Computer Graphics II

IMarks & Channels

Khairi Reda | redak@uic.edu
UIC CS


mailto:redak@uic.edu

D3 exercises

go.uic.edu/d3

Web server instructions
go.uic.edu/webserver

Running Python web server

[ redak khairis-mbp Desktop ] cd webserver
[ redak khairis-mbp webserver ] ls

cat.jpg
[ redak khairis-mbp webserver ] python3 -m http.server



https://go.uic.edu/webserver




Last weeks...



Cones, Rods, Color vision

445 nm 535 nm 575 nm

(arbitrary units)

Absorption
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HyperPhysics, Georgia State University

Wandell, “Foundations of Vision”
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Simultaneous contrast




POPOUT




Last week...

Our visual system sees differences, not absolute
values

We can easily see objects that are different in
color and shape, or that are in motion (popouts)

Use color and shape sparingly to make the
important information pop out



This week

¢ Visual encoding
e Marks and channels

e Perceptual accuracy of channels



Terminology

e|tems: are individual units of data. For example: rows in
a table, points on a timeline, nodes, ...

e Attribute (or variable): a property relating to items



Tables
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A il B | C | S E U
Order ID Order Date Order Priority |Product Container |Product Base Margin Ship Date
3 10/14/06 5-Low Large Box 0.8 10/21/06
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
32 7/16/07 2-High Jumbo Box o 7/17/07
32 7/16/07 2-High i attribute 7/18/07
32 7/16/07 2-High U0 7/18/07
35 10/23/07 4-Not Specified 0.52 10/24/07
35 10/23/07 4-Not Specified 0.58 10/25/07
36 11/3/07 1-Urgent 0.55 11/3/07
65 3/18/07 1-Urgent 0.49 3/19/07

1/20/05

69 5 4-Not Specified Small Pack 0.44 6/6/05
69 5 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




Attribute/Variable Types
4 Categorical (Nominal, Qualitative) {m]mﬂlg

A finite set of categories

No implicit ordering between categories

4+Ordered
eOrdinal
« W
Implicit ordering between categories/levels, SPR RN
but no clear magnitude difference. - *:
Can compare and determine greater/less than *:::
eQuantitative —

Meaningful magnitude

Can do arithmetic °000000000



Quantitative Data

Interval vs. Ratio

4 Interval
eZero does not indicate an absence of detectable measurement
e\We can determine distance between measurement, but not proportions
eExample: temperature (Celsius or Fahrenheit), date

4 Ratio
eThe position of zero indicates there is nothing of the measured entity
eCan determine ratio and proportions

eExample: weight, age



Quick check

What attribute/variable type (Categorical, Ordinal,
Quantitative) best fit the following measurements?

eSpeed

eFacebook reactions (Like, Angry, Sad, etc...)
eCar configurations (Compact, Mid-Sedan, SUV)
eProduct Name

*|Q scores

eCollege Majors

e50-meter race time
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Order ID_Order Date

Order Priority

Product Container Product Base Margin Ship Date

3

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 Specifec

12718/08 siow | qUaNtitative
ordinal
categorical

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

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

0.8
0.55
0.79
0.72

0.6
0.65
0.52
0.58
0.55
0.49
0.56
0.44

0.6
0.59
0.82
0.55
0.38
0.37
0.37
0.38

0.6

0.6
0.69
0.82
0.64
0.55
0.57
0.42

10/21/06
2/22/08
7/17/07
7/17/07
7/18/07
7/18/07

10/24/07

10/25/07
11/3/07
3/19/07
1/20/05

6/6/05
6/6/05

12/23/06

12/23/06
4/19/05
1/30/06

11/28/08

5/9/08
5/10/08
5/11/08
6/12/06
6/14/06

5/3/08

10/23/07
9/14/07
8/10/06

4/7/08
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B | C

Order ID Order Date

‘Order Priority

3

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 Specihec

1271806 siow | qUANtitative

S5-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

ordinal

categorical

S l T l U
Product Container Product Base Margin Ship Date .
Large Box 0.8 10/21/06
Small Pack 0.55 2/22/08
Small Pack 0.79 7/17/07
Jumbo Box 0.72 7/17/07
Medium Box 0.6 7/18/07
Medium Box 0.65 7/18/07
Wrap Bag 0.52 10/24/07
Small Box 0.58 10/25/07
Small Box 0.55 11/3/07
Small Pack 0.49 3/19/07
Wrap Bag 0.56 1/20/05
mall Rac 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
all Box 0.37 5/9/08
Medium Box 0.38 5/10/08
Small Box 0.6 5/11/08
Medium Box 0.6 6/12/06
Jumbo Box 0.69 6/14/06
Large Box 0.82 5/3/08
Small Pack 0.64 10/23/07
Small Box 0.55 9/14/07
Medium Box 0.57 8/10/06
Wrap Bag 0.42 4/7/08



Marks & Channels

The visualization alphabet



How can we represent two numbers:
5,107



Marks

Graphical elements in an image
points (OD) ® o o

lines(1D) -~ ~— N
rectangles (2D) 5

volume clouds ——-
o)




Channels (aka Visual Variables)

Parameters that control the appearance of marks
based on attributes

(® Position 3 Color
2 Horizontal = Vertical 2 Both

® Shape > Tilt

) Size
2 Length 2> Area 2 Volume

— o [ ....




Name the mark & channel

®
@
@
Mark: Bar Mark: Point
Channels: Channels:
Length mapped to Position (x,y)
guantitative mapped
attribute 2 quantitative
attributes

Position mapped to
categorical attribute

+Hue channel
mapped to 1
categorical
attribute

+Size channel
mapped to 1
guantitative
attribute



What’s wrong here?
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The magnitude of a channel (length in this case) should be proportional

Y

to the attribute (snowfall)

Alex Lex



Name the channel

https://tinyurl.com/ybjznp92

Ehe New YJork Times
°
sunddyneVleW | The Opinion Pages

Search All NYTimes.com

WORLD US. NY./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION ARTS STYLE TRAVEL JOBS REALESTATE

FACEBOOK W TWITTER 2§ GOOGLE+ [ EMAIL

Across U.S. Companies, Tax Rates Vary Greatly

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 The View by Industry

Effective tax rate 0% 10% 20% 30% 40% 50% = 60% N.A.
2007-12 | | | I I I 1 [
OVERALL
29.1%

Sams ShS

CHART KEY

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.

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

Combining earnings and
taxes for all S.&P. 500
companies gives an
effective tax rate of 29.1

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

percent. But rates vary billion; and
widely by industry. ConocoPhillips $58
billion.

Show Industries

| —

40 50%

Effective tax rates cannot
be computed for several
dozen companies
because they lost money
over the six-year period.
For example, A.L.G. 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 '::» :' $100B


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

Channel Types

identity (what or where) magnitude (how much)

(3 Position ® Color

2 Horizontal = Vertical 2 Both

)| (| ZZ 7

2 Volume

| \ v v ‘ Tamara Munzner

Via Miriah Meyer




magnitude channels identity channels
good for ordered attributes  good for categorical attributes

Position on common scale Spatial region

Position on unaligned scale Color hue

Motion

Length (1D size)

Shape

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Tamara Munzner

Volume (3D size) Via Miriah Meyer




Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)
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Tamara Munzner
Via Miriah Meyer



How do we know the relative
accuracy of the visual channels?



Let’s play a game...



How much longer?

2X

Alex Lex



How much longer?

4x

Alex Lex



How much tilt?

/ 4x
/

A B

Alex Lex



How much larger (area)?

. 5Xx

Alex Lex



How much larger (area)?

11X




How much larger (area)?

11X




How much darker?

o

A B

Alex Lex



Psychophysics

Steven’s Psychological power law

Perceived Sensation
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Cleveland & McGill,

TYPE

100 4

100 4

TYPE 2
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Figure 4. Graphs from position—-length experiment.

Figure 3. Graphs from position-angle experiment.
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Heer & Bostock, 2010

Positions -

Angles -

Circular
areas |

Rectangular

areas i
(aligned orina
treemap)

Cleveland & McGill’s Results
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Discriminability
can channel differences be discerned?

lllllllll
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Country Total  Route Total

Ch T=m -

Via Miriah Meyer



Position

Offers very good discriminability

position



Position

But this doesn’t extend to 3D!

z-value

Perspective distortion

Occlusions

c-value ©_




Factors affecting accuracy of
Length/Position judgement

L I

aligned unaligned stacked bar chart
(unaligned)




Separable vs Integral channels

separable channels: can be judged individually

integral channels: are viewed holistically

separable integral
00 00
2 S

O ' ©

Dimension |: Luminance Dimension |: X size

Ware 2004
Based on a slide by Miriah Meyer



Separable vs Integral channels

Votes Cast for U.S.
Representatives in the
Western U.S. 1988
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voles for cemocrats

FIGURE 3.38. An example of the use of an ellipse as a map symbol in which the

horize ntal and VOIt K .Il AXCS reproscent Jlttuun | ul |'l-'~um.|| l\ u'[.nc.l\ variables.

MacEachren 1995
Via Miriah Meyer



Chernoff faces
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Eyebrow slope Head eccentricity

Eye eccentricity
tye size

Pupil size

Nose size

Nose width
Mouth curvature

Mouth openness

Mouth width



Chernoff faces

Life in Los Angeles

SOURCE: LOS ANGELES
COMMUNT

WILNITY ANALYSIES BUREAU
97

Rred




