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Why show data graphically?
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graphic of a datum — effective? Conveys meaning?

$2,000

$4,000

$6,000

$8,000

$10,000

$12,000

Fig. 3. Major categories of expenditures, descending dollar value, 2002 U.S. Consumer Expenditure Survey
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While text can use different types of content structures, an abstract

visualization just presents relationships between data points.

Thus, a single bar, map symbol or shape does not convey information. It

only becomes meaningful by its relationship with other elements in the
image—in other words, it is polysemic: A data graphic acquires its

meaning from comparison.



Housing

graphic of a datum — effective? Conveys meaning?
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While text can use different types of content structures, an abstract

visualization just presents relationships between data points.

Thus, a single bar, map symbol or shape does not convey information. It

only becomes meaningful by its relationship with other elements in the
image—in other words, it is polysemic: A data graphic acquires its

meaning from comparison.



example data from Anscombe

X y X y X y X y
10 8.04 10 914 10 7.46 8 6.58
8 6.95 8§ 8.4 8 6.77 8 5.76
13 7.8 13 8.74 13 12./4 8 7.71
9 8.81 9 8.7/ 9 7.11 8 8.84
11 833 11 9.26 11 /.81 8 8.47
14 99¢ 14 810 14 8.84 8 7.04
6 1.24 6  6.13 6 6.08 8 5.25
4 4.26 4 3.0 4 5.39 9 12.50
12 1084 12 913 12 8.15 8 5.56
/ 4.82 !/ 1.26 / 6.42 8 7.9
) 5.68 5 4./4 5 5.73 8 6.89
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example data from Anscombe summary statistics: are the 4 data sets the same?
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1 2 3 4
X y X y X y X y
mean 9.00 750 9.00 750 900 750 9.00 7.50
sd 332 203 332 203 332 203 332 203
Parameter Mean  Std Err t-val p-val
Dataset 1
(Intercept)  3.000 1125  2.667  0.026
X 0.500 0.118  4.241 0.002
Dataset 2
(Intercept)  3.001 1125 2.667  0.026
X 0.500 0.118  4.239 0.002
Dataset 3
(Intercept)  3.002 1124  2.670 0.026
X 0.500 0118  4.239 0.002
Dataset 4
(Intercept)  3.002 1124 2.671 0.026
X 0.500 0.118  4.243 0.002




example data from Anscombe With graphics we can use our natural ability
to see patterns through visual comparison
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graphic design concepts



geometry of graphical elements — point
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data encodings, geometry of graphical elements — line
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data encodings, geometry of graphical elements — surface

One dimension

Two dimensions
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data encodings, geometry of graphical elements — volume
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data encodings, layering — order of elements determines position towards reader and when overlapping, occlude

geom_point( geom_point(
mapping = aes( mapping = aes(

X = 0, x =1,

y = 0), y =1),
size = 50, size = 50,
color = "orange") color = "dodgerblue")

geom_point ( geom_point (
mapping = aes( mapping = aes(

X =1, X = 0,

y = 1), y = 0),
size = 50, size = 50,

color = "dodgerblue") color = "orange")
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data encodings, layering — transparency (alpha) of monochromes can help us reason about the density of overlapping shapes

fill = "#000000"
alpha = 0.4
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data encodings, layering — transparency (alpha) of monochromes can help us reason about the density of overlapping shapes

X <- rnorm(1000)
y <- rnorm(1000)

"black”
0.2

color
alpha
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dense areas of
data are darker
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color
alpha

color
alpha

layering — data encoded in semi-transparent hues, if overlapping, are affected by transparency!

"orange"
0.4

"dodgerblue”
0.4
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I didrn’t encode
data with



graphs — coordinate systems and scales



two-dimensional Cartesian coordinates —xandy
axes run orthogonally to each other, and data values placed along linear axes

cartesian coordinates

3 o(2;3)

> 0 —e
origin
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other coordinate systems are sometimes more effective in conveying information

cartesian coordinates polar coordinates
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coordinates and scales, another example, projecting spherical surface to a plane
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>

as with choosing coordinates, we can

scales on cartesian coordinates

(2.3)
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4 -3 2 1 0 2 4
X

Scott Spencer / ()

scales for data or axes for better understanding

example —

original data, linear scale
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log-transformed data, linear scale
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data encodings for visual comparison



data encodings, visual channels for encoding data

VARIABLES OF THE IMAGE

XY | 2 dimensions of the plane

Size

Value

DIFFERENTIAL VARIABLES

Texture

Color

Orientation

Shape

POINT

LINE

QUANTITATIVE
ORDERED
SELECTIVE
ASSOCIATIVE
DISSOCIATIVE

VISUAL ELEMENTS

- 90000000000
- - 00000000
o« e o s

Y7

ENOO0O0OGOOGOOOOS
EEEHOOOGOOGOOOS
EEEEOOOGOGOOOS
EEEEAQOOGOOOS
EmAAAGOOONYNYY

AAAAAOGOXYXXXEY
AAAAAoxyxy¥yy
AAAAoooxx¥yy
AAAoooOXX¥XXy
AAoooOOOX¥XXEXY
AGOOOOOOXXXEY

@OAAAAAAAAAA
0OOAAAAAAAAA
000OAAAAAAAA
000ONXAAAAAAA
eoxx¥xAAAAooo
¥yxxxA000000
¥¥¥¥¥NO000000

00000000 ¥ XY

SIGNIFYING PROPERTIES

Scott Spencer / ()

8

24



visual channels for encoding data Citi Bike example — exploratory data analysis
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visual channels for encoding data

VARIABLES OF THE IMAGE

XY |2 dimensions of the plane

LINE

SO
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Citi Bike example — exploratory data analysis

75000 -

n_rides

25000 -

50000 -

10
start_hour

15

20



data encodings, visual channels for encoding data Citi Bike example — exploratory data analysis
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visual channels for encoding data Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

AREA
VARIABLES OF THE IMAGE

XY |2dimensions of the plane

Color
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Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data Citi Bike example — exploratory data analysis
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Citi Bike example — exploratory data analysis

| channels for encoding data
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visual channels for encoding data

VARIABLES OF THE IMAGE

XY | 2 dimensions of the plane

Value

POINT
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start lat

Citi Bike example — exploratory data analysis
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visual channels for encoding data Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

VARIABLES OF THE IMAGE

XY |2 dimensions of the plane
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n rides

Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data Citi Bike example — exploratory data analysis
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visual channels for encoding data Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

POINT AREA
VARIABLES OF THE IMAGE

XY |2dimensions of the plane

Color
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Orientation
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Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

LINE AREA

S
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Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

POINT AREA
VARIABLES OF THE IMAGE

XY | 2dimensions of the plane

DIFFERENTIAL VARIABLES

Color

Orientation
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Citi Bike example — exploratory data analysis
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data encodings, visual channels for encoding data

VARIABLES OF THE IMAGE

XY | 2dimensions of the plane

AREA
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Dodgers draft proposal example

vs. Pineda / Sanchez vs. Sabathia / Sanchez

-03 -02 -0.1 0.0 0.1 -03 -02 -0.-1 0.0 0.1
Expected change in runs in each scenario
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data encodings, visual channels for encoding data Dodgers draft proposal example
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adding dimensions through small multiples



small multiples (of area + color + point + value)
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class exercises



exercise, identify data
encodings in visual channels

VISUAL ELEMENTS
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Please approve the hire of 2 FTEs

to backfill those who quit in the past year

Ticket volume over time

2 300 - 2 employees quit in May. We nearly kept up with incoming volume
% in the following two months, but fell behind with the increase in Aug
- and haven't been able to catch up since.
S 250 -
2 202
£ 200 - 177 |
< Received
dal) s
Processed
140
100 - 126 124
104
50 -
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014

Data source: XYZ Dashboard, as of 12/31/2014 | A detailed analysis on tickets processed per person
and time to resolve issues was undertaken to inform this request and can be provided if needed.

8

45



identify data
encodings in visual channels

VISUAL ELEMENTS
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https://graphics.latimes.com/california-crime-2013/

exercise, identify data
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https://ssp3nc3r.github.io/post/approximating-the-components-of-lupi-s-nobel-no-degrees/
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channel effectiveness for encoding data



general channel effectiveness, encoding data

ratio, interval, and ordered categorical
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perceptual psychology



pre-attentive attributes
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Gestalt principles, proximity
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Gestalt principles, similarity
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Gestalt principles, connectedness
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Gestalt principles, orientation, magnitude, direction
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example — focusing visual attention

Coloronly, N=20 Color only, N =100 Shape only, N=20 Shape only, N=100 Color & shape, N =100
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example — focusing visual attention

Coloronly, N=20 Color only, N =100 Shape only, N=20 Shape only, N=100 Color & shape, N =100

o 00 ° e @ AA A A Ao A @
o © o ® A A AA A A A o A

o o “ A A v o
o o
o ° A A A A
® ° o o o © A A A A A A A o
o @o A A e
P A A =
o o e, A A *a, o A A
o @ o0 A A AA A
® ® ® o e o A A A L A A ® A
o o o A A A A A L
o0 o < AA A AA A
o A A A A
o “ ® A A °
o} ® ® oo ® o A A A AA A L ® A oA
- o A A A A
o ® ® ° A A A A A A A
® o ® o o A L A A 4 A A A
e} A A
o o° ¢ ° A LA 4 A A A4 )
° e e °* o A A A A , A A
@ © A A o
@

Scott Spencer / ()

€



resources



References

Anderson, E. W, K. C. Potter, L. E. Matzen, J. E Shepherd, G. A. Preston, and C. T. Silva.
‘A User Study of Visualization Effectiveness Using EEG and Cognitive Load” Computer
Graphics Forum 30, no. 3 (June 2011): 791-800.

Anscombe, F |. “Graphs in Statistical Analysis” The American Statistician 27, no. 1
(February 1973): 17-21.

Bertin, Jacques. Semiology of Graphics: Diagrams Networks Maps. Redlands: ESRI Press,
2010.

Cleveland, William S, and Robert McGill. “Graphical Perception: 'The Visual Decoding of
Quantitative Information on Graphical Displays of Data” Journal of the Royal Statistical
Society. Series A 150, no. 3 (1987): 192-229.

.“Graphical Perception: Theory, Experimentation, and Application to the
Development of Graphical Methods. Journal of the American Statistical Association 79, no.

387 (September 1984): 531-54.

Harris, Robert L. Information Graphics: A Comprehensive Illustrated Reference. New York:
Oxtford University Press, 1999.

Heer, Jeftrey, and Michael Bostock. “Crowdsourcing Graphical Perception: Using
Mechanical Turk to Assess Visualization Design.” In Proceedings of the Sigchi Conference
on Human Factors in Computing Systems, 203-12, 2010.

Scott Spencer / ()

Koponen, Juuso, and Jonatan Hildén. Data Visualization Handbook. First. Finland: Aalto
Art Books, 2019.

Leborg, Christian. Visual Grammar. Princeton Architectural Press, 2004,

Spencer, Scott. (Draft) Proposal to Scott Powers. “Proposal for Exploring Game Decisions
Informed by Expectations of Joint Probability Distributions. February 14, 2019.

Tufte, Edward R. The Visual Display of Quantitative Information. Second. Graphics Press,
2001.

. Visual Explanations. Images and Quantities, Evidence and Narrative. Graphics
Press, 1997.

Ware, Colin. Information Visualization: Perception for Design. Fourth. Philadelphia:
Elsevier, Inc, 2020.

Wickham, Hadley. “A Layered Grammar of Graphics.” Journal of Computational and
Graphical Statistics 19, no. 1 (January 2010): 3-28.

Wilke, C. Fundamentals of Data Visualization: A Primer on Making Informative and
Compelling Figures. First edition. Sebastopol, CA: O'Reilly Media, 2019.

Wilkinson, Leland. The Grammar of Graphics. Second. Springer, 2005.


https://ssp3nc3r.github.io/data_in_wonderland
https://ssp3nc3r.github.io/data_in_wonderland

