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Add multiple layers

ggplot(<data>, aes(<mappings>

<layer>/( )"+
<layer>/() +

<layer>|()

Each layer inherits mapping and data from
ggplot by default.

ggplot(penguins, aes(x
geom_violin() +
geom_boxplot() +
geom_point()

= speciles, y = bill_length_mm)) +

bill_length_rmim
=S =

)) +

Adelie




Order of the layers matters!

Boxplot and violin plot order are switched around.
ggplot(penguins, aes(species, bill_length_mm)) + 60-

geom_violin() + E
geom_boxplot() + gm- )
geom_point() 2
= )
P-I’JI".-lIE ;ge‘l:z:l:: L-"E‘I'IEDD
ggplot(penguins, aes(species, bill_length_mm)) + c0-
geom_boxplot() + E
£ 50
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geom_violin() +
geom_point()

bill_le
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Layer-specific data and aesthestic mappings

ggplot(<data>, aes(<mappings>)) +
<layer>[(aes(<mappings>)) +

<layer>/(data = [<data>) +

<layer>(aes(<mappings>|), |<data>))

For each layer, aesthestic and/or data can be

overwritten.
ggplot(penguins, aes(species, bill_length_mm)) + »
geom_violin(aes(fill = species)) + 5
geom_boxplot(data = filter(penguins, species=="Adelie")) + %;_
geom_point(data = filter(penguins, species=="Gentoo"),
aes(y = bill _depth_mm)) 20-

ED =

W

Adelie

i
Chinstrap
SpECIEs

specias
Adelia
Chinstrag

. Ganloo
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Aesthestic or Attribute?

Not what you want

ggplot(penguins) +
geom_point(aes(body _mass_g,
bill_depth_mm,
color = "blue"))
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What you want

ggplot(penguins) +
geom_point(aes(body_mass_g,
bill _depth_mm),
color = "blue")
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ggplot(penguins) +
geom_point(aes(body _mass_g,
bill_depth_mm,
color = I("blue")))
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group in ggplot
ggplot(penguins,

ggplot(penguins,
aes(body_mass_g, aes(body _mass_g,
bill_depth_mm)) + bill_depth_mm)) +
geom_point(aes(color = species)) + geom_point(aes(color = species)) +
geom_smooth(method = "1m") geom_smooth(method = "1m",
aes(group = species=="Gentoo"))
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e [hisis an obvious case of
Simpson's paradox.

e \WWhat if we wanted to draw the fit e |
of a simple linear model for each ’ ’ r
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g <- ggplot(penguins, aes(bill_length_mm, bill_depth_mm, color

= species)) + geom_point()
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g + facet_grid(island ~ sex)
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facet_wrap and facet_grid

g + facet_grid(. ~ sex)

g + facet _wrap( ~ sex)
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g + facet_wrap( ~ sex, ncol = 1) g + facet_grid(sex ~ .)
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Data Visualization with ggplot2 : : CHEAT SHEET

resent data points, use the geom's aesthetic properties to represent variables.

Basics

ggplotl is based on the grammar of graphics, the idea
that you can build every graph from the same
components: a data set, 3 coordinate system,

and geoms—visual marks that represent data points.

E0on
=S5

===n =

—m
data m coordinate lot
Igg?: y=A system L

To display values, map variables in the data to visual
properties of the geom (aesthetics) like size, color, and x
and y locations.

E0n

= "

coordinate plat
systel

Compilete the template below to build a graph.

ggplot (data= TID) +
CEIMEETTE (mapping = aes
stat = <STAT= , position = ZLENIE ) +

'Irequired

required,
+ renable
[<FAcET FuNCTION- 3 detauts

supplied
[ <SCALE_FUNCTION- 3

geplot(data = mpg, aes(x = cty, y= hwy)) Begins a plot
that you finish by adding layers to. Add one geom
function per layer.

hets 5
qplot{x = cty, y = hwy, data= mpg, geom = “point™)
Creates a complete plot with given data, geom, and
mappings. Supplies many useful defaults.
last_plot() Returns the last plot
ggsave("plot.png", width =5, height = 5) Saves last plot
as 5" x 5 file named "plot.png" in working directory.
Matches file type to file extension.

Studio

om function to rep
tion returns a 1ayer.

Geoms P

GRAPHICAL PRIMITIVES
a <=- gegplot{economics, aes(date, unemploy))
b =- ggplot(seals, aes{x=long, y=at))
blank
{.UZQ%%F expgnging limits)
b + geom_curve(aes(yend = lat + 1,

xend=long+1 curvature=z)) - x, xend, v, yend,
£ alpha, angle, color, curvature, linetype, size

linemitre=
x, v, alpha, color, group, linetype, size

a+geom_polygon(aes(group = group))
. ,, alpha, color, fill, group, linetype, size

a+ mm{}:tll{ll’neend:"bult“, lingjoin="round",

b + geom_rect(aes(xmin = long, ymin=lat, xmax=
- long + 1, ymax = lat + l{} - XMax, Xmin, ymax,
ymin, alpha, color, fill, linetype, size

a + geom_ribbon(azs(ymin=unemploy - 900,
J ymax=unemploy + 900]) - x, ymax, ymin,
alpha, color, fill, group, linetype, size

LINE SEGMENTS i )
common aesthetics: x, y, alpha, color, linetype, size

b + geom_abline{aes(intercept=0, slope=1))
~“ b+geom_hline{acs(yintercept =1at))
=== 1 b+geom_vline(aes(xintercept = long))

b + geom_segment(aes(yend=lat+1, xend=long+1))
b+ geom_spoke(aes(angle = 1:1155, radius = 1]}

OMNE VARIABLE continuous
c = ggplotimpg, aes(hwy)); c2 = ggplot{mpg)

‘ € + geom_area(stat = "bin")
X, , alpha, color, fill, linetype, size
T « + geom_density(kemnel = "gaussian"
¥, y,zr:l%ha_, culn-r:tEEl, group, Iﬁ\aetype, si‘m, weight

« + geom_dotplot()
¥, Y, alpha, color, fill

c+ m_freqpoly() x, y, alpha, color, group,
lin , Size

¢ + geom_histogram{binwidth = 5) x, y, alpha,
. color, fill, inetype, size, weight

€2 + geom aes{sample = hwy)) x, y, alpha,
e colofﬁll,lmmim,pweigm Y., 2lp

discrete

d <- ggplot(mpg, aes(fl)
d + geom_bar()

, alpha, color, fill, linetype, size, waight

TWO VARIABLES
continuous x , continuous y
o = ggplot(mpg, aes(cty, hwy])
o e + geom_label{acs(label= nudge x=1,

f . nuch.é_\r =1, check_overla L:%]RUE] %fy, label,
L] alpha, angle, color, Tamily, fontface, hjust,
linzheight, size, vjust
< e+ geom_jitter(haight = 2, width = 2)

x, ¥, alpha, color, ﬁll,gshape, size

& + geom_point(), x, v, alpha, color, fill, shape,
size, stl'ok{o

e + geom_quantile(), x, y, alpha, color, group,
linetype, size, weight

e + geom_rug(sides = "bl"), x, y, alpha, color,
linetype, size
~ e+ geom_smooth{method =Im), x, v, alpha,
+ color, fill, group, linetype, size, weight

e + geom_text{aes(label = cty), nudge_x=

c nudgg.é_\r =1, check_overla =]IlRUE ny, I;T)el,
Ag alpha, angle, color, Tamily, fontface, Fuusl,
linzheight, size, vjust

discrete x , continuous y
f=- ggplotimpg, aes(class, wy))

£+ geom_col(), x, y, alpha, color, fill, group,
-.I linetype, size

1+ geom_boxplot(), x, y, lower, middle, upper,
Q $I ymax, yr_nln,;:l'r;ha color, fill, group, linetype,
shape, size, wmghf

f+ geom_dotplot{binaxis = "y", stackdir =
"ceﬁ‘t!el"]?:, y,alplgla,mlor, fill, group

T+ geom_violin(scale="a rea;.}[, %y, alpha, color,
# fill, group, linetype, size, weigl

discrete x , discrete y
g = geplot{diamonds, aesicut, color))

[ ] . £ + geom_count(), x, y, alpha, color, fill, shape,
= @ Size,stroke

THREE VARIABLES

continuous bivariate distribution
h = geplot(diamonds, aes(carat, price))

h + geom_bin2d(binwidth = £[0.25, 500})
*, ¥, alpha, color, fill, linatype, size, weight

h + geom_density2d()
x, ¥, alpha, colour, group, linetype, size

h + geom_hex()
n %, ¥, alpha, colour, fill, size

continuous function
i= ggplot{economics, aes(date, unemploy))

i+ geom_area()
‘ *, ¥, alpha, color, fill, linetype, size

o i+ geom_line()
© X, ¥, alpha, color, group, linetype, size

A %y alp

i

i+ gl-nm_shr(dlrmlon ="hv"}
ha, color, group, linetype, size

visualizing error
df <- data.frame(grp = c("A", "B"), fit =4:5, se = 1:2)
j=-geplot(df, aes(grp, fit, ymin = fit-se, ymax = fit+se))

i j+ geom_crosshar(fatten = 2) )
HE %, ¥, ymax, ymin, alpha, coler, fill, group, linetype,
size

+ geom_errorbar(), x, ymax in, alpha, color,
TIl jBI'OHLID,"rT ,sigzmmta[synm P
geom_errorbarh())

| | Jj+ geom_linerange()

| *, ymin, ymax, alpha, color, group, linetype, size
j+ geom_pointrange()

+ [} f X, ¥, ymin, ymax, alﬁa, color, fill, group, linetype,

shape, size

maps
data <- data.frame{murder = USArrestsSMurder,
state = tolower{rownames(USArrests]))

map =- map_data|"state")

k<=- ggplot{data, aes(fill = murder))

k+ geom aes(map_id =state), map =ma
+“p.|nd'm|!s|x=[ ma%Slong, y=]rnap€lat], P)
map_id, alpha, color, fill, linetype, size

sealsSz < with(seals, sgrifdelta_long2 + delta_lat*2))| = geplot(seals, aes{long, lat))

1+ geom_contour{aes(z=1z))

¥, ¥, Z, alpha, colour, group, linetype,
size, weight

interpolate=FALSE)

m 1 + geom_raster(aes(fill = z), hjust=0.5, vjust=0.5,
x, y, alpha, fill

1+ m_tile{aes{fill = z)), x, v, alpha, color, fill,
linetype, size, width

RStudio® is a trademark of RStudio, Inc. + CC BY SA RStudio » info@rstudic.com » 344-448-1212 » rstudic.com » Learn more at hitp://ggplot2.tidyverse.org - ggplot2 2.1.0 » Updated: 2016-11

HELP!

e RStudio >
Help >
Cheatsheets

e R4DS
Community
Slack

e Twitter with
hastag #rstats

e RStudio
Community

e Stackoverflow
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https://github.com/rstudio/cheatsheets/blob/master/data-visualization-2.1.pdf
https://www.rfordatasci.com/
https://twitter.com/search?q=%23rstats
https://community.rstudio.com/
https://stackoverflow.com/questions/tagged/ggplot

Tidying your data

Wickham (2014) Tidy Data. Journal of Statistical Software 59 (10): 1-23.




Weight gain in pigs for different treatments

The crampton.pigis fromthe agridat @

library(agridat)
glimpse(crampton.pig)

##¥ Rows: 50
## Columns: 5
## $ treatment <fct>

##t $ rep <fct>
## $ weightl  <int>
## $ feed <int>

## $ weight2  <int>

T1, T1, T1, T1, T1,
R1, R2, R3, R4, R5,
30, 21, 21, 33, 27,
674, 628, 661, 694,
195, 177, 180, 200,

71, T1, T1, T1, T1, T2, T2, T2, T2, T2,
R6, R7, RS, R9, R1@, R1, R2, R3, R4, R:
24, 20, 29, 28, 26, 26, 24, 20, 35, 25,
713, 585, 575, 638, 632, 637, 699, 626,
197, 170, 150, 180, 192, 184, 194, 204,

welghtl is initial weight and we1ght?2 is final weight

Wright (2018). agridat: Agricultural Datasets. R package version 1.16. https:/CRAN.R-project.org/package=agridat

Crampton and Hopkins (1934). The Use of the Method of Partial Regression in the Analysis of Comparative Feeding Trial Data, Part ll. The

Journal of Nutrition 8 113-123.


https://cran.r-project.org/package=agridat

names(crampton.pig)

T T2
250=

wedght

initial firal initl final inita

final

irtial fina

W hat are the mappings to get the above graph? &
ggplot(crampton.pig, aes(x = ?7??
geom_point() +
geom_line() +

facet _grid(. ~ treatment)

, Yy = ?22)) +
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Getting the data in the right form

e The x-axis is the time when pig
was weighed

e The y-axis is the weight

e [he facetting is by treatment

# A tibble:
treatment
<fct>

1 71
2 T1
3 T1

100 x 5
feed id
<int> <chr>
674 pigl
674 pigl
628 pig2

when weight
<fct> <int>
initial 30
final 195
initial 21

How | wrangled this data

pig_df <- crampton.pig %>%
mutate(id = paste@("pig", 1:n())) %>%
pivot_longer(c(weightl, weight2),
names_to = "when",
values_to = "weight") %>%
mutate(when = factor(when,
levels = c("weight1l", "weight2"),
labels = c("initial", "final")))

(note: teaching wrangling is not part of this workshop, please see here if you want
to learn more)
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http://emitanaka.org/datawrangle-workshop-ssavic

Putting it all together

ggplot(pig df, aes(when, weight)) + # tidying your data for plotting
geom_point(size = 3) + # attribute not aesthestic
geom_line(aes(group = id)) + # grouping
facet_grid(. ~ treatment) + # facetting
labs(x = "") # we'll learn this in the last session

T T2 T3 Td
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geom_point(size

200 =

weight2 - weight1

=k

™

[=]
]

e Treatments are ordered
alphabetically by default

e |t's better to order categorical
variables meaningfully

=
&
:

-
&
.

Meaningfully order categorical variables

ggplot(crampton.pig,
aes(treatment, weight2 - weightl)) +

|| T2

3)

ra
treatment

T4

me

Order factor levels by the mean of the
weight difference.

library(forcats) # for easy factor manipulation
crampton.pig?2 <- crampton.pig %>%
mutate(
treatment = fct_reorder(treatment,
weight2 - weightl,
mean))
ggplot(crampton.pig2,
aes(treatment, weight2 - weightl)) +
geom_point(size = 3)

]
i

weight 2 - weight1
g B
L1l 1 ]
L B
cEl S @
ae 0 5 209
8 S

=k

B
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T3 rz2

treatment ‘ ’ 1 5/ 1 9



Plot you may want:

weight 2 - weight1

200 =

=%
g
[

=%
Z
[

==
™

r2
treatment

Plotting auxilliary data

One way to do this:

fig <- ggplot(crampton.pig2,
aes(treatment,

weight2 - weightl)) +

geom_point(size = 3) +

stat_summary(fun.data = mean_se,

geom = "pointrange", fatten = 2,

color = "#027EB6"
stat_summary(fun = mean, geom

group = 1, color
size = 2)

?

size = 3) +
lllinell ,
"#027EB6",
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Plotting annotations

fig + But it might be just easier to:
geom_text(data = data.frame(treatment = 4.5, .
weight2 = 185, fig + o
weightl = 0), annotate("text",
label = "Treatment\n means", X = 4.5, y = 185,
size = 3, lébel = "Treatment\n means",
color = "#027EB6", size = 3,
fontface = "bold") color = "#027EB6",

fontface = "bold")

200 =

180 -

=
E
1

180 -

weight 2 - weight1

weight2 - weight1
g

140 -

14 =

™ T2 T2 TS T4
treatment ] ] ‘ '
™ T3 T2 TS T4

treatment 1 7 / 1 9
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Session Information

devtools::session_info()

##t — Session info ¢ £ A&
## hash: baby bottle, beach with umbrella, superhero: medium skin tone
bigig

## setting value

## version R version 4.1.2 (2021-11-01)

##  o0s mac0S Big Sur 10.16
## system  x86_64, darwinl7.0
#4  ui X11

## language (EN)

## collate en AU.UTF-8

##  ctype en_AU.UTF-8

#et tz Australia/Melbourne
## date 2021-12-06
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