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What is R?

R is a language and free software environment widely
used among statisticians and data miners for developing
statistical software and data analysis.

(h t t p s : / / i t . w i k i p e d i a . o r g / w i k i / R ( s o f t w a r e ))

Main features:

• open-source

• First Version R        0.90.0 - 1999 November the 22th

• Last Version R        4.1.0 - 2021 May the 18th

• Official website https://www.r-project.org/
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R Structure

• core can be modified only by software developers

• base functions include basic and new statistical methods

• R users could modify base functions or add new functions

• a set of functions developed to solve a given problem are 

generally released as a package

  (https://cran.r -project.org/web/packages/)
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Why R?

✓ R pros

o Free (as in free beer and as in free spreech)

o Versatile

o Based on command lines: reproducible

✓ R cons

o Based on command lines: not user friendly

o (Still) slightly cumbersome with big data
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Download R

https://cran.r-project.org/
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Download R

h t t p s : / / c r a n . r - p r o j e c t . o r g /
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Download R

h t t p s : / / c r a n . r - p r o j e c t . o r g /
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Download R

h t t p s : / / c r a n . r - p r o j e c t . o r g /
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Download R
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R
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Three possible solutions:

1. Use directly CRAN (Comprehensive R Archive Network)

2. Install from local files

3. From console 

i n s t a l l . p a c k a g e s ( " p a c k " )

Download and install R packages
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Download and install R packages

1 – From CRAN (Comprehensive R Archive Network)
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Download and install R packages

1 – From CRAN (Comprehensive R Archive Network)
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Download and install R packages

1 – From CRAN (Comprehensive R Archive Network)
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Download and install R packages

2 – From local files
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Download and install R packages

2 – From local files
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Download and install R packages

2 – From local files
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Download and install R packages

2 – From local files
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Download and install R packages

2 – From local files
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Download and install R packages

2 - From local files
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Download and install R packages

2 - From local files
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Download and install R packages

2 - From local files
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Download and install R packages
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Load packages in R

Once  pack ages  have  been  dowloaded  to  use  them  

they need  to  be  loaded  in  R .

T w o poss ib le  so lu t ions :

1 . F rom  d rop  down  m enu :

   Packages > Load … package selection

2 . F rom  conso le :

 library( "package.name ")
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R Studio

RStudio is an integrated development environment (IDE) for R 

Main features

✓ Open source

✓ Two formats:
• Desktop 
• Server

 Official website  https://www.rstudio.com/
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R Studio - Download
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R Studio - Download
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R Studio - Download
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R Studio - Environment
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4 sections:

1. Script
2. Console
3. Enviroment/History
4. Files/Plots/Packages/Help/Viewer

R Studio - Environment

Barbara Guardabascio #01 R Basics            29 /  1 4 5Barbara Guardabascio



Script

• Is text file which includes the command to run

• The file can be saved and run again without re-writing its 
command lines

• Once saved, its format is .R

R Studio - Environment
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R Studio - Console

Console

The environment in which commands are placed and where results 

can be observed
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R Studio - History

Enviroment

      It provides a list of all active objects in the session

History

It is the timeline of all the commands that have been 
run in the session
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R Studio – Plots/Packages/Help

Plots

Is the window in which plots are listed 

Packages

Allows you to manage the installation and loading of packages

Help

Is the window in which help tabs are displayed 
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To install packages in R Studio is sufficient a clic on «Install» 

displayed in the Packages window.

So that you can install a package:
• Directly from CRAN (Comprehensive R Archive  Network)
• From a local file.

R Studio – Install packages

Barbara Guardabascio #01 R Basics   Barbara Guardabascio 34 /  1 4 5



R Studio – Load Packages

To load packages in R Studio is sufficient:

tick the box with the package name in the ”Packages” window

• From console

l i b r a r y ( p a c k a g e . n a m e )
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R programming: preliminaries (Summary)

Install: http://www.r-project.org/

Manual: https://cran.r-project.org/manuals.html

Quit: q( ) ;

• Getting help

he lp(‘plo t’)
?p lo t

• Lots on the web (ask Google)

• Comments: # symbol (useful in text files with your commands to 

reproduce an analysis) 

• Extended functionalities in libraries. Some come with the vanilla 

installation (e.g., l i b ra ry(MASS) )
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Working directory (01_SL_Intro_R.R)
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The working directory is where R looks for files and saves the results.
To set the working directory in R  is possible to use the command line getwd()

>  ge twd( )
[ 1 ]  "C : /Use r s /gua r da ba sc i o /Doc ume n t s "

To change the working directory it is possible to use the command line 
s e t w d ( )  specifing the path of the new working directory

>  s e twd ( " C : /Use r s / gua r d a ba s c i o /De sk t op " )

Let’s check the path to be sure it is changed:

>  se twd( )
[ 1 ]  " C : /Use r s / gua r d a ba s c i o /D e sk t op "



The workspace collects all the objects created during the work 
session, as well as the syntax used to create them and saved in 
the history.

When the program is closed, a dialog window asks if you want 
to save the workspace. If you accept, two unnamed files with 
an extension are saved in the work-book:
1. .Rdata

2. .Rhistory

The default R setting foresees that the next time the program is 

opened, the previously saved workspace is automatically loaded.

Workspace
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R programming

Variable: information in an object, give it a name (can not start with 

number or special character)

Variables are case sensitive, so “A” and “a” are two  different

variables.

Assignment: <- and = 

• A<-3; a<-4

• Everything stays in a workspace which can be saved on the  current 

directory (save.image())

• To list the workspace, ls()

• To erase everything, rm(list=ls())
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Arithmetic Operators in R
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Sum ”+” o ”sum()”

> 2+2
[ 1 ]  4
> sum(2,2)
[ 1 ]  4

Minus ”-”

> 4-2
[ 1 ]  2



Help
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To have access to the documentation pages for all R functions, it is possible to 

use the help operator. 

To recall the help operator it is possible to use two different command lines:

• ? f unc t i o n . n am e

> ?sum

• Help ( f unc t i on . nam e)

> help( sum)



Help

Help information are displayed in the ”Help” section
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Help
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Help

Help documentation pages present the following structure:

• Description: Function Description.

• Usage: Function syntax.

• Arguments: explanation of all the syntax function elements. All the 

options and their default values are detailed in this section.

• Details: Other explanations related to the usage of the function.

• Value: Description of input and output format.

• References: Literature.

• See Also: List of other related functions.

• Examples: Some simple examples for better understanding how to use 

the function.
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Arithmetic Operators in R
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Product ”*” o ”p r od ( ) ”

> 4*2
[ 1 ]  8
> p r od ( 4 , 2 )
[ 1 ]  8

Ratio ”/”

> 4/2
[ 1 ]  2



Arithmetic Operators in R
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Power ”^”

>  4^2 
[ 1 ]  16

>  sqrt(4) 
[ 1 ]  2

nth power ”^”

>  4^5
[ 1 ]  1024

Square root  ” sqrt()”

nth root ”^”

>  1024^(1/5)
[ 1 ]  4



R Objects

#01 R Basics

• Any element created and/or changed during a work 
session is an object.

• To create an object should be used ”<-”
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> x <-  3
> x
[ 1 ]  3



R Objects

Once defined, the object x, it appears in the ”Environment”
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R Objects

#01 R Basics

To remove one object from the list the command line to be used is rm()
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> ( y  <-  4 ) ;  ( z  < -  " a " )

[ 1 ]  4

[ 1 ]  " a "

To see the list of all the active objects it is possible to use the command 

line ls()

> l s ( )

[ 1 ]  "x"  "y"  " z "

> rm( l s="y" )    # just one

> r m ( l i s t = c ( " x " , " z " ) )     # more than one

> r m ( l i s t = l s ( ) )    # a l l  t o g e t h e r



R - Objects

• vector:  vector (NON algebric)

• f a c t o r :   vector with categorical variables

• matrix:  matrix

• array:  multi – dimensional data object

• l i s t :  list

• t s:  time series data object

• da ta . f rame :  list with a matrix structure (element for variable)
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Vector

In R, vector means a list of elements of the same type. The main 
types of vectors in R are:

• Integer numbers ( i n t ege r )

• Real numbers (numeric)

• Characters or strings (cha rac te r )

• Logical numbers ( l og i c a l )

• Factors ( fac to r)

• Complex numbers (complex)

With the command line c l a s s ( )  it is possible to know what kind of vector 

or object we are dealing with.
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Integer number vector

#01 R Basics

A vector is generally created with c ( ) ,  listing the elements of the vector in 
brackets, separated by a comma. For example: 

𝑐(𝑥1, 𝑥2 … )

To get an integer number vector, each number should be followed by an L
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>  i n t  <-  c ( 1 , 5 , 7 )  
>  i n t  
[ 1 ]  1 5 7
>  c l a s s ( i n t )
[ 1 ]  "numeric"

>  i n t l  <-  c ( 1 L , 5 L , 7 L )  
>  i n t l
[ 1 ]  1 5 7
>  c l a s s ( i n t l )
[ 1 ]  " integer"



Integer number vector

#01 R Basics

Equivalentely we can get integer number vectors:

Another useful function is r ep ( )  
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> C ( 1L , 2L , 3L , 4L )
[1] 1 2 3 4
>  c ( 1 : 4 )
[1] 1 2 3 4
>  1 : 4
[1] 1 2 3 4

> r ep ( 3 , 6 )
[ 1 ] 3 3 3 3 3 3
> r ep ( 1 : 3 , 2 )
[ 1 ]  1   2   3   1   2   3
> rep(1:3 , each=2)  
[ 1 ]  1   1   2   2   3   3



Integer number vector

#01 R Basics

The function l e n g t h ( ) provides the number of the vector elements

The function s t r ( )  provides the kind of vector and shows an 

overview of the vector elements 
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> i n t  
[ 1 ] 1 5 7
> l e n g t h ( i n t )
[ 1 ]  3

>  s t r ( i n t )  
num[1:3] 1 5 7



Real number vector

#01 R Basics

Like integer number vectors is possible to create a real number vector:

Moreover we canget real number vectors using the function s e q ( )  
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>  r e a l < -  c ( 1 , 5 . 3 , 7 . 4 )
>  r e a l
[ 1 ]  1  5 . 3  7 . 4
>  c l a s s ( r e a l )
[ 1 ]  "n u m e r i c "  

> seq( f rom=1, to=3 ,by=0 .5 )  
[ 1 ]  1 . 0 1 . 5   2 . 0   2 . 5   3 . 0

> s e q ( 1 , 3 , 0 . 5 )

[ 1 ]  1 . 0 1 . 5   2 . 0   2 . 5 3 . 0



String or character vector

#01 R Basics

Also string or character vectors can be created using the same command 
line

The function n c h a r ( )  counts the number of character included in each 

string of the vector 
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>  t x t  < -  c ( " h e a d " ,  " t a i l " )
> t x t
[ 1 ]  " h e a d " " ta i l "
> c l a s s ( t x t )
[ 1 ] " c h a r a c t e r "

> x <-  c ( "Roma" ,"Mi lano" , "Fi renze " ,  " " ,  "  " )
> ncha r ( x )
[ 1 ]  4 6 7 0 1



String or character vector

Other useful functions to work with strings:

• s u b s t r i n g ( )  selects a portion of a string using position

• t o l owe r ( )  converts to lowercase

• t o uppe r ( )  converts to uppercase

• match( )  searches for a string in a vector

• g r e p ( )  searches for a string in a vector (partial match are allowed)

• pmatch( )  searches for a string (partial matches are allowed from the beginning)

• s ub ( )          replaces a part of a string
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> pas te ( "VAR" ,1 :4 , sep="" )

[ 1 ]  "VAR1" "VAR2" "VAR3" "VAR4"

> pas te ( "VAR" ,1 :4 , sep=" . " )

[ 1 ]  "VAR.1" "VAR.2" "VAR.3" "VAR.4"

The function p a s t e ( )  is used to construct complex string



String or character vector
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> s u b s t r i n g ( " a b c de f " , 2 , 4 )

[ 1 ]  "bcd"

> tolower("ABCDEF")

[ 1 ]  " abcde f "

> touppe r ( " a bc de f " )

[ 1 ]  "ABCDEF"

> match("Milano" ,x )

[ 1 ]  2

> g r e p ( " a " , x )   

[ 1 ]  1 2

> pmatch("Ro" ,x)

[ 1 ]  1

> s u b ( " a " , " ** " , x )

[ 1 ]  "Rom**" "Mil**no" "F i r enze"  " "  "  "



Comparison operators in R

Different ”!=”
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> 3  == 3

[ 1 ] TRUE

> 3  == 4

[ 1 ]  FALSE

Equal ”==”

> 3  != 3

[ 1 ]  FALSE

> 3  != 4

[ 1 ] TRUE



Comparison operators in R

Greater or equal to ”>=”
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>  3 > 3

[ 1 ] FALSE

>  4 > 3

[ 1 ] TRUE

Greater than ”> ”

>  3 >= 3

[ 1 ] TRUE

>  3 >= 4

[ 1 ]  FALSE



Comparison operators in R

Lower than or equal to ”<=”
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> 3 < 3

[ 1 ] FALSE

> 3 < 4

[ 1 ] TRUE

Lower than ”< ”

> 3 <= 3

[ 1 ]  TRUE

> 3 <= 4

[ 1 ]  TRUE



Logical Vector
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Through the logical operators it is possible to create vectors of
logical elements
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> x <- 1 :5

> y <- x < 3

> y

[ 1 ]  TRUE TRUE FALSE FALSE FALSE

> c l a s s ( y )

[ 1 ] " l o g i c a l



Factor Vectors
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Used for dealing with categorical data

l e v e l s ( )  and  n l e v e l s ( )  functions  provide, respectively the type and the 

number of type included in the vector
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> sex < - f a c t o r ( c ( " M " , " F" , " M" , " F" , " F" ) , l eve l s=c ( "M" , "F" ) )

[ 1 ]  M F M F F

> Le ve l s : M F

> c l a s s ( s e x )

[ 1 ] " f a c t o r "

> l e v e l s ( s e x )

[ 1 ]  " f a c t o r "

> n l e v e l s ( s e x )

[ 1 ]  2



Factor Vectors
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A factor vector can be got as result of the c u t ( ) function.

This function is used to get categorical variables from numerical ones.
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> x <- 1 :8

> y <- c u t ( x , c ( 1 , 4 , 8 ) , i n c l u d e . l o we s t = T , l a b e l s = c ( " 1 - 4 " , " 5 - 8 " ) )

> y

[ 1 ] 1-4 1-4 1-4 1-4 5-8 5-8 5-8 5-8

Le ve l s : 1-4 5-8



How to select vector elements

• Using a criterion to select the elements

Vec to r . name [wh i ch ( l og i c a l  ope r a t o r ) ]
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> x [ 4 ]
[ 1 ]  4

It is possible to select vector elements:

• Looking for their position

V e c t o r . n a m e [ p o s i t i o n ]

> x[which(x>4)]  

[ 1 ]  5 6 7 8



Matrix
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A matrix is a set of elements oredered by rows and columns. The 
command line to create  a matrix in R is matrix
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> A   < -  ma t r ix (1 :6 , nco l=2 ,nrow=3)

> A

         [ , 1 ]  [ , 2 ]

    [ 1 , ]  1       4

    [ 2 , ]  2       5

    [ 3 , ]  3       6

> c l a s s ( A )

[ 1 ]  "ma t r ix"



Matrix
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> dim(A)  
[ 1 ]  3 2

It is possible to get some information about a matrix:
• d im( )  dimension (number of rows and columns)

• nrow( )  number of rows

> nrow(A)
[ 1 ]  3

• nco l ( )  number of columns

> ncol(A)
[ 1 ]  2

• l egn t h ( )  number of matrix elements

> leng th (A)
[ 1 ]  6



How to select matrix elements
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Matrix elements can be selected:
• In reference to their own position:
     m a t r i x . n a m e [ r o w . n u m b e r , c o l u m n . n u m b e r ]

> A[3 , 2 ]
[ 1 ]  6

With matrix objects is possible to compute some matrix 
algebra, like i.e. to transpose a matrix ( t ( ) )  or getting the 
vector product ( % * % )

>  B <-  matrix(1:6,ncol=2,nrow=3,byrow=TRUE)

>  t ( A ) % *% B

        [ ,1]      [ ,2]

[1, ]   22        28

[2, ]   49        64



Lists
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Lists are the R objects which contain elements of different

types like − numbers, strings, vectors and another list inside it.
A list can also contain a matrix or a function as its elements.
List is created using list() function.

>  list < -  list(integers=int,reals=real,factor=sex,matrix=A)

>  l i s t

$integers

[1] 1   5   7

$reals

[1] 1.0   5.3   7.4

$factor

[1] M F M F F

Levels: M F

$matrix

        [ ,1]      [ ,2]

[1, ]     1          4

[2, ]     2          5

[3, ]     3          6 



List  
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The list elements can be given names and they can be accessed 
using these names

l i s t (name1=o bjec t 1 ,  name2=object2, . . . )
It is possible to recall an object:
• Using ”$”

l i s t . name$ob jec t

> l i s t $ f a c t o r
[ 1 ]  M F M F F  
Le ve l s : M F

• Alternatively using:

l i s t . name[ objec t . po s i t i on ]

> l i s t [ 3 ]
[ 1 ]  M F M F F  
Le ve l s : M F



List  structure
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The function s t r ( ) shows the list structure 

>  str(list)

$integers    :     num    [1:3]   1    5    7

$reals          :     num    [1:3]   1    5.3    7.4

$factor        :     Factor w/ 2   levels "M","F" :  1 2 1 2 2

$matrix       :     int        [1:3,1:2]   1   2   3   4    5   6 

To remove an object froma  list:
 l i s t . n a m e [ - o b j e c t . p o s i t i o n ]

>  listar <- list[-3]

$integers    :     num    [1:3]   1    5    7

$reals          :     num    [1:3]   1    5.3    7.4

$matrix       :     int        [1:3,1:2]   1   2   3   4    5   6 



Add more objects in a list  
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To add one or more objects:

> list$character  <-txt

> str(list)

$integers          :     num    [1:3]   1    5    7

$reals                :     num    [1:3]   1    5.3    7.4

$factor              :     Factor w/ 2   levels "M","F" :  1 2 1 2 2

$matrix             :     int        [1:3,1:2]   1   2   3   4    5   6 

$character       :     chr        [1:2] "head" "tai l "  



dataframe
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A dataframe is a list of vectors of equal length. It is represented 
as a table whose:
• Rows represent the observations
• Columns represent the variables 

The top line of the table, called the header, contains the column 
names. Each horizontal line afterward denotes a data row, which 
begins with the name of the row, followed by the data. Each 
element of a row defines a cell.

In other word a dataframe is like a matrix which includes, 
differently from the previous one, even non-numeric objects. 

Infact, objects in a dataframe are allowed to be simultaneously 
numeric, integer, logical factor. Character objects are automatically 
converted into a factors



dataframe
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To create a dataframe it is possible to use the function data.frame()
Example:
• Id  code 
• Sex
• Age

> i d    < -  c ( "001" , "002 " , " 003" , "004 " , " 005" )
> sex  < -  f a c t o r ( c ( " M " , "F " , " M" , " F" , " F" ) ,  l eve l s=c ( "M" , "F" ) )
> a g e  <-  c ( 33 , 25 , 61 , 21 , 47 )
> da t a  < -  d a t a . f r a m e ( i d , s e x , a g e )
> da t a
    i d      sex   a g e  
1   001        M 33
2  002       F 25
3  003       M 61  
4  004       F 21
5  005       F 47
> c l a s s ( d a t a )
[ 1 ]  " d a t a . f r a m e "



dataframe
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> dim(data)  
[ 1 ]  5 3

It is possible to get some information about a dataframe:
• d im( )  dimension (number of rows and columns)

• nrow( )  number of rows (=units,observations)

> nrow(data)
[ 1 ]  5

• nco l ( )  number of columns  (=variables)

> ncol(da ta )
[ 1 ]  3

• l egn t h ( )  number of dataframe elements

> leng th (da t a )
[ 1 ]  3



How to select elements from a dataframe
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• Column(=variable)

> data$age
[1]  33  25  61 21 47
> data[,3]

[1]  33  25  61 21 47
> data[, "age"]
[1]  33  25  61 21 47

• Row(=unit)

> d a t a [ 3 , ]
3  003 M 61
> c l a s s ( d a t a [ 3 , ] )
[ 1 ]  " d a t a . f r a m e "

In a dataframe rows are classified as "da ta . f rame"



How to select elements from a dataframe
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It is possible to select some units in relation to their features:

> da ta [which ( d a t a$sex=="F" ) , ]   
i d sex a g e

2  002      F 25
4  004      F 21
5  005      F 47

In this case we select from dataframe just female (sex=="F").



Sort units in a dataframe

With the previous instruction, the dataframe is sorted in increasing order of 

the variable. To provide a decreasing order to the dataframe, is sufficient 

to write

d a t a . f r a m e . n a m e [ o r d e r ( - v a r i a b l e . n a m e ) , ]
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To sort dataframe units it is possible to use the command line:
d a t a . f r a m e . n a m e [o r d e r ( v a r i a b i l e . n a m e ) , ]

> d a t a [ o r d e r ( a g e ) , ]
    i d      sex   a g e  
4   004        F 21
2  002       F 25
1  001       M 33  
5  005       F 47
3  003       M 61



Adding a column to dataframe
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To add a new column to a dataframe it is possible to use the same 
function used to add an object to a list.

> q1 <-  a s . l o g i c a l ( c ( 1 , 0 , 1 , 1 , 1 ) )

> q 1

[ 1 ]  TRUE    FALSE   TRUE   TRUE   TRUE

> data$q1 < -  q1

> da t a

 i d  s e x  a ge    q 1

1   001   M   33  TR UE

2   002   F   25  F ALS E

3   003   M   61  TR UE

4   004   F   21  TR UE

5   005   F   47  TR UE



Adding a dataframe line
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To combine several vectors, matrices and/or dataframes by
rows, could be used the function r b i nd ( ) .  
Notice that each row is classified as a data.frame in R

> oss6 < -  data.frame(id="006",sex="M",age=39,q1=FALSE)
> da t a  < -  r b i n d ( d a t a , o s s 6 )
> Da t a

 i d  s e x  a ge    q 1

1   001   M   33  TR UE

2   002   F   25  F ALS E

3   003   M   61  TR UE

4   004   F   21  TR UE

5   005   F   47  TR UE

6   006         M   39  F ALS E



How to import a dataset in R

• . c s v  (comma separated values)
 r e a d . c s v ( )   r e a d . c s v 2 ( )

• . t x t  (Tab delimited file)
 r e a d . d e l i m ( )

• . x l s o . x l s x (Microsoft Excel) 

  r e a d _ e x c e l ( )  using the package readxl

   r e a d . x l s x ( )  using the package openxlxs

• . d t a (Stata file)
 r e a d . d t a ( )
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Importing data into R  is fairly simple. Depending on the file 

extention you can import:



Import a dataset in R

Let’s write on our browser the following URL

h t t p : / / go o . g l / HKn l 7 4

We get immediately open a dataset including 500 household who
attended an amusement park and 8 variables:

1. Weekend, the park has been visited during the weekend?

2. child, number of children coming in the park

3. Distance, distance traveled to reach the park

4. Rides, rating (0 - 100)

5. Games, rating (0 - 100)

6. Wait, rating (0 - 100)

7. Clean, rating (0 - 100)

8. Overall, rating (0 - 100)

Save the file in the working directory and open it in R Studio. 
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Dataset park
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In this dataset there are different kind of variables:
• Qualitative variables
• Quantiative discrete variables
• Quantative continous variables



Qualitative Variables

#01 R Basics 84 /  1 4 5Barbara Guardabascio

Qualitative variables, aslo called categorical variables, are not numerical variables. They describe 
data that fit into categories. 

Dummy variables: take only the value 0 or 1 to indicate the absence

or presence of some categorical effect that may be expected to shift
the outcome.

Polytomic variables: consider qualitative variables with more than 2
modalities.
With this kind of variables it is possible to compare:

• = and ≠ with disconnected quantities (i.e. hair color, profession…)

• =, ≠, > or < with ordered quantitative variables (i.e. evaluation
“insufficient”, “sufficient”, “discreet”, “good”, “distinct”,
“excellent”)



Frequency Distribution
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To describe a qualitative variable it is possible to look at its frequency 
distribution. The function table ( )  applied to a single variable produces 
the distribution of absolute frequencies of the variable itself .

> tabw <- table (park$weekend)  
no yes
259         241

To add the total, it is sufficient to apply the addmargins( ) function to
the output of the tab le ( ) function which has been appropriately saved
as an object

> tabw <-  table (park$weekend)
> addmargins(tabw)

no yes Sum
259         241 500



Distribution of relative frequencies or percentage
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To get the relative frequency distribution it is possible to use the 
function prop. table()to be applied on the output of the function table()

> r e l  < -  p r op . t a b l e ( t a bw )
> addmarg ins( r e l )

no yes Sum
0.518    0.482 1.000

To get the percentage distribution, it is sufficient to multiply by 100 
the results coming from the relative frequencies table

> pe rc  < -  r e l*100
> addmarg ins (per c )

no        yes Sum
51.8      48.2    100.0



Quantitative discrete variables

A discrete quantitative variable is a variable whose values are the result 
of a count.
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Both absolute and relative frequency distribution are obtained as seen 
for categorical variables

> t a bc  <-  t ab le (pa rk$num_ch i ld )

> t a bc

  0      1      2      3     4     5

151   66   143   68   47   25

 p r o p . t a b l e ( t a b c )

    0            1            2            3           4            5

0.302     0.132     0.286     0.136    0.094     0.050



Double entry Table
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A double-entry table is a table in which the modes of two variables cross. 
What we get is the joint distribution of absolute frequencies

> tabcw <-  table(park$num_chi ld ,park$weekend)

     no yes

0     74 77

1 37 29

2 77 66

3 34 34

4 25 22

5 12 13



Double entry Table

To get the colum/row total values it is sufficient to use the function
addmarg ins( )
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Each row represents the family distribution by day of visit, given the 
number of children 
Each column represents the family distribution by number of children, 
given the day of visit



Double entry Table

Frequency distribution in a double – entry table

The sum of all relative frequencies in a double – entry table is equal to 
1.
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Conditional Distributions

Distribution of household relative frequencies by day of visit,  given the 
number of children on the tour
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Each row represents a frequency distribution. For example, the first row of 
the table shows the distribution of families by day of visit, conditionally on 
families with 0 children.



Conditional Distributions

Distribution of household relative frequencies by number of children 
in the trip, given the day of visit.

#01 R Basics 92 /  1 4 5Barbara Guardabascio

Each column represents a frequency distribution. For example, the first
column of the table shows the distribution of families by children in the tour,
conditionally on visit day.



Barplot
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To graph the frequency distributions we use the bar chart (geom_bar())



Barplot
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It is possible to distinguish the bars according to whether the visit took 
place over the weekend or not:

Each pair of bars represents the distribution of families by day of visit 
given the number of children.



Barplot
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It is possible to add a title and changing the name of the axes



Continuous Quantitative Variables

A continuous variable is a variable where the scale is continuous and not 
made up of discrete steps.

The main features of continuous quantitative variables could be applied 
also to discrete quantitative variables with many modalities.

Park dataset  includes the following variables:

• distance – continuous variable

• rides – quantitaive discrete variable with more than 100 modalities

• games – quantitaive  discrete variable with more than 100 modalities

• wait      – quantitaive  discrete variable with more than 100 modalities 

• clean     – quantitaive  discrete variable with more than 100 modalities

• overall – quantitaive  discrete variable with more than 100 modalities
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Statistical Position Indices
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• minimum

> min(park$d i s t a n c e )   

[ 1 ]  0 . 53

• maximum

>  max(park$d i s t a n c e )   

[ 1 ]  239 . 19

• mean

> mean(park$d i s t a n c e )   

[ 1 ]  31.04748

• median

>  median(park$d i s t a n c e )   

[ 1 ]  19.02



Statistical Position Indices
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• percentiles

> q u a n t i l e ( p a r k$d i s t a n c e ,  probs=0.4)  #40th p e r c e n t i l e

  40 %

 14.752

> q u a n t i l e ( p a r k$d i s t a n c e ,  p robs=c (0 . 25 ,  0 . 5 ,  0 . 75 )

  25%  50% 75%

 10.320          19.020               39.582

> q u a n t i l e ( p a r k$d i s t a n c e ,  p robs=0:1 0 / 1 0 )

    0%      10%       20%      30%       40%      50%      60%

  0.530     5.716     8.430   11.782   14.752  19.020  26.558

    70%       80%       90%      100%

35.409    47.020   68.020   239,190



Variability Indices
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• Variance

> var(park$dis tance)  

[1] 1098.62

• Standard Deviation

> sd(park$distance)  

[1] 33.14543

• Interquartile Range

> IQR(park$distance)  

[1] 29.2625

• Median Absolute Deviation

> mad(park$dis tance)  

[1] 17.25746



Summary
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> summary(park$dis tance)  
Min.     1 s t Qu. Mean Median 3 rd Qu. Max .

0 .5267    10 .3181   19 .0191   31 .0475   39 .5821 239.1921

Great part of the information provided by the position index is 
provided by the function summary()



Asimmetry

Given the value of mean and median it is possible to have some 
useful information:

• Median = Mean → simmetry

• Median <  Mean → positive asymmetry

• Median >  Mean → negative asymmetry

More robust results are provided considering:

• Position index

- median

• Variability index

- Interquartile range 
- MAD
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Histogram
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The frequency distribution by classes of a continuous variable can be 
represented by a histogram (g e o m _ h i s t o g r a m )



Histogram
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There are two functions to customize the colors of the charts :
• Color :  for changing the color of the outlines
• Fil l :       for changing the color of the bars



Histogram

Let’s add the mean and the median in the histogram

#01 R Basics 104 /  1 4 5Barbara Guardabascio



Histogram

It is possible to represent the frequency distribution with a plot
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Histogram

Comparing two frequency distributions:
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Boxplot
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The boxplot contains many synthetic aspects of a frequency distribution



Boxplot

#01 R Basics 108 /  1 4 5Barbara Guardabascio

• The box of the plot is a rectangle which encloses the middle half of 
the sample, with an end at each quartile (Q1 and Q3). 

• The length of the box is thus the interquartile range of the sample.
• A line is drawn across the box at the sample median. 
• Whiskers sprout from the two ends of the box until they reach the 

values:
✓ 𝑄1  − 1.5 𝐼𝑄𝑅
✓ 𝑄3 + 1.5 𝐼𝑄𝑅

• Dots are values ​​outside the whiskers that represent possible 
outliers



Boxplot

Let us compare the distribution of the travel length based on the day of 
visit        (ge om _boxp l o t)
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Boxplot

Let us compare the distribution of the travel length based on the day 
of visit (ge om _boxp lo t )
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Multivariate Analysis
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Each individual variable can be analyzed separately or:
• Together with other variables simultaneously 
• It is possible to study the relationship between two 

or more variables



Simultaneous analysis of several variables
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Indicators of a quantitative variabile distribution could be compute 
for several variables simutaneously



Simultaneous analysis of several variables

In f un s ( ) we provide the name of all the functions to be applied to 
all the variables of the dataset. This function works only with 
quantitative variables.
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To compute the mean there is the function c o lM e a n s

To compute the other index it is helpful the function 
sum m a r i s e _a l l ( )  included in the package dplyr



% > % (pipe – operator)   
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To compute an index for quantitative variables we had to save a new 
dataframe.
To avoid this double save it is possible to use the % > % pipe 
(Ctrl/Cmd+Shift+M) whose sintax is:

argument % > % function. name

> mean(1:10)

[ 1 ] 5 . 5

> 1:10 % > % mean

[ 1 ] 5 . 5



% > %   (pipe – operator) 
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Let’s compute the median of the quantitative variables only:

> Park % > %
> s e l e c t ( d i s t a n c e : o v e r a l l )  % > % 
> summar ize_a l l ( funs(med ian) )

d i s t a n c e        r i d e s        games           w a i t         c l e a n         o v e r a l l

31.04748    85.84600    78.66600   69.89600    87.89800 51.25800



Segment Analysis

A segment is a sub-set of a sample (or population) whose units are 
homegeneous  with respect to one or more variables (segmentation 
variables) 

The function group_by(), in dyplyr, allows the choice of the segmentation 

variable (i.e. day of visit)
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> park %>%

+ group_by(weekend) %>%

+ summarize(sat=mean(overall))

# A tibble: 2 x 2

    weekend   sat

 <fct>   <dbl>

1   no 52.1

2  yes 50.4



Segment Analysis

For number of children
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Segment Analysis
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It is possible to apply the same function to several variables



Export data in R
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>  s a t _ p a r k  < -  p a r k  % > %
>  g r o u p _ b y ( n u m . c h i l d )  % > %  
>  s u m m a r i z e ( s a t = m e a n ( o v e r a l l ) , s d _ s a t = s d ( o v e r a l l ) , c v _ s a t = s d _ s a t / s a t )  

To save the result tables provided by the analysis

To do this we need to give a name to our object in this case 
sa t_pa rk  



Export data with R

It is possible to save data in several formats:

• . c s v  (comma separated values) 

write.csv(dataframe, " fi l e. na m e . cs v" )   

write.csv2(dataframe," f il e. n am e. c sv ")

• . t x t  (Tab delimited file)

w r it e. t ab le ( da ta fr a me ,  " f i l e . n a m e . t x t " ,  

s e p = " \ t " , colnames=FALSE)

• . x l s x  (Microsoft Excel)

w r i t e . x l s x ( )  package openxlxs

wri te.xls x(data frame, " fi l e. na m e. xl sx " )

• . d t a  (Stata file)

wri te_dta () package haven

write_dta(dataframe, " f i l e . n a m e . d t a " , version=14)

Package haven
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Customers

Let’s write on the browser the following URL

goo.gl/PmPkaG

Immediately we get a dataset of 1000 customers of a multi-channel seller. 

For each custmer, 11 variables have been observed:

• age, age of the customer

• credit_score, creditworthiness

• email, does the customer have an email address registered on the site?

• distance_to_store, distance to store

• online_visit s,onl ine _trans,online_spend,

 number of visits, purchases and total expenditure on the retailer's website

• store_trans, store_spend, number purchases and total

expenditure on the retailer's store

• sat_service, sat_selection, level of satisfaction with the

service and product selection, on a scale from 1 (totally unsatisfied) to 5 (totally
satisfied)
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Customers

Save and load a .txt  file
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Data-set Analysis
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Scatterplot
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A scatterplot is a graphic tool used to display the relationship between 
two quantitative variables.
• Each dot on the scatterplot represents one observation from the 

dataset whose cohordinates (xi, yi) define the observed values for 
the variables X and Y.

A scatterplot provides several useful information about:
• The presence of a possible relation (linear, logarithmic, quadratic) 

between the two variables
• The presence of outliers with respect to one of the variables 

considered, to both of them or with respect to their relation.



Relation between two variables

(a) Linear (increasing)

(b) Logarithmic (increasing)

(c) No relation
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Outliers 

(i) Outlier with respect to the relation between x and y and with 
respect to y, but not with respect to x.

(ii) Outlier with respect to the relation between x and y and with 
respect to x, but not with respect to y.

(iii) Outlier with respect to x and y but not with respect to their relation.
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Scatterplot
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Let’s create a scatterplot between age and credit.score using the 
function (g e o m _ b o x p l o t )



Scatterplot

Or between store.spend and online.spend

#01 R Basics 128 /  1 4 5Barbara Guardabascio



Scatterplot

Let’s change in logarithmic scale both variables

#01 R Basics 129 /  1 4 5Barbara Guardabascio



Scatterplot

Let’s distinguish customers based on whether their email is registered on the 
site or not
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Scatterplot

Let’s insert the labels in the graph, this time as a list (labs)
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bubbleplot
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The bubbleplot is a scatterplot whose dot dimension is proportional to a 
third variable (di s t ance_ t o_s t ore ) .



Scatterplot Matrix
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The Scatterplot matrix contains the scattering diagrams of all the
quantitative variables of a data matrix

> customers_q <- s e l e c t ( c u s t o m e r s ,  a g e ,  

c r e d i t . s c o r e , d i s t a n c e . t o . s t o r e : s t o r e . s p e n d )

> p a i r s ( cu s to me r s_ q )

Or

> cus tomer s % > %

> s e l e c t ( c u s t o m e r s , a g e , c r e d i t . s c o r e , d i s t a n c e . t o . s t o r e : s t o r e . s p e n d ) % > %

> p a i r s ( )



Scatterplot Matrix
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Covariance
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Scatterplot provides a graphical information about the realtionship 
between two variables. An index that summarize this realation is the 
covariance, Cov(X, Y )

>  cov(cos tumer s$age , c o s t u m e r s$ c r e d i t _ s c o r e )  

[ 1 ]  63.23443



Correlation
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As covariance depends on measurement unit and order of magnitude of the 
two variables, it is difficult to assess the goodness of the linear relation using 
this coefficient. For this reason it is better to refer to correlation coefficient, 
r(X, Y) which does not depends on these two factors.

> cor ( cos t u me r s$a ge , c o s t u m e r s $ c r e d i t _ s c o r e )  

[ 1 ]  0.2545045



Correlation coefficient (r ) interpretation

If the variables are (approximately) normally distributed, it is possible to
consider the Cohen's rule of thumb for which:

• if |r| ≈ 0.1, the linear relation is absent or weak

• if |r| ≈ 0.3, the linear relation is moderate

• if |r| ≈ 0.5, the linear relation is high

• if |r| = 1, there is a perfect linear relation

If the two variables are not normally distributed it could be useful to apply 
some transformation (like logarithm) before computing the coefficient.
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Correlation Matrix

The Correlation Matrix is a square matrix in which

• Number of rows = number of columns =number of quantitative 
variables

• The generic element 𝑟𝑖𝑗 represents the correlation between the 

variable 𝑋𝑖 and 𝑋𝑗

𝑅 =

1 𝑟12 …
𝑟21 1 …
… … …

𝑟1𝑗 … 𝑟1𝑝

𝑟2𝑗 … 𝑟2𝑝

… … …
𝑟𝑖1 𝑟𝑖2 …
… … …

𝑟𝑝1 𝑟𝑝2 …

𝑟𝑖𝑗 … 𝑟𝑖𝑝

… … …
𝑟𝑝𝑗 … 1
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Where 𝑟𝑖𝑗 =  𝑟𝑗𝑖 

and 𝑟𝑖𝑖 = 𝑟𝑗𝑗 = 1



Correlation Matrix

It is possible to get the correlation matrix using the function c o r ( ) to be 
applied to a set of quantitative variables
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Graphical representation of the correlation matrix
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The function c o r r p l o t . m i x e d ( )  provided by the package c o r r p l o t  
allows to represent graphically the correlation matrix  



Variable transformations
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When the correlation between two variables is not too high, it simply 
means that there is no linear relationship, however it is possible to 
find some different kind of relationship.

Variable Useful transformation

Turnover, prices 𝑙𝑜𝑔(𝑥)

Distance 1

𝑥
;

1

𝑥2 ;  𝑙𝑜𝑔(𝑥)

Positive asymmetric distributions 𝑥; 𝑙𝑜𝑔(𝑥)

Negative asymmetric distributions 𝑥2



bubbleplot
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Likert Scale

In cus tomer s  da ta se t  there are two variables which use the Likert scale at 5 item

• s a t _ s e r v i c e ,  custmer satistaction about the service, 1 (strongly unsatisfied) to 5 
(strongly satisfied)

• s a t _ s e l e c t i o n ,  custmer satistaction for the product selection, 1 (strongly 
unsatisfied) to  5 (strongly satisfied)
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The Likert Scale is a tool useful to measure an attitude or opinion based 
on the degree of agreement or disagreement of the interviewee in
relation to a set of information:



Likert Scale
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s a t _ s e r v i c e  and s a t _ s e l e c t i o n  are ordered categorical variables. 
Measuring the degree of association can be complicated. If we represent 
the scatterplot dots are superimposed and it is difficult evaluate the 
density of each pair of answers



Likert Scale
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To better distinguish the points it is possible adding to each point a 
random noise (width and  height), using the function ge om _ j i t t e r ( )
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