DATA VISUALIZATION WITH GGPLOT2
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LEARNING OBJECTIVE

Learn how to create multivariate visualizations with ggplot2.
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R GRAPHICS

As of 2018, there are 4 graphical systems available in R:
= pase
= grid
= Jattice

= ggplot2

Access to the 4 systems differ: base, grid, lattice are included in the base installation;
grid, lattice, ggplot2 have to be loaded explicitly before being used.
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*not required

A GGPLOT2 PRIMER

ggplot2 is a set of tools that map data to visual display elements, and that allow the
user to control the fine details of plot display.

Most important aspect: ggplot2 can be used to think about the logical structure of
the plot.

A ggplot2 graph has 2 main components (and optional terms):
= aesthetic mappings (aes — connections between data and plot elems.)
= plot geometry (geom — specifies the type of plot)

= *facets, "coordinates, *scales, *labels, *guides, etc.
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[Healey, K., Data Visualization: A Practical Introduction]

GGPLOT2 GRAMMAR

4. Co-Ordinates &
Scales

p + coord_cartesian() + scale_x_log10()

lifexp pop  continent

p < ggplot(data = gapminder, ...
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p + geom_point()

X
p < ggplot(data = gapminder, mapping =
aes(x = gdp, y = lifexp, size = pop, 0. I-a!]8|8&
color = continent)) G[_"[]es
\/ p + ]_abs(x = “log GDP", y = “Life
‘ Expectancy”, title = “A Gapminder Plot”)

Q ‘ A Gapminder Plot
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GGPLOT2 GRAMMAR - GEOMS

The data source and variables to be plotted are specified via ggplot ().

The various geom functions specify how these variables are to be visually
represented

= using points, bars, lines, shaded regions, etc.

There are currently 37 available geoms.
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GGPLOT2 GRAMMAR - GEOMS

Function Adds Options

geom_bar () Bar chart color, fill, alpha

geom_boxplot () Box plot color, fill, alpha, notch, width
geom_density () Density plot color, fill, alpha, linetype
geom_histogram() Histogram color, fill, alpha, linetype, binwidth

geom_hline ()
geom__jitter ()
geom_line ()
geom_point ()
geom_rug ()
geom_smooth ()
geom_text ()
geom_violin ()
geom_vline ()

Horizontal lines
Jittered points
Line graph
Scatterplot

Rug plot

Fitted line

Text annotations
Violin plot
Vertical lines

color, alpha, linetype, size

color, size, alpha, shape

colorvalpha, linetype, size

color, alpha, shape, size

color, side

method, formula, color, fill, linetype, size
Many; see the help for this function
color, fill, alpha, linetype

color, alpha, linetype, size
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GGPLOT2 GRAMMAR - GEOMS

Option Specifies

color colour of points, lines, and borders around filled regions

fill colour of filled areas such as bars and density regions

alpha transparency of colors, ranging from O (fully transparent) to 1 (opaque)

linetype  pattern for lines (1 = solid, 2 = dashed, 3 = dotted, 4 = dotdash, 5 = longdash, 6 = twodash)
size point size and line width

shape point shapes (same as pch, with 0 = open square, 1 = open circle, 2 = open triangle, and so on)

position  position of plotted objects such as bars and points. For bars, “dodge” places grouped bar charts
side by side, “stacked” vertically stacks grouped bar charts, and “fill” vertically stacks grouped
bar charts and standardizes their heights to be equal; for points, “jitter” reduces point overlap

binwidth  bin width for histograms

notch indicates whether box plots should be notched (TRUE/FALSE)

sides placement of rug plots on the graph (“b” = bottom, “1” = left, “t” = top, “r” = right, “bl” = both
bottom and left, and so on)

width width of box plots
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GGPLOT2 GRAMMAR - GEOM()

library ("ggplot2")

data (singer, package="lattice")

# Using data from the 1979 ed. of the
# New York Choral Society

# Histogram of heights
ggplot (singer, aes (x=height)) +
geom_histogram/()

What do you expect the output to be?

# Boxplot of heights by voice part
ggplot (singer, aes(x=voice.part, y=height)) +
geom_boxplot ()
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GGPLOT2 GRAMMAR - GEOM()

204

library ("ggplot2")

data (singer, package="lattice")

# Using data from the 1979 ed. of the
# New York Choral Society

# Histogram of heights
ggplot (singer, aes(x=height)) +
geom_histogram/()

# Boxplot of heights by voice part
ggplot (singer, aes(x=voice.part, y=height))
geom_boxplot ()

count
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GGPLOT2 GRAMMAR — GEOM()

704

library ("ggplot2")

data (singer, package="lattice")

# Using data from the 1979 ed. of the
# New York Choral Society

height

# Histogram of heights

ggplot (singer, aes (x=height)) + |
geom_histogram /() |

# Boxplot of heights by voice part
ggplot (singer, aes(x=voice.part, y=height)) +
geom_boxplot () 60-

Baés 2 Bas's 1 Ten'or 2 Ten'or 1 AIt'o 2 AIt'o 1 Sopréno 2 Sopr'ano 1
voice.part
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GGPLOT2 GRAMMAR - GEOM()

library(ggplot2)

data (Salaries, package="car")

# Using data on salaries of a sample of

# US university professors (2018-2019)

# var: rank, sex, yrs.since.phd, yrs.service, salary ‘?

ot (Salarice. aee (eerane, yeoaiary)) s What do you expect the output to be*
geom_boxplot (fill="cornflowerblue",color="black", notch=TRUE) +
geom_point (position="jitter", color="blue", alpha=.5) +
geom_rug (side="1", color="black")
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GGPLOT2 GRAMMAR - GEOM()

200000 1

library (ggplot2) > 150000
data(Salaries, package="car") S
# Using data on salaries of a sample of @
# US university professors (2018-2019)
# var: rank, sex, yrs.since.phd, yrs.service, salary
ggplot (Salaries, aes(x=rank, y=salary)) +

geom_boxplot (fill="cornflowerblue",color="black", notch=TRUE) +

geom_point (position="jitter", color="blue", alpha=.5) + 100000

geom_rug (side="1", color="black")

L]
50000 ! ! !
AsstProf AssocProf Prof
rank
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GGPLOT2 GRAMMAR - AESTHETICS

Aesthetics refer to the displayed attributes of the data.

They map the data to an attribute (such as the size or shape of a marker) and
generate an appropriate legend.

Aesthetics are specified with the aes () function.

Aesthetics can be specified within the data function or within a geom. If they're
specified within the data function then they apply to all specified geoms.
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GGPLOT2 GRAMMAR - AESTHETICS

The aesthetics available to geom point () (scatterplot), as an example, are:

" x,y,alpha,color,fi1ll, shape,size

Important difference between specifying characteristics (like colour and shape)
inside and outside the aes () function

= inside: assigned colour or shape automatically based on the data.

= outside: not mapped to data.

& IDLEWYLD



GGPLOT2 GRAMMAR — AES()

library (ggplot2)
# Using the mpg dataset

# specifying characteristics inside aes|()

ggplot (mpg, aes(cty, hwy)) +
geom_point (aes (colour = class))

# specifying characteristics inside aes ()
ggplot (mpg, aes(cty, hwy)) +
geom_point (colour = "red")
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What do you expect the output to be?



GGPLOT2 GRAMMAR — AES()

404

library (ggplot?2) . e fim@
# Using the mpg dataset 30 ce o o compact
> bt St e ® midsize
E °°? ® minivan
# specifying characteristics inside aes|() coleels o ook
ggplot (mpg, aes(cty, hwy)) + 1eeet ®  subcompact
geom_point (aes (colour = class)) 1e.° oo
# specifying characteristics inside aes () 1 oot
ggplot (mpg, aes(cty, hwy)) + olo o

geom_point (colour = "red")
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GGPLOT2 GRAMMAR — AES()

library (ggplot2)
# Using the mpg dataset

# specifying characteristics inside aes|()
ggplot (mpg, aes(cty, hwy)) +
geom_point (aes (colour = class))

# specifying characteristics inside aes ()

ggplot (mpg, aes(cty, hwy)) +
geom_point (colour = "red")
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GGPLOT2 GRAMMAR - FACETS

In ggplot2 parlance, small multiples are referred to as facets:

m facet_wrap (), facet_grid()

By default, all panels (one for each factor) share the same axes (scale-wise).

Separating the graph into a sequence of smaller, side-by-side plots makes it easier to
enact comparisons.
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GGPLOT2 GRAMMAR - FACET_WRAP()

data (singer, package="lattice")
library (ggplot?2)
ggplot (data=singer, aes(x=height)) + What do you expect the output to be?

geom_histogram() +
facet_wrap (~voice.part, nrow=4)
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GGPLOT2 GRAMMAR - FACET_WRAP()N

Alto 1

I | | I ITTT1 M

data (singer, package="lattice")

Soprano 2 Soprano 1

library (ggplot2)
ggplot (data=singer, aes (x=height)) + .

geom_histogram() + 5 4
facet_wrap (~voice.part, nrow=4) o l‘]lll._.—

60 65 70 75 60 65 70 75
height
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GGPLOT2 GRAMMAR - FACET_GRID()

data (Salaries, package="car")

library (ggplot2)

ggplot (Salaries, aes (x=yrs.since.phd,

y=salary, color=rank, shape=rank)) + What do you expect the output to be?
geom_point () +
facet_grid(~sex)
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Female

Male

200000 4

GGPLOT2 GRAMMAR - FACET_GRID()

%150000 ...\lﬁ :,.:.l: ) .-'J..
Ca Y
data (Salaries, package="car") . ‘;;‘.::;"a-
library (ggplot2) . Ny Jpee L
ggplot (Salaries, aes(x=yrs.since.phd, ‘-;:fﬁ'i T
y=salary, color=rank, shape=rank)) + :‘3'-5." =
geom_point () + .
facet_grid(~seX) 50000, | L | I |
” h yrs.sinog.phd ” ”
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EXERCISES

Detailed explanations and examples can be found in A ggplot2 Primer.
https://www.data-action-lab.com/2018/11/12/a-qqplot2-primer/

With a classmate, run through some of the examples provided in the R Notebook. It is
not necessary for you to understand all the details of the visualizations, but it is useful

to see what kind of outcomes are possible.

Select a dataset online, and generate 5 ggplot2 visualizations for it.
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