Instructor: Nara Yoon, Ph.D. (yoonnx@jmu.edu)
Spring 2024 | Thursdays 4-7pm, Hart 3008

Data Analytics for Managerial
Leadership

WK 13: Plotting


mailto:yoonnx@jmu.edu

PLAN FOR TODAY

Overview of core concepts

® Plot types
e Simple plotting — with plot()
® Pretty plotting — with ggplot()



READINGS

Baumer, Kaplan, & Horton.

e Data visualization principles (Ch 2.1-2.4)
e Grammar of graphics (Ch 3.1-3.2)



Simple plotting:
plot()



PLOT TYPES

Histogram

Box and whisker plot
Bar plot

Scatter plot



H ISTOG RAM S hist (state_comb:Population, labels=T)
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BOX AND WHISKER PLOT

ShOWS five number Summary boxplot (state comb$Population~state comb$state.region)
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BAR PLOT

Similar to histogram (shows
the counts of data)

count_region <- scrt(table(state_comb&istate.regicn))
total n <- length {state_cumb$3tate.:egin:‘.]

percent <- 100 #* (count regicn i total m)

barplot {percent, ylab="Percentage", col="pink")

text (¥x=seqg (0.7, 5, 1.2}, 2, paste("N=",count_regicn])
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SCATTER PLOT

Shows relationship
between “two
numerical” variables

$Population

state_comb
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plot (state comofIncome, state_cnmb$PDpulatiﬂn, pch=1)
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More about scatterplot



LOAD DATA (state dataset)

state x77 <- as.data.frame(3tate.x77)

state x77 <- state x77 ¥>% rownames to column(var="state name")
state abb <- &s.data.frame(state.abh)

state region <- as.data.frame(state.region)

state comb <- chind(state ahb, 3tate x77, state region)

# making as data frame
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COMBINED DATASET: STRUCTURE

str(state comb)

% 'data.frame’: 50 cbs. of 11 variskles:

$f £ =ztate.abb + chr PMAL™ "REM™ WLIMW PMLREC

## & state name : chr "Alabama" "Alaska" "Arizcna" "Arkanszas"

$## & Population : nmum 3615 365 2212 2110 21198

$## £ Inccme » num 3624 6315 4530 3378 5114

$## & Illiteracy : num 2.1 1.51.8 1.9 1.1 0.7 1.1 0.5 1.3 2

$## & Life Exp » num &5 69.3 0.5 70.7 71.7

## £ Murder » num 15,1 11.3 7.3 10.1 10.3 6.8 3.1 &.2 10.7 13.9 ...
$## & HS Grad » num 41.3 66.7 58.1 35.9 62.¢ B£3.59 56 24.6 S2.0 40.6
$## & Frost » num 20 152 15 &5 20 16e 135 103 11 &0 ...

$#t &£ Ares : num  SOT0E 566432 113417 51545 15636l

£ & =tate.region: Factor w/ 4 levels "Northeast","Scuth",..: 2 4 4 2 4

| ]
| ]



START WITH SIMPLE SCATTER PLOT

$Population

state_comb
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plot(state comb:Inccme, state_cumb$PDpulatiﬂn, pch=1)
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pch symbols

0 10 2/\ 3
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PUTTING DIFFERENT SYMBOL

plot (state combsIncome, state_cumbSiPDpulatiﬂn; pch=18])
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PUTTING COLORS TO SYMBOL

plot(state combsIncome, state_curLb$PDpulati'~n; pch=18, col="pink")
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PUTTING LINEAR REGRESSION LINE

plot{state combsIncome, state_cumb$PDpulatiﬂn, pch=18, col="pink")

abline (lm(state ccmb:Populaticn~state combilncome), col="red") ¥ regression line (y~X)
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PUTTING TITLE & LABEL

Moo

lot(state combSIncome, state comb$Population, pch=19, col="pink", ylim=c(1000,22000), ylab="Population", xlab="I
! r ! r ! r [

ncome ($)", main ="Relationship between Income and Population™ )

abline(lm(3tate combsPopulaticn~state combiIncome),col="red")
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Exploiting categorical variable:
By using different symbol and color!



"State region” is Categorical sr.r{stat&_cumb$state.regiﬂn}
(factor) variable with 4 levels -

$#%# Factor w/ 4 levels "Northeast"™,"South",

Which are those 4 level? = » N QUe(state_conistate, region)
[1] South Hest Northeast  North Central

numerilc reglon <= AS,.NUMAric '[!t-!.t!_l!ﬁﬂbiltltt.:tq:l.ﬂﬂ}
humer:c_reg'.an

Change variable form as
numerical =

$2 [1]24424412224433332212133
$#[39] 1232241242134
20



PUTTING DIFFERENT SYMBOL

plot(3tate combf$Income, state comb$Population, pch=numeric region, col=mumeric regicn)
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PUTTING TITLE, LABEL, LEGEND

plot (state comb$Income, state comb$Population,
pch=numeric region,
col=numeric regiomn,
xlab="Income (%)",
ylab="Populaticn",
main="Belaticnship |
legend ("topleft”,
leve;s{state_cumb$state.:Egin:],
pch=lig,

col=1+4)

<= 1y

petween Income and Population")
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LEGEND POSITION
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Exercise scatterplot



LOAD DATA (iris)

iris <- iris
str(iris)

$% 'data.frame':

$# & Sepal.length:

$#t § Sepal.Width

$3 & Petal.length:

33 & Petal.Width
3t 5 Species

150 cha. of

num 5.

. UM

T UM
: Factor

3.
num 1.4
d.

o]

W/

1 4.

3
1.4
0

[ o]

3

leyelzs "setosa","versicolor,..:

3 variables:

4.7 4.6 5 5.4 4.6 5 4.4 4.9 ...
2 3.1 3.6 3.9 3.4 3.4 2.5 3.1 ...
1.3 1.51.41.71.4 1.5 1.4 1.5 .
0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 .

1111111111
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SIMPLE PLOTTING:
RELATIONSHIP BTW TWO NUMERIC VARIABLES

plot (iris%Petal.length, iris$Petal.Width, pch=139)

$Petal Width
05 1.0 1.5 2.0 25

irisiPetal.Length
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Note that “Species” variable is categorical

str(iris$Species)
$¢ Factor w/ 3 levels "setpsa","wersicolor",..: 11 11111111...
unigue (irisiSpecies)

$3 [1] setos: veraicolor virginica

27



We want to use different symbol (pch) for each species
(“Species”)

III

To do so, create a new object in “numerical” variable

form

numeric species <- as.numeric(irisi3pecies)
NUMEric Species

28



irisSPetal Width

PUTTING DIFFERENT SYMBOL SHAPE

plot{iris$Petal.length, iris$Petal.Width, pch=numeric species, col="pink")
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PUTTING DIFFERENT COLORS TO DIFFERENT SYMBOLS

plot (iriséPetal.Length, iriséPetal.Width, pch=numeric species, ccl=numeric species)
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PUTTING TITLE & LABEL

plot{irissPetal.length, iris§Petal.Width,
pch=numeric species,
col=numeric species,
xlab="Petal length (cm)",
ylab="Petal Width (cm)",

main="Relaticnship between petal width and length") Relationship between petal width and length
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PUTTING LINEAR REGRESSION LINE

plot {iris$Petal.length, irissPetal.Width,

peh=numeric species,

col=numeric species,

xlgb="Petal length (cm)",

ylab="Petal Width (cm)",

main="Relaticnship between petal width and length")
abline (Im{irissPetal.Width~iriséPetal.length)) # the ord
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PUTTING LEGEND

plot (iris$Petal.length, irisfPetal.Width,
pch=numeric species,
col=numeric species,
xlab="Petal length (cm)",
ylab="Petal width (cm)",
main="Relaticnship between petal width and length")

Relationship between petal width and length
gbline (lm({iris$Petal.Width~irizfPetal.Length))
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ggplot2: Background



ggplot2

Geometric shape
Aesthetic
Coordinate system
Scale
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INSTALLING & LOADING PACKAGES

finstall.packages ("ggplotZ™)
#install.packages ("tidyverss")
#finstall.packages ("RColorBrewer")

librarv {(ggplotZ)
library(tidyverze)
library {EColocrBrewer)

36



MAJOR COMPONENTS: EXAMPLES

geom_function

geom_point (scatterplot)
geom_bar (bar)

geom _histogram (histogram)
geom_boxplot (box and whisker)
geom_line (line)

aesthetics

X position
y position
color

fill

shape

37



CHECK DATASET DESCRIPTION

FUgl economy data from 1999 to 2008 for 38 popular models of
(AlS

Description

This dataset contains & subset of the fug! economy data {nat the EPA makes avalatle on hps. fueleconomy gov. |
conaing only madels which had a new release every year between 1999 and 2005 - s was used as & proxy for fhe
populaty of the car

38



LOAD DATA (mpg)

mpg.data<-mpg

str(mpg.datal)

$## tibble [234 = 11] (53: tbl df/tbl/data.frame)

#%# & manufacturer: chr [1:234] "audi" "gudi" "audi"™ "audi"
#£ £ model : chr [1:234] "a4"™ "a4™ "g4" "gp4n -

#F & displ : num [1:234] 1.6 1.8 2 2 2.8 2.8 3.1 1.8 1
£ 5 ye&EY : int [1:234] 1999 15589 2008 2008 1995 15499
¥ 5 oyl :oint [1:234] 4 4 4 4 5 § & 4 4 4

#%¥ & trans : chr [1:234] "auto(l5)" "manual (m5)" "manual (m&] " "aunto(av)"
#% & drv : chr [1:234] "gLw ngw mgnm wfn

FF £ cty : Int [1:234] 18 21 20 21 1l& 18 138 1B 1& Z0
£ & hwy : int [1:234] 25 2% 31 30 26 26 27 28 25 Z8
## $ 11 : chr [1:234] "p" "gp" "p" "pn

£ £ class : chr [1:234] "compact” "compact” "compact”

"compact™

39



mpg dataset: histogram



START WITH SIMPLE PLOT

ggplot (mpg.data, aes(x=hwy)) + gecm histogram()
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10 20 30 40
hwy
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ADD COLOR TO FILL

ggplet (mpg.data,

aes(z=hwy)) + gecm histogram(fill="blue")

40-

30-

count

20

40
by
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CHANGING BIN SIZE

count

40

43



ADD BIN LAYOUT

ggplot (mpg.data, aes(x=hwy)) + geom histogram|

count

S0-

20-

20

hwy

'
30

40

fill="blue
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ADDING MEAN VALUE TO THE PLOT

=

Mean.hwy <- mean (mpg.datathwy, na.rm=TRUE)

ggplot (mpg.data, aes(x=hwy)) + gecm histogram(fill="blue",

count

20-

hwy
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ADD TITLE & LABELS

ggplot (mpg.data, aes(x=hwy)) + geom histogram(fill="hlue", col="clack", binz=13) + geom vline(aez(xintercept = M
ean.hwy), color="bplack", linetype="dashed", iputicn of Highway MPG") + theme bw() + theme
(plot.title=element text (hjust=0.3)) +

¥xlab| Trvhwigtr
N8

ighway MEG") + ylab("Count")

Distribution of Highway MPG
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204

101

10 20 30 40 46
Highway MPG



Bar graph



START WITH SIMPLE GRAPH

ggplct (mpg.data, aes(class)) + geom bar()

60~
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bcmpl

count

class
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ADD CATEGORICAL VARIABLE

class (mpg.datasdrv)

$#% [1] "character"

ggplot (mpg.data, aes(class, fill=drv)) + gecm bar()

count

. I

i i
2sealer compact

i
midsize

i
minivan
class

plc;tup

subcompact

Suv
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CHANGE LEGEND TO MAKE IT LEGIBLE

class (mpg.data$drv)
%% [1] "character"

ggplet (mpg.dats, aes(class, fill=drv))] + geom bar() +
scale fill discrete(labels=c('4wd', 'front-wheel driwve',

'rear wheel driwe'}) +
labs (fill="Type of drive train")

count

Type of drive train
. Awd

B ironwneel drive
. rear wheel drive

Zseatel compacl m\dslze m\n\van plckup subcompacl s
class




CHANGE AXIS TITLE SIZE

ggplet (mpg.data, aes(class, fill=drv)| + geom bar() +

scale fill discrete(labels=c{'4wd', 'Iront-wheel drive', 'rear wheel drive')) +

labs(fill="Type of drive train") +

theme (axis.title.x=element text(size=13), axis.title.y=element text(3ize=13))

40-

count

]
2seater

compact

midsize

I
minivan

class

plc;mp

subcompact

'
Suv

Type of drive train

B
B fontwneel drive
. rear wheel drive
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FLIP THE AXIS

ggplot (mpg.data, aes(class, fill = drv)) +

gecm bar({position=positicn stack(reverse = TRUE)) +

scale fill discrete(labels=c({'4wd', 'Iront-wheel drive', 'rear wheel drive'}) +
labs (fill="Type of drive train") +

theme (axis.title.x=element text(size=13), axis.title.y=element text(size=13)) +
coord Ilip{) + Type of drive train [l vo ] ronsnestcrve [ rearneei e
theme (legend.position="top")

SV =
subcompact =
pickup =

minivan -

class

midsize =

compact -

2zeater-

20 40
count
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Box and whisker plots



START WITH SIMPLE

ggplet (mpg.data, aes(x=class, y=cty)) + geom boxplot()

35-
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ADDING MANY OTHER OPTIONS

ggplot (mpg.data, aes(x=class, y=cty)) +
gecm boxplot (fill="plum") +
labs (title="City Mileage grouped by vehicle class",
caption="Source: mpg",

¥x="Clgaz of Vehicle™ . City Mileage grouped by vehicle class

y="City Mileag=") + 1
theme classic()
—_ 20
-
@ 25 .
=]
8
=
Z 50 .
.| == *
10 :
2seater compact midsize mlnivan plcitup subcolmpact suv
Class of Vehicle 55
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Scatterplots



nwy

START WITH SIMPLE

ggplet (mpg.data, aes(x=displ, y=hwy)] + geom point()
40-
30-

20-
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ADDING LINE OF BEST FIT

ggplot (mpg.data, aes(x=displ, y=hwy)) + geom point() + geom smooth()

40-

30-

hwey

20-
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SYMBOL SHAPES
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: tidyverse ggplot2
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https://ggplot2.tidyverse.org/reference/scale_shape.html

CHECK OUT SYMBOL SHAPES

ggplot (mpg.data, aes(x=displ, y=hwy)) + geom point(shape=1Z)
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R COLOR BREWER'’S PALETTES

¥10rRd .
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Source: R graph gallery


https://r-graph-gallery.com/38-rcolorbrewers-palettes.html

CHANGE COLORS

qgplot (mpg.data, mapping=aes(x=dlspl, y=mwy, coler=class)) + geom point() +

acale coler Drewer (palette="detl")
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ADD TITLE, SUBTITLE, & LABELS

ggplet (mpg.data, mapping=ses(x=displ, y=hwy, color=class)) + geocm point() +
scale color brewer(palette="Setl") +
labs (x="Engine discplacement", y="Highway miles per gallon",
title="Relaticnship between engine displacement and highway miles per gallen",

subtitle="Data:mpg data",
Relationship between engine displacement and highway miles per gallon

color="Type of car") Data:mpg data
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