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Scatterplot

Let’s create a data set.

dat <- attitude
dat$sex <- as.factor(rep(c("M", "F"), each = 15))
datSethnicity <- as.factor(rep(c("W", "N"), 15))



Scatterplot

Create a simple scatterplot by the plot
function.

plot (rating ~ complaints, data = dat)
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#Alternatively
plot (dat$complaints, dat$rating)

complaints



Provide the labels for X- and Y-axes and the
title.

plot (rating ~ complaints, data = dat, xlab =
"Handling of Employee Complaints", ylab = "Overall
Rating", main = "Employee Survey")

Employee Survey
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Handling of Employee Complaints



Provide the regression line using the abline
function

abline (Im(rating ~ complaints, data = dat))
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Scatterplot

R is amazing in plotting. It provides many
features to customize the graphs. For
example, different-color points are provided

for different sex.



First, create a graph that provides no data
points and use it as a canvas

plot (rating ~ complaints, data = dat, type = "n",

xlab = "Handling of Employee Complaints", ylab =
"Overall Rating", main = "Employee Survey")
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Next, provides the blue points for male

with (dat[datSsex == "M"
= 2,

rating,

pch

ceX

4
= 1.5, col =

], points (complaints,

"blue") )

The with function is used to temporally attach variables
in a workspace.
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Next, provides the red points for female

with (dat[dat$sex == "F",], points(complaints,
rating, pch = 2, cex = 1.5, col = "red"))
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Don't forget the legend

legend ("topleft", c("Male", "Female"), pch = 2,
col = c("blue", "red"), cex = 1.5)

We may use coordinate instead of "topleft", suchas legend (40, 80, ...

cex is the size of texts.
Employee Survey
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Alternatively, label with texts

plot (rating ~ complaints, data = dat, type = "n",
xlab = "Handling of Employee Complaints", ylab =
"Overall Rating", main = "Employee Survey")

with (dat, text (complaints, rating, labels = sex))
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Scatterplot

L et’s customize the axes.

Sometimes, the ticks are not in the appropriate
place.

Further, the axes do not start at 0. We would like
to change it.

Provide additional information, such as the
position of the mean coordinate



Start with a canvas without axes

plot (rating ~ complaints, data = dat, type = "n",
axes = FALSE, xlab = "Handling of Employee
Complaints", ylab = "Overall Rating", main =

"Employee Survey", xlim = c¢(0, 100), ylim = c (0,
100))
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Set the X-axis and the Y-axis

axis(l, at = c(25, 50, 75, 100), labels = c("Very
Low", "Low", "High", "Very High"))

axis (2, at = c(25, 50, 75, 100), labels = c("Very
Low", "Low", "High", "Very High"))

Employee Survey
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Use the box function to fill all borders

box ()

Employee Survey
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Put the data set

with (dat, text (complaints, rating, labels = sex))

Employee Survey
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Put the mean coordinate

mx <- mean (datScomplaints)
my <- mean (datSrating)
points (mx, my, pch = 16, cex = 2, col = "red")
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Put the arrow

arrows (0.93 * mx, 1.2 * my, 0.99 * mx, 1.01 * my,
code = 2, length = 0.1, col = "red")
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Put the text label

text (0.93 * mx, 1.2 * my, pos = 2, col = "red",

label = "The Mean Coordinate")
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Boxplot

Boxplot for a single variable

boxplot (dat$Srating, ylab = "Overall Rating")

80
|

70

60

Overall Rating

50
|

40




Boxplot

Boxplot for a single variable

boxplot (rating ~ sex, data = dat, xlab = "Overall
Rating", horizontal = TRUE, boxwex = 0.5, col =
c("green", "yellow"))

boxwex is the width of the box. s _ \ \‘
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Barplot

Barplot for a single variable

barplot (50, ylim = c¢(0, ©60), col = "pink", xlab =
"Overall Rating")
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Barplot with one factor
Set group means and group SD

sexm <- tapply(datSrating, datS$Ssex, mean)
sexsd <- tapply(dat$Srating, datS$sex, sd)

> sexm <- tapply(dat$rating, datfsex, mean)
> sexsd <- tapply(datSrating, dat$sex, sd)
> SEexXm

0 M
cd.2e6667 €5.00000
> sexsd

B M

13.88970 10.66365



Make a barplot showing group means

barout <- barplot (sexm, ylim = c(0, 80), col =
c('pink", "skyblue"))

barout saves the X-coordinate of the bar.
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Create error bars

arrows (barout, sexm + sexsd, barout, sexm - sexsd,
angle = 90, code = 3, length = 0.5)

The arrow rotates 9o degree from the line = Similar to error bars
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Add the horizontal axis (if needed)

abline(h = 0)
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Barplot with two factors
Set group means and group SD

sem <- tapply(datSrating, list (datS$Ssexlab,
datSethnicity), mean)

sesd <- tapply(dat$rating, list (dat$sexlab,
datSethnicity), sd)

A

sem <- tapply(dat$rating, list(dat$sex, datSethnicity), mean)
sesd <- tapply(dat$rating, list(dat$sex, datfethnicity), sd)
Sem

WO

N W
e2.00000 e6.85714
e2.85714 66.87500
> s5esd

=

N W
F 15.18457% 12.50257
M 9.352871 11.99330



Make a bar graph representing cell means

barout <- barplot (sem, beside = TRUE, ylim = c (0,
100), col = c("pink", "skyblue"), legend.text =
TRUE, args.legend = list(x = 3.5, y = 100, legend
= c("Male", "Female")))
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Make a bar graph representing cell means

barout <- barplot (sem, beside = FALSE, ylim = c (0,
100), col = c("pink", "skyblue"), legend.text =
TRUE, args.legend = list(x = 3.5, y = 100, legend
= c("Male", "Female")))
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Make error bars

arrows (barout, sem + sesd, barout, sem - sesd,
angle = 90, code = 3, length = 0.2)
abline(h = 0)
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Line Graphs

Instead of a bar graph (which is
recommended), we may use line graphs to
represent cell means from two factors.



Create a canvas

plot(c (0, 0), type = "n", axes = FALSE, xlab =
"Sex", ylab = "Overall Rating", main = "Employee
Survey", xlim = c¢(0.5, 2.5), ylim = c (0, 80))
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Put the axes

axis(l, at = c(1, 2), labels = c("Female", "Male"))

Employee Survey
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Put the data points for non-whites

points (cbind(l1:2, sem[,1l]), pch = 1, col = "red")
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Put the line for non-whites

lines (cbind(1:2, sem[,1]), 1lty = 2, col = "red")
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Put the data points and lines for whites

points (cbind(l1:2, sem[,2]), pch = 2, col = "blue")
lines(cbind(l1:2, sem[,2]), lty = 1, col = "blue")
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Put the legend

legend ("bottomleft", c("Non-Whites", "Whites"),
pch = 1:2, 1ty = ¢c(2, 1), col = c("red", "blue"))
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Histogram

Histogram for a single variable

set.seed (123321)
X <- rt (1000, df = 8)
hist (x)

Histogram of x
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Histogram

Create more bars

hist (x, breaks = 20)
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Histogram

Histogram with density

hist (x, breaks = 20, prob = TRUE)
lines (density(x), lty = 2, col = "red")

Histogram of x
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Making a new window

windows () #for Windows
quartz () #for Macs
X11() #for Linux

Current windows will be inactive but shown.
A new window is created to receive commands from R.



Saving Outputs

In R, the windows showing graphs are one

type of devices.

If we type dev.off (), the graphing
window will be turned off.

To create afigure and save it in a file, we need
to create other type of devices.



Saving Outputs

Types of figure devices
Bitmap images: tiff, png, Jjpeg
Vector graphics: pdf



Saving Outputs

For example, tiff
Units in pixel

tiff(file = "x.tiff", width = 1600, height = 1600,
pointsize = 60)

hist (x, breaks = 20)

mx <- round (mean(x), 2)

dev.off ()



Saving Outputs

For example, pdf

Units in inches

pdf ("x.pdf", width = 8, height = 8, pointsize =
20)

hist (x, breaks = 20)

mx <- round (mean(x), 2)

dev.off ()



Saving Outputs

LaTeX users -> Save your figure as pdf and
Importitto LaTeX
Microsoft Word

Macs -> Save as pdf and import it to Word
Windows

Save as bitmap pictures but use very high pixel

My way is to save it as pdf and take a snapshot from
Adobe PDF



Layouts

R can show multiple graph in the same figure
par (mfrow = c (2, 2))

par (mfcol = c(2, 2))
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par (mfrow = c(2, 2))

hist (rnorm (100, 0, 1))

hist (rchisg (100, 2))

plot (matrix(c(O0, O, 1, 1), 2), type = "1")
barplot (c (20, 40))
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Italic Fonts, Greeks Symbols

Sometimes, we need to have italic symbols or
Greek fonts in a figure for publication.
We can use the bquote function

Let’s create data to run histogram

set.seed (123321)
X <- rnorm (100, 0, 1)



See the following examples

hist (x, main = XXX)

main = "mu = round (mean(x), 2)"

mu =round(mean(x), 2)
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= See the following examples

hist (x, main = XXX)

main = paste("mu =", round(mean(x), 2))

mu = 0.07
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See the following examples

hist (x, main = XXX)

malin = bqgquote (mu == round(mean(x), 2))

Inside bquote, a function is not evaluated.
u =round(mean(x), 2)
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See the following examples

hist (x, main = XXX)

main = bqgquote (mu . (round (mean (x), 2)))

To evaluate a function, we need to put
a functionin .( things to evaluate ) 1=0.07
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See the following examples

hist (x, main = XXX)

main = bquote(italic (M) . (round (mean (x), 2)))

Putthe italic functioninside bquote
to create italic fonts. M =007
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See the following examples

hist (x, main = XXX)

malin = bquote ("Histogram of a sample from" ~

italic(N) (0, 1))

To have a space in bquote, we need to
manually quote the text and link with Histogram of a sample from N(0, 1)
other things in bquote by ~

Frequency
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Put text in a histogram

hist (x, main = bquote("Histogram of a sample from" ~
italic(N) (0, 1)))
text (-3, 35, label = bquote(italic (M) ==
. (round (mean(x), 2))), pos = 4)
text (-3, 30, label = bqguote(italic(SD) ==
. (round (sd(x), 2))), pos = 4)
Histogram of a sample from N (0, 1)
pos =3 S -
M =0.07
M =0.07 g ® SD =1.09
pos=2 M=00/@M=007 POS = 4 2 9 -
=0.07 2

The specified position
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Additional Packages

lattice

Miles per Gallon
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Additional Packages

ggplot2

stance



Thank you!

Please leave your questions on the comments on this video. Your questions
will be very useful for me and other viewers.




