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1 Why use R

R is a commonly used programming language in Computer Science. While it is possible to do much of
the same computation in other programming languages (like Python), R has some great benefits.

The benefits of R include:

- Free of charge and open source
- Highly flexible and provides many statistical and graphical techniques
- Optimized for vector operations
o Great for going through a row or table
- Many resources online to find help
- Many available packages
o Packages add new functions to R
= Base-packages:
Installed with R, but not loaded by default
* Contributed (3" party)-packages:
Need to be downloaded, installed, and loaded separately



2 How to download R and RStudio
To get started with R, follow the steps below:

1. Go to the website: https://www.r-project.org/
2. Under the Download menu on the left, click CRAN.

The R Project for
Statistical Computing

[Home]

Getting Started
Download

R is a free software environment for statistical computing and
CRAN graphics. It compiles and runs on a wide variety of UNIX

platiorms, Windows and MacOS. To download R, please choose

R Project )

your preferred CRAN mirror.
About R
Logo If you have guestions about R like how to download and install
Contributors the software, or what the license terms are, please read our
What's New? answers to frequently asked questions before you send an email.

3. Click the link under “O-Cloud” as shown on the screenshot below.
CRAN Mirrors

The Comprehensive R Archive Network is available at the following URLs, please choose a location close to vou. Some statistics on the
status of the mirrors can be found here: main page. windows release. windows old release.

If you want to host a new murror at your mstitution, please have a look at the CRAN Mirror HOWTO.

0-Cloud

https://cloud.r-project.org/ i].:;:;:;:é;cﬁ;;&;;;?: to servers worldwide, currently
Algeria

https://cran usthb dz/ University of Science and Technology Houari Boumediene
Argentina

http://mirror feaglp unlp edu.ar/CRAN, Universidad Nacional de La Plata

4. Click the link that suits your computer’s operating system.

The Comprehensive R Archive Network

Download and Install R

Precompiled bimary distributions of the base syvstem and contributed packages,
‘Windows and Mac users most likely want one of these versions of R:

s Download R for Linux (Debian, FedoraRedhat, Ubuntu)
* Downlead R for macOS
» Download R for Windows

R iz part of many Linux distributions. vou should check with your Linux package
management svstem in addition to the link above.

5. Start the download:
a. Mac
Download the newest release.
b. Windows

Click “base” and download the newest release.
R for Windows
Subdirectories:
Binaries for base distribution. This is what yvou want to install R for the first

time

Binaries of contributed CRAN packages (for R == 2.13 x; managed by Uwe

base

SJRA\ contrib Ligges). There 1s also information on third party software available for CRAN
ﬁne\\ﬂ Windows services and corresponding environment and make variables.
s ?
Task Views old contrib Binaries of contributed CRAN packages for outdated versions of R (for R <
Search E— 2.13 x; managed by Uwe Ligges).
Riools Tools to build R and R packages. This is what vou want to build your own
About R Sloos packages on Windows, or to build R itself

6. Follow the standard downloading steps, the download should only take a minute.


https://www.r-project.org/

The next thing you should do, is to download an integrated development environment (IDE) for R,
called RStudio.

1. Go to the website: https://www.rstudio.com/
2. Navigate to the download page via: Products -> Open Source -> RStudio

Products A

Open Source -~
RStudio
RStudio Server
Shiny Server
R Packages

Hosted Services ~

Professional ~

Solutions v

Customers

3. Chose the desktop version.

There are two versions of RStudio:

RStudio Desktop
Run RStudio on your desktop

RStudio Server

Centralize access and computation



https://www.rstudio.com/

4. Download the free version.

RStudio RStudio RStudio RStudio
Desktop Desktop Pro Server Workbenche
Open Source Commercial Open Source Commercial
License License License License
Free $995 Free $4,975
fyear fyear

(5 Named Users)

Evaluation | Learn

Learn more Learn more Learn more
more
Integrated Tools
forR V V V
Priority Support
Access via Web
v v

Browser

5. Follow the standard downloading steps.



3 How to use RStudio

@ rstudio -
Fie Edt Code View Plots Session Buld Debug Profile Tools Help
O oyl

- Adains R project: (None) ~

utorial =0
ust -

0] Basic_commands in RR =0

souceonsae | A /- Sron | 9| B source -

1

Files Plots Pacages Help  Viewer ==
°

Consolle
R R411

R version 4.1.1 (2021-08-10) -- "Kick Things"
Copyright (<) 2021 The R Foundation for statistical computing
Platform: xB6_64-w6d-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or "licence()’ for distribution details.

® is a collaborative project with many contributors.
Type "contributors()’ for mere information and
“citation()’ on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, "help()’ for on-Tine help, or
help.

"help.start()’ for an HTML browser interface to
pe 0" to quit R.

After opening the RStudio program, we get this window. As you can see, the main window is divided
into four smaller windows.

Upper left window: “Source”

This window allows us to open, edit and run R-scripts. When writing a script, remember to save it
with File -> Save.

It also displays data sets that are imported to R, like an Excel file.

Lower left window: “Console”

The console allows us to run R code one line at a time and execute our command when we hit Enter.
The output (if any) will be displayed in the next line, every row of the output indexed by [1], [2], ...
Tip: To clear the console, use the shortcut Ctrl + L.

You can also find this option in Edit -> Clear Console.

Upper right window: “Environment, History, Connections”

The Environment tab shows the objects (data and variables) that have been loaded or created in the
workspace you are working on.

The History tab is a log of executed commands.

Lower right window: “Files, Plots, Packages, Help, Viewer”

The Files tab shows your current directory. It can be useful to create a dedicated folder that you do
your work in. To change directory, use Session -> Set Working Directory -> Choose Directory...

This can also be done directly in the console with the command: )

for instance:
> setwd("C:/Users/Userl23™)
If you want to change the default working directory, use Tools -> Global Options... and change the
directory from there.
The Plots tab are where the plots will be shown when you create them.
The Packages tab shows what libraries are installed and loaded into the current session memory. You



can load packaged by ticking off the box to the left.

| I5LR Data for an Introduction to Statistical 1.2

Learning with Applications in R

Alternatively, you can load them in the console with the command:

> 1ibrary(ISLR)
The Help tab is used for instance when you want to look up the documentation of a function, which
you can always do from the console with the function ?<function name>.
For instance:

= ?library
Files Plots Packages Help  Viewer |
fh : Refresh Help Topic

R: Loading/Attaching and Listing of Packages =  Find in Topic

library {base} R Documentation

Loading/Attaching and Listing of
Packages

Description

likbraryand reguire load and attach add-on packages.

Usage
likbrary(package, help, poz = 2, lib.loc = NUOLL,
character.only = FALSE, logical.return = FALSE,
warn.conflicts, guietly = FALSE,
verbose = getOption("wverboze™),
mask.ok, exclude, include.only,
attach.required = mizsing(include.only) )
reguire (package, lib.loc = NULL, guietly = FALSE,
warn.confliects,
character.only = FALSE,
maszk.ok, exclude, include.only,
attach.required = mizsing(include.only))
conflictBule=s (pky, mask.ok = HULL, exclude = HULL)
Arguments

package, help the name of a package, given as a nams -



4 Basic commands

4.1 How to use packages
Libraries are groups of functions and data sets, and they must be loaded before you can use them.
Some libraries already got downloaded when you installed R and RStudio, and can be loaded with the

function library():
> library(MAss)
The library “MASS” contains a lot of data sets and useful functions.

Other libraries must first be installed (the first time you ever use them), and then loaded when you
want to use them. Here | want to load the ISLR library, which contains data sets associated with the
book “An introduction to statistical learning”.

> 1ibrary(IsLR)
Error in library(IsLR) : there is no package called ‘IsLR’

The error message implies that the package ISLR is not downloaded, so let’s do that:

= install.packages("ISLR™)

Installing package into ‘C:/users/Erik Svendsmark/Documents/R/win-Tlibrary,/4.1’
{as ‘1ib" is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/4.1/I5LR_1.2.zip"
Content type 'application/zip" length 2924364 bytes (2.8 ME)

downloaded 2.8 MB

package ‘ISLR' successfully unpacked and MD5 sums checked
The downloaded binary packages are in
C:\Users\Erik sSvendsmark‘appData‘\Local‘\Temp'\RtmpMnvPsb'downloaded_packages
= Tibrary(ISLR)
Now you can load the library as usual.

Alternatively, you can use Tools -> Install Packages and enter the packages you want to install.
Install Packages

Install from: ?! Configuring Repositories
Repository (CRAN) v

Packages (separate multiple with space or commay:
ISLR)

Install to Librany:
C:/Users/Erik Svendsmark/Documents/Riwin-library/d.1 [Defau

| Install dependencies

Install Cance

Since you likely will be using Excel together with R, you should try to install the packages that
contains functions to read data from Excel sheets (“.xIs’ and “.xIsx’ files).
= install. packages ("readx]")



NB: The library() function must be executed every time you want to use a given package. You can
check if a package is loaded in the Packages tab in the lower right window.

When you are done with R, you can detach the packages with the function detach(), or by
unchecking the package in the Packages tab.

> detach(package:I5LR, unload=TRUE)

4.2 Import data from Excel
The easiest way to import a dataset from Excel, is by File -> Import Dataset -> From Excel...

You will get this window, where you click Browse... and find the file you want to import. Then click
Import at the lower right to execute the import.

Import Excel Data

File/URL:

C:/Users/Erik Svendsmark,/Desktop/PeopleTable_R.xlsx Browse...

Data Preview:

PersonlD Height Vieight Age Gender
(double) (double) (double) (doubile) (character)
1 154 75 24 M
2 167 58 22 F
3 179 &3 23| M
4 172 72 23 |F

Previewing first 50 entries.

Import Options: Code Preview: L
) Mlibrary(readxl
Name: |PeopleTable R | Max Rows: l:l ] First Row as Names PeopleTable_R
) read_excel ("De
Shest | Default v skip +/|Open Data Viewsr /PeopleTable_Rr
Range: | A1:D10 | NA: l:l view(PeopleTah ™
»

7' Reading Excel files using readxl Import Cancel

Note that the datatypes of the variables (for instance the values in the Height column are interpreted
as Double) can be changed from this window, using the drop-down menu.



The lower right sub window (Code Preview) shows the corresponding R code to import the data set,
and you can note that the actions we take simply corresponds to code that could be directly written
in the console:

= library(readxl)

= PeopleTable_r <- read_excel ("Desktop/PeopleTable_r.xlsx")
= View(PeopleTable_r)

NB: Note that on line two the operator ‘<-“ is used. This has the same effect as using ‘='.

4.3 Data description
After loading the data in section 4.2, you can find a description of the dataset in the Environment tab.

@ PeopleTable_r 4 obs. of 5 variables
£ personID: num [1:4] 1 2 3 4
Height : num [1:4] 184 167 179 172
weight : num [1:4] 75 58 68 7
Age :onum [1:4] 24 22 23 23
cender : chr [1:4] "m" "E" "M"

I =

To find the dimensions of the table, use the function dim():

= di m[Peoi::'I eTable_Rr)
[1] 4 5

The table has 4 rows and 5 columns.

To get some basic summary statistics of the dataset, we can run the function summary() with the
dataset as it’s parameter (input variable).

= summary (PeopleTable_Rr)

FersonID Height Weight Age Gender
Min. :1.00 Min. :167.0 Min. :58.00 Min. :22.00 Length:4
1st Qu.:1.75 1st Qu.:170.8 1st Qu. :65.50 1st Qu.:22.75 Class :character
Median :2.50 Median :175.5 Median :70.00 Median :23.00 Mode :character
Mean :2.50 Mean :175.5 Mean 168.25 Mean :23.00
3rd Qu. :3.25 3rd Qu.:180.2 3rd Qu. :72.75 3rd Qu.:23.25
Max. 4,00 Max. :184.0 Max. :75.00 Max. 124,00

Instead of a summary, we could use the specific functions: mean(), median(), quantile, min(), max()
and sd(). Other useful functions are cor() for correlation between two vectors, and var() to find the
variance between to vectors.

To target only one of the variables in the dataset, we can use <dataset>S<variable>.

= mean(PeopleTable_REHeight)
[1] 175.5

Tip: If you are only using one dataset, you can attach it with the function attach(<dataset>). When
this is done, you can simply write the variables without the need for <dataset>$ in front.

A list of all the variables in the dataset is obtained by the function names().

= names (PeopleTable_R)
[lJ "PersonID” "Height"

weight" Age "Gender™

10



A quick way to check that the data is loaded properly, is with the function head(). This displays the
first 6 rows of the dataset in the console.

> head [Pa_ar:rp'l eTahle_r)

PersonID Height weight age Gender

1 1a4 73 24 M
2 167 58 22 F
3 179 68 23 M
4 172 72 23 F

4.4 Changing and creating data
NB: Even though R allows for white spaces to be part of the variable name, this is bad practice and
should be avoided for future problems.

To address a specific entry in a vector or matrix, we use square brackets ‘[]’.

If | want to address the second entry of the variable names in PeopleTable_R, this can be done by:

= names(PeopleTable_r)[2]
[1] "Height"

Note: Indexing in R starts at 1 and not 0.

Changing names of variable names is simple, for instance:

= names(PeopleTable_r)[2] = "Length”
= names(PeopleTable_R)
[lJ "personID” "Length”

weight™

Age "Gender™
The second line is just to illustrate that the variable has changed name.

In some cases, you want to add another column in the dataset, and this can be done in R.

> PeopleTable_R["BMI"] = c(PeopleTable_r$weight / (PeopleTable_R3Height/100)42)

“ PersonlD Height veight Age Gender BMI

1 1 154 75 24 M 22 15265
2 2 167 58 22 F 20.73673
3 3 179 68 23 M 21.222581
4 4 172 72 23 F 24.33745

Another way to edit the dataset is with the function fix().

> Tix(PeopleTable_Rr)

u DEtE Ed it:::r

File Edit Help
PersonlID|Height |Weight |Age Gender |wvaré
1|1 184 75 24 M
2 |2 1&7 5E& 22 F
3 |3 174 68 23 M
4 |4 172 T2 23 F
5
6

11



When the fix-function is executed, a new window opens (as you can see above). From this window it
is possible to edit the data set.

For an overview of commonly used operators, you can refer to the following table:

Operation Explanation

a/b a divided by b
a*b a multiplied by b
a’b a to the power of b
log(a) Logarithm of a
exp(a) Taking the exponential
sqrt(a) Square root of a
abs(a) Absolute value of a
== (exactly) equal

I= Not equal

> Larger than

< Smaller than

>= Larger or equal

<= Smaller or equal

& Logical AND

| Logical OR

! Logical NOT

4.5 Saving to workspace
It is useful to save the work you have done, so you can open it later. To do this, you can save the
session by clicking Session -> Save Workspace As...

Also useful is to save the instructions you have used in an R script, and this can be saved from

File -> Save. These scripts can be created by File -> New File -> R Script. To open them, click File ->
Open Files... and locate your script. To run a line in the script, press Ctrl + Enter, with the cursor in the
respective line. To run the entire script, mark everything and press Ctrl + Enter.

Tip: Comments in R are created by the starting cue ‘#’. It is highly recommended to comment code
that is not self-explanatory.

To shut down R, we can use the function q(). Then we will be given the choice to save the current
workspace (all objects created will be saved and can be used later).

. 7y
-~ Dl'\.xl

Save workspace image to ~/.RData? [y/n]: |

o, .n

After typing “y” or “n”, the window closes down.

Before we exit, we can also save the history from the console (what lines we have typed in) with the
function . To load, we use the function next time.

12



5 Graphics (and plots)

The graphics in R have some standard parameters, so they look the same every time. To change
these, you can use the function. For more information, type in the console.

Plotting the Weight on the x-axis, and Height on the y-axis can be done like this:

= plot(PeopleTable_REweight, PeopleTable_riHeight)

s}
e [}
T o -
m —
S o
T
&
Et:I
e Te]
s} M~ =
m b
|_
o
o] o
[i7]
o o
r-\.\_ -
o
I I I I
60 65 70 75

PeopleTable R$Weight

To show some of the possible improvements for this simple plot, this is an example:

> plot(PeopleTable_REweight, PeopleTable_rfHeight, xlab="weight",
ylab="Height", main="weight and Height plot”, col="red"”, pch=4,
Twd=4)

Weight and Height plot

x
(o]
Q|
- X
5
:e-
x
O
o |
x
I I [ I
60 65 70 75

Weight
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We can also create a line plot:
(Note that | create a new dataset ‘t1’ where the data is ordered by weight)

> T1 <- PeopleTable_rR[order (PeopleTable_r$weight),]
= plot(tliweight, tiiHeight, type="1")

180
|

t1$Height
175
|

(o]
r-\_,_ —
T T T T
60 65 70 75
t1$Weight
Use for more information on how to use this function.

There are numerous ways to save the plots, for instance in the Plots tab:

Files Plots Packages Help  Viewer
# Zoom < Export - o '
= Save as Image..

Save as POF..

Copy to Clipboard..

—

An interactive way of identifying points on a plot, is by the function . The first two
arguments are the variables for the x-axis and y-axis, and thirdly we chose what variable we want to
know about a given point. After the line is executed, simply click on the points in the plot
you want to identify, and when you are done, press Esc. The values will be printed in the console, as
well as displayed in the plot.

14



> plot(PeopleTable_R3¥weight, PeopleTable_r%Height)
- identify(PeopleTable_Riweight, PeopleTable_r3Height, PeopleTable_R3PersoniD)
[1] 3

]

s (o]
— m —
m —
S o
;_; 3
r]":I
o [Ty]
O P~ =
m -
|_
@
o o
Jit!
o o

r-\.\_ —_

It
I I I [
60 65 70 75

PeopleTable_R$Weight

Histograms can also be a simple but very useful plot and is made by the function

> hist({PeopleTable_riage)

Histogram of PeopleTable_R$Age

=
< 5
w |
&
o
Z <o
D— h
P
L
[T]
i
L |
= -
[ I I I |
220 225 230 235 240
PeopleTable_R$Age
These can also be refined by some arguments, see for more.
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It also possible to create boxplots in R with the function , Where the first input is the
relation between the variables Height and Gender in this case, both from the dataset PeopleTable_R.

> boxplot(Height ~ Gender, data=PeopleTable_R)

180
l

Height
175
|

170
I

Gender
To get more control we can use parameters.
Tip: To clear the Plot tab, you can use the function in the console.

5.1 More advanced plots

To produce a contour plot (used to represent three-dimensional data; somewhat like a topographical
map) in R, we use the function

The most important input variables (arguments) to the contour() function, are the grid lines (usually x
and y) and a matrix (z) containing the values to be plotted. Here | will illustrate an example based on
the code in p.46 in “An introduction to statistical learning”.

Note that the function takes the arguments vector x, vector y, and a function. The outer
function applies this function to the two vectors.

seq(-pi, pi, Tength=50)
Yy o= X

- T = outer(x, vy,
> contour(x, y, f)

A

=

function(x,y)cos(y) /(1+xA2))

e

When the fourth line is executed, we get the plot:

16






The function image() is very similar to contour(), but gives us a color-coded plot (heatmap):

= image(x, y, T)

For a three-dimensional plot, we can use the function persp(). Theta and phi are used to control at
what angle we view the plot.

S persp(x, y, T, theta=30, phi=20)

For more information about these different plots, the help sites (?contour, ?image, ?persp) are
recommended.

18



6 Sequences, vectors, matrices, and random numbers

6.1 Create a sequence of numbers
It can be useful to create a sequence of numbers, and this is done with the function

To create a vector of integers between 1 and 10 (both inclusive):
= X = seq(l, 10)
=

[}] 1 2 3 4 5 6 7 8 910

In short, we could equally write:
= X = 1:10
= %
1] 1 2 3 4 3 & 7 8 910

To create a vector of equally spaced numbers from 0 to 1 with length 10:
= x = s5eq(0, 1, length=10)
= %
[1] ©0.0000000 0.1111111 0.2222222 0.3333333
0.4444444 0.5555556 0.6666667 0.7777778
[9] 0.BBEBBEEY9 1.0000000

6.2 Vectorsin R
To create a vector in R, we use the function c(), for concatenate.
The vector [1, 2, 7] is created by typing:

To save the vector to a variable x (you can call it whatever you want), we can use the syntax <- or =,
both have the same effect. Typing the variable x in the console would now display the vector.

= % <- C(1,3,7)

[1] 137
= c(2,6,1)

— W
[t

[ s
Fd |

61

We can use mathematical operations on vectors, such as addition (+):
A
[1] 3 2 8

To find the length of a vector, we use the function length().

= length(x)
[1] 3

6.3 Objects stored
It might be useful to get an overview of what objects (such as data and functions) we have saved so
far. We can get a list of such objects with the function [starting with a small L, Is() is short for list].

= 15 l::]l
[1] "x" "y"
To remove objects, we use . In the parenthesis we put the objects we want to remove.

to remove the object x.

19



= rm{x)
= -|S|:}
[1] "y"
to remove all objects.
> rm(1ist=1s{))
= -|Sl::]l

ch:lr" acter{d)

6.4 Matrices

To create a matrix in R, we use the function . It takes multiple inputs, the first three are: data
(the actual numbers in the matrix), number of rows, number of columns.

1 4
To create the matrix 4 = |2 5] we write:
3 6
> X = matrix({data=c(1,2,3,4,5,6)}, nrow=3, ncol=2)
= X
[,1] [,2]
[1.] 1 2
[2,] 2 5
[3,] 3 ]

You can also split up on multiple lines:

= X = matrix(
+ data=c(1,2,3,4,5,8),
+ nrow=3,
+ ncol=2
+ )
= X
[.1] [,2]
[1,] 1 =
[2,] 2 5
[3.] 3 )

(The +-signs are created automatically. To shift line without executing the line, use Shift + Enter.)

Or in short write:

= X = matrix(c(1,2,3,4,5,6), 3, 2)
= X
[,1] [,2]
[1.] 1 =
[2,] 2 5
[3.] 3 &

All of the above will give the same result. For the last one, it is important to not mix up the move
order of the inputs, check with to find out more.

The standard way of distributing the data in the matrix in R, is to use the data to fill up first column,

then second column, and so on. It is possible to have the program start filling up first row, the second
row, and so on -by using the additional input:
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= ¥ = matrix(c(1,2,3,4,5,6), 3, 2, TRUE)
= X
[.1]1 [,2]
[1,] 1 2
[2,] 3 -
[3, 5 6

Equally correct you could write:

= x = matrix({data=c(1,2,3,4,5,6), nrow=3, ncol=2, byrow=TRUE}
= ¥
[,1] [,2]
[1.] 1 2
[2,] 3 =
[3,] 3 &

Multiple commands can be used on matrices, for instance we can raise every element in the matrix
to the power of p, for any p € R, with the command x”p. For x%° we can use the syntax sqrt(x).

[1,] 1 -
[2,1 g 16
[3,] 25 36
= sqri(x)

[.1] [.2]
[1,] 1.000000 1.414214
[2,] 1.732051 2.000000
[3,] 2.236068 2.449490

To index the matrix, simply write:
= x[2,1]
[1] 3

We can also select multiple rows and columns:
= x[c(1,3), c(1,2)]
[,11 [,2]
[1.] 1 2
[2,] 3 6

The 1is found in x[1,1], 2 in x[1,2], 5 in x[3,1] and 6 in x[3,2].

Also possible is:

= x[1:3, 2]
[1] 24 6
Or:
> x[ ,2]
[l;l 2458 (in this case, the blank will index all rows)
To index every row except the listed, we use minus (-):
= %x[-3, 1:2]
[,1] [,2]
[1.] 1 Z
[2,] 3 4
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To find the dimension of a matrix, use the function
= dim{x)
[1] 3 2 xhas3rowsand 2 columns

6.5 How to deal with missing values
Missing values are represented by ‘NA’, for Not Available.

. . 1
Impossible values (for instance: 5) are represented by ‘NaN’, for Not a Number.

This section will look at how to deal with missing values in a vector, matrix, or a dataset.

6.5.1 Missing values in a vector
To check for missing values, we can use the function

= X = c(1, 2, NA)

> K

[1] 1 2 NA

= is.nalx)

[1] EALSE FALSE TRUE
> is.na(2)

[1] EALSE

= is5.nalMa)

[1] TrRUE

If we want to recode a certain value to missing value, this can be done with by:

= -},r = cl:l!'q'!gl_llzlg.'_l:]

=y
1] 1 4 3 -1 2 3 -1
=y [y==-1] MA

>y
[1] 1 4 3INA 2 3 NA

When doing analysis of vectors, we should exclude the missing values from the calculation.

> mean{y)

[1] Na

= mean(y, na.rm=TRUE)
[1] 2.6

>y
[1] 1 4 3INA 2 3 NA

Note that the vector y is not changed, only in the calculation of the mean is the NA-values removed.

To omit the missing values and save the new vector in another variable, we can use

> z = na.omit(y)

> 2

[1] 143 2 3
attr{, "na.action”™)
[1] 4 7
attr(,"class™)

[1] "omit"
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In the Environment tab to our upper right, we can get an overview of our variables.

Environment History Connections  Tutorial

2 = mport = | & 193MiB - | & st
R = ] Global Environment =
values
X num [1:3] 1 2 Na
v num [1:7] 1 4 3 Na 2 3 NA
z num [1:5] 1 4 3 2 3

A quick way to count the number of missing values in a dataset, is by sum(is.na()).
= sumis.naly))
[1] 2

As we can see, the vector y clearly has two missing values.

6.5.2 Missing values in a matrix
The logic and functions around missing values for vectors can be extended to matrices.

= A = matrix{c(l,NA,3,NA,5,8), nrow=3, ncol=2)

= A

[,1] [,2]
1,1 1 NA
[z,1 NA 3
[3.] 3 &

Finding the missing values in the matrix A:

= is.nalAa)

[.1] [,2]
[1.,] FALSE TRUE
[2,] TRUE FALSE
[3.] FALSE FALSE

Replace a value (here: -1) with ‘NA’ in the matrix B:
= B = matrix(c(1,-1,0,0,-1,1), nrow=3, ncol=2)
> B

[.1]1 [,2]
[1,] 1 o
[2,] -1 -1
[3,] 0 1
= B[B==-1] = NA
= B

[.1]1 [,2]
[1,] 1 o
[2,1] NA NA
[3,] a 1

To find the mean, we must first exclude the missing values:

> mean{Aa)

[1] ma

= mean{A, na.rm=TRUE)
[1] %.75



Using the na.omit() function on matrices, R removes all rows that contains missing values.

= C = na.omit(a)

=

[.1] [,2]
[1,] 3 &
attr{, "na. action™)
1] 2 1
attr({,"class™)
[1] "omit"

Counting the number of missing values works the same way as for vectors.

= sum(is.nalal))
[1] 2

6.6 Random variables
To generate a vector of n numbers of random normal variables in R we use the function rnorm(n).

= ranorm{1d)
[1] -0.67859445 1.06736136 1.33289019 -0.04068704 0.71950229
[6] 1.89003242 0.04429754 -1.13726634 0.71368754 -0.24584483

By default, it creates n number of random variables with mean of 0 and standard deviation of 1. This
can be altered, for instance by using the inputs: rnorm(10, mean=50, sd=0.1). (Here n=10)

= rnorm(10, mean=50, sd=0.1)
[1] 50.05436 50.05122 50.11055 50.00676 49, 86885 49, 96544
[7] 49.87812 50.21248 49.88971 50.00061

Every time the function is called, we get a different answer. The reproduce the same set of random
numbers every time, we can use the function set.seed() before we use the rnorm(n) function. The
input should be an (arbitrary) integer. We can now do:

= set.seed(1303)
= rnorm(10)
[1] -1.1439763145 1.3421293856 2.1853904757 0.5363925179
[5] 0.0631929665 0.5022344825 -0.0004167247 0.36581938405
[9] -0.5725226890 -1.1102250073
= rnorm{10)
[1] -0.04868712 -0.69565622 0.82891748 0.20663286 -0.23567451
[6] -0.55631049 -0.36475436 0.86235503 -0.63077154 0.31360213
= set.seed(1303)
= rnorm(10)
[1] -1.1439763145 1.3421293856 2.1853904757 0.5363925179
[5] 0.0631929665 0.5022344825 -0.0004167247 0.36581938405
[9] -0.5725226890 -1.1102250073

Every time we use the same seed, we get the same randomly generated vector.
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7 Functions, loops, and conditional execution

7.1 How to create a function

Creating functions are intuitive in R. We must use function(), and first specify the input variables (for
instance x and y). Then we specify how the function will map these inputs to an output (for instance
f(x,y) = 2x + y?). At last, we write what the function will return -this is completely up to us (for
instance we can return the input values and the output value in the form c(x, y, value) ).

> f1 «- function(x, y) {

+ value «- Z%x &+ yAZ

+ return{c(x, y, value))
+ F

= f1(2, 3)

[1] 2 3 13

Note that the ‘+’ signs are automatically added by R. To use multiple lines, press Shit + Enter to jump
to next line without executing any code yet.

7.2 How to see the code inside a function
For simple functions, the source code of the function will not give you much extra information.
However, for more complicated functions, this can be useful -and it’s very easy to do.

For functions in R that comes from the base package, simply write the function name in the console:

= rowMeans
function (%, na.rm = FALSE, dims = 1L)
{
if (is.data.frame(x))
¥ <- as.matrixi{x)
it (lYis.array(x) || Tength{dn <=- dim(x)) < 2L)
stop(”"'x" must be an array of at least two dimensions™)
if (dims < 1L || dims > length{dn) - 1L)
stop("invalid "dims"")
p =- prod(dn[-{id <- seg_len{dims))]1)
dn =- dn[id]
z «- it (is.complex(x})
.Internal {rowMeans (Re(x), prod(dn), p, na.rm)) + (0+11i) *
Internal {rowMeans (Im{x}, prod(dn), p, na.rm))
else .Internal (rowMeans(x, prod(dn), p, na.rm))
if (length{dn) = 1L} {
dim{z) =- dn
dimnames(z) <- dimnames{(x)[id]

else names(z) <- dimnames(x)[[1L]]

z
1

H
<bytecode: 0x0000024bc0052158>
<environment: namespace:base>
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In R there are different type of classes, some stricter than others. For instance, the S4 class requires a
formal definition and a uniform way to create objects, unlike the S3 class.

| will use the S4 function show() in this example. If you try to type the function name, you will get:

= show
standardceneric for "show” defined from package "methods”

function (object)

standardceneric(”show™)

<bytecode: 0x0000024bbf30bb20>

<environment: 0x0000024bb7e56080>

Methods may be defined for arguments: object

Use showMethods(show) for currently available ones.

{(This generic function excludes non-simple inheritance; see 7setIs)

To see that this is a S4 function, we can use isS4().

> 1554 (show)
[1] TRUE

The proper way to see its source code is first to find the object it belongs to.

= showMethods (show)

Function: show (package methods)
object="aANY"

object="C++Class"
object="C++Function"”
object="C++0bject”
object="classGeneratorFunction"
object="classRepresentation”
object="envrRefClass"
object="externalrefMethod”
object="function”

(inherited from: object="any")
object="genericFunction”
object="genericFunctionwithTrace"
object="MethodDefinition”
object="MethodDefinitionwithTrace"
object="MethodselectionReport”
object="Methodwithnext"
object="MethodwithNextwithTrace"
object="missing"

(inherited from: object="aNY")
object="Module"
object="namedList"
object="0bjectswithPackage”
object="oldclass"
object="refClassrRepresentation”
object="refmMmethodDef"
object="refobjectGenerator”
object="signature"
object="sourceEnvironment™
object="standardGeneric"

(inherited from: object="genericFunction")
object="traceable"
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Then we check for the method we are interested in.

= getMethod('show’, "signature’)
Method pefinition:

function (object)

{
message(gettextf ("an object of class %s", douote(class{object)))

domain = NA)

val «<- object@.Dpata
names(val) <- object@names
calTnextmethod(val)

.

¥

<bytecode: 0x0000024bb7f1l73e8>

<zgnvironment: 0x0000024bb7e80570>

signatures:

object
target "signature”
defined "signature”

7.3 How to create loops
Loops can be created by: for (variable in vector) {...}

= W = C()
- for (i in 1:10) {
+ v = c{v, 1)
+ }
- T
[1] 1 2 3 4 5 & 7 8 910

The variable ‘v’ is first assigned an empty vector. For every iteration in the loop, the vector expands
by adding the value of ‘i’ at the end of the vector.

7.4 How to do conditional execution
If-else statements can be created by: if (condition) {...} else {...}

=1 =10

= if (i == 0){
+ a =10

+ 1} else {

+ a = 20

+ 1

= a

[1] 10

The variable ‘i’ is assigned the value 0. Our if-statements checks whether ‘i’ is equal to ‘0’. Since it is,
the line ‘a =10’ is executed. The else part is not executed in this case.
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8 Linear Regression

To illustrate how to do simple statistical calculations and linear regression in R, | will use the Excel
sheet ‘PeopleTable_R’ as shown below:

“ PersonlD Height Vieight Age Gender
1 1 154 75 24 M
2 2 167 58 22 F
3 3 179 65 23 M
4 4 172 72 23 F

To import files from Excel, see section 4.2.

To acquire some basic statistical values from the dataset, we can use as mentioned in
section 4.3.

> summary (PeopleTable_R[c("weight”, "Height")]1)

weight Height

Min. :58.00 Min. :167.0

1st Qu. :65.50 1=t Qu.:170.8

Median :70.00 Median :175.5

Mean BB, 25 Mean :175.5

3ird Qu. :72.75 ird qu. :180.2

Max. 75,00 Max. :184.0
To estimate linear models, we use the function . The first argument should be on the formy ~ x

for variables y and x, where y is the dependent variable and x the independent variable. As a second
argument, we must specify the dataset these variables are attained from.

Say we want to predict the height of a person with a given weight. To do this, we fit a simple linear
regression model to these variables by using the function

= Im_returns = Im{Height ~ weight, data = PeopleTable_Rr)

This does not print any output, but we can observe in the Environment tab that the variable
Im_returns has been created and contains some data.

Tm_returns List of 12

To see some basic information about the model, we can call our variable Im_returns.

= Im_returns

call:
Im{formula = Height ~ weight, data = PeopleTable_R)

Coefficients:
{(Intercept) Weight
121.4385 0.7921

We observe that the parameter estimates for the intercept (&) is 121.4385 and the slope (ﬁ) is
0.7921. That is, the function f(x) = 121.4385 + 0.7921x is the best fitting linear line of our four
points of (< Weight >, < Height >).
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To get a summary of all the data created in Im_returns, we can use the summary() function.

> summary (Im_returns)

call:
Im{formula = Height ~ weight, data = PeopleTable_R)

Residuals:
1 2 3 4
3.1533 -0.3809 3.6980 -6.4704

Coefficients:

Estimate std. Error t© value Pri=|t|)
(Intercept) 121.4385 30. 5940 3. 969 0.058
weight 0.7921 0.4463 1.775 0.218

signif. codes: O *#*#=" 0,001 °***' Q.01 **' 0.05 "." 0.1 * " 1

Residual standard error: 53.728 on 2 degrees of freedom
Multiple rR-squared: 0.6117, adjusted R-squared: 0.4175
F-statistic: 3.13 on 1 and 2 DF, p-value: 0.2179

This gives us: p-values, standard errors for the coefficients, R? statistic and F-statistic for the model.

We can run names(Im_returns) to find more information stored in the variable:

> names{Im_returns)

[1] "coefficients” "residuals” "effects”

[4] "rank" "fitted.values" "assign”

[7] "gr" "df.residual” "xlevels"”
[10] "call” "terms" "model"

To extract the quantities, we can use for instance:

> Im_returns$coefficients
{(Intercept) Weight
121.4385432 0.7921093

A safer way to do this is by using extractor functions like coef():

= coef(Im_returns)
{Intercept) weight
121.4385432 0.7921093

To find the confidence interval for the coefficient estimates, we use the function confint(). As we see
below, the 95% confidence interval is the standard unless otherwise specified.

= confint(Im_returns)

2.5 % 7.5 %

(Intercept) -10.197012 253.074098
weight -1.128146 2.712364
> confint{Im_returns, Tewel=0.90)
3 % 95 %

{(Intercept) 32.1043703 210.772716
weight -0, 5110676 2.095286

29



To produce confidence intervals and prediction intervals for the prediction of height for a given value
of weight, we use the function predict().

= predict(Im_returns, data.frame(weight=c(60, 65, 70, 75)), interval="confidence™)
fit Twr upr

16E8.9651 148. 8941 189.0361

172.9256 159.1118 186.7395

176. 8862 164.1125 189. 6599

180. B467 162.9615 198.7319

predict(Im_returns, data.frame(weight=c(60, 65
fit Twr upr

168.9651 137.1792 200.7510

172.9256 144.6711 201.1802

176. 8862 149.1254 204.6470

180. 8467 150.3939 211.299%6

RLE R W O I Sy

70, 75)), interval="predict”)

E VN N e

In this case the 95% confidence interval associated with weight=65 is (159.11, 186.74), while the
95% prediction interval is (144.67,201.18). Naturally they both have the same predicted value
(172.93 when weight is 65), where the predict interval is bigger than the confidence interval.

To plot the regression line, we can use abline():

= plot(PeopleTable_REweight, PeopleTable_rRiHeight)
> abTline(Im_returns)
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8.1 More statistical plots connected to the linear model

There are four diagnostics plots we can view by applying plot() function to the output from Im(). To
view all of the four plots at once, we can use:

> par (mfrow=c(2,2))
> plot(Im_returns)
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Residuals vs Fifted
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The residuals from the linear regression fit can also be computed with

> plot(predict(Im_returns), residuals(Im_returns))
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predict{lm_returns)

The function
values.

= plot(predict(Im_returns), rstudent{Im_returns))

Leverage

returns the studentized residuals, which can be plotted against the fitted
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As a last example, the function can compute leverage statistics, which we can plot:

= plot(hatvalues ((Im_returns)))

048
o

0.8
|

0.7

hatwalues{{lm_returns))
0.5

0.4

0.3

1.0 1.5 2.0 2.5 3.0 35 4.0

Index



	1 Why use R
	2 How to download R and RStudio
	3 How to use RStudio
	4 Basic commands
	4.1 How to use packages
	4.2 Import data from Excel
	4.3 Data description
	4.4 Changing and creating data
	4.5 Saving to workspace

	5 Graphics (and plots)
	5.1 More advanced plots

	6 Sequences, vectors, matrices, and random numbers
	6.1 Create a sequence of numbers
	6.2 Vectors in R
	6.3 Objects stored
	6.4 Matrices
	6.5 How to deal with missing values
	6.5.1 Missing values in a vector
	6.5.2 Missing values in a matrix

	6.6 Random variables

	7 Functions, loops, and conditional execution
	7.1 How to create a function
	7.2 How to see the code inside a function
	7.3 How to create loops
	7.4 How to do conditional execution

	8 Linear Regression
	8.1 More statistical plots connected to the linear model


