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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

. °e o’ ///\/\ @5

¢ AlSO can have surfaces, volumes

e [hink of marks as a mathematical definition, or Iif familiar with tools like Adobe
llustrator or Inkscape, the path & point definitions
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Channel Types

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

(® Magnitude Channels: Ordered Attributes ® ldentity Channels: Categorical Attributes
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[Munzner (ill. Maguire), 2014]
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EXpressiveness and tffectiveness

e Expressiveness Principle: all data from the dataset and nothing more should
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?

D. Koop, CSCI 627/490, Fall 2023 Northern Illinois University 4



Ranking Channels by Effectiveness

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
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_ [Munzner (ill. Maguire), 2014]

D. Koop, CSCI 627/490, Fall 2023 & Northern Illinois University 5



How was this determined?
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Perception Studies Summary

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

D. Koop, CSCI 627/490, Fall 2023 Northern Illinois University 7



Assignment 3

e Chicago Traffic Crashes
e Create the same stacked bar chart using
e s s o Moo e e s = JA0IGAU PUDIIC
- Observable Plot
- D3
e D3 Stacked Bar Chart:
- Required for CSCI 627 students
- CSCI 490 students can just do counts
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https://faculty.cs.niu.edu/~dakoop/cs627-2023fa/assignment3.html

Emergency Alert lest at 1:20pm
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Project

o Start thinking about project dataset and questions

e \Vorking on posting some example datasets

e (Goal: Less explored datasets (more opportunity for design/questions)

e |f you are doing research and can tie this project in, please talk with me
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Visualization of lables

¢ [tems and attributes

e For now, attributes are not known to be
pOSItioNS

e Keys and values

- key Is an independent attribute that is
unigue and identifies item

- value tells some aspect of an item
o Keys: categorical/ordinal
e \/alues: categorical/ordinal/quantitative

® | evels: unigque values of categorical or
ordered attributes

Attributes (columns)
>

ltems

(rows)
v

Cell containing value

2> Multidimensional Table

Key 2

v .4— Value in cell

Attribm

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

(® Express Values (® Layout Density
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[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- -
% oo e Correlation: dependence between two
QY] O :
S & attrioutes

100 - Positive and negative correlation

207 e - Indicated by lines

0 ! ! ! ! ! ! ! ! ' '

0 50 100 150 200 250 300 %0 400 40 @ (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
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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: =, I=
e Spatial position can be used for categorical attributes

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

® [hree operations on the regions:
- Separate (use categorical attribute)
- Align
- Order
e 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: distinguishabllity ;
- bars at least one pixel wide

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

65 Years and Over

35M —
45 to 64 Years

Population

25 to 44 Years
18 to 24 Years
30M 5 14 t0 17 Years

51to 13 Years

Under 5 Years

25M —
15M —

20M —
10M —

0o- IIIlllllIIIl.........!!!?!?!w**ww

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 NV NMWV 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
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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

e Scalablility: 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 T

the Third Pirates of the Caribbean:

e Data: multidimensional table, one quantitative ot . Aords Enc
attribute (count), one ordered key attribute
(time), one categorical key attribute

* + derived attribute: layer ordering

(quantitative) i\
e [ask: analyze trends in time, find (maxmial)
O Ut ‘ | ers aﬂg rtrryl/ePgtrtg ; r\\

of the Phoenix

e How: derived position+geometry, length, color

e Scalablility: more categories than stacked bar
charts

The Simpsons
Movie

[Byron and Wattenberg, 2012]
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Streamgraphs

TIRY O ihe i Oig ot

the box office.

f

Height
shows weekly box
office revenue

sons Movie

«— Width —

You Chuck and Larry shows longevity

The area of the shape

(and its color)

corresponds to the film's
total domestic gross,
through Feb. 21

8862 milllion
100

— 25

A Hour 3

the Order of the Phoenix

— 1

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

Dot and Line Charts

N
-

e Data: one quantitative attribute, one ordered
attribute

e [ask: lookup values, find outliers and trends
e How: point mark and positions

—_—
U

Cat Weight (lbs)
o wu O

N
o

¢ | ine Charts: add connection mark (line)

e Similar to scatterplots but allow ordered
attribute

Cat Weight (lbs)
" o

[Munzner (ill. Maguire), 2014]
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Proper Use of Line and Bar Charts
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D
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D 20 o 20
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0 0

10-year-olds  12-year-olds 10-year-olds  12-year-olds

[Adapted from Zacks and Tversky, 1999, Munzner (ill. Maguire), 2014]

D. Koop, CSCI 627/490, Fall 2023 Northern Illinois University 26



Proper Use of Line and Bar Charts

60 60
:T'__, 40 ;—'é 40
= 30 — 30
C C
2 20 o 20
Q Q
T 10 L 10

0 . 0 .

Lion Antelope Lion Antelope

¢ \Vhat does the line indicate”
e [Does this make sense?

[Adapted from Zacks and Tversky, 1999, Munzner (ill. Maguire), 2014]
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Aspect Ratio

® [rends in line charts are more apparent because we are using angle as a
channel

e Perception of angle (and the relative difference between angles) is important

o |nitial experiments found people best judge differences In slope when angles
are around 45 degrees (Cleveland et al., 1988, 1993)
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Multiscale Banking
Aspect Ratio = 3.96

—150
—-100
—-50
| | | | ! | —0
1700 1750 1800 1850 1900 1950
Aspect Ratio = 22.35
-0

1700 1750 1800 1850 1900 1950
[Heer and Agrawala, 20006]
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Multiscale Banking
Aspect Ratio = 4.23
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[Heer and Agrawala, 20006]
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Expanding the Study

e Cleveland et al. did not study the entire
space of slope comparisons and 45 degrees
was at the low end of their study (blue marks
on right)

e [albot et al. compared more slopes ana
found that people do better with smaller
slopes

e Baselines may aid with this

87%

65%

48%

35%

25%

17%

11%

EA VAN
V////°// /) //
L b
Ay I}
//// Lo
,,_//// ///

rralbot et al., 2013]
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Heatmaps

e Data: Two keys, one quantitative attribute
e [ask: FIind clusters, outliers, summarize

e How: area marks in grid, color encoding of
guantitative attribute

e Scalability: number of pixels for area marks
(millions), <12 colors

e Red-green color scales often used
- Be aware of colorblindness!

balls

Fast-Pitch Softball
Slugging Percentage

strikes
0 1 2

[fastpitchanalytics.com]
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Bertin Matrices

e Must we only use color?
- What other marks might be appropriate”?

[C.Perrin et al., 2014]
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Bertin Matrices

e Must we only use color?
- What other marks might be appropriate”?
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Bertin’s Encodings

Text| O ] 2 3 4 5 6 7 8 9 |70 |11 |text
Grayscale| e
QUANTITY Circle | — o 000
OF INK 777717
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Bar chart| e
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ENCODING -
Black and white | o
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ENCODINGS Average --1
bar chart | ° _ —T— 1T 1T 1T 1 1T 1T 1"

[C.Perrin et al., 2014]
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[Bertin Exhibit (INRIA, Vis 2014), Photo by Robert Kosara]
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Cluster Heatmap
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Cluster Heatmap

e Data & Task: Same as Heatmap

e How: Area marks but matrix is ordered by cluster hierarchies
e Scalability: limited by the cluster dendrogram

e Dendrogram: a visual encoding of tree data with leaves aligned
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Scatterplot Matrix (SPLOM)

o Da'ta: Maﬂy quaﬂtitative at'tribLJ'teS Iris Data (red=setosa,green=versicolor,blue=virginica)
e Derived Data: names of attributes PR S S
' ' - & | g & s
o [ask: Find correlations, trends, outliers Sepal.Length | | ¢ # ; ﬁ ~ i 12“‘:5
o o8° ° %% ¢ ° -

e How: Scatterplots in matrix alignment
e Scale: attributes: ~12, items: hundreds”?

'C

Sepal.Width

} &
w — N
°® -«
Petal.Length ’é*' .

L

e \/isualizations In a visualization: at high level,
marks are themselves visualizations...

Petal.Width

45 55 65 7.5 1 2 3 4 5 6 7

[Wikipedia]
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http://commons.wikimedia.org/wiki/File:Anderson's_Iris_data_set.png#Creation

Spatial Axis Orientation

e SO far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to
encode almost everything

e \\hat other possibilities are there for axes”

[Munzner (ill. Maguire), 2014]

D. Koop, CSCI 627/490, Fall 2023 Northern Illinois University 39



Spatial Axis Orientation

e SO far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to
encode almost everything 100

e \What other possibilities are there for axes? > ’<

I~
- Parallel axes . ?/4@

Math  Physics Dance Drama

[Munzner (ill. Maguire), 2014]
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Spatial Axis Orientation

e SO far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to

encode almost everything 100
e \\hat other possibilities are there for axes” Zg =
- Parallel axes 70

_ Radial axes °

Math  Physics Dance Drama

e
[

[Munzner (ill. Maguire), 2014]
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Radial Axes

90°

2770°
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Radial Axes

e Polar Coordinates (angle + position along the

90° ‘-
Ine at that angle
120° | 60° gle) | |
‘ ~ e \\Vhat types of encodings are possible for

150° ally 30° tabular data in polar coordinates”
OO — I . ® . L _OO
100 L] 3300

240° | 300°

270°
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Radial Axes

90°
120° 60°
150° 30°
OO S | | | . | I OO
210° 330°
240° | 300°
270°

e Polar Coordinates (angle + position along the

ine at that angle)

o \\Vhat types of encodings are possible for
tabular data in polar coordinates”?

- Radial bar charts
- Ple charts
- Donut charts

D. Koop, CSCI 627/490, Fall 2023
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Part-of-whole: Relative % comparison”?

65 Years and Over

35M —
45 to 64 Years

Population

25 10 44 Years
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[Stacked Bar Chart, M. Bostock, 2017]
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https://bl.ocks.org/mbostock/3886208

Normalized Stacked Bar Chart
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Ple Chart
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