Data Visualization



DATA VISUALIZATION IS
COMMUNICATION



Principles of Graphical Excellence

 Clarity
* Precision
* Efficiency

« Maximize ideas, minimize ink

(from Tufte)



Data Viz in a Nutshell

1. History
2. Graphical Basics

3. Minimalist principles



Data Viz in the 10t Century
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Maps as Rich Information Source
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Multiple

Data Sources to Make a
Point
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Sometimes One Variable is Enough

60 - Monthly outgoing
mail workload,
millions of units

October 1970 October 1972

October 1968

1967 1968 1969 1970 1971 1972



Adding Space to Time

)

Y

/

VM/“/

V'

\
N\

N\

N

YN

i

-

N\
/

3

X

MINUIT

)
el

N

N\“

el

.
\

’

N

%
M

MIDI

"N

A

NqLN

%

2

N
"

1
|/

Raowr

A ta

MONTCRCAL LI
Lo lawmes

PARIS. ..

Muitrs

Minuiy




Unitying Maps and Timeseries

CARTE FIGURATIVE des pertes successives en hommes de I'Armée Frangaise dans la campagne de Russie 1812-1813,

Dressée par M.Minard, Inspecuur Genéral des Ponts et Chaussées en retrarte.
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Point

Abstracting Variables to Make a
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DEATHS PER MILLION

CRUDE MALE DEATH RATE FOR LUNG CANCER
IN 1950 AND PER CAPITA CONSUMPTION OF
CIGARETTES IN 1930 IN VARIOUS COUNTRIES.
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Abstraction Can Tell Wonderful
Stories

H. L. Mitchell, The Growth and Nutrition
of White Pine Seedlings in Cultures with
Varying Nitrogen, Phosphorus, Potassium
and Calcium, The Black Rock Forest
Bulletin No. 9 (Comwall-on-the-
Hudson, New York, 1939), p. 70.




Data Viz in a Nutshell

1. History
2. Graphical Basics

3. Minimalist principles



Elements of a Plot

Geometric Objects Scales & Coordinates Annotations

Title
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Elements of a Plot

Title
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Wickham 2010



Aesthetics of a Plot

position A shape size
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color line width line type
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Aesthetics Map Data to Visual
Representation

1 2 3 4
position o O O O
shape O O & A
color []

Wilke 2018



Aesthetics Map Data to Visual
Representation

100
EL\ 80
° Death Valley
= / Houston
g 60 / — San Diego
Q Chicago
=
L 40

20
Jan Apr Jul Oct Jan

Wilke 2018 month



Aesthetics Map Data to Visual
Representation
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Average Chlorophyll A
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Types of Visualizations: Proportions

Pie chart Side-by-side bars Stacked bars Stacked bars

Wilke 2018



Types of Visualizations: Multiple
Proportions

Multiple pie charts Side-by-side bars Stacked bars Stacked densities
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Types of Visualizations:
Distributions

Histogram Density plot Cumulative density q-q plot
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Histograms Show Frequency
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Types of Visualizations: Multiple

Boxplots
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Boxplots to Show Variation

100 -

75

Chlorophyll A
3

25‘ °

O 1 l T ————————
NS (%) S A A A A
N S I P P
?“\) @ 5 Q )
Q ) 3 &
® < Q



Chlorophyll A

...Or Point-Ranges
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Scatterplots Show Relationships
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ombining Data Sources and Maps
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Longitude

* Chlorophyll a S
« Abundance of taxonomic groups
* Temperature

 Salinity

-70.875 -70.850 -70.825 -70.800
Latitude

Hopkinson and Hobbie 2012 http://ecosystems.mbl.edu/PIE/data/EST/EST-PR-ChemTax.htm|



Coordinate Systems Transform

Relationships

- N W ao
1

10




The Polar Coordinate System is
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The Polar Coordinate System is
Useful!
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Why Transform?

original data, linear scale

e o ©
0 25 50 75
X
log-transformed data, linear scale
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Log-Transformation To See

Relationship
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Scales to Add Dimensions of Data
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Colors Can Distinguish Groups

Okabe [to

ColorBrewer Dark?2

ggplot2 hue

Wilke 2018



Colors Can Show Data

ColorBrewer Blues

Heat

Viridis
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Wilke 2018



Beware Not Thinking About Color

Blindness
original deuteranomaly
protanomaly tritanomaly

Never use Red-Green!

Use redundant coding: shapes, sizes, etc.

Wilke 2018



Colorbrewer.org

Number of data classes: 3 B
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See also https://flowingdata.com/tag/color/
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A Touch of Color!
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Chlorophyll A
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Statistical Fit to Aid Understanding
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Facets to Add Fine-Grained
Information or New Dimensions
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Chlorophyll A

Facets Add Information
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Data Viz in a Nutshell

1. History
2. Graphical Basics

3. Minimalist principles



Minimalist Presentation

1. Above all else show data.

2. Maximize the data-ink ratio

3. Erase non-data-ink.

4. Erase redundant data-ink.

ideas time

} Tufte 2002
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Chlorophyll A
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Chlorophyll A
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