Data Visualization (ClIS 490/680)

Channels & Tables
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Visual Encoding

e How should we visualize this data”

Name Region Population Life Expectancy Income
China East Asia & Pacific 1335029250 73.28 71226.07
India South Asia 1140340245 64.01 2731
United States America 306509345 79.43 41256.08
Indonesia East Asia & Pacific 228721000 71.17 3818.08
Brazil America 193806549 72.68 9569.78
Pakistan South Asia 176191165 66.84 2603
Bangladesh South Asia 156645463 66.56 1492
Nigeria Sub-Saharan Africa 141535316 48.17 2158.98
Japan East Asia & Pacific 127383472 82.98 29680.68
Mexico America 111209909 76.47 11250.37
Philippines East Asia & Pacific 94285619 72.1 3203.97
Vietnam East Asia & Pacific 86970762 74.7 2679.34
Germany Europe & Central Asia 82338100 80.08 31191.15
Ethiopia Sub-Saharan Africa 79996293 55.69 812.16
Turkey Europe & Central Asia 72626967 72.006 8040.78
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Potential Solution

Color World Regions v

(2]
by
@©
Q
>

Afghanistan
Albania

o Algeria
. . | Andorra
: : : : : : : | Antigua and Barbuda

o ——— . . T - . — e Y —

Life expectancy

A0 |-, ....................... ....................... ....................... ....................... ....................... ....................... .............

o | | | | | | | | = (R
[Gapminder, Wealth & Health of Nations]
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https://www.gapminder.org/tools/#_chart-type=bubbles

Visual Encoding

e How do we encode data visually?
- Marks are the basic graphical elements In a visualization
- Channels are ways to control the appearance of the marks

o \Marks classified by dimensionality:
(® Points (® Lines (® Areas

. o."‘ ///\/\ @5

e AlSO can have surfaces, volumes

e [hink of marks as a mathematical definition, or If familiar with tools like Adobe
llustrator or Inkscape, the path & point definitions
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Visual Channels

(® Position ® Color

2> Horizontal = Vertical 2 Both

— ¢ [

2> Length > Area > Volume

—— o000 vwN

[Munzner (ill. Maguire), 2014]
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Channel Types

® |dentity => what or where, Magnitude => how much

(® Magnitude Channels: Ordered Attributes (® lIdentity Channels: Categorical Attributes
Position on common scale - e o Spatial region - l .
Position on unaligned scale ': ' i Color hue HENB
: _ : ) o ©
Length (1D size) Motion o ® Co
Tilt/angle Shape + O B A

Area (2D size)

Depth (3D position) F—e ——e

Color luminance

Color saturation

Curvature | ) ) )

Volume (3D size) v N

[Munzner (ill. Maguire), 2014]
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lableau Example
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http://faculty.cs.niu.edu/~dakoop/cis680-2019fa/examples/produce.twb

Data In Tableau

=>» Categorical =>» Ordered

+ ‘ . A > Ordinal > Quantitative

=]

« N —

e Categorical data = Dimension
e Quantitative data = Measures
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Vega-Lite Example
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https://vega.github.io/editor/#/url/vega-lite/N4KABGBEAkDODGALApgWwIaQFxUQFzwAdYsB6UgN2QHN0A6agSz0QFcAjOxge1IRQyUa6ALQAbZskoAWOgCtY3AHaQANOCgATdHkw5gkVgCcx2XAWJlSTWHgbM27VrGRH4yvMiV33qUtoBrbm5CUgBGADNIgAZ4TQAmAGYAVgBOVLD0ZPZUgHZ2ZMT4VPQANkTE9G1pUtIjdAB3UnhpAA5o1vR4ZIjE9gjpaVT4aNK8+IjkVvj0aXjNZPhc7OiwsOiJ0kIjbk1WeGR5RRUAX3UISAwjALNIdnQjNQ1IL3dNRiVqM1AIC4APb4aX5QCKMZBiTS3JToVDIJ7Ai54ACehDhOEg3CM72hpnOCMg6D+jFg30geGYYjRUAAsh5EGBuBEwCxkGAkcgHpATkCwGceZAkYCESCwRCoaxUPD8cjUbcAI6sdDeZg6RhUSA8vnAyDuMSYoX40HgyHo1B0qXamVUyBKbioD7oUyajTc7lAA

Assignment 3

e Same stacked bar chart visualization
® [hree tools

- Tableau (free academic license)

- Vega-Lite

- D3
e -or Vega-Lite, use the online editor

e [For D3, use the template files so the data is
oroperly loaded

¢ |(CS 490] Only need to do a standard bar
chart in D3
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/assignment3.html

EXpressiveness and tffectiveness

e EXxpressiveness Principle: all data from the dataset and nothing more shoulo
be shown

- Do encode ordered data in an ordered fashion
- Don’t encode categorical data in a way that implies an ordering

o ffectiveness Principle: the most important attributes should be the most
salient

- Saliency: how noticeable something is
- How do the channels we have discussed measure up?
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Mackinlay's Ranking of Perceptual Tasks

Quantitative Ordinal Nominal

Position

Position Position

Length Density Color Hue
Angle Color Saturation . Texture
Slope Color Hue Connection
Area Texture ‘ Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length ‘ Shape
Color Hue Angle ~~ [ength
. . Slope ' Angle
Area Slope
Volume , Area
B f?if.::;;iié&;:;‘f;.iééz:: | Volume
[Mackinlay,19806]
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linsky's Best Uses, +Ordering, +NumValues

Example Encoding Ordered Useful values Quantitative Ordinal Categorical Relational
® OO position, placement yes infinite Good Good  Good Good
1,2,3;A.B,C textlabels optional infinite Good Good Good Good
(alphabetical
or numbered)
-— length yes many Good Good
size, area es man Good Good
.00 y y
/ angle yes medium/few  Good Good
“"“ |||||| III pattern density yes few Good Good
weight, boldness yes few Good
... saturation, brightness  yes few Good
- - . color no few (< 20) Good
. . ’ shape, icon no medium Good
“"" = pattern texture no medium Good
. ._ _. enclosure, connection  no infinite Good Good
______ line pattern no few Good
- > line endings no few Good
>4 =
) o)
line weight yes few Good
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How do we get these rankings”
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Test % difference in length between elements

100

[Heer & Bostock, 2010]
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Test % difference in length between elements

100 Answer: Left is ~5.6x longer than Right

[Heer & Bostock, 2010]
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Test % difference in length between elements

100

[Heer & Bostock, 2010]
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Test % difference in length between elements

100

‘II_I lIII
0 A B

[Heer & Bostock, 2010]
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Test % difference in length between elements

100

[Modified from Heer & Bostock, 2010]
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Test % difference in length between elements

100 Answer: Right is 4x larger than Left

[Modified from Heer & Bostock, 2010]
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Test 9% difference in area between elements

[Heer & Bostock, 2010]
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Test % difference in area between elements

Answer: A Is ~2.25x larger (in area) than B

[Heer & Bostock, 2010]
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Test % difference in area between elements

[ A ]

[Heer & Bostock, 2010]
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Test % difference in area between elements

Answer: B is ~6.1x larger (in area) than A

[ A ]

[Heer & Bostock, 2010]
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Test % difference in area between elements

[Heer & Bostock, 2010]
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Test % difference in area between elements

Answer: B is ~2.5 larger (in area) than A

[Heer & Bostock, 2010]
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Cleveland & McGill Experiments

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5
100 4 100 4 1004 100 100 -

0- 0. od o oj
A B A B A B A B A B

Figure 4. Graphs from position—length experiment.

40

0
Q A B C D E

Figure 3. Graphs from position—angle experiment.

[Cleveland & McGill, 1984]
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Heer & Bostock Experiments

e Rerun Cleveland & McGill’s experiment using Mechanical Turk
e ... with more tests

l A

A B

Figure 2: Area judgment stimuli. Top left: Bubble
chart (T7), Bottom left: Center-aligned rectangles (T18),
Right: Treemap (T9).

[Heer & Bostock, 2010]
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Results Summary

Cleveland & McGill’'s Results
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[Munzner (ill. Maguire) based on Heer & Bostock, 2014]
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PSychophysics

e How do we perceive changes in stimuli

e [he Psychophysical Power Law [Stevens,
1975]: All sensory channels follow a power
function based on stimulus intensity (S = In)

e | ength Is fairly accurate
e Magnified vs. compressed sensations

Steven'’s Psychophysical Power Law: 5= [N

)
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Physical Intensity
[Munzner (ill. Maguire), 2014]
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Ranking Channels by Effectiveness

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

i [Munzner (ill. Maguire), 2014]
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Discriminability

vikDataSetReader

What is problematic here” /

vtkimageClip

vtkimageDataGeometryFilter

4

vtkimageResample

vtkimageReslice

vtkWarpScalar

vikElevationFilter
vitkOutlineFilter

vtkColorTransferFunction
vtkLookupTable

PythonSource

vtkPolyDataNormals vtkPolyDataMapper vtkProperty

vitkCamera

vtkDataSetMapper vtkScalarBarActor vtkActor

‘ vikLODActor \

vikCubeAxesActor2D

vikRenderer

L [Koop et al., 2013]
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Discriminability

e Can someone tell the difference”
e How many values (bins) can be used so that a person can tell the difference”

e Example: Line width
- Matching a particular width with a legend
- Comparing two widths
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Separability

e Cannot treat all channels as independent!
® Separable means each individual channel can be distinguished
* Integral means the channels are perceived together

Position
+ Hue (Color)
e O
@ o ®
o
® o
o

Size
+ Hue (Color)

Fully separable

Width
+ Height

Some interference

Some/significant
interference

Major interference

[Munzner (ill. Maguire) based on Ware, 2014]
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Separable or Integral?

READING, e |

A--5e
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

Separable or Integral?

READING, sy x
AND EARNING MONEY iz o

.

f,

Sow-@ s NN DR COUNTY. Y

The map atright is a product of overlaying the three sets of data. The
variation in hue and value has been produced from the data shown
above In general, darker counties represent a more educated, better
paid population while lighter areas represent communities with fewer
graduates and lower incomes.

Budlberaliog btmees 3000 sred G rgury Mbucrh
SSUSCE LN Canman

[GOOD)]
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Visual Popout

[C. G. Healey]
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http://www.csc.ncsu.edu/faculty/healey/PP/

Visual Popout: Parallel Lines Require Search...
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[IMunzner (ill. Maguire), 2014
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Relative vs. Absolute Judgments

e \Neber's Law:
- We judge based on relative not absolute differences
- The amount of perceived difference Is relative to the object’s magnitude!

A A A

Unframed Framed Unframed
Unaligned Unaligned Aligned

[Munzner (ill. Maguire), 2014]
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L uminance Perception

_ |
Edward H. Adelson [E. H. Adelson, 1995]
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http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html

L uminance Perception

''''''''

Edward H. Adel
ward H. Adelson [E. H. Adelson, 1995]
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http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html

Tables

10

11

12

13

REMOTE
RO11

R170
RO46
RO12
R293
RO33
RO22
RO84
RO20
R179
RO23
RO29
RO47

STATION
42ND STREET & 8TH AVENUE

14TH STREET-UNION SQUARE
42ND STREET & GRAND CENTRAL
34TH STREET & 8TH AVENUE
34TH STREET - PENN STATION
42ND STREET/TIMES SQUARE
34TH STREET & 6TH AVENUE
59TH STREET/COLUMBUS CIRCLE
47-50 STREETS/ROCKEFELLER
86TH STREET-LEXINCTON AVE
34TH STREET & 6TH AVENUE
PARK PLACE

42ND STREET & GRAND CENTRAL
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Visualization of lables

¢ [tems and attributes Attributes (columns)>
e For now, attributes are not known to be [tems
positions rows ?
e Keys and values ’ Cell containing value
- Key Is an independent attribute that is
unigque and identifies item > Multidimensional Table
- value tells some aspect of an item V
e Keys: categorical/ordinal o>
e \alues: +quantitative 11 Eara
® | evels: unique values of categorical or priburea

ordered attributes
[Munzner (ill. Maguire), 2014]
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Arrange lables

(® Express Values ® Layout Density
—f—> > Dense > Space-Filling
00000000
, , 00000000
(® Separate, Order, Align Regions Seesssss
HH
2> Separate 2> Order > Align
L - .. .. m 1
H
C . miii
> 1 Key > 2 Keys > 3 Keys = Many Keys
List Matrix Volume Recursive Subdivision

sl

(® Axis Orientation

2> Rectilinear 2> Parallel 2 Radial
‘ 11 17
S
> /l\

[Munzner (ill. Maguire), 2014]
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Express Values: Scatterplots

e Data: two quantitative values
¢ [ask: find trends, clusters, outliers

Fish Prices over the Years

450 -

400- . e How: marks at spatial position in horizontal

350 - and vertical directions
o300—
S 250- -
%o e Correlation: dependence between two
QY] O :
Sl & attrioutes

100 - Positive and negative correlation

207 e - Indicated by lines

0 L. L . L S A .

0 50 100 150 200 250 300 350 400 450 @ (Goordinate system (axes) and labels are
important!
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Coordinate Systems
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[Wickham, 2014]
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Coordinate Systems
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Bubble Plot

Color World Regions v

(2]
bl
qo]
0]
>

Select | Search...
Afghanistan
Albania

o Algeria

: : : : Andorra
Angola

: : : : : : : : ; Antigua and Barbuda
50 ............... ..... e ....................... ....................... ....................... ....................... ....................... .............

Life expectancy

...........................................................................................................................................................................................................................

o = 2 (A (=

E[Gagominoler, Wealth & Health of Nations]
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https://www.gapminder.org/tools/#_chart-type=bubbles

Scatterplot

e Data: two quantitative values

o [ask: find trends, clusters, outliers

e How: marks at spatial position in horizontal and vertical directions
e Scalability: hundreds of items

e "Ranking Visualizations of Correlation Using Weber’'s Law", 2014
- Correlation perception can be modeled via Weber’s Law

- Scatterplots are one of the best visualizations for both positive and negative
correlation

- Further analysis: M. Kay and J. Heer, "Beyond Weber's Law", 2015
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http://www.cs.tufts.edu/~remco/publications/2014/InfoVis2014-JND.pdf
https://idl.cs.washington.edu/files/2015-BeyondWebersLaw-InfoVis.pdf

Separate, Order, and Align: Categorical Regions

e Categorical: =, !=
e Spatial position can be used for categorical attributes

e UUse regions, distinct contiguous bounded areas, to encode categorical
attributes

® [hree operations on the regions:
- Separate (use categorical attribute)
- Align
- Order
o Alignment and order can use same or different attribute

(use some other ordered attribute)
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List Alignment: Bar Charts

e Data: one quantitative attribute, one
categorical attribute

e [ask: lookup & compare values

e How: line marks, vertical position
(quantitative), horizontal position (categorical)

e \What about length?

e Ordering criteria: alphabetical or using
guantitative attribute

e Scalability: distinguishability
- bars at least one pixel wide

- hundreds Animal Type
[Munzner (ill. Maguire), 2014]

Avg Weight (lbs)

Avg Weight (Ibs)
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Stacked Bar Charts

65 Years and Over

35M —
45 to 64 Years

Population

25 to 44 Years
18 t0 24 Years
30M 14 to 17 Years

51to 13 Years

Under 5 Years
25M —

15M —

20M -
10M -

o- I‘|‘lI||IIIIIIIIIIIIllllllIIIl.........!!!ﬂ!?!w*www

CA TX NY FL IL PA OH MI GANC NJ VA WA AZ MA IN TN MOMD WI MNCO AL SC LA KY OROK CT IA MS AR KS UT NVNMWV NE ID MENH HI RI MT DE SD AK ND VT DCWY

[Stacked Bar Chart, M. Bostock, 2017]
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https://bl.ocks.org/mbostock/3886208

Grouped Bar Chart

65 Years and Over

N 45 to 64 Years

Population

25 10 44 Years
N 18 to 24 Years
14 t0 17 Years

- 5to 13 Years

7.0M —
6.0M —
5.0M -
4.0M —
3.0M —
2.0M —
1.0M -
0.0 -
" " NY FL

PA
[(IaLrouped Bar Chart, M. Bostock, 2017]

Under 5 Years
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http://bl.ocks.org/mbostock/3887051

Stacked Bar Charts

e Data: multidimensional table: one quantitative, two categorical
e [ask: lookup values, part-to-whole relationship, trends

e How: line marks: position (both horizontal & vertical), subcomponent line
marks: length, color

o Scalability: main axis (hundreds like bar chart), bar classes (<12)

e Orientation: vertical or horizontal (swap how horizontal and vertical position
are used.
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Streamgraphs

¢ |nclude a time attribute Sinek

the Third Pirates of the Caribbean:

e Data: multidimensional table, one oot . { [ AvwordsEnd
guantitative attribute (count), one ordered
key attribute (time), one categorical key

attribute

e + derived attribute: layer ordering Aoy 1408
(quantitative)

e [ask: analyze trends in time, find (maxmial) S
outliers <

e How: derived position+geometry, length, S
color

[Byron and Wattenberg, 2012]
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Streamgraphs

une July

Aug. Sept.

sons Movie

You Chuck and Larry

a Hour 3

rder of the Phoenix

Oct.

Nov. Dec Jan Feb. Each shape shows
how one film did at

the box office.

f

Height
shows weekly box
office revenue

«— Width —

shows longevity

The area of the shape

(and its color)
corresponds to the film's

total domestic gross,
through Feb. 21

3862 milllion
[ 250
100

— 25

- 1

[Ebb and Flow of Movies, M. Bloch et al., New York Times, 2008]
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http://www.nytimes.com/interactive/2008/02/23/movies/20080223_REVENUE_GRAPHIC.html

