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Data Visualization (2)



W

ggplot2

geplot2 is a system for declaratively creating graphics, based on The Grammar of
Graphics. You provide the data, tell ggplot2 how to map variables to aesthetics,
what graphical primitives to use, and it takes care of the details.

Install R packages
a collection of R functions, complied code and sample data

ggplot2
ggrepel (deal with overlapping text later)


https://www.amazon.com/Grammar-Graphics-Statistics-Computing/dp/0387245448/ref=as_li_ss_tl

Data visualization with ggplot2 : : cHEAT SHEET

G eoms Use a geom function to represent data points, use the geom’s aesthetic properties to represent variables.

Basics

geplot2 iz basad on the grammar of graphics, the idea
that you can build every graph from the same
components: a data z=t, a coordinate system,

and geoms—visual marks that represent data points.

ann

+ E -

data geom coordinate plot
®=F y=A  system

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

[ [uafa]

S== )
* -

Complete the template below to build a graph.

zeplot (data= ST + T“q"“‘”
I mapping - ses LRI
ctat =GALD), postion CLEITN = | v

required,
<COORDINATE_FUNCTION= =

defmts
= supplied

| <SCALE_FUNCTION= 3

| <THEME_FUNCTION>]

geplot(data=mpg, aes(x=cty, y=hwy)) Begins a plot

that you finish by adding layers to. Add one geom
function per layer.

last_plot() Retums the last plot.
gesave|"plot.png", width =35, height = 5) Saves last plot

az 5 x5 file named "plot.png" in working directory.
Matches file type to file extension.

AES Commeon aesthetic values.

color and fill - string ("red", "#RRGGEB")

linetype - integer or string (0 ="blank", 1="solid",

2="dashed", 3 = "dotted", 4 = "dotdash”, 5= "longdash",

6="twodash")

lineend - string ("round”, "butt”, or "square”)

linejoin - string ["round”, "mitre", or "bevel”)

0123 48 6783 mNM 12
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shape - integer/shapenameor o sripwmen aams
asingle character ("a") ®s@pO0AcCeondlhy
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size - integer (line width in mm)

Each function returns a layer.

GRAPHICAL PRIMITIVES
a =- ggplotieconomics, ass(date, unemploy])
b= ggplot{seals, ass(x=long, y=lat])
a+ geom_blank() and a + expand_limits()
Enizure limits include values across all plots.
b+ geom_curve{aes(yend =lat+ 1,
P xend = long + 1), curvature = 1) - x, xend, y, yend,
alpha, angle, color, curvature, linetype, size
a+ geom_path(linesnd = "butt”,
% linejoin ="round", linemitre = 1)
7 x,vy, alpha, color, group, linetype, size

a+ geom_polygon(aes(alpha =50)) - x, y, alpha,
. color, fill, group, subgroup, linetype, size

b + geom_rect{aes{xmin =long, ymin = lat,
- xmax =long+ 1, ymax = lat + 1)} - xmax, xmin,
ymax, ymin, alpha, color, fill, linstype, size

a+ geom_ribbon{aes(ymin = unemploy - 300,
ymax = unemploy + 300} - x, ymax, ymin,
alpha, color, fill, group, linetype, size

LINE SEGMENTS

commaon aesthetics: x, y, alpha, color, linetype, size

b + geam_abline(ass(intercept =0, slope = 1))
1 b + geom_hline{aes(yintercept = lat))
=1 b+ geom_vline(ass(xintercept = long))

b+ geom_segment|ass(yend = lat+ 1, xend =long + 1))
b+ geom_spoke(aes|angle = 1:1155, radivs = 1))

ONEVARIAELE continuous
¢ = geplot{mpg, aes(hwy]); €2 = geplotimpg)

© + geom_area(stat="hin"}
‘ %, ¥, alpha, color, fill, linetyps, size
o c+geom_density{kernel = "gaussian”)
% %y, alpha, color, fill, group, linetype, size, weight

I  + geom_dotplot()
ul B x, v alpha, color, fill

A c+geom_freqpely()
/% x,alpha, color, group, linetype, size

« + geom_histogram|binwidth =5
‘ x, ¥, alpha, color, fill, linetype, size, weight

2+ geom_qgqlaes(sample = hwy] )
/ x, v, alpha, coler, fill, linetype, size, weight

discrete
d =~ geplotimpg, aes(fl])
d +geom_bar{)
I x, alpha, color, fill, linetype, size, weight
-II

TWO VARIABLES
both continuous
e« geplot(mpg, ass(cty, hwy])

51 e+geom_label(assilabel = cty), nudge_x=1,
‘Eﬁ— nudge y=1)-x,y, label, alpha, angle, color,
family, fontface, hjust, linsheight, size, vjust

e+ geom_point{)
x, y, alpha, colar, fill, shape, size, stroks

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

= &+ geom_rug|sides ="bl")
& x,y, alpha, color, linetype, size

e+ geom_smooth{method =Im)

j" x,y, alpha, color, fill, group, linetype, size, weight
e+ geom_text{assilabel = cty), nudge_x=1,

o

nudge_y =1} -x, v, label, alpha, angle, color,
Ay family, fontface, hjust, linshesight, size, vjust

one discrete, one continuous
< gzplotimpg, aes(clazs, hwy))

f+ geom_col()
.II x,y, alpha, color, fill, group, linetype, size
m

- f+geom_boxplot{)
Qé} x, y, lowrer, middle, upper, ymax, ymin, alpha,
celor, fill, group, linetype, shape, size, weight
* f + geom_dotplotibinaxis ="y", stackdir = “center")
x, y, alpha, color, fill, group

# f+ geom_violin(scale = “area”)
x,y, alpha, color, fill, group, linetype, size, weight

both discrete
g < geplot(diamonds, aes(cut, colar))

® ) =+g=om_count()
. ¥ alpha, color, fill, shape, size, stroke

FoE &+ geom_jitter(height =2, width=2)
i ';‘: x,y, alpha, color, fill, shape, size

THREE VARIABLES

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

h + geom_bin2d|birwidth = <(0.25, 500))
.f »,y, alpha, color, fill, linetype, size, weight

h + geom_density_2d({)
x,y, alpha, color, group, linetype, size

h+geom_hex()
I *, ¥, alpha, color, fill, size

continuous function
i< geplot{sconomics, asz{date, unemploy])

i+ geom_areal)
*, ¥, alpha, color, fill, linstype, size
i+ geom_line()
it x,y, alpha, color, group, linetype, size

i + geom_step(direction = "hv")

!
e x,y, alpha, color, group, linetype, size

visualizing error
df < data.framelgrp =c("4", "8"), fit=4:5,52=1:2)
j = eeplotidf, aes(grp, fit, ymin = fit - se, ymax = fit + se))

H i+sgeom_crosshar{fatten =2) -x, y, ymax,
HE ymim, alpha, celor, fill, group, linetype, size

1 j+ geom_errorbar() - x, ymax, ymin,
TI alpha, color, group, linstype, size, width
Alzo geom_emorbarhi).

| | | j*geom_linerange()
®, ymin, ymax, alpha, color, group, linetyps, size

! i j+geom_pointrangs() - x, y, ymin, yma,
+ alpha, color, fill, group, linetype, shape, size

maps
data < data.frame{murder = USArrestsSMurder,
state = tolower{rownames{USAmests|})
map < map_data|"state”)
k < ggplot(data, aes(fill = murder))
k + geom_map(asez{map_id = state), map = map)
* + expand_limits|x = mapSlong, y = mapslat)
map_id, alpha, color, fill, linstype, size

zealsdz <- with(zeals, sqrt{delta_long"2 + delta_lat*2)); | =- zgplotizeals, a=s{long, lat])

. 1+ geom_contour{aesiz=z))

tasi
%, v, Z, alpha, color, group, linetype, size, weight

I+ geom_contowr_filled(aes{fill = 2))
%, v, alpha, color, fill, group, linetyps, size, subgroup

|+ geom_raster{aes{fill =2}, hjust=0.5,
Vjust =0.5, interpolate = FALSE)
x, v, alpha, fill

1+ geom_tile{aesz{fill=2))
x, y, alpha, color, fill, linetype, size, width
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Sta ts An alternative way to build a layer.

A stat builds new variables to plot (e.z., count, prop).

O
[ [ocoune. |8
> —1
data stat glenm coordinate plot
y munt T

Visualize a stat by changing the default stat of a geom
function, geom_bar{stat="count"} or by using a stat
function, stat_count|{geom="bar"), which callz a default
geom to make a layer [equivalent to a geom function).
Use ..name.. syntax to map stat variables to aesthetics.

touse 1 statfunction | geommappings

u L; +stat_density_2d{ass{fill = level ),
£20m="PolEon") qmrrre——r—y

¢ +stat_bin(binwidth =1, boundary = 10)
£, ¥| ..count., _ncount.., _density.., .ndensity..

¢ +stat_count{width=1) x,y| .count., _prop..
cl-slat_denslty{adjust 1, kemel = "gauszian")
2d..

e + stat_bin_2d{bins =30, drop=T)
x, ¥, fill | _count.., .density..
e+ stat_bin_hex{bins = 30) x, y, fill | _.count_., density.

e + stat_density_2d{contour = TRUE, n= 100)
x, ¥, color, size | _level.

1+ stat_contour{ses(z=2)) x, v, z, order |
I+ stat_summary_hex|asz(z=z], binz = 30, fun =max)
X, ¥, 2, fill] _valus.
|+ stat_summary_z2d{aes(z =2z}, binz = 30, fun = mean)
X, ¥, 2, fill] _valus.

evel.

T+ stat_boxplot{coef=1.5)
x,¥| -lower_, _middle_, .upper., width._, ymin., ymax.

1+ stat_ydensity(kemel = "gaussian®, scale = "area") x, y
| -densh led it ioli idth..

ecdfin=

e + stat_quantile{guantiles = ¢{0.1, 0.9),
formula =y ~ log{x), method ="ng") x, y| _guantile._

e + stat_smooth(methed = "lm", formula =y ~x, se =T,
level i

geplot]) + xlim{-5, 5} + stat_function{fun =dnorm,
n=20, geom = “point”) x | 2., y..

geplot]) + stat_qq(aez(zample = 1:100))
x, ¥, sample | _sample._., . theoretical..

e+ stat_sum() x, y, size | ..n_., _prop..

e + stat_summary{fun.data="mean_cl_boot")

h #+ stat_summary_bin{fun = "mean”, geom = "bar"}
e + stat_identity()

&+ stat_unique()
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Sca l es Override defaults with scales package.

Scales map data values to the visual values of an

assthetic. To change a mapping, add a new scale.
nq—d+g§om bar[aes[ﬁll-ﬂ}:l

il ey

n+s«|:a||:_ﬁll_mam|a R
ol el R R

name= "Fuel“ labels - =c("D", "B "P"RY)
ﬁ =3

GENERAL PURPOSE SCALES

Use with most aesthetics

scale_*_continuous() - Map cont’ values to visual ones.
scale_*_discrete() - Map discrete values to visual ones.
scale_*_binned() - Map continuous values to discrete bins.
scale_*_identity() - Use data values as visual ones.

scale_* manual(values =¢f}) - Map discrete values to
manually chosen visual ones.

scale_* d.a‘lE{daIe labels= IEﬁrn "),

dats_Breaks ="2 wesks”) - Treat data values as dates.
scale_*_datetime() - Treat data \tal.us as date times.
Same asscale_*_date(). See ?strptime for label formats.

X &Y LOCATION SCALES
Use with x ory aesthetics (x shown here)
scale_x_log10() - Plot x on log10 scale.

scale_x_reverse() - Reverse the direction of the x axis.
scale_x_sqrt() - Plot x on square root scale.

COLOR AND FILL SCALES (DISCRETE)

n+ scale_fill_brewer{palstte = "Bluss”)
II Faor palette choices:
RiColorBrewerdisplay brewer.all()

n+ scale_fill_grey{start=02,
.II end =0.8, navalue ="red")

COLOR AND FILL SCALES (CONTINUOUS)
o= c+geom_dotplot(ass(fill = x_])
Jlai o +scale_fill_distiller(palette = “Blues”)
.l!; o +scale_fill_gradient{low="red", high="yellow"}

o+ scale_fill_gradient2(low ="red”, high ="blus",
.I! ="t mapoint =23
t}

o+ scale_fill_gradientn|colors = topo.colors(B))
! Also: rainbowd], heat.colers(), terrain.colors{],
i emi.colors{), RColorBrewer:brewer.pal()

SHAPE AND SIZE SCALES
p = e +geom_point{aes(shape =fl, size = cyl])

7 pt scale_shape() + scale_size()

< p+scale_shape_manual{valuss = c(3:7))
+>< 012345 6739 NTNTRBUBEEITERDIAZAME
O0A+HOUEEEBIERAOCAC O o 0OGAY
@ p+scale_radius(rangs =c(1,6])
. p+scale_size_area(max_size=§

Coordinate Systems

r=d +geom_bar{)
r+ coord_cartesian{xlim = c(0, 3)) - xlim, ylim
II The default cartesian coordinate system.
|}
- r+ coord_fixed|ratio = 1/2)
o0 ratic, wlim, ylim - Cartesian coordinates with
=" fixed aspect ratio between x and y units.
geplot(mpg, aes(y=1fl}} + geom_bar()

]

| |

= Flip cartesian coordinates by switching
Ry and w aesthetic mappings.

‘ r+ coord_polar(theta ="x", direction=1)
theta, start, direction - Polar coordinates.

r+coord_trans(y = “sgrt") - x, y, xlim, ylim
Transformed cartesian coordinates. Set xtrans
-lll and ytrans to the name of a window function.

m + coord_quickmap( )
ﬁ% m +coord_map(projection = "ortha”, orientation
"l ¥ =c(41,-74,0)} - projection, xlim, ylim
Map projections from the mapproj package
(mercator (default), azequalarea, lagrangs, ste.).

Position Adjustments

Position adjustmients determine how to arrange geoms
that would otherwize occupy the same space.

s < ggplotimpg, ass(fl, fill = drv))

5+ geom_bar{position ="dodge"")
Arrange elements side by side.

s+ geom_bar{position ="fill"}

Stack elements on top of one

another, normalize height.

e+ geom_point|position = jitter")
Add random noise to X and ¥ position of
each element to avoid overplotting.

& + geom_label(position = "nudgs")
Nudge labels away from points.

5+ geom_bar{position ="stack")
II Stack elements on top of one another.

Each position adjustment can be recast as a function

with manual width and height arguments:
=+ geom_bar|position = position_dodge(width = 1)}

Themes

r+theme_bw() r+theme_classic()
White ba o .
| i umhem_ugmn

- I r+ theme_linedrawf()

r+ theme_minimal{)

r+ theme_gray()
Grey background
(default theme). 'Minimal theme.

r+theme_dark(} .JI r+ theme_void()
Dark for contrast. = Empty theme.

r+ theme() Customize aspects of the theme such

a5 auis, legend, panel, and facet proparties.
= gg‘tle Title") + theme|plot title pestion = "plot”
+theme(panel background = element_rect{fill = “blue"))
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Faceting

Facets divide a plot into
subplots based on the
values of one or mare
dizcrete variables.

ggplot2

t=- gzplot{mpg, aes|cty, hwy]) + geom_peint()

IIIII 1+ facet_grid(cols = vars{fl})
Facet into columns based on fl.
t + facet_grid|rows = vars{year))
Facet into rows bazed on year.
t + facet_grid|rows = vars(year), cols = vars(fl})
Facet into both rows and columns.

t +facet_wraplvars{fl))
Wrap facets into a rectangular layout.

Set scales to let axis limits vary across facets.

t = facet_grid(rows = vars(drv), cols = vars{fl},
scales ="free")
x and y axis limits adjust to individual facets:
Mree_x" - x axiz limits adjust
"free_y" -y axis limits adjust

Set labeller to adjust facet label:
t = facet_grid|cols = vars(fl), labeller = label_both)
flic fled fliie fap fur

t = facet_grid(rows = vars(fl},
labeller = label_bguate|alpha * .{fl)}}
o ad s P o

Labels and Legends

Use labs() to label the elements of your plat.
t+ labs(x ="New x axiz label”, y="Newy axiz labe[",
title ="Add a title above the plot”,
subtitle = "Add a subtitle below titla",
caption ="4dd a caption below plot”,
alt ="Add alt text to the plat”,
= "New@ legend title")

t + annotate(geom ="text", x =& y=9, label ="A")
Flaces a geom with manually selected aesthetics.

+guid id .dod Hvoid crowded
gr agvelf:'laeps[{:ng aLe?sﬂﬁEudeggms{]r,l dn%lgecorangle]

ides(fill = “none") Set legand pe[oreach
aesﬁ:lehc colorbar, legend, or nuneF:m legend

n + theme(legend position = "bof
Place lzgend at "bottom”, "top", "leﬂ",ur"‘right".
n+scale_fill_discreteiname = "Title",

labels = AT B" "Cm AD" "E”

Set legend title and labels with a scale function.

Zoommg

Without clipping (preferrad):

With clipping (removes unseen data points):
1+ xlim(0, 100) + ylim{10, 20)

. t+scale_x_continuous(limits = c(0, 100)) +
scale_y continuous|limits =c(0, 100])

t + coord_cartesian(xlim = {0, 100), vlim =c(10, 20))
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Midwest Data

data <- read.csv("midwest.csv",
library (ggplot?2)

library (ggrepel)

W

header=TRUE

)



XandY axis

ggplot (data, mapping=

Be+06 -
aes (x=area, y=poptotal))

#aes 1is to specify the X
and Y axes, no graph
because of not specifying
the plot

1e+06 -

Oe+00 -

0.00 0.0 0.06 g.09
dréd
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Scatterplot

#scatterplot —-- geom point

g <- ggplot (data, aes (x=area, 1onnanes
y=poptotal)) + geom point ()

#setting x and y 1imit g
gl <- 1im(0,0.1)+ylim(0,1000000) =

gl

[ Using + to add on more specification J

£

3
et

®
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Pny ®
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drea



Title and Labels

#title and axis labels
g2 <- gl+

ggtitle ("Area v.s. Total
Population", subtitle="From
midwest data") +

xlab ("Area") +

vliab ("population")

g2

population

Area v.s. Total Population
From midwest data

1000000 -

750000 -

500000 -

250000 -




Pl €

Change Color

#change point color (based on

state) Area v.s. Total Population
gg <- ggplot (data, aes (x=area, From midwest data
yzpoptotal) ) + 1000000 - . .

om polint (aes (col=state]; b
Lze=3) + > 750000~ ) . state

x1im (0, 0.1)+ s . P

. % 500000 - .“‘ . N .
y1im(0,1000000)+ s i
ggtitle ("Area v.s. Total — $it, * W
Population", subtitle="From a- *s o . .
midwest data") + * ..

0-
xlab ("Area') + 0.000 0.025 0.050 0.075 0.100
Area

vlab ("population")
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Palette iIn R

YIOrRd
¥IOrBr
YIGnBu
YIGn
Reds
RdPu
Purples
PuRd
PuBuGn
PuBu
OrRd
Oranges
Greys
Greens
GnBu
BuPu
BuGn

Blues

Pastel2

Pastell

rarod T BT W
ooz [N
ccent [ N

svocre [N

RAYIGn

RdYIBu
RdGy
RdBu

PuCr
PRGn

PiYG

BrEG

VERSITY
u,a‘ ‘%@

AN
%m@

&
&
Pl ®

\



Change Color -2

ggz2 <-
ggtscale colour brewer (pa

lette = "Setl"),; ggZ

&
5o %
@ W g
@ &
Pl €

Area v.s. Total Population
From midwest data

1000000 -
.
-
®
- " L
o >
= ® N
m -e
500000 - .
a . ® ! & M
]
= - » » ® OH
2
250000 - § *owi
-
-
»
>
0- @ =
0.000 0.025 0.050 0.075 0.100

Area
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Change the breaks

ggz + .
: Area v.s. Total Population
scale x continuous (breaks=s From midwest data
eq (0 0.1, 0.01))+ 10000001 4
L]
750000 » . state
. c & L
Change background to white 2 * * N
= 500000 .“. .
= . M
=t * OH
250000 oo
&
.

0.000.010.020.020.040.05 0.060.070.080.090.10
Area



Adjust Background

ggZ2+theme classic ()

1000000 1

750000

population

250000

0

5000004

Area v.s. Total Population
From midwest data

[
L
...'.'
)
-
L1 ]
. @ ¢
L
L ™ L
48 2,
- Ty
. @ * 8
* ] *
L
) * .
0.000 0.025 0.050 0.075 0.100
Area

ggZ2+theme void()

Area v.s. Total Population
From midwest data

» L
[
a®
. state
* L
L
=M
#* OH
* Wi
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Area Vs Population

More to add on...

gg3 <- ggplot (data,

aes (x=area, y=poptotal)) + o P popdensity
geom poilnt (aes (col=state, . i : igzgg
size=popdensity)) + * . ¢ @ 50000
xlim(c (0, 0.1))+ § 3set5- 't ® zoo00
ylim(c (0, 500000)) + i . ”}fz e
labs(title="Area Vs Al ST N :;
Population", y="Population", . :. — : . N
S wy . . HEG .
SRgreas 993 RS o
0.000 0.025 0.050 0.075 0.100
Area

15



More to add on...

ggd <- gg3+

labs (color="State",

size="Density")

4

ggé

Area Vs Population

Be+05 -

de+05-

Te+05 -

Oe+00 - “

0.000 0.025 0.050 0.075 0.100
Area

Density

@ 20000
& 40000

& coo000
& :=o000

State
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Specify Color by States

ggo <-
ggd4+scale color manual (name="Sta
t:EE",

labels = c¢c("Illinois",
"Indiana',

"Michigan",

"C)klj_C)",
"Wisconsin"),
values = c("IL"="blue",

"IN"="red",
"MI"="green",
"OH"="brown",
"WI":"Oral’lge") )

ggo

Area Vs Population

He+05-

o ®
.
4e+05 -
* .
5 3e+05-
®
=
O
L=
0 2e+05-
* .
‘ L
1e+05 - oo *
L
e ]
o [ o -- -
De+00-  ® -
0.000 0.025 0.050 0.075 0.100

Area

Density

&® 20000
& 410000

& 50000
@ o000

State

lllinois
Indiana
Michigan
Chio

Wisconsin



Legend Position

#Left legend

ggb+theme (legend.position

Area Vs Population

#No legend
ggbttheme (legend.position
= "None") = "left")
Area Vs Population
Be+05- . Density 5e+05-
L T ® 20000
4e+05- & 40000 4e+05-
. * & co000
™
539+05- . : . 80000 C 3a+05-
B . * 2
= -« Bl L ] T
O
@ 26+05- - N . State §.
e 0o 2e+0s-
*  llinois
1a+05- . * Indiana
=  WMichigan 1e+05-
. - .
De+00- o *  Ohio
0.075 0.100 Wisconsin De+0p-  *

0.000

0.025

0.050
Area

0.075

0.100

Area Vs Population

Se+05-

4e+05-

1e+05-

Indiana

Michigan

Ohio

ggb+theme (legend.position =

"bottom",
legend.box="horizontal")

Wisconsin

WNERSTY gy
p ’
& “a,

™M %

.
Hraggrmmris §5% &

e,

® Karigy,,
5® "y,

&
Pl €

0.075 0.100

Density @ 20000 @



