g
& ooy
W ¥
R mé& m\u.%\c
s
)
0D
7
e\N\
A

& SV &
S G
K4 %zm.mw% S
S S e A Y :
SE5T 225 SeSEEEIR mmmmmmmummm e
J3 5 g £004F e v
S FE SgaE8 Wmcm&&#«ncr%o w7
g~ & g8 EE% ee 53 8
X} z o9 ¢
L ¥
E58 =
e

RN
ueney

//gith
ub.com/mbostock/d3/wiki/Gallery

https


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

Co-occurrence matrix

Display graphs, netwaorks, relationships
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Sankey diagram

Display flow amongst entities
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Maps

Display a spatial variable

Kendrick Perkins James Harden

[New York Times]
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Expressiveness
A set of facts is expressible in a visual language if the

sentences (i.e. the visualizations) in the language
express all the facts in the set of data, and only the
facts in the data.

Effectiveness
A visualization Is more effective than another

visualization If the information conveyed by one
visualization is more readily perceived than the
iInformation in the other visualization.

[Mackinlay, APT, 1986]



£ Microsoft Excel - fischer.iris.2.xls

‘H) Fle Edt View Insert Format Tools Data Window Heb Typeaquestionforhelp « . @ X

& 1D ) N _
| __C PJ__' | Y N (NN PO (Y 1~
Species_Ng Species Organ] Width Length

1 1 I. Setosa Petal 2] 14

2 1 3 |. Verginica Petal 24 56

3 1 ! Versicolor  |Petal 13 45

4 1 . Setosa Sepal 3 50

5 1 4 | Verginica Sepal 3 67

6 1 3| Versicolor | Sepal 28 57

7 2 LSetosa  Peta | 2 10 |

8 2 { | Verginica Petal 23 51
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13 3 I. Setosa Petal 2 16

14 3 J | Verginica  JPetal 20 82|

15 3 3| Versicolor  JPetal 14 47

16 3 | Setosa Sepal | 31 48

17 3 3| Verginica  [Sepal 0 65

18 3 1| Versicolor | Sepal 2 70
(20| 19 4 I. Setosa Petal 1 14
21| 20 4 { | Verginica Petal . 19 51
2| 21 4 i versicolor fPeta | 12 a0
23| 22 El I. Setosa Sepal k) 49
(24| 23 4 J |. Verginica Sepal 27 58
25| 24 4 i Versicolor  fsepal | % s
(26| 25 5 | Setosa Petal ] 2 13
(27| 26 5 4 | Verginica Petal 17 45
28| 27 £ 11 Versicolor  [Petal 10 3
(29| 28 5 | Setosa  ISepal | 32 44
| 2 5 ]! Verginica Sepal | 25 43
31| 30 5 4| Versicolor [ Sepal 23 50
32| 31 3 . Setosa Petal 2 16 -
ORI E YA S R S— ] E— | sif

§

[Fisher, 1936]



Example 1: Cannot express the facts

A one-to-many (1->N) relation cannot be expressed in a single horizontal
dot plot because multiple tuples are mapped to the same position.

000000

0000000000000 0000000000000000000000000000000000002000000000000000 00 ¢

|
0 S

| i | | | | | | | | ! | | | |
10 IS 2 S X % « S 90 S 60 65 N 5 &0

n'c ”

el Oy R
[. Setosa
sepal o OO Ry
petal @ 0000000000000 00 00 O
[. Verginica
sepal o COODOOOOOD GO COOO OO O
Al ® ¢ $000N00NNNNNND 0 ¢
I. Verscolor s
sepal GO () MR O RO
| | | | | | | |
10 20 30 40 S0 60 70 80




Example 2: Express facts not in the data

A length is interpreted as a quantitative value;
Length of bar says something untrue about Nominal data
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Example 4: Effectiveness
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Petal Length

Sepal vs. Petal Length in Fisher's Iris data
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Example 3: Effectiveness
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Quantitative Ordinal Nominal

Position -———— Position - Position

Length Density Hue
Angle Saturation Texture
Slope Hue Connection
Area Texture Containment
Volume Connection Density
Density Containment Saturation
Saturation Length Shape
Hue Angle Length
Texture Slope Angle
Connection Area Slope
Containment Volume Area

Shape  =————  Shape Volume

[Mackinlay]



Tufte's Rules

[http://www.sealthreinhold.com/tuftes-rules/rule_three.php]
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Maximize Data-Ink Ratio

Data-Ink

Data-Ink Ratio =
Total Ink used
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Interaction



JOHNS HOPKINS

UNIVERSITY & MEDICINE

Tracking Home

CORONAVIRUS
RESOURCE CENTER

Data Visualizations

Home Topics ¥

Global Map U.S. Map

By Region

Data in Motion

Events & News

Tracking FAQ
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COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)
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https://coronavirus.jhu.edu/map.html
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Animation



Why Use Animation?

 Visual variable to encode data

Jirect attention
Understand system dynamics
Understand state transition (maintain context)

ncrease engagement



Teach

Expectation

The expectation of a random variable is a number that

attempts to capture the center of that random variable's 6
distribution. It can be interpreted as the long-run average of

many independent samples from the given distribution.

More precisely, it is defined as the probability-weighted sum

of all possible values in the random variable's support, 57

E[X] = Z xP(x)

x€X

Consider the probabilistic experiment of rolling a fair die
and watch as the running sample mean converges to the
expectation of 3.5.

Roll the Die
. Roll 100 times
Change the distribution of the different faces of the die (thus

making the die biased or "unfair") by adjusting the
bars below and observe how this changes the expectation.

Value

T T 1
50 100 150 200
Number of Rolls

[students.brown.edu/seeing-theory/, Daniel Kunin]



wind map

March 12, 2022
5:12 pm EST

(time of forecast download)

top speed: 50.5 mph
average: 14.4 mph
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http:/ Msestbcks.org/mike/miserables/ 2 i

L

Order:| by Cluster v

This matrix diakgram visualizes
character co-otcurrences in
Victor Hugo's Les Misérables.

Each colored cell represents
two characters that appeared in
the same chapter; darker cells
indicate characters that co-
occurred more frequently.

Use the drop-down menu to
reorder the matrix and explore
the data.

Built with d3.js.
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Courses

Arvind Satyanarayan
* http://vis.csail.mit.edu/classes/6.894/

Maneesh Agrawala
* http://vis.berkeley.edu/courses/cs294-10-fald/wiki/index.php/Main Page

Jeff Heer

« http://courses.cs.washington.edu/courses/cseb12/14wi/

John Stasko
* http://www.cc.gatech.edu/~stasko/7450/



http://vis.csail.mit.edu/classes/6.894/
http://vis.berkeley.edu/courses/cs294-10-fa14/wiki/index.php/Main_Page
http://courses.cs.washington.edu/courses/cse512/14wi/
http://www.cc.gatech.edu/~stasko/7450/

Tools

* Vega ecosystem
* https://vega.github.io/vega/
* https://vega.github.io/vega-lite/
e https://altair-viz.github.io/

* Tableau
e https://public.tableau.com/en-us/s/

« Einblick
e https://www.ginblick.ai/
« Fell free to ping me (ez@einblick.ai) with questions, feedback, etc.



https://vega.github.io/vega-lite/
https://vega.github.io/vega-lite/
https://altair-viz.github.io/
https://public.tableau.com/en-us/s/
https://www.einblick.ai/
mailto:ez@einblick.ai

Blogs & Websites

* https://www.reddit.com/r/dataisbeautiful/
e http://fivethirtyeight.com/
« http://flowingdata.com/

* http://www.informationisbeautiful.net/
« http://infosthetics.com/
* http://junkcharts.typepad.com/

* http://datavisualization.ch/

* http://eagereyes.org/

« http://blog.okcupid.com/

* https://twitter.com/nyteraphics



http://flowingdata.com/
http://flowingdata.com/
http://flowingdata.com/
http://www.informationisbeautiful.net/
http://infosthetics.com/
http://junkcharts.typepad.com/
http://datavisualization.ch/
http://eagereyes.org/
http://blog.okcupid.com/
https://twitter.com/nytgraphics

Articles & Others

* Tufte: The Visual Display of Quantitative Information
e http://www.edwardtufte.com/tufte/

e http://www.csc.ncsu.edu/faculty/healey/PP/index.html

* http://www.sealthreinhold.com/tuftes-rules/rule three.php

 Ted Talk: Beauty of Data Visualization
 https://www.youtube.com/watch?v=pLqgj055tz-U

 http://piksels.com/wp-content/uploads/2009/01/visualizingdata.pdf

* http://homes.cs.washington.edu/~jheer/files/zoo/

 http://www.targetprocess.com/articles/visual-encoding.html

* http://en.wikipedia.org/wiki/Misleading graph
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https://www.youtube.com/watch?v=pLqjQ55tz-U
http://piksels.com/wp-content/uploads/2009/01/visualizingdata.pdf
http://homes.cs.washington.edu/~jheer/files/zoo/
http://www.targetprocess.com/articles/visual-encoding.html
http://en.wikipedia.org/wiki/Misleading_graph

