Ve will start at 2:05 pm!

Thanks for coming early!



Yesteraay

Fundamental

1. Value of visualization
2. Design principles

3. Graphical perception



MORSE'S Gallery, 417 Montgomery St., San Francisco,

Copyright, 1878, by MUYBRIDGE.
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DIAGRAM or rue CAUSES or MORTALITY
APRIL 1854 ro MARCH 18535,

2.

APRIL 1855 ro MARCH 1856

IN THE ARMY IN THE EAST.

—

The Areas of the blue; red, & black wedges are eack measured. from

Y

the

s

diseases

e monitty.

I October 1854, & April 1855, the black area cotwdss wntly the red.,

v

or Melrgable Zymaolee

the cendre as the commeon. veriear.

Thhe blue wedges measured from the cenire of the arcle represent area
red wedges measured from the centre the dealhs from. wourids, & the
black wedges measured lrom the cenire the deaths from all other causes.

The black lne across the ved triarngle. in Nov? 1854 maris the bour

for area the deallis lrome
ol the deaibvs Trom all other causes
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1. Value of visualization
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3. Graphical perception



Graphical Integrity

TOP TAX RATE




pe, representing 18 makes per

": ‘()q..\' 15 o_.' (' ”\l( - ;‘.“.CY

1978 .\_ 9

Fuel Economy Standards for Autos
22 Set by Congress and suppiomenied by the Transportahon
&) ~---—-———--} 2 A FA0art ant. In mies per gulion

e, representng 27.5 miles per

n 19084, 15 5.3 inches long.



Maximize Data-Ink Ratio
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Useful chart junks®?

—

Employment costs™

for a steelworker
MONSTROUS COSTS per houfr;. t
Total House and Senate :‘i,:;anﬁgr?ths"s

campaign expenditures,
in millions

1982

AT

012 7

*includes benefits
Source: World Steel Dynamics
TIME Chart by Nigel Holmes




Problem with Pie Charts

A

20 —
19 =
10 —
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Problem with Rainbow Colormap

-
N

.3.00
I 39% — 7/1%
10.2 sec/region —> 5.6 sec/region Strecs (Pa)

M. Borkin et al 2011]



Problem with 3D Charts

—

zmg et
ji't:‘:' i
*;zf:—-— I‘

1% — 91%

Stress(Pa) O
5.6 sec/region —> 2.4 sec/region

N

M. Borkin et al 201 1]
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Signal Detection

A Which is brighter? B



Magnitude Estimation




Pre-attentive processing

How Many 3s?

1281 /7638756138976546984506935604932326 762
98098584582245098564589450934509380943585
909103020990569596957 725646750506 73904567
834573980982167 76543/06364908500912949686

3



Gestalt Principles

Connection lines

Color Similarity



Separabillity vs. Integrality

Position
+ Hue (Color)
° ®
@ o ®
0
® O
O

Size
+ Hue (Color)

Fully separable

What we perceive:

2 groups each

Width
+ Height

Some interference

2 groups each

Some/significant
interference

3 groups total:
iNntegral area

Major interference

4 groups total:
integral hue

[Tamara Munzner 14]
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loday

Practical

1. Data model and visual encoding
2. Exploratory data analysis
3. Storytelling with data

4. Advanced visualizations



Data Model & Visual Encoding

Nam Wook Kim

Mini-Courses — January @ GSAS
2018



(304

| earn how data
'S mapped to Image




Ihe Big Picture

Domain
goals, questions,
assumptions _ _
Processing algorithms
data transformation
Data
conceptual model e Image
data model marks & channels

Visual encoding

Analysis task mapping from data to image

identity, compare
summarize

[Slides from J. Heer]



lopics

o Data Models

* |mage Modaels

* Visual Encoding

* Formalizing Design



Data Models



Data Models/Conceptual Models

e Conceptual Models are mental constructions of the domain
Include semantics and support reasoning

e Data Models are formal descriptions of the data
Derives from a conceptual model.
Include dimensions & measures.

e Examples (data vs. conceptual)
Decimal number vs. temperature
L ongitude, latitude vs. geographic location



laxonomy of Datasets

1D (sets and sequences)

Temporal s
2D (maps) o . T

3D (shapes) e

nD (relational)

Trees (hierarchies) AXI\

— —

Networks (graphs)

Node
. " r tem
and combinations... ; 5 tem)

[Shneiderman 906]



Data (Measurement) Scales

N—Nominal

O—COrdinal

Q—Quantitative



Data Scales

N—Nominal (labels or categories)
Fruits: apples, oranges, ...



Data Scales

N—Nominal (labels or categories)
Fruits: apples, oranges, ...

O—0Ordinal
Rankings: 1st, 2nd, 3rd...



Data Scales

N—Nominal (labels or categories)
Fruits: apples, oranges, ...

O—0Ordinal
Rankings: 1st, 2nd, 3rd...

Q—Quantitative

Interval (location of zero arbitrary)

Dates: Jan, 19, 2006; Location: (LAT 33.98, LONG -118.45)
Only differences (i.e. intervals) are compared



Data Scales

N—Nominal (labels or categories)
Fruits: apples, oranges, ...

O—O0Ordinal
Rankings: 1st, 2nd, 3rd...

Q—Quantitative

Interval (location of zero arbitrary)
Dates: Jan, 19, 2006; Location: (LAT 33.98, LONG -118.45)
Only differences (i.e. intervals) are compared

Ratio (zero fixed)

Physical measurement: length, amounts, counts
Allow direct comparisons like twice as long




Data Scales

Operations

N—Nominal (labels or categories) =, #
Fruits: apples, oranges, ...



Data Scales

O—0Ordinal
Rankings: 1st, 2nd, 3rd...

:! i! <!>



Data Scales

Q—Quantitative = £, <, >, -
Interval (location of zero arbitrary) Can measure distances or spans



Data Scales

Q—Quantitative

Ratio (zero fixed) =, #, <, >, —, [ (%)
Can measure ratios or proportions



Example

Conceptual Model
Temperature (°C)

Data Model
32.5,54.0, -17.3, ...
Decimal numbers

Data Scales
Temperature Value (Q)
Burned vs. Not-Burned (N) — Derived
Hot, Warm, Cold (O) — Derived



Dimensions & Measures

Dimensions (~ independent variables)
Often discrete variables describing data (N, O)
Categories, dates, binned quantities

Measures (~ dependent variables)
Continuous values that can be aggregated (Q)
Numbers to be analyzeo
Aggregate as sum, count, average, std. dev...

Not a strict distinction. The same variable may be treated either
way depending on the task (e.q. Year: 2001, 2002 ...).



Fxample: U.S. Census Data



U.S. Census Data

Year: 1850 — 2000 (every decade)

Age: 0 - 90+

Varital Status: Single, Married, Divorced, ...
Sex: Male, Female

People Count:

of people In group

2,348 data points

A B C D E

1 year age marst Sex people
1574 1850 0 0 1 1483788
__§_q 1850 0 0 2 1450376
4 1850 5 0 1 1411067
_;é_d 1850 5 0 2 1359668
__Q_ﬂ 1850 10 0 1 1260099
__z_. 1850 10 0 2 1216114
__§_ﬂ 1850 15 0 1 1077133
= 1850 15 0 2 1110619
_19_ 1850 20 0 1 1017281
1k 1850 20 0 2 1003841
_;E;_ 1850 25 0 1 862547
1 = 1850 25 0 2 7898482
_;Eid 1850 30 0 1 730638
1 ] 1850 30 0 2 8638636
_1§_ 1850 35 0 1 588487
_12_ 1850 35 0 p 505012
18 1850 40 0 1 475911
_;gi_ 1850 aC 0 2 428185
20 1850 45 0 1 384211
_gl_ 1850 45 0 2 341254
|4 1850 50 0 1 321343
_Jgiﬂ 1850 50 0 2 286580
24 1850 55 0 1 184080
_j;iﬂ 1850 55 0 2 187208
_jgi_ 1850 &0 0 1 174876
L2 1850 60 0 2 162236
_jéiﬂ 1850 B85 0 1 106827
29 1850 B85 0 2 105534



U.S. Census Data

Year
AQe
Marital Status
Sex
People Count

Q-Interval (O)
Q-Ratio (O)
N

N

Q-Ratio

A B C D E

1 year age marst Sex people
1574 1850 0 0 1 1483788
__§_q 1850 0 0 2 1450376
4 1850 5 0 1 1411067
_;é_d 1850 5 0 2 1359668
__Q_ﬂ 1850 10 0 1 1260099
__z_. 1850 10 0 2 1216114
__§_ﬂ 1850 15 0 1 1077133
= 1850 15 0 2 1110619
_19_ 1850 20 0 1 1017281
1k 1850 20 0 2 1003841
_;E;_ 1850 25 0 1 862547
1 = 1850 25 0 2 7898482
_;Eid 1850 30 0 1 730638
1 ] 1850 30 0 2 8638636
_1§_ 1850 35 0 1 588487
_12_ 1850 35 0 p 505012
18 1850 40 0 1 475911
_;gi_ 1850 aC 0 2 428185
20 1850 45 0 1 384211
_gl_ 1850 45 0 2 341254
|4 1850 50 0 1 321343
_Jgiﬂ 1850 50 0 2 286580
24 1850 55 0 1 184080
_j;iﬂ 1850 55 0 2 187208
_jgi_ 1850 &0 0 1 174876
L2 1850 60 0 2 162236
_jéiﬂ 1850 B85 0 1 106827
29 1850 B85 0 2 105534



U.S. Census Data

Year
AQe
Marital Status
Sex
People Count

Depends!
Depends!
Dimension
Dimension
Measure

A B C D E

1 year age marst Sex people
1574 1850 0 0 1 1483788
_ji_ 1850 0 0 2 1450376
4 1850 5 0 1 1411067
_;i_ 1850 5 0 2 1359668
_gLﬁ 1850 10 0 1 1260099
__Z_d 1850 10 0 2 1216114
__§_ﬂ 1850 15 0 1 1077133
= 1850 15 0 2 1110619
10 1850 20 0 1 1017281
1k 1850 20 0 2 1003841
_;E;_ 1850 25 0 1 862547
_;Eiﬂ 1850 25 0 2 7898482
_;yi_ 1850 30 0 1 730638
_1§_ 1850 30 0 2 8638636
_lQ_ 1850 35 0 1 588487
_12_ 1850 35 0 p 505012
1k 1850 40 0 1 475811
_;gz_ 1850 aC 0 2 428185
20 1850 45 0 1 384211
_!;L_ 1850 45 0 2 341254
_Jg%ﬂ 1850 50 0 1 321343
23 1850 50 0 2 286580
_Jgi_ 1850 55 0 1 184080
_j;i, 1850 55 0 2 187208
_jgi‘ 1850 &0 0 1 174876
L2 1850 60 0 2 162236
_jgi, 1850 B85 0 1 106827
29 1850 B85 0 2 105534



Image Models



Visual Language Is a Sign System

Images perceived as a set of signs
Sender encodes information in signs
Recelver decodes information from signs

Semiology of Graphics, 1967

“Jdefues B_eftiri
" “Cartographer
[1918-2010]




Image Models

Marks
Basic graphical elements in an image
Represent information

Position § "

Size

Value

Channels (visual variables) e=—»
Control the appearance of marks '
Encode information

Texture

Orientation

i

i

:

Color i
il

i




Coding Information in Position

1. A, B, C are distinguishable
2. B is between A and C.
3. BC is twice as long as AB.

~. Encode quantitative variables (Q)

"Resemblance, order and proportional are the three signfields
N grapnics.” — Bertin



Coding Information in Color and Value

Value (lightness) Is perceived as ordered

~. Encode ordinal variables (O) [better] _ B -:D
N

. Encode continuous variables (Q)

Hue IS normally percelved as unorderea

-. Encode nominal variables (N) HE EEEERT



Bertin’s Levels of Organization

Position N O Q Nomina

Size N O Q Ordinal

Value N O Q Quantitative
Texture N o Note: @ c O cN
Color N

Orientation | N

Shape N



MVackinlay’'s Ranking

EXpanded Bertin's variables and conjectured effectiveness of encodings
oy data type.

Quantitative Ordinal Nominal

Position -—-—-—-———  PpPosition - Position

Length Density Hue
Angle Saturation Texture
Slope Hue Connection
Area Texture Containment
Volume Al 0‘ Connection Density
Density ““‘Q Containment Saturation S sl
Saturation “Qo Length Shape ,(& a3} Seffware’
Hue Angle Length e B
Texture Slope Angle
Connection Area Slope
Containment Volume Area

Shape  =———  Shape Volume [Mackinlay 86]



—ffectiveness Rankings

QUANTITATIVE ORDINAL NOMINAL
Position Position — o Position
_ength Density (Value) Color Hue
Angle Color Sat Texture
Slope Color Hue > Connection
Area (Size) exture “ Containment
Volume “‘ Connection Density (Value)
Density (Value) "‘ Containment Color Sat
Color Sat 9, Lengtr - Shape

Color Hue @, Angle - Length
Texture Slope - ~ Angle
Connection Area (Size) o~ ~e Slope
Containment Volume ~e Area

Shape ——— e Shape ~® \/olume

[Mackinlay 86]



—ffectiveness Rankings

QUANTITATIVE

Position
Length
Angle

Slope

Area (Size)
Volume
Density (Value)
Color Sat
Color Hue
Texture
Connection
Containment
Shape

ORDINAL

Position

e
Co
Co

Co
Co

nsity (Value)
or Sat

ext

h

n

tal

or Hue
Jre
nection

nment

Length

Angle
Slope

Area (Size)
Volume
Shape

NOMINAL

o———— o Position

Color Hue
Texture

Co
Co
De
Co

Ntainme
nsity (Va

or Sat

Shape
Length

Angle
Slope

Area

\ol

ume

NNection

Nt

ue)

[Mackinlay 86]



—ffectiveness Rankings

QUANTITATIVE

Position
_ength
Angle

Slope

Area (Size)
Volume
Density (Value)
Color Sat
Color Hue
Texture
Connection
Containment
Shape

ORDINAL

Position

Density (Value)
Color Sat /
Color Hue

exture
Connection
Containment
Length
Angle
Slope
Area (Size)
Volume
Shape

NOMINAL

Position

Color Hue

Texture

Connection

Containment
Density (Value)

Color Sat
Shape
Length

A
S

ngle

ope

Area
Volume

[Mackinlay 86]



Gene Expression Time-Series Meyeretal 1]

Color Encoding

sl

SZ2

S3

sS4

S5

g4

Position Encoding

g8

glé

gl/

gls8

glo

op



=xample: Deconstructions
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Watten berg ,S QCLCCIEROERR | DJI4 1125284 +60 21 +0 54%  Nasdaq 4070.59 +27 91 +0 69% 533 pm Aug. 28
Map of the Market i
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Rectangle Area:
market cap (Q)

Rectangle Position;

market sector (N),
market cap (Q)

Color Hue:
loss vs. gain (N)

Color Value:
magnitude of loss or

m DJIA 11252.84 +60 21 +0.54%— Nasdaq 4070.59 +27 91 +0 63°
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Minard 1869: Napoleon's March
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Y-axis: | | |
latitude (Q) Viinard 1869: Napoleon's March
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-xample: Encoding Data



Example: Coffee Sales

Sales figures for a fictional coffee chain

Sales Q-Ratio
Profit Q-Ratio
Marketing Q-Ratio
Product Type N {Coffee, Espresso, Herbal Tea, Tea}

Market N {Central, East, South, \West]
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Are you satisfied with this chart”



Profit

Avold over-encoding

Use trellis plots (small multiples/facets) that subdivide space to
enaple comparison across multiple plots.

Market
Central East South West
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5 of . ~dﬂ'

. g : .

(S500) - &

S0 $200 3400 S600 $800 SO $200 3400 S600 $800 SO $200 3400 S600 S$800 SO S200 3400 S600 S800
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-ormalizing Design



Choosing visual encodings

Assume K visual channels and n data attributes. VWe would
ike to pick the “best” encoding among a combinatorial set
of possibilities of size (N+1)k



Choosing visual encodings

Principle of Consistency
The properties of the image (visual variables) should match the
poroperties of the data.

Principle of Importance Ordering
Encode the most important information in the most effective way.



Design Criteria mackiniay 86

EXxpressiveness

Effectiveness



Design Criteria

EXxpressiveness

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

[Mackinlay 80]



Design Criteria Translateo

Tell the truth and nothing but the truth
(don’t lie, and don’t lie by omission)



Can not express the facts

A multivariate relation may be inexpressive in a single
horizontal dot plot because multiple records are mapped to

the same position.

00000000000000000000000000000000000000000000000000000000000000000000000000

Single horizontal dot plot




Can not express the facts

A multivariate relation may be inexpressive in a single
horizontal dot plot because multiple records are mapped to
the same position.
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—Xpresses facts not in the data

Car

Accord
AMC Pacer
Audi 5000
BMW 2320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville

Le Car
Linc Cont
Horizon
Mustang
Peugeot
Saab 200
Subaru
Volvo 260
VW Dasher

USA Japan Germany France Sweden  Nation
Car nationality for 1979

apt

Fig. 11. Incorrect use of a bar chart for the Nation relation. The
lengths of the bars suggest an ordering on the vertical axis, as if the
USA cars were longer or better than the other cars, which is not true
for the Nation relation.

A length Is interpreteo
as a quantitative value.



Design Criteria

EXxpressiveness

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

[Mackinlay 80]



Design Criteria

EXxpressiveness

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 I1s more effective than another visualization If
the iInformation conveyed by one visualization is more readily
oercelved than the information in the other visualization.

[Mackinlay 80]



Design Criteria Translateo

Tell the truth and nothing but the truth
(don’t lie, and don’t lie by omission)

Use encodings that people decode better
(Where better = faster and/or more accurate)



Mackinlay’s Design Algorithm
APT - “A Presentation lool”, 1986

User formally specifies data model and type
INput: ordered list of data variables to show

AP 1 searches over design space
lest expressiveness of each visual encoding
Generate encodings that pass test
Rank by perceptual effectiveness criteria

Output the “most effective” visualization



AP |

Automatically generate chart
for Input variables:

1. Price
2. Mileage
3. Repair
4. Welght -y ar Sl
J Carpriesor 1570 [T T E o
Repair record for 1977 Repair
Car weight for 1979
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wn @ @@
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lake away: Visual Encoding Design

Use expressive and effective encodings
Avold over-encoding

Reduce the problem space

Use space and small multiples intelligently
Use interaction to generate relevant views

Rarely does a single visualization answer all questions.

Instead, the aollity to generate appropriate visualizations
quicKly iIs critical!



Next

=Xploratory Data Analysis

Data Ansiytizs * Pages

Gf“, hib el s sl

Dimenyions ws g -
Filters
=ras 20 il
o ETplyer Mame
A Job Tille
2a- SeeNeoro
! Mak:
w5 RAl- Y
S Iwe 0 Anoean: -
D o o @
2 o el S ke
A Morayn danes
- Q
vl kulyp

+: I

Mensures

| Pravailing Wam
& Lalnuwd's (generarea)
& Langituog asreralsd)
o Naeaer af P

| Messurw Valuac

Tableau

iii Ccluras

Lengituca (paneratas)

= Pows | il (grneratod)

Pertizions oer ¢ ty/state

o3

Cznada

Mexlco

¥ UPANMYILY W e

i
o~
¢
J
— S
- )
'
- )
< . 1
-—'-\vl ’.- -
“
AN 3
0, T
1 4
R 74 unknown

SUMCNL T 2er of Recoe..
. L
() “oan
[ ) &coo
(] hean
(e
SUMCNL T 281 of REC0”..
|
1 3,777

H-1B petitions filed in each state



10 Mmin pbreak

Download lableau & H-1B petition data



