INTERMEDIATE
DATA VIZ IN R

ggplot2 + forcats

Jake Riley
6/4/2020

¢ Children’s Hospital
d of Philadelphia’

Center for Healthcare
Quality & Analytics




TODAY'S TALK

 Intro
e What is ggplot
e Tips & Tricks

e Best Practices

» cnuaren's Hospital
¢ U of Philadelphia

Center for Healthcare
Quality & Analytics



AN INTRO

Jake Riley

Clinical Data Analyst

Avid tidyverse answerer on stackoverflow
Dogdad

’ 3 @1 Children’s Hospital
(|

of Philadelphia*

Center for Healthcare
Quality & Analytics

—



BEFORE WE GET STARTED

o this talk is aimed at intermediate ggplot2 users
« everything is within the tidyverse framework & R for Data Science (R4DS)

 the pipe %>% Is used in many places and allows us to create a sequence of
manipulations

Iris %>% arrange(Species)

arrange(iris, Species)
» the + used with ggplot() is another type of pipe

* you can pipe from a dplyr sequence into a ggplot() sequence

Center for He-althcare
Quality & Analytics



WHY ggplot?

e grammar of graphics

e just like every sentence has a subject, verb, and noun, every chart has
a coordinate system, geom, and aesthetics

 the hope is that we will invent new types of charts

library(tidyverse)
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P <-

ggplot(mpg) +

geom_count(
aes(cty, hwy), o
alpha = 0.5, color = "navyblue"

) +

theme bw() +

theme(legend.position = ""none')
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AN EXAMPLE
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DEMYSTIFYING AES ()

« aes() = aesthetics

e dynamic, data driven variables go inside the aes()

e constant, static values go outside

o the first 2 arguments of aes() are x and y and usually omitted

geom point(aes(color = class, size = n), ...)
geom point(aes(...), color = "blue", size = 2)
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NOTE THE DIFFERENCE

« geom_point(aes(color = class, size = n , ...)
« geom _point(aes(...), color = "blue'", size = 2)
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Tips & Tricks
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DESCENDING BAR CHARTS

The number one things | get asked is how to make a bar chart in

descending order.

S -

ggplot(mpg, aes(y = class)) +

geom_bar() subcompact -

pickup -

class

midsize -
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2seater-

minivan -
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AGGREGATED DATA: fct_reorder ()

library(tidyverse)

mpg %>%
count(class) %>%
mutate(
class = fct reorder(class, .x = n),
class_iInt = as.integer(class)

) %>%

arrange(class)
# class n class iInt
# 2seater ) 1
# minivan 11 2
# pickup 33 3
# subcompact 35 4
# midsize 41 5
# compact 47 6
# Suv 62 /
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AGGREGATED DATA: geom_col ()

mpg %>%
count(class) %>%
mutate(class = fct reorder(class, -x = n)) %>%
ggplot(aes(x = n, y = class)) +
geom_col ()

SUV
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ARRANGE BY VOLUME: fct 1nfreq()

mpg %>%

mutate(class = fct _infreg(class)) %>%
ggplot(aes(y = class)) +
geom _bar()

Zseater -

minivan -

pickup -

subcompact -

class

midsize -

compact -

SUv -
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ARRANGE IN DESCENDING ORDER: fct_rev()

mpg %>%
mutate(class

ggplot(aes(y
geom_bar()
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Suv-

fct_infreqg(class)) %>%
fct rev(class))) +

)

——t

fct reviclass

pickup -

minivan -

Zseater-

compact -

midsize -

subcompact -
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YOU CAN ALSO PIPE THE fct *() STEPS

mpg %>%
mutate(
drv =
fct_infreq(drv) %>%
fct_rev(Q)
) %>%
ggplot(aes(y = drv)) +
geom_bar() 54-
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TOO MANY BARS

ggplot(mpg, aes(y = model)) +
geom _bar()
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TOO MANY BARS: fct Tump ()

mpg %>%

17

mutate(
manufacturer =
fct _lump(manufacturer, n = 5) %>%
fct_infreg(Q) %>%
fct_rev(Q
) %>%
ggplot(aes(y = manufacturer)) +
geom_bar()

Other -
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ORDER OF FILL

ggplot(mpg, aes(y = manufacturer, fill = (cyl == 8))) +

geom_bar()
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ORDER OF FILL

mpg %>%
mutate(

cyl_8 = (cyl
manufacturer

) %>

ggplot(aes(y =

geom_bar()

19

== 8),
= fct_reorder(manufacturer,

manufacturer, fill = cyl 8)) +

X = cyl
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Q2 ANSWER

mpg %>%
mutate(
cyl 8 = (cyl == 8),
manufacturer =
fct_reorder(
manufacturer,
-x = cyl _8,
.fun = mean

)
) %>%

ggplot(aes(manufacturer, fill = cyl_8))+
geom_bar(position = "Fill'") +

coord_flip(Q)
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SETTING DEFAULTS

ggplot(mpg) +
geom_point(aes(cty, hwy), color = "navyblue", size = 2)

update geom defaults('point'™, list(color = "navyblue', size = 2))

* @
ggplot(mpg) + 40- *
L
geom_count(aes(cty, hwy)) ;:t &
230- "ﬁ-
B
20
;!i!
.I | 1 1 I 1
10 15 20 25 30 35

You have to do this for each geom cty
update geom defaults('col', list(fill = "navyblue'™))

update _geom defaults('bar™, list(fill = "navyblue'™)) €|...| Children’s Hospital
¢ B of Philadelphia

Center for Healthcare
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facet grid() vs facet wrap()

P <-
mpg %>% 40 - .
filter( .
class != '"2seater’, )
cyl 1=5 -
) %>% i
ggplot(aes(cty, hwy, color = class)) + R
25
geom_count(alpha = 0.5) + g e
lims(x = c(0, NA), vy = c(0, NA)) + 20- = 5.0
75

guides(color = FALSE) +
theme(aspect.ratio = 1)

10 -

0 10 20 30
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facet grid(): NEW SYNTAX

# this 1s the new syntax, replaces facet grid(~class)
p+
facet grid(cols = vars(class))

‘ compact midsize minivan pickup subcompact
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FACETS: SCALES

p +
facet grid(
rows = vars(year),
cols = vars(class)

)
compact midsize minivan pickup subcompact suv
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FACETS: SCALES

# scales allows the x & y to vary
# also ""free x", "'free_ y"

p +

facet grid(cols = vars(class), scales = "free")

40 -
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FACETS: SCALES & SPACE

p +

facet grid(cols = vars(class), scales =

-

compact

20 30
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midsize
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FACETS: MARGINS

p +
facet grid(rows = vars(year), cols = vars(class), margins

midsize minivan pickup subcompact
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facet wrap(): # OF COLUMNS/ROWS

# also nrow
p+
facet wrap(~class, ncol = 3)
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FACET WRAP: SCALES

# space does not work with facet_wrap()

p + facet wrap(~class, ncol = 3, scales = "free")
compact midsize minivan
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FACETS: (A + B)

# also works with facet grid

p+

facet wrap(~class + year, nrow = 2)
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scale * 1dentity()

Sometimes | want to have better control over colors & sizes.

Here, | am hard coding the colors

df <-
mpg %>%
mutate(
category =
case_when( 40-
cty < 14 ~ "coral™,
cty > 19 ~ "turquoise", e
TRUE ~ "grey40" o0
) - e e

ggplot(df, aes(cty, hwy, color = category)) + 20 -
geom_count() +
scale _color_identity()

31 10 15 20 25 30

35
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SCALE_FILL_IDENTITYQ)

ggplot(df, aes(cty, fill = category)) +
geom_dotplot() +
scale_Till _i1dentity()
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Best practices
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THE GOLDEN RATIO 1:1.6

e Try to give your charts the proportion of a credit card
 Also look this up

P <-
ggplot(mpg, aes(cty)) +
geom_area()

p + coord Tixed(1/10)

p + theme(aspect.ratio = 1/1.6) # ratio depends on the units

£ 20-
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DEALING WITH SPAGHETTI CHARTS

This is one of the most common questions:
multiple categories over time

This often results in a chart like the one
here. It is hard to read but there are some
ways you can help your audience

ggplot(df, aes(x, y, color = group)) +
geom line()
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HIGHLIGHT THE FOCUS & USE AN INFORMATIVE TITLE

ggplot(df, aes(x, y, group = group)) +
geom line(data = filter(df, group !'= "B'"), color
geom line(data = filter(df, group == "B'"), color
labs(title = "Group B i1s currently 1n the lead")

""grey', size = 1) +
“"black", size = 2) +

Group B is currently in the lead

40 -
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TRY A HEATMAP BUT BEWARE

ggplot(df, aes(x, fct reorder(group, Vv,
"white') +
scale_Till _gradient2(

geom_tile(color =

"red"
"yellow",

low =
mid =

high = "darkgreen

midpoint = 12
) +
my_ theme +
labs(title =

An improvement, but not colorblind friendly
e P r g

()0 =0mim

Dec 31 JanDT

colorblindr::cvd grid(Q)
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0 mxmd

NOT EVERY POINT NEEDS A COLOR

ggplot(df, aes(x, fct reorder(group, y), Fill = category)) +
geom_tile(color = "white", size = 0.1) +
scale _Till_manual(
values = c(
“poor*= *grey90"
""good"'= ''grey85"
"very good" "palegreen3”
"excellent" = ''seagreen4"
)
) +

my theme +

labs(title = "All teams are now performing their best')
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UNIVERSAL COLORS

e Keep in mind: nearly everyone can see orange and blue

Regular vision Deuteranopia Protanopia Tritanopia Monochromacy

I N\ © AR NN
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TAKE CARE WHEN CROPPING DATA

The usual methods to “zoom In” can yield unexpected results when
stat *() geoms are used.

For example, geom boxplot() calls stat boxplot() and filters out

data before doing the stats and your boxplot will keep readjusting the
guartiles.

To zoom In, use coord cartesian(xlim = c(.), ylim = c(.))

G',.i Children’s Hospital
¢ U of Philadelphia
Center for Healthcare
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USE coord_ cartesian() TOZOOM IN

# lower middle upper
# 950 2401 5324
# 911 2161 4679
# 911 2161 4679
# 950 2401 5324

Do not use ylim() or scale * continuous

# find_limits() 1s a custom function

bind_rows(
find_limits(p),
find _limits(p + ylim(0, 12000)),

find _limits(p + scale y continuous(limits = c(0, 12000))),

find _limits(p + coord cartesian(ylim =

)

c(0, 12000)))

CH
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EXTENSIONS

 ggradar - spider/radar plots
* gganimate P .
e garepel g8 1 T

' ™ = - - =
« ggforce Pl = —
o qqtext 4 c?!l factoﬁr(cyl) =
* cowplot o ‘
* more ‘”" 0

cyl cyl

IIIIIIIIIIII

10 15 20 25 30 35

mpg

ytics


https://github.com/ricardo-bion/ggradar
https://github.com/ricardo-bion/ggradar
https://gganimate.com/
https://cran.r-project.org/web/packages/ggrepel/vignettes/ggrepel.html
https://www.data-imaginist.com/2019/the-ggforce-awakens-again/
https://wilkelab.org/ggtext/
https://cran.r-project.org/web/packages/cowplot/vignettes/introduction.html
https://exts.ggplot2.tidyverse.org/gallery/
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ADD-INS

p <-
ggplot(mpg, aes(cty, hwy)) +
geom_point()

# 1nstall.packages(''ggThemeAssist'")
ggThemeAssist: :ggThemeAssistGadget(p)

# 1nstall._packages(''ggedit'’)
ggedit::ggedit(p)

# 1nstall .packages('esquisse')
esquisse: ::esquisser()
esquisse: :esquisser(mpg)

# 1nstall .packages('colourpicker'™)
colourpicker::colourPicker()

# 1nstall ._packages('addinslist™)
addinslist::addinslistAddin(Q

g Profile Tools Help

o fileffunction 60

led7* RN Untitledo*
_

Replace

Regex M Wrap

* Addins vk

‘ggplot2’ builder

Export ‘ggplot2’ plots to ‘PowerPoint'

ggplot Theme Assistant

ggedit

CH

Children’s Hospital
of Philadelphia
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Quality & Analytics



red (R) orange (0) yellow (Y)

3 htred1 red1 1 dufred! 1- ngel orangel  mutedorangel  dullorangal 1= brightysiow? yelow mutedyelowl  dulyelow!
E L '. 5 range2 orange2  mutedorange2  dullorange2 2= brightyeiow?2 yellow2 mutedyelow2  dullyellow2
. 4 an | ] 4~ | brigh
5

3 | yelow3  mutedyelow3 | dulyelow3

uniformly named colors

riake.qgithub.io/simplecolors/articles/intro.htmi

library(simplecolors)
show_colors()

teal (T)
sc(
“brightblue4”, 1-  brightteall tealt mutedteall dultealt
""mutedorange5’,
N grey3 2-  brightteal? teal2 mutedteal? dulteal?

:tem3



https://rjake.github.io/simplecolors/articles/intro.html
https://rjake.github.io/simplecolors/articles/intro.html
https://rjake.github.io/simplecolors/articles/intro.html

SIMPLECOLORS

Three main functions: sc() sc _across() sc *(O)
p <

ggplot(mpg, aesChwy, fill = drv)) +
geom _density(alpha = 0.3)

p +

scale Till _manual(values

= sc("blue3", "red3", "violet3™)) soe Ek
# or sc_across(''BRV"™, 3) S
hwy
P +
0.10 drv
scale fill _manual( Z [
values = sc_across("'RTV", light = 4, sat = "bright") o i
) 20 h\.j;.r 40
p + %0.10- d|:N|4
scale fill _manual(values = sc pink(light = ¢(1,3,5))) Soos-
46
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EXTRA HELP
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R4DS

R for Data Science is a book all about
the tidyverse. It is less “data science-y”

and more about data manipulation and
visualization. It is free online here as well

as available for sale.

B OREILLY [

R for Data

Science

VISUALIZE, MODEL, TRANSFORM, TIDY, AND IMPORT DATA

Hadley Wickham &
Garrett Grolemund

G',.i Children’s Hospital
¢ B of Philadelphia

Center for Healthcare
Quality & Analytics


https://r4ds.had.co.nz/
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STACKOVERFLOW

 iry datapasta and reprex for a
minimal reproducible example

* include images rather than links

3
é’. stack overflow

Products

1 geplot(iris, aes(Petal.Length, Petal.Width)) +
geom_mark_circle(

aes(color = » label = str_wrap("This is a very long text to display"™, 2i

expand = unit({@.2, "mm")
)+
geom_point() +
theme(legend.position = "none”) +
theme_minimal()

This is a very long
text to display

15

=
=
2
B
o
o

> see o — This is a very long
sss » text to display

" Ssssas 8

Petal. Length

This is a very long
text to display

Species

selosa
versicolor

virginica




50

CHEATSHEET

https://qgithub.com/rstudio/cheatsheets/raw/master/data-visualization-2.1.pdf

Data Visualization with ggplot2

Basics

geplot2 is bazed on the grammar of graphies, the idea
that you can build every graph from the same
components: a data set, a coordinate system,

and geoms—visual marks that represent data points.

coordinate
system

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

coordinate plot
system

Complete the template below to build a graph.
geplot (data = IR + ||

<GEOM_FUNCTION-TL T L el T <MAPPINGS> N
stat = <STAT=, position = S WELE | + Not

<COORDINATE_FUNCTION-T) i it

[<FACET_FUNCTION> T3 iy
supplled

<SCALE_FUNCTION= 1§

[ <THEME_FUNCTION-]

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

aesthetic mappings data
qgplot{x = cty, v = 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

gesave("plot.png", width = 5, height = 5) Saves last plot
as 5' x5 file named "plot_png" in werking directory.
Matches file type to file extension.

QStudio

geom function to rep
unction returns a |

Geoms

GRAPHICAL PRIMITIVES
2= ggplotleconomics, aes{date, unemploy))
b <- ggplotiseals, aes|x = long, v = lat))
+
?USES:JT?DHIJ,EIPG n[\g ing limits}

52 _curve(aes{yend =lat+ 1,
J:en Iongfl curvature=z)) - x, ):end y, yend,
alpha, angle, color, curvature, llnetype size

a+ geom\_f:thtlmeend—' butt”, lingjoin="round",
linemitre=_
x,v, alpha, color, group, linetype, size

+ geom_polygon(zes(group = groupl)
J: v, alpha, color, fill, group, linetype, size

b + geom_rect{zes|xmin = long, ymin=lat, xmax=
P long + 1, ymax = lat + 1}} - xmax, xmin, ymax,
ymln.alp a, color, fill, linetype, size

¥, yma in,
eiype, sie

a+geom_| rlbbon{aes ﬁmln unemploy - 900,

/’ ymax=unemploy +
alpha, calor, fill, group, li

LINE SEGMENTS

common aesthetics: alpha, color, linetype, size

b + geom_abline(aes(intercept=0, slope=1})
1 b + geom_hline{zes(yintercept = lat))
b + geom_vline(aas|xintercept = long))

b +geom yend=lat+1, xend=long+1))
b +geom_spoke{aesiangle = 11155 radiuz= 1)

ONE VARIABLE continuous
© =- ggplotimpg, aes(hwy)); c2 =- ggplotimpg)

« + geom_area|st

"bin")
v, alpha, color, fi

. linetype, size

«« + geom_density(kernel = "gaussian”)
Y, alpha color, fill, group, linetype, size, weight

«« +geom_dotplot()
», v, alpha, color, fill

« +geom_freqpoly(] x, y, alpha, color, group,
. linetype, size

© + geom hlmgnm[blnmdth 5) =, y, alpha,
«color, fill, Tnetype size, weight

€2 + geom_qq|aes{zample = hwy]}x,y,alpha,
«color, fill, Ilnetype size, weight

discrete

d =- ggplotimpg, aes(fl))

d + geom_bar()

¥, alpha, color, fill, linetype, size, weight

ent data points, use the geom'

operties to rep

TWO VARIABLES

continuous X , continuous y
e‘—ggnlntlmns, aes(cty, byl

Feom _label{zes(label = nudge k=1,
B“ ge_v =1, check M«Ia[[:u l}PﬁUEix.y.label.
c alpha angle color, family, fontface, hjust,

li nehecght size, vjust

7 e+ geom _jitter(height=2, width = 2)
o7 %y, alpha, color, fill, shape size

e*geom_polntl],x v, alpha, color, fill, shape,
size, stroke

&+ geom qlnlmle[] %, ¥, alpha, coler, group,
linetype, size, weight

e+ geom_rug(sides = "bl"), x, v, alpha, colar,
linetype, size

+geom_smooth{method =Im), x, v, alpha,
color, fill, group, linetype, size welgh

m m‘aesllabel—cry] nud
c clge =1, check, Mﬂa? TRUE] y, Iabel,
alpha angle color, family, fontface, F||us.t

li nehecght size, vjust

o=
]

discrete x , continuous y
= geplotimpg, aes(class, hwy))

T+ geom_eol(), x. v, alpha, color, fill, group,
.lI linetype, size

f+geom hm(lp L&, ¥, lower, middle, upper,
ymax, ymin, al pha ‘color, fill, group, Ilnetype
thape, size, weight

f+ lotplot{binaxis = "y", stackdir =
center"} J-c ¥, alpha coler, fill, group

fill, group, linetype, size, weight

“ f+geom_viclinjscale = "area"), x, v, alpha, color,

discrete x , discrete y
E<=- ggplot(diamonds, aes{cut, coler))

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

THREE VARIABLES

CHEAT SHEET

continuous bivariate distribution
h =- ggplot(diamends, aes(carat, price))

h + geom_| hm:ul{fhlnu\ndth cl0.25, 5007)
%, v, alpha, color, fill, linetype, size, weight
h + geom_densi

3, y, alpha, colour, group, linetypa, size

h+ge hes(}
Y, alpha colour, fill, size

continuous function
i =- ggplotiecanomics, aes(date, unemplay))

i+geom_area()
‘ MW, alpha cnlnr fill, linetype, size

i+geom_line[)
»,y, alpha, color, group, linetype, size

i+geom_: Stlr‘dileﬂiﬂ! ="hw"}
o, Eroup, linetype, size

[~ % alpha, co
il wae

ng er!
-df < data frame[ =c|"A","B"), fit = 4:5, se =
j < gaplot{df, aes(grp, fit, ymin = fit-se, ymax
i+ geom_crosshar(fatien = 2)
X, ¥, ymax, ymin, alpha, EG|G’I’. fill, group, linetype,
size

it+sa))

j + geom_errorbar(), x, ymax, ymin, alpha, color,
| e group, linetype, size, width {also
Egeom_errorbarh{))

j+geom_| Ilneranﬁe[
| ®, ymin, ymax, alpha, color, group, linetype, size
j + geom_pointrange()
{ oy ymin, ymax, aIpﬁa, calor, fill, group, linetypa,
shape, size

maps

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

map <- map,_data|"state”

k=- ggplot{data, aesifill = murder))

k + geom_map(zes(map_id = state), map =map)
~ +expand hn;u{a mapilong, y= mapgla
map_id, alpha, color, fill, linetype, size

seals§z <- with{seals, sqrt{delta_long*2 + delta_lat"2}}| =~ ggplotiseals, aes(long, lat])

o |+ geom_contour{aes(z=z)}
x,, Z, alpha, colour, group, linetype,
size, weight

|nterpnlate FALSE)
%, v, alpha, fil

L+ geom_tile(aes|fill = )}, x, v, alpha, calar, fill,
linetype, size, width

E 1+ geom_raster{aes(fill = z), hjust=0.5, vjust=0.5,

RStudia® is a trademark of RStudia, Inc. + OC BY SA RStudic - infa@rstudic.com + B44-448-1212 - rstudia.cam » Learn mare at hitp:|/ggplot2tidyverse.org- gaplat2 2.1.0 » Updated: 2016-11
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https://github.com/rstudio/cheatsheets/raw/master/data-visualization-2.1.pdf
https://github.com/rstudio/cheatsheets/raw/master/data-visualization-2.1.pdf
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