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This Week

Thursday: Task Abstraction, Validation

Homework 1 due on Friday!

Any more problems with private GitHub repositories?
Later today: Introduction to HW 2

Reading: D3, Chapter 12; VAD, Chapters 3&4



Next Week

Lecture 7: Homework 2 Design Studio

Lecture 8: Interaction
Guest Lecture, Jean-Daniel Fekete (INRIA)

Sections: D3 & JS: Data Structures, Layouts



No Device Policy

No Computers, Tablets, Phones in lecture hall

except when used for exercises
Switch off, mute, flight mode
Why?
It’s better to take notes by hand
Notifications are designed to grab your attention
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Terms

- Tables > Networks - Fields (Continuous ) 2> Geometry (Spatial)
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@ Data Types
> [tems = Attributes = Links - Positions > Grids

combinations make up Dataset Types



Attributes

Ta b I e S Keys Values

Name Age Shlrt Size Favorite Fruit
1 Amy Apple
Basil Pear
Flat Table

ltem I-II

_ Desmond Elderberry
one |tem per rTOw Ernest Peach
. . Fanny Lychee
each column is attribute George Orange
Hector Loquat
unique (implicit) key Ida Pear

Amy Orange

no duplicates

Multidimensional Table

iIndexing based on multiple keys



Multidimensional Tables

Keys: Genes
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DESCRIPTION TCGA-02-0001-01C-01R-0177-01 TCGA-02-0003-01A-01R-0177-01 TCGA-02-0004-01A-01R-0298-01 TKeyS Pat|ents
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-1.265728057
2.662411805
-3.082217838
-1.739664398
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Graphs/Networks

A graph G(V,E) consists of a set of ) o:o Z /
vertices (nodes) V and a set of edges T N

Diagrammatic Example

(links) E connecting these vertices.

A tree IS a graph with no cycles




Fields

Attribute values associated with cells
Cell contains data from continuous domain

Temperature, pressure, wind velocity % <o
Measured or simulated " 4G
Sampling & Interpolation il e o e

Signal processing & stats s '



http://earthobservatory.nasa.gov/Features/GISSTemperature//giss_temperature3.php

Other Collections

Rank

Sets

Unique items, unordered

Lists

Ordered, duplicates allowed

Clusters

Groups of similar items
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Data lypes

Categorical/Nominal (labels)
Operations: =, #
Ordinal (ordered)
Operations: =, #, >, <
Interval (location of zero arbitrary)
Operations: =, #, >, <, +, — (distance)
Ratio (zero fixed)
Operations: =, #, >, <, +, —, %, = (proportions)

On the theory of scales and measurements [S. Stevens, 46]
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1 Order ID Order Date Order Priori Product Container Product Base Margin Ship Date
e 3 10/14/06 5-Low Large Box 0.8 10/21/06
e 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
4 | 32 7/16/07 2-High Small Pack 0.79 7/17/07
B¢ 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 32 7/16/07 2-High Medium Box 0.6 7/18/07
o 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 | ! 07 4-Not Specifiec Wrap Bag 0/24/C
9 | 35 10/23/07 4-Not Specified Small Box 10/25/07
10 36 11/3/07 1-Urgent Small Box | /EI t/ 11/3/07
11| 65 3/18/07 1-Urgent Small Pack tem/Elemen 3/19/07
12 | 66 1/20/05 5-Low Wrap Bag 1/720/05
13 69 6/4/05 4-Not Specified Small Pack (Independent) ¢/
14 69 6/4/05 4-Not Specified Wrap Bag : 6/6/05
1s_§ 70 12/18/06 5-Low Small Box Variable 12/23/06
16 70 12/18/06 5-Low Wrap Bag 12/23/06
5 s 96 4/17/05 2-High Small Box V.o 4/19/05
18 97 1/29/06 3-Medium Small Box 0.38 1/30/06
19| 129 11/19/08 5-Low Small Box 0.37 11/28/08
20 | 130 5/8/08 2-High Small Box 0.37 5/9/08
21 130 5/8/08 2-High Medium Box 0.38 5/10/08
22 | 130 5/8/08 2-High Small Box 0.6 5/11/08
23 | 132 6/11/06 3-Medium Medium Box 0.6 6/12/06
24 | 132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
25 | 134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
26 135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
27 | 166 9/12/07 2-High Small Box 0.55 9/14/07
28 ] 193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
29 | 194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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26
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6
32
32
32
32
35
35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
135
166
193
194

10/14/06 5-Low
2/21/08 4-Not Specified
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High

10/23/07 4-Not Specified

10/23/07 4-Not Specified
11/3/07 1-Urgent
3/18/07 1-Urgent
1/20/05 5-Low

6/4/05 4-Not Specified
6/4/05 4-Not Specified

12/18/06 5-Low

12/18/06 5-Low
4/17/05 2-High
1/29/06 3-Medium

11/19/08 5-Low

5/8/08 2-High

5/8/08 2-High

5/8/08 2-High
6/11/06 3-Medium
6/11/06 3-Medium

5/1/08 4-Not Specified

10/21/07 4-Not Specified
9/12/07 2-High

8/8/06 1-Urgent
4/5/08 3-Medium

Large Box
Small Pack
Small Pack
Jumbo Box
Medium Box
Medium Box
Wrap Bag
Small Box
Small Box
Small Pack
Wrap Bag
Small Pack
Wrap Bag
Small Box
Wrap Bag
Small Box
Small Box
Small Box
Small Box
Medium Box
Small Box
Medium Box
Jumbo Box
Large Box
Small Pack
Small Box
Medium Box
Wrap Bag

0.42

T ; U
ontainer Product Base Margin Ship Date

0.8 10721706

- 2/22/08

Attribute/ 7/17/07

. . 7/17/07

Dlmen5|on/ 7/18/07

7/18/07

(Dependent) /24707

: 10/25/07

Variable/ Al

Feature 3/19/07

i 1/20/05

0.44 6/6/05

0.6 6/6/05

0.59 12/23/06

0.82 12/23/06

0.55 4/19/05

0.38 1/30/06

0.37 11/28/08

0.37 5/9/08

0.38 5/10/08

0.6 5/11/08

0.6 6/12/06

0.69 6/14/06

0.82 5/3/08

0.64 10/23/07

0.55 9/14/07

0.57 8/10/06

4/7/08
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Order ID Order Date  Order Priority  Product Container Product Base Margin Ship Date
0/14/06 5-Low arge Box : J ofs
6 2/21/08 4-Not Specified Small Pack - 5 2/22/08
32 7/16/07 2-High Small Pack Semantlcs ) 7/17/07
32 7/16/07 2-High Jumbo Box 0.72 7/17/07
32 7/16/07 2-High Medium Box 0.6 7/18/07
32 7/16/07 2-High Medium Box 0.65 7/18/07
35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/720/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
130 5/8/08 2-High Small Box 0.6 5/11/08
132 6/11/06 3-Medium Medium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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A 3 10/14/06 5-Low Large Box 0.8 10/21/06
e 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
& 32 7/16/07 2-High Small Pack 0.79 7/17/07
B 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 32 7/16/07 2-High Medium Box 06 7/18/07
T 32 7/16/07 2-High Medium Box K ? 7/18/07
8 35 10/23/07 4-Not Specified Wrap Bag €ys: 10/24/07
i I 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
_______ 129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
_________ 130 5/8/08 2-High Small Box 0.6 5/11/08
132 6/11/06 3-Medium Medium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
S 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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1 Order ID Order Date Order Priority Product Container Product Base Margin Ship Date
o S 3 10/14/06 5-Low Large Box 0.8 10/21/06
3 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
4 | 32 7/16/07 2-High Small Pack 0.79 7/17/07
a8 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 S 7/16/07 2-High Medium Box 0.6 7/18/07
T 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 | 35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
9 | 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
10 36 11/3/07 1-Urgent Small Box 0.55 11/3/07
11 65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
12 66 1/20/05 S5-Low Wrap Bag 0.56 1/20/05
13 | 69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
14 69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
15 | 70 12/18/06 5-Low Small Box 0.59 12/23/06
16 | 70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
T 96 4/17/05 2-High Small Box 0.55 4/19/05
18 97 1/29/06 3-Medium Small Box 0.38 1/30/06
19 | 129 11/19/08 5-Low Small Box 0.37 11/28/08
20 130 5/8/08 2-High Small Box 0.37 5/9/08
21 | 130 5/8/08 2-High Medium Box 0.38 5/10/08
22 | 130 5/8/08 2-High Small Box . 5/11/08
23| 132 6/11/06 3-Medium Medium Box Attribute 6/12/06
24 | 132 6/11/06 3-Medium Jumbo Box 6/14/06
25 134 5/1/08 4-Not Specified Large Box T)’PGS’ 5/3/08
26 | 135 10/21/07 4-Not Specified Small Pack V.o 10/23/07
27 | 166 9/12/07 2-High Small Box 0.55 9/14/07
28 | 193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
29 194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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-1 |Order ID Order Date  Order Priority Product Container Product Base Magm Ship Date |
B 4G 3 10/14/06 5-Low 'Large Box 10/21/06
b S 6 2/21/08 4-Not Specified Small Pack O.SS 2/22/08
4 32 7/16/07 2-High Small Pack 0.79 7/17/07
8 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 | 32 7/16/07 2-High Medium Box 0.6 7/18/07
i s 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
9 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
10 | 36 11/3/07 1-Urgent Small Box 0.55 11/3/07
AL 65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
& g 66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
e 69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
14 69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
15 | 70 12/18/06 5-Low Small Box 0.59 12/23/06
16 70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
17 | 96 4/17/05 2-High Small Box 0.55 4/19/05
18 | 97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 S-Low Small Box 0.37 11/28/08
20 130 5/8/08 2-High Small Box 0.37 5/9/08
21 130 5/8/08 2-High Medium Box 0.38 5/10/08
7 130 5/8/08 2-High Small Box 0.6 5/11/08
23 | 132 6/11/06 3-Medium Medium Box )
24| 132 6/11/06 3-Medium Jumbo Box Categorlcal
25 | 134 5/1/08 4-Not Specified Large Box
26 135 10/21/07 4-Not Specified Small Pack i
i 166 9/12/07 2-High Small Box Ordlnal
28 | 193 8/8/06 1-Urgent Medium Box
29

194 4/5/08 3-Medium Wrap Bag Q Uantitative
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Design Critique



Recalled Cars NY Times

Some vehicles have been recalled more than once, but,
measured as a share of what's on the road today, it's the

equivalent of one vehicle recalled for every five. o
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http://go0.gl/82tE6DL


http://www.nytimes.com/interactive/2014/12/30/business/a-record-year-for-auto-recalls.html?_r=0
http://goo.gl/82tE6b

The Uisualization
Alphabet: Marks and
Channels



How can | visually represent two numbers, e.q.,

4 and 8




Marks & Channels

Marks: represent items or links
Channels: change appearance based on attribute
Channel = Visual Variable




Example: Homework 2



http://bl.ocks.org/romsson/raw/8969480/

Marks for Items

Basic geometric elements

(® Points (® Lines (® Areas
® .O e ¢ O / /-/\/\ @
0D | D 2D

3D mark: Volume, but rarely used



Marks for Links

® Containment ® Connection



http://bl.ocks.org/mbostock/4062045
http://www.apple.com

Containment
can be nested

Christoph
oo
Daniel
Alexander

Samantha|

William

[Riche & Dwyer, 2010]




Channels (aka Visual Variables)

(® Position ® Color
COntrOI appearance 2> Horizontal = Vertical 2> Both

proportional to or — : -] / / /

based on attributes

® Tilt
A ¥ / I |/
(® Size
2> Length 2> Area 2> Volume

-——— o O]/ ] S T



Jacques Bertin

French cartographer
11918-2010]

Semiology of Graphics [1967]

Theoretical principles for visual
encodings




Bertin’s Visual Variables

Marks: Points Lines Areas

LES VARIABLES DE L'IMAGE
POINTS LIGNES ZONES

)Q(YDIMENS|ONS ; "5-:’;'?-. | ,v
Position .
S| 7e TAILLE
(Grey)Value | v

Texture oA

COlOr COULEUR

O rie ntatiO N ORIENTATION . 7 i_
Shape —rom =

Semiology of Graphics [J. Bertin, 67]



Using Marks and Channels

Mark: Line Mark: Point Adding Hue Adding Size

Channel: Length/Position Channel: Position +1 categorical attr. +1 quantitative attr.

1 quantitative attribute 2 quantitative attr.

1 categorical attribute



Redundant encoding

Length, Position and Value




Good bar chart?

‘: g

7975 SEASONALS _N'OWFALL

Entire Season Average 43. 1

Season to Date 76 5

-
Q

<% " - -
. \ f~‘ .
y ¥

m‘t v\
AFTER SR

Rule: Use channel proportional to data!



Types of Channels

Magnitude Channels
How much?

Position

Length

Saturation ...

Ordinal & Quantitative Data

ldentity Channels
What”? Where?
Shape

Color (hue)

Spatial region ...

Categorical Data



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
Position on common scale e '_: 7 Spatial region - . .
=
Position on unaligned scale ' ', e Color hue HEBE
. o - 9
Length (1D size) Motion o ® G
Tilt/angle Shape + O B A
Area (2D size) 4
g
Depth (3D position) —e | >0 g
Color luminance )
S
A
Color saturation
Curvature ) ) ) )
| -
Volume (3D size . 7 -
ume ( ize) v N N ) -




Across U.S. Companies, Tax Rates Vary Greatly

What visual variables are used?

Last week, in a Congressional hearing, Apple got grilled for its low-tax strategy. But not every business can copy that
approach. Here is a look at what S.&P. 500 companies paid in corporate income taxes — federal, state, local and
foreign — from 2007 to 2012, according to S&P Capital IQ. Related Article »

The Overall Picture

Effective tax rate 0% 1({%

2007-12 |

@)

S.8P.500 R
companies

°0"°

About one of every seven
companies had an
effective tax rate lower
than 10 percent, including
Amazon at 6 percent and
Verizon at 9 percent.
Nine companies paid no
taxes at all.

CHART KEY

The View by Industry

Each circle represents a
company, sized by its
market capitalization. The
largest is Apple, at more
than $400 billion, with an
effective tax rate of 14

percent.

Color shows effective rate * |

10 20 30

Find a company or industry...

39°A 49%

OVERALL
29.1%

Combining earnings and
taxes for all S.&P. 500
companies gives an
effective tax rate of 29.1
percent. But rates vary
widely by industry.

Show Industries

| (—
40 50%

5({%

Three big energy firms
paid the most taxes in
absolute terms: Exxon
$146 billion; Chevron $85
billion; and
ConocoPhillips $58
billion.

= 60% N.A.

3%

i3

38
O\ _2©
o

Effective tax rates cannot
be computed for several
dozen companies
because they lost money
over the six-year period.
For example, A.LG. lost
$83 billion while paying
$8 billion in taxes. These
companies are still
included in overall tax rate
calculations.

Size shows market capitalization +$1B ©$10B () $50B O $100B

http://www.nytimes.com/interactive/2013/05/25/sunday-review/corporate-taxes.html



http://www.nytimes.com/interactive/2013/05/25/sunday-review/corporate-taxes.html
http://www.nytimes.com/interactive/2013/05/25/sunday-review/corporate-taxes.html

Che New Jork Times

Some vehicles have been recalled more than once, but,
measured as a share of what's on the road today, it's the
equivalent of one vehicle recalled for every five.

What are the major recalls of 2014? )

#» Share

What visual variables are used?

== )

-)

-)

-)

B )



Characteristics of Channels

Selective &
Is a mark distinct from other marks?
Can we make out the difference between two
marks? .
- - o
Associative =

Does it support grouping?
Quantitative (Magnitude vs Identity Channels)
Can we quantify the difference between two marks? I



Characteristics of Channels

Order (Magnitude vs ldentity) I I I

Can we see a change in order?

Length

How many uniqgue marks can we make?



Position

Strongest visual variable .

Suitable for all data types
Selective: yes

Problems:
Sometimes not available Associative: yes
(spatial data) Quantitative: yes
Cluttering

Order: yes
Length: fairly big



Example: Scatterplot

Women's
median weekly
earnings

OCCUPATIONS: Show all

® Entertainment, education and law

® Science, computers and health care
@® Management, business and financial
® Production and transportation

® Service, sales and office

Roll over
dots for
information

Men's median weekly earnings

y C
N
)\
O\ g
0,
- |‘
\\\-
. \ " a !
“\4
.‘L\
\‘.“'
“ \ \ )
\1\‘ )


http://www.nytimes.com/interactive/2009/03/01/business/20090301_WageGap.html
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Length & Size

Good for 1D, OK for 2D, Bad for 3D
Easy to see whether one is bigger

Aligned bars use position redundantly
For 1D length:
Selective: yes
Associative: yes
Quantitative: yes
Order: yes
Length: high



Example 2D Size: Bubbles

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

All Spending Types of Spending Changes Department Totals

Largest Increases

How $3.7 Trillion Is Spent

Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.

$100 billion

L ' $10 billion
$1 billion

Color shows amount of cut or
increase from 2012.

[ B
-25% 5% 0 +5% +25%

Largest Cuts



http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html

Value/Luminance/Saturation

OK for quantitative data when length & size are used.
Not very many shades recognizable

Selective: yes

Associative: yes

Quantitative: somewhat (with problems)
Order: yes

Length: limited




Example: Diverging Value-Scale

PI‘eSident Map SHARE E-MAIL

BigBoard Map Electoral Explorer Obama: Victory Speech  McCain: Concession Speech  Exit Polls

~ Obama McCain
Electoral Votes Electoral Votes
Projected Winner

(O win

N
-
Q
Q
(&)

State winners “Q
County bubbles
County leaders

Voling shifts

Year

98 04 00 96 ‘92

Map key

Democral Republican


http://elections.nytimes.com/2008/results/president/map.html

Color <M <

Good for qualitative data (identity channel)  Selective:yes

Associative: yes

Limited number of classes/length (~7-101) Ouantitative: ng

Does not work for quantitative data! Order: no
Lots of pitfalls! Be careful! Length: limited
My rule:

minimize color use for encoding data
use for brushing | -



Color: Bad Example

Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
" |0.0-000 B 05-059 B 10-1.09
b 01-019 [ 06-069 N 1.1-1.19
B 0.2-020 N 0.7-0.70 [ 12-1.29

B 0.3-039 0.8 - 0.89
B os-049| |09-099

FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous US. for the Period
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Caleulations of ET/P were made first at the

S00-m resolution of the PRISM climate data. The mean values for the counties (zhown ) were then calculated by averaging the S300-m values
within each county. Arcas with fractions >1 are agricultural counties that either import surface water or mme deep groundwater. Cliff Mass


http://cliffmass.blogspot.com/

Color: Good Example

Why Peyton Manning's Record Will Pare -
Be Hard to Beat rerare)

By GREGOR AISCH and KEVIN QUEALY OCT. 19, 2014

Dan Marino

, 400
The Broncos quarterback set the all-time N.F.L.
touchdown passing record — and is still going strong. _ Drew Brees
Tom Brady
Fran Tarkenton
300 touchdown
passes Johnny Unitas
/,J
Dan Fouts
Y.A. Tittl
e « John Hadl Drew Bledsoe ey Manning
200 / Tony Romo
/ » Aaron Rodgers

-+ Sammy Baugh /

100
Benny Friedman
.f/_.
ZZ

» Jay Cutler

» Joe Flacco
» Matthew Stafford

~ Andrew Luck
/" Russell Wilson

» Robert Griffin

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010


http://www.nytimes.com/interactive/2014/10/19/upshot/peyton-manning-breaks-touchdown-passing-record.html?abt=0002&abg=1&smid=tw-upshotnyt

Shape

Great to recognize many classes.
NO grouping, ordering.

Selective: yes

Associative: limited

Quantitative: no

Order: no

Length: vast
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http://www.drivemex.com/europe-road-signs/

Chernoff Faces

ldea: use facial parameters to map quantitative data

QOO LQODDDD e
OOOOODDOLO®
OOOOOODOLDDE
@®®®@.@®@@®

Critique: https://eager org/criticism/chernoff-fac



https://eagereyes.org/criticism/chernoff-faces

More Channels




Why are quantitative channels different?

Steven’s Psychophysical Power Law: S= M

SR
@ —
(v S
’ s /g S
Y > QN .
. = /¢ G S = sensation
e L . .
= | = Intensity
A ol
qc) 3 P{(ea 61\
N 0O
8 oev
> 2 (05)
.g B(\g‘“mes
O
Q]

Physical Intensity



Steven’s Power Law, 1961
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Electric Shack Heaviness Taste
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From Wilkinson 99, based on Stevens 61



http://graphics.stanford.edu/papers/polaris/

How much longer?




How much longer?

4x



How much steeper?



How much larger (area)?

5Xx



How much larger (area)?

. 3X




How much larger (diameter)?

2 & -
A B




How much darker?




Position, Lengt

The eyeballing game

Adjust to make a parallelogram

Accurate to 5.0 units

h & Angle

Next

Your inaccuracy by category:
Parallelogram

Midpoint

Bisect angle

Triangle center

Circle center
Right angle
Convergence

B0 = =

Average error: 5.00 (lower is better)
Time taken: 3.3

Best of last 500 score and time: (more)

1.32
1.36
1.39
1.46
1.50
1.55
1.57
1.65
1.70
1.75

250 s
81s
110 s
93 s
95 s
114 s
113 s
85s
71s
89 s

Harabubakken sparkakar ki
+ rides saddle horn
have both-can f myself+
+ is one Kinky dude

no NT...sample my taco? +

+ "come on funny feeling"
JSA
JSA

Best on this computer score and time:


http://woodgears.ca/eyeball/index.html

Other Factors Affecting Accuracy

Alignment

Distractors

Distance
Common scale Unfames Jomed

MBIy |



Cleveland / McGill, 1984

TYPE 1 TYPE 2 TYPE 4 TYPES

100 1@1 100

TYPE 3
1w] 100
0 0- 0 M 0 0
B A B

A B A A B A B

Figure 4. Graphs from position—length experiment.

40
®
h
c
E
0
Q A B C D E

Figure 3. Graphs from position—angle experiment. William S. Cleveland; Robert McGill ,
“Graphical Perception: Theory,
Experimentation, and Application to
the Development of Graphical
Methods.” 1984



Heer & Bostock, 2010
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http://vis.stanford.edu/papers/crowdsourcing-graphical-perception

Positions -

Angles -

Circular
areas

Rectangular

areas
(aligned orin a
treemap)

il

Cleveland & McGill’'s Results

T1
- .
= = . Lﬂ]ﬂ]. T3 —e—
OF ——
LI]]H]. T3 g |
| | | | |
1.0 1.5 2.0 2.5 3.0
u_ T4 Log Error
— Crowdsourced Results
T5 s ™ | !
= ﬁg T2 '
@ T6 Lﬂ]”]. T3 O :
;E T4 | @ |
@) 17 ;E TS | o :
@ T6 —eo—i
= T8 % 17 L
= T8 : O
19
T9 | o
| | | | |
1.0 1.5 2.0 2.5 3.0

Log Error



Jock Mackinlay, 1986

Quantitative Ordinal
Position Position
O) Length Density
g Angle Saturation
% Slope Hue
Gi Area A\ Texture
O Volume ‘Q’O‘ Connection
O Density AX¢ Q‘Q Containment
a Saturation "“0' Length
Hue / Angle
Texture Slope
Connection Area
Containment Volume
Shape Shape

Nominal

Position

Hue
Texture

Connection
Containment

Density

Saturation

Shape
Length
Angle
Slope
Area
Volume

[Mackinlay, Automating the Design of Graphical Presentations of Relational Information, 1986]



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
Position on common scale e '_: 7 Spatial region - . .
=
Position on unaligned scale ' ', e Color hue HEBE
. o - 9
Length (1D size) Motion o ® G
Tilt/angle Shape + O B A
Area (2D size) 4
g
Depth (3D position) —e | >0 g
Color luminance )
S
A
Color saturation
Curvature ) ) ) )
| -
Volume (3D size . 7 -
ume ( ize) v N N ) -




Position
+ Hue (Color)

Size
+ Hue (Color)

Fully separable

Separability of Attributes

Can we combine multiple visual variables?

Width
+ Height

Some interference

Some/significant
interference

T. Munzner,

Major interference

Visualization Analysis and Design, 2014



