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administrivia. ..



-design critiques due tonight
-first assignment out today

-there *might™ be 3 seats available...
-| will be teaching again next fall!



last time . ..



120 million rods 5-6 million cones

Wandell,“Foundations of Vision” (left)
5 David R.Williams, Univ. of Rochester (right)


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

HyperPhysics, Georgia State University



Brain pixels vary enormously in size

over the visual field. This reflects differing
amounts of neural processing power devoted
to different regions of visual space.

At the edge of the visual field we
can only barely see something the size
of a fist at arm's length.

We can resolve about 100 points on

the head of a pin held at arm's length in
the very center of the visual field called
the fovea.

Over half of our visual processing power

is concentrated in a slightly larger area
called the parafovea.

Ware 2010



Takeaway

Our visual system sees differences, not
absolute values, and Is attracted to edges.

Maximize the contrast with the
background if the outlines of
shapes are important.



retinal
ganglion cells

source: wikipedia
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WEBER'S LAW

we judge based on relative, not absolute, differences

IB iB |_I_l
A A A B

Unframed Framed Unframed
Unaligned Unaligned Aligned




INTERACTION OF COLOR

Wong 2010
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Takeaway

We can easlily see objects that are different
in color and shape, or that are in motion.

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



Gestalt principles

- similarity: things that look like each other (size, color,
shape) are related

- proximity: things that are visually close to each other
are related

- connection: things that are visually connected are
related

- continuity: we complete hidden objects into simple,
familiar shapes

- closure: we see iIncomplete shapes as complete

-figure / ground: elements are perceived as erther
figures or background

-common fate: elements with the same moving
direction are percelved as a unit



-data abstraction

-intro to Tableau (by Alex)



data abstraction

the what part of an analysis that pertains to the data

translation of domain-specific terms into words that are
as generic as possible



type vs semantics



data types

2 [tems = Attributes - Links - Positions = Grids



dataset types

ltems

Attributes
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'Order ID Order Date

Order Priority

T—— — " —— |

|

3

6
32
32
32
32
3
35
36
65

69
69
70
70
96
97
129
130
130
130
134
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

- 5 4-Not Specified
ltem 5 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

S U

Product Container |Product Base Margin Ship Date |
0.8 10/21/06

0.55 2/22/08

0.79 7/17/07

o 7/17/07

attribute 7/18/07

TTO 7/18/07

0.52 10/24/07

0.58 10/25/07

0.55 11/3/07

Small Pack 0.49 3/19/07
cell 0.56 1/20/05
Small Pack 0.44 6/6/05
Wrap Bag 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

0.42

4/7/08
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dataset types
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grid types

A

uniform rectilinear structured unstructured



grid choices impact how
continuous data i1s interpreted

two key considerations:
sampling, or the choice of where attributes are measured

Interpolation, or how to model the attributes in the rest of space



grid choices impact how
continuous data 1s interpreted

two key considerations:
sampling, or the choice of where attributes are measured

Interpolation, or how to model the attributes in the rest of space

Interpolate Here Interpolate Here Interpolate Here
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dataset types
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dataset types
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dataset types
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attribute types

=> Categorical



attribute types

=> Categorical
no implicit ordering



attribute types

=> Categorical
no implicit ordering
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attribute types

=> Categorical =>» Ordered
no iImplicit ordering
= Ordinal - Quantitative




attribute types

=> Categorical =>» Ordered
no iImplicit ordering
= Ordinal - Quantitative
4 @ B A meaningful magnitude,

can do arithmetic




attribute types

=> Categorical =>» Ordered

no implicit ordering
= Ordinal = Quantitative

meaningful magnitude,
+ O N A w B ' can do arithmetic
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attribute types

=> Categorical =>» Ordered
no iImplicit ordering
= Ordinal = Quantitative
meaningful magnitude,
+ O N A w B ' can do arithmetic
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B ' ©
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T — o — 1

U |

|
‘Order ID Order Date

Order Priority

Product Container Product Base Margin 'Ship Date

|

|
|

3

6
32
32
32
32
3
20
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 Specibes

1271808 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

Small 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



- P e oS l

A B C S 10 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 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 1/20/05
69 6/4/05 4-Not Specihac nall D 0.44 6/6/05
69 6/4/05 4-Not Spec . . 0.6 6/6/05
70 12/18/06 5-Low quantltatlve 0.59 12/23/06
70 12/18/06 5-Low 3 0.82 12/23/06
96 4/17/05 2-High Ordlnal 0.55 4/19/05
97 1/29/06 3-Medium T 0.38 1/30/06
129 11/19/08 5-Low Categorlcal 0.37 11/28/08
130 5/8/08 2-High mall 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

» » M N

3-Medium

Wrap Bag

0.42

4/7/08
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attribute types

=> Categorical =>» Ordered
no implicit ordering
= Ordinal = Quantitative
4 & B A meaningful magnitude,
o B ' can do arithmetic

Lt et aie —
ReReRe & ¢ ' :
ReRe & & ¢

=> Sequential =>» Diverging =>» Cyclic
e < — D

=» Hierarchical



e 00 zipdecode | ben fry
L2 > | ||| 2] | + | B benfry.com
(I B camera htp://192.168.2.1/ Google Scholar UT hiking ¥ poetry-vis ¥ Marriott Library

type the digits of a zip code

Zipdecode
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special

attribute semantics
Key vs value



special

attribute semantics
Key vs value

flat

Attributes (columns)

Items
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Cell containing value
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special

attribute semantics
Key vs value

flat

Attributes (columns)

Items

(rows)
v

Cell containing value

% multidimensional ) Grid of positions
\(\eﬂ\ I z ;

' y Cell &

Q Key 2 m

m Value in cell m Attributes (columns) "

== Attributes ﬂ -

Value in cell



special

attribute semantics
temporal

what makes time special?



abstraction exercise. ..
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.  ESPRESSO
& HoOT TEA
2 I o=

UATEMALA CASICELO 150 170 190 €

/ora/, lemor & Cocow

UATEMALA CASI CIELO de-caf 1.50 |10 |\%0 )

‘ora/, lemon & cocog

SUMATRA 1S0 VO |\ o
Splcy, herbal & @arthy

SPRESSO
MERICANO
AFE LATTE

APPUCCINO
CAFE MOCHA

GANIC BREAKF
RGANIC LONG LIFE GREEN

OT CHOCOLATE
EMADE SYRUP FLAVORS 50 each
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DERIVED ATTRIBUTES

-derived attribute: compute from originals
-simple change of type
-acquire additional data
-complex transformation
transformation Is abstraction choice

£cr)

3(,() ‘\(X)

origiaaddata. hix)= £()-4¢x)
devived J«d&



DATA MODEL vs CONCEPTUAL MODEL

-data model: mathematical abstraction (data abstraction)
-set with operations, eg. floats with * / -

-conceptual model: mental construction (semantics)
-Includes semantics, supports reasoning

-conceptual model motivates derived data (data
abstraction choices)



EXAMPLE

-from data model ...
-32.52,54.06,-17/.35,... (floats)

-using conceptual model. ..
-temperature

-to new data abstraction.
-continuous to 2 significant figures (Q)
-hot, warm , cold (O)

-above freezing, below freezing (C)



another abstraction exercise. ..
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Planetarium
125 5. 400 West

Old Greektown B
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W 188 W. 3900 South LINES
— Blue (o
A= Murray North (Doweaown - Sandy)
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—_— Mu"ay Central (Downtonwn - Weut Valley City)
140 W. Vine S¢
(— Station
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. = parkandride )
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222 W. Winchester St
A Midvale Fort Union
180 W. 7250 South
b, Midvale Center
95 W, Center St
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165 E. 9000 South
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A Sandy Civic Center
115 €. Sego Lily Dr



L5. Visual Encodings

REQUIRED READING
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Marks and Channels

m The Big Picture

Marks are basic geometric elements that depict items or links, and
channels control their appearance. The effectiveness of a channel
for encoding data depends on its type: the channels that percep-
tually convey magnitude information are a good match for ordered
data, and those that convey identity information with categorical
data. Figure 5.1 summarizes the channel rankings.

m Why Marks and Channels?

Learning to reason about marks and channels gives you the build-
ing blocks for analyzing visual encodings. The core of the design
space of visual encodings can be described as an orthogonal combi-
nation of two aspects: graphical elements called marks, and visual
channels to control their appearance. Even complex visual encod-
ings can be broken down into components that can be analyzed in
terms of their marks and channel structure.

IEK] Defining Marks and Channels

T T . S, . T . . B T I -,  * s



Rules of Thumb

KXl The Big Picture

This chapter contains rules of thumb: advice and guidelines. Each
of them has a catchy title in hopes that you'll remember it as a
slogan. The rules of thumb covered in this chapter are

e No Unjustified 3D

-~ The Power of the Plane

-~ The Disparity of Depth

-~ Occlusion Hides Information

- Perspective Distortion Dangers
- Tilted Text Isn’t Legible

No Unjustified 2D

Eyes Beat Memory

o Resolution over Immersion

e Overview First, Zoom and Filter, Detail on Demand
e Responsiveness Is Required

e Get It Right in Black and White

e Function First, Form Next



Chapter 10

Map Color and Other Channels

RLER The Big Picture

This chapter covers the mapping of color and other nonspatial
channels in visual encoding design choices, summarized in Fig-
ure 10.1. The colloquial term color is best understood in terms of
three separate channels: luminance, hue, and saturation. The ma-
jor design choice for colormap construction is whether the intent is
to distinguish between categorical attributes or to encode ordered
attributes. Sequential ordered colormaps show a progression of
an attribute from a minimum to a maximum value, while diverg-
ing ordered colormaps have a visual indication of a zero point in
the center where the attribute values diverge to negative on one
side and positive on the other. Bivariate colormaps are designed to
show two attributes simultaneously using carefully designed com-
binations of luminance, hue, and saturation.

The characteristics of several more channels are also covered:
the magnitude channels of size, angle, and curvature and the iden-
tity channels of shape and motion.

m Color Theory



Intro to Tableau
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