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@ il e STATISTICAL INFERENCE AND MODELLING - MDS

1. LAB SESSIONS

e 2 hours every 1 week, in a PC's classroom.

e Practical assignments posted through ATENEA - TASKS. Formative
assessment will be given by the lecturer before the next laboratory session
when deliverable is indicated.

e Guidelines for laboratory session posted in ATENEA Course webpage
e Datasets posted on ATENEA Course webpage.

FIRST SESSION: Introduction to R and R Studio statistical software

R Core Team (2021). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.

URL https://www.R-project.org/.
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2. UNITS 1-2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

—=Davis data: davis.RData (data.frame) - Use comands in davis.R for basics
> library (car)

Loading required package: MASS

Loading required package: nnet

> data (Davis)
> 1s()
[1] "Davis"

> attributes (Davis)
Snames

[1] "sex" "weight" "height" "repwt" '"repht"

Sclass
[1] "data.frame"

Srow.names
[1] "1" "2" "3" "4" "5" "6" "'7" "8" "9" "10" "11" "12"

[193] "193" "194" "195" "196" "197" "198" "199" "200"

>
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@ il e STATISTICAL INFERENCE AND MODELLING - MDS

UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.1 Univariate descriptive analysis - Numeric data

e Missing and Outliers might occur

e Numerical values
- Measures of Central Tendency: Mean, Median, Mode

- Measures of Dispersion: Variance, Standard Deviation, Quartiles, IQR,
Maximum, Minimum.

e Graphical Representations
- Histogram, Cumulative Histogram. Absolute or relative.
- BoxPlot.
- Dotplot
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STATISTICAL INFERENCE AND MODELLING - MDS

UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.1.1 Continuous Univariate Descriptive Analysis: Numeric statistics

> summary(dataframe) # R command

_ 1y
- Mean x_zgx"
i=1

- Median: Value of the variable such that
507 Observations are < Median (Q2) & 507% Observations are > Median (Q2)

- Quartile Q1 of the 25% and quartile Q3 of the 75%: Values of the variable that
257% Observations are < Q1 & 757% Observations are > Q1
757% Observations are < Q3 & 257% Observations are > Q3

n

, 21 =\’
- Variance §, =-— (xl-—x)
i=1

- Standard Deviation S, (square root of variance)
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UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

—Davis data: davis.RData (data.frame) - Use comands in davis.R for basics

> summary (Davis)

sex weight height repwt repht
F:112 Min. : 39.0 Min. : 57.0 Min. : 41.00 Min. :148.0
M: 88 1st Qu.: 55.0 1st Qu.:164.0 1st Qu.: 55.00 1st Qu.:160.5
Median : 63.0 Median :169.5 Median : 63.00 Median :168.0
Mean : 65.8 Mean :170.0 Mean : 65.62 Mean :168.5
3rd Qu.: 74.0 3rd Qu.:177.2 3rd Qu.: 73.50 3rd Qu.:175.0
Max. :166.0 Max. :197.0 Max. :124 .00 Max. :200.0

NA's 117 NA's 117

> var (Davis[,3:4])

weight height
weight [227.85930, 34.37588
height 34.37588 [144.19055

« Missing data: Do not miss them! Track them.

NA: Not available - Missing data

NaN: Not available for numerical reasons (divided by O0)
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UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.1.2

Continuous Univariate Analysis Description: Histogram

Histogram (non-acumulative):

par (mfrow=c(2,2))

hist (DavisS$Sweight)

hist (DavisS$Sweight,10)

hist (Davis$weight,10,col="blue")

hist (Davis$weight,10,col=rainbow(10))

[ ———— = ]

Frequency

hist (Davis$Sweight, freqg=F)

# Proportions

hist (Davis$weight, freqg=F,
col=. , breaks=seq(35,170,5))

Histogram of Davis$weight
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UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.1.3 Continuous Univariate Analysis Description: Dotplot
Dotplot:
# Dotplot _

par (mfrow=c(2,1))
stripchart (Davis$weight ,method="stack") :

40 60 30 100 120 140 160

Dotplot Weight in Davis dataset

stripchart (Davis$weight,method="stack"
,xlab="weight" ,pch=19,
col=3,
main="Dotplot Weight in Davis dataset")

Bduwi. .. . .

I I I I I I I
40 B0 30 100 120 140 160

weight
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UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.1.4 Continuous Univariate Analysis Description: Boxplot

Boxplot: Basic implementation in boxplot() method, recommended Boxplot() method in car library

"Five issues Summary” (Min, Q1, Me, Q3, Max) for Univariate EDA, useful to detect the presence of
outliers.

min Q1 median Q3 max
l vV v ¥ l
— i %
< >
<—IQR—>
Mild outliers Mild outliers Extreme outliers

# Boxplot

par (mfrow=c(2,3))

boxplot (Davis$weight)

boxplot (Davis$weight,col="blue" ,horizontal TRUE)

boxplot (Davis$weight,col="blue"  horizontal = TRUE, pch=19,labels=Davis$weight)
Boxplot (Davis$Sweight)

Boxplot (Davis$Sweight,col="blue" ,main= "Weight in Davis dataset - row name Id4d")
Boxplot (Davis$weight,col="blue" ,main=" Boxplot Weight - Weight Label for
Outliers",labels=DavisS$Sweight)
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@ it b STATISTICAL INFERENCE AND MODELLING - MDS

UNITS 1 AND 2: EXPLORATORY DATA ANALYSIS (EDA)-UNIVARIATE

2.2 Univariate descriptive analysis - Categorical data

Description of categorical variables: only
'missings’  might  occur.  Graphical

representations:

e barplot (a) absolute or relative (proportions)
b) density or accumulated.

20 40 BO B0 100

20 40 60O 80 100

- Suitable for graphical description of

0
|
0
|

discrete-qualitative data (factor) with a F M F M
few levels or categories.

e Pie Chart.

table (Davis$sex)
margin. table (table (Davis$sex))
prop. table (table (Davis$sex))

par (mfrow=c(2,2))
barplot (table (Davis$sex))
barplot (table (Davis$sex) ,col=rainbow(2)) M M
pie (table (Davis$sex))

pie (table (Davis$sex) ,col=rainbow(2))
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3. INTRODUCTION TO R

e RStudio for Windows: Basic Input/Output (R is case sensitive)
e Select working directory in R console window (Change dir / Cambiar dir ...)

8 RStudio l=- | e 5
File Edit Code View Plots |Session| Build Debug Profile Tools Help
gl-2- 53 New Session &l Project: (None) ~
© DRT-PassDA_wd.Rmd % © ODEMI] Interrupt R 3Mar2018_PCARMA % | @] IntroR Rmd* Environment  History
A3 Qe Terminate R... D Insert ~ “HRun - G - =% [ | #Import Dataset ~ | List ~ | (@&
r o s | T e
gg + Item 2b Restart R Cirl+Shift+F10 Dat;a e
30 Set Working Directory ’ To Source File Location ©Davis 200 obs. of 5 variables ]
31- # Header 1 To Files Pane Location
32. ## Header 2 Load Workspace...
33 Save Workspace As.. Choose Directory... Ctrl+Shift+H
gg. e Clear Workspace... )
36 library(car) Quit Session... Crl+Q
37 data(Dpavis)
38 summary(Davis)
39 attributes(Davis)
40 hist(pavisiweight,15,col=rainbow(15)) 3
41
42
43 | Files | Plots Packages Help = Viewer
411 @ Chunkl R Markdown -
- = & & zoom | Eeport - O] 45 Publish ~ | (&)
Max. :166.0 Max. :197.0 Max. 1124, _ ) _ ) - . . .
NA'S 17 Cambiar el directario de trabajo a: Histogram of Dav|5$we|ght
> attributes(Davis)
$names [EALTLIDIA|LIDIFMLGE2000\WLGz_07_IILABCRATORI | Paginar | —
[1] "sex" "weight" "height" "repwt" "repht" o
2 -
$class 0K | Cancelar |
[1] "data.frame" 2 4
$row. names o
1] "i" non mgn wgn ngn ngn ugn  ngn w1QU 1M 12" 13" 14" "5 "1§"  "17"  "18" § L 4
[10] "10" "20" 21" "22" 23" "24" wagn  ma7m wogm  mpgm  m3g  m3(m  w3pm  m3gm wgqm  w3ge  wggw 5
[37] "37" "38" 30" 40" 41" 42" NgAT MASM M4GM  M47M MAgM MAQM M5QM M5M M52t mg3m wggn g o
[55] ||55|| "56" ||57|| "58" ||59|| "60" "62" "63" "64" "65" "66" "67" "68" "69" ||70|| ||71|| ||72|| Lt
[73] "73" "7am mst mzgn mzzm nzgn ugQm mgqm gy mg3am  mggn  uggu  mgem mgau  uggun mggm mggn o |
[91] "o1" nggn  mggm  mwggn  uggn wggn  mgg"  "1go™ 101" "102" "103" "104" "105" "106" "107" "108" &
[109] "109" "111" "112" 113" "114" “116" 117" 118" "119" "120" "121" "122" "123" "124" "125" "126"
[127] "127" "129" "130" "131" "132" "134" 135" 136" "137" "138" "139" "140" "141" "142" "143" "144" o |
[145] "145" w1477 "148" "149" "150" “152" 153" 154" "155" "156" "157" "158" "159" "160" "161" "162"
[163] "163" "165" "166" "167" "168" W170" M171" 172" 173" "174" "175" "176" "177" "178" "179" "180" o
[181] "181" "182" "183" "184" "185" "186" u1g8" "189" "190" "1g1" "192" "193" "194" "195" "196" "197" "10g" ‘ : : : : : |_
[199] 199" "200 i 40 60 80 100 120 140 160
i hist(Davis$weight,15,col=rainbow(15)) Davis$weight
R ' - - =T 1326
9 ~ é | . I
O AEA 0 RS |8 = T S
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INTRODUCTION TO R: LOAD WORKSPACE (RETRIEVE PREVIOUS USED DATA)

€ Rstudio — e
Edit Code View Plots Session Build Debug Profile Tools Help 21
New File » || addins - Buscar en: | () LAROIRATORI B3 R s &l Project: (None) -
New Project... u_Sessig4_PCA.Rmd @7 Lab23Mar2018_PCA.Rmd @] IntroR.Rmd* Americanyoter RData R almazme, ROata R sessinl0_copen.RData =0
Open File... Ctrl+0 @ Insert ~ %Ans:ombETE.RData stpE.RData Rsessiulﬂ_ wwwww If RData List = | (&
5 ) % blacs.RData R jsp.RData R spa_dlaims RData
Reopen with Encoding... 2 ceb Rt
Recent Files % copenhaguen.RData
. % crossedeffects RData =
Open Project... %cts\b RDat
Open Project in New Session... R davis, ROt
Recent Projects 4 R dobson. Dt
%duncanl RDak
Import Dataset R duncanz RData
% efectesmixtes RData
Save Crrl+S % effort.RData
Save As... % Eleccions_92.RData
Save with Encoding... R exemples.RData
Save All Ctrl +AIt+S W(15))
Knit Document Ctrl+Shift+K
Publish... =0
Print... “%- Publish @
Close Ctrl+wW 0 Max. :124.00 Max. :200.0 Histogram of DavisSweight
' . ' .
Close All Cirl+Shift+W NA's 17 NA's 17 9 9
Close All Except Current Ctrl+Alt+Shift+W
Close Project t" "repht" -
w

Quit Session... Ctrl+Q —‘

IIIIIIIIIIIIIIII —_

e Open (load) and Save Workspace - File Menu (Archivo)

File/Archivo — Cargar drea de trabajo (load workspace)

File/Archivo — Guardar drea de trabajo (save workspace)

Example: Open/Load Davis.RData from a Workspace.

e To exit: |File/Archivo — Salir or quit() command in R Console
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INTRODUCTION TO R: SCRIPTS

From Archivo (File) menu: you
can open, close, save, create a
new, save as scripts.

Scripts are text files containing
R command. Always use them to
track lab session commands

Markdown documents are
dynamic documents combining
ordinary text and R commands.
They can be interpreted to
produce an output: html, pdf or
word.

ORStudlo
File Edit Code View Plots Session Build Debug Profile Tools Help
Q- =~ g5 = Addins
Q DRT-PassDA_w4.Rmd OJ ODEMIT_KINEQ_v3.Rmd OJ Meu_Sessié4_PCA.Rmd OJ Lab23Mar2018_PCA.Rmd °J IntroR.Rmd Environment
£ WEQ | Kknit ~ - T insert ~ ~#Run v | S - T EH ®
28 + Item 2b i 0 o
29 Data
30 ©Davis
31- # Header 1
32 - ## Header 2
33
34
35- 7 {r} »
36 Tlibrary(car)
37 data(Davis) New R Markdown
38 summary(Davis)
39 attributes(Davis) - D Title:
40 hist(DavisSweight,15,col=rainbow(15)) - =
A1 [ ;;l Presentation Author: Lidia Montera
o = Shiny Default Output Format:
43 s Plots
411 @ Chunkl [ From Template Q) HTML ®
Recommended format for authoring (you can switch to PDF L
Crzzrz or Word output anytime).
Max. :166.0 Max. :197.0 Max. :124.00 Max. :2C
NA's 117 NA'S 117 PDF
> attributes(Davis) PDF output requires TeX (MiKTeX on Windows, MacTeX
$names 2013+ on OS X, TeX Live 2013+ on Linuwd.
[1] "sex" "weight" "height" "repwt" "repht"
‘Wword % *
$class Previewing Word documents requires an installation of MS
" " Word (or Libre/Open Office on Linux]
[1] "data.frame =op ! =]
$row. names -
[1] "1" "2" "3 4n "s" "e" "t 8" "gn "10" "M oK Cancel =
[19] "19" “"20" "21™ M22" "23" "24M 25" M2eM v27" "28" M2 — — — —
[371 "37" "40" 43" 45" 4" 47" 52" 53" Us4n g 3 4
[551 "55" "58" "el" "63" RVAREY S A [
[731 "73" "7o" "go9" "oQ" o
[911 108" &
[109] 15 126"
[127] "127" "128" "129" "133" "134" "135" "136" "137" "141" "142" "143" "144" 2 4
[145] "145" "146" "147" "151" "152" "153" "154™ "155" "159" "160" "161" "1le62"
[163] "163" "164" "165" "166" "167" "168" "169" "170" "171" "172" "173" "174" "175" "17e" "177" "178" "179" "180" o J
[181] "181" "182" "183" "184" "185" "186" "187" "188" "189" "190" "191" "192" "193" "194" "195" "196" "197" "198"
[199] "199" "200" E
> hist(Davis$weight,15,col=rainbow(15))
>
f - - -
OICAEA SO WO e 7 W
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INTRODUCTION TO R: FILE MENU

Knit to produce R Markdown output:

Critical Elements

in R:

e Expressions
and Objects
(escalars,
vectors,
matrices,
lists, etc)

The basic
object is a
list: list().

Data matrix -

€ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help (]
Q- -~ =5 = addins -

© DRT-PassDA_v4Rmd »  ©] ODEMIT_KINEQ v3Rmd » @] Meu_Sessié4_PCARmd

a Q| g knit - -
28 + Item 2b
29
30

31- # Header 1

32 - ## Header 2

33

34

35- "7 {r}

36 Tibrary(car)

37 data(pavis)

38 summary(Davis)

39 attributes(Davis)
40 hist(DavisSweight,15,col=rainbow(15))
41 "

42

43

41:1 B Chunk 1

Console R Markdown

NA's
> attributes(pavis)
$names
[1] "sex" "weight" "height"™ "repwt" "repht"
§class

[1] "data.frame"

$row. names
[1] "1 "4 "5
[19] "19" n22m v23t
(371 "37" "40"  "41"
[55] "55" "58"
[73] "73" "7e"
nggn
e Pl
30"
"148"
"166"
"184" "185" "186" "187"

"199" "200"

> hist(Davis$weight,15,col=rainbow(15))
>

©] Lab23Mar2018_PCARmd

1/ NA's

n1gg"

n189" "190"

i) Open in Browser

IntroR

Lidia Montero
7 de septiembre de 2018

output: himl_document: toc: true toc_depth: 3 number_sections: true editor_options: chunk_output_type: console —

Presentation

R Markdowns document

This is an R Markdown document. We are showing some examples of EDA. Markdown is a simple formatting syntax for authoring HTML, PDF,
and MS Word documents. For more details on using R Markdown see hitp://rmarkdown.rstudio.com. Use * to provide emphasis such as ffalics
and bold

Create lists: Unordered * and + or ordered 1. 2

1. Iltem1

2. ltem2
o ltem2a
o Item 2b

Header 1
Header 2

library(car)

#% Warning: package 'car' was built under R version 3.4.4

## Loading required package: carData

## Warn package 'carData' was built under R version 3.4.4

data (Davis)
summary (Davis)

[
"
"
i1

‘% Publish -

]

= X
& project (None) ~

List + | (&

[

5. Publish ~ | (&

29 W o el [T

0 RS

He

rows are individuals and columns are variables: data.frame.

Prof. Lidia Montero @

Page 15

Academic Year 2.021-2.022



@ g;‘;{‘éEETS:VT::EE?‘LIT-ECNICA DE CATALUNYA
Fivesigac Operaiva STATISTICAL INFERENCE AND MODELLING - MDS

i Investigaci6 Operativa

INTRODUCTION TO R: CONSOLE, DEVICES AND SCRIPTS

€ Rstudio [

.
Ava' Iable ones: File Edit Code View Plots Session Build Debug Profile Tools Help
GEEE B -| adars - B projet onel -

©ORFPasDA M RNG *  ©) ODEMILKNEO VARG = | ©)Meu Sessidh PCARTA » | O LabZMr201s_PCARTA = 7 IntroR Amd Environment | History

R Console (TO write LR T e

- Global Environment ~
31- # Header 1

command and obtain

Davis 200 obs. of 5 variables )
35 {r} »

36 Tlibrary(car)
r‘es u S 37 data(pavis)
38 summary(Davis)
39 attributes(Davis)
40 hist(pavisSweight,15,col=rainbow(15))

As many script windows e

R Markdown

411 @ chunki B
@ & Zoom | Eexport - Q] ¥ “&- Publish +

List +

i

Console | R Markdown

as yo u Wa n.r . ynamas n Histogram of Davis$weight

[1] "sex" "weight" "height" "repwt" “repht"
D T $class o
a a [1] "data.frame” @ 7 I
$row. names 2 4
[y "1 A "12" 13" 14" "15" "16" "17" 18"
[19] "19" "20" wim o w3pm o m3zm w3gm m3gn wgem -
[37] "37" "3g" wagn MSQM MM mspm  msgn msgm 3 97
[55] "55" "56" ng7m wzgn 5
[73] g5t g 84
C d w3 “
[109]
ommand win.graph () &2 ¢ 1
[145] "
[163] ™ 164 e
[181] "181" "182" "

to create a new graphic i T T T A e
device.

i

> hist(pavis$weight,15,col=rainbow(15))
> win.graph(Q) Davis$weight

B EA e HaEaNe N7 SCo T T e mwos 20,

Graphic Devices: R graphics has a matrix structure that allows o obtain several figures:
for ex. 2 rows and 2 columns

par (mfrow=c (2,2))

Prof. Lidia Montero © Page 16 Academic Year 2.021-2.022
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INTRODUCTION TO R: COMMAND STRUCTURE

R Command structure:

> Command parameters <CR>

> Command parameters ; Command parameters <CR>

U RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help
Q- - - Addins

@] DRT-PassDA_v4.Rmd @ ODEMIT_KINEO_v3.Rmd @] Meu_Sessic4_PCARMA

i Q| g Kknit v
28 + Item 2b
29
30

@ Lab23Mar2018_PCA.Rmd

@] IntraR Rmd

*Tnsert + ~#Run v | % -

~# Run Selected Line(s) Ctrl+Enter

P Run Current Chunk ~ Ctrl+ Shift+ Enter

31. # Header 1 Run Next Chunk Ctrl+AltsN
32 . ## Header 2 Run Setup Chunk

?i = Run All Chunks Above  Ctrl+Alt+P

35. " {r} = Run All Chunks Below | )

36 Tlibrary(car) Run All Ctrls Alt+R

37 data(pavis)

38 summary(Davis)

39 attributes(Davis)

40 hist(pavisfweight,15,col=rainbow(15)) E
4 [

42

43 -
411 @ Chunk 1 R Markdown
Console R Markdown
$names R
[1] "sex" "weight" "height" "repwt" "repht"
§class
[1] "data.frame"
$row.names

[1] "1" M2"  M3M mgno o mgm o mgu o wpuo o wgm o wgu o wygu o Wjpn WppW o Wj3u o mjgm o mjgw o ujgu  wyzw o wygn

[19] "19" ™20™ "21" "M22™ "23" "24™ M25™ 26" "27" M28" 290" "30" 31" 32" ™“33" 34" "35" "3p"

[37] "37" ™38"™ 39" "40" "41" "42" "43" 44" "45" 46" "47"  "48™  "49" 50" “s1" 52" "53"  Us54M

[55] "55" ™"se" "57" "58" 59" "gO" "1™ "62" "63" Me4" "65" "66" "e/" "e8" Me9" "70o" "71i™ "72"

[73] "73" 74" "75" “"7e™ 77" 78" "79" 0" "81" ™“82" "83" "84™ "85" "BE" M87" "88" "89" "90"

[917 "o1" "g2" "g3" Mgam Mgsn  nggm mgzm  nggn  WggW  miggh "1g1t M102" 103" "104" "105" "106" "107" "108"
[109] "109" "110" "111"™ "112" "113" "114" "115" "116" "117" "118" "119" "120" "121™ "122" "123" "124" "125" "126"
[127] "127" "128" "129"™ "130" "131" "132" "133" "134"™ "135" 136" "137" "138" "139™ "140" "141" "142" "143" "144"
[145] "145" "146" "147" "148" "149" "150" "151" "152" "153" "154" "155" "156" "157" "158" "159" "160" "161" "162"
[163] "163" "164" "165" "166" "167" "168" "169" "170" "171" “172" "173"™ "174" "175" "176" “177" "178" "179" "180"
[1817 "181" "182" "183" "184" "185" "186" "187" "188" "189" "190" "191" "102" "103" "194" "105" "196" "197" "198"
[199] "199" ™200"
> hist(Davis$weight,15,col=rainbow(15)) 3
> hist(Davis$weight,15,col=rainbow(15))
> win.graph()
> -~

| 7 - .

Il ER e BorNe 7 Wik

To be written in R console or any script
or inside a chunk in R Markdown.

To execute a command line included in a
script: press <ctrl- Enter>.

To execute several command lines: select
anhd <ctrl- Enter>.

To execute one or several chunks use R
Studio menu.

Prof.

Lidia Montero @

Page 17

Academic Year 2.021-2.022



UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Departament d’Estadistica

i Investigaci6 Operativa

INTRODUCTION TO R: SEQUENCES ..
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Example: create a vector with 4 integer elements

Concatenation:|lc (.)

Se uence. i~ R Console 10| x|
q ) 'oitation()' para ssber como citar B o pagquetes de R en publicaciones. d
seq( ° ) Escriba 'demo()' para dewostracicones, 'help()]' para el sistemwsa on-line de ayuda,

o 'help.start(]' para abrir el sistema de ayuda HTHL con =u nasvegador.

Escriba 'gi)' para salir de R.
Repllca"‘|on: > load ("E:WALTLIDIASNSLIDIAYYMLGEZ000Y MLGE 07 144 LABORATORIN  davis.RData™)

Fox - 2
X ep ( . ) FE= e L'-'_ E:LTLIDIA\LIDIAYMLGZZ000,MLGZ_07_14LABORATORI script proves - R Editor

4

[1] =

A 4

[1] 4

>

= vl <- o(60,50,34,55

} "’2 o ré E’1 0'4]’ J w1 <- =(60,50,34,55]

'*’3 P o v2 <- repil.0,4)

- "’4 < Semq’gjz ¥3 <— seqi4,9)

> 74 oa- senid, g, 2] v <- seq(4,9,2)

> yd <- seq(d,9,.2)

Fovly vE; ow3d: v

1; v2; v3; vid

[1] &0 50 34 55 }Y ¥ ¥ ¥

[11 11 1 1

[1] ¢4 5 & 7 &8 2

[1] 4 &6 &

- 1

al

Prof. Lidia Montero © Page 18 Academic Year 2.021-2.022



UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Departament d’Estadistica

i Investigaci6 Operativa

STATISTICAL INFERENCE AND MODELLING - MDS

INTRODUCTION TO R - BASIC OBJECTS:

Important Objects: lists, vectors, matrices and arrays

e Matrices are arrays of 2
dimensions.

e Matrices and arrays of
dimension greater than a 2 are
allowed.

eRelated commands: rownames(),
colnames(), dim() to check
dimensions.

e To create matrices:

> x<-matrix(l:24, nrow=6)
> rownames (x) <- letters
[1:0]

> colnames (x)<-

C ("A", "B", "C", "D")

> colnames (x)<-

list ("A"’ "B", "C", "D")

Archiva  Editar Paguetes ‘Wentanas Ayuda
»ox<-1:124
> dim(xi<-c(6,4)
> ¥<-matrix(l:24, nrow=6)
> rownames (x) <- letters[l:6]
> colnames (x)<-c("A", "E","CT, D™
» colnames (x)<-list (A", "B, TCT, D)
Foya-x
Fodim(y)<-c(4,3,2)
S

A B C D
al 7 13 19
b2 8 14 20
c 3 9 15 21
d 4 10 16 22
e 5 11 17 23
f 6 12 18 24
L
r r l
[1,] L 1]1 [ 2% L, 319 [F E:\LTLIDIANLIDIA\MLGZZ000\MLGZ_O7_1LABORATORI'script proves - R Editor =|Of x|

r e
[2,] 2 5] 10 x<-1:24 =
[3,] 3 7 11 dim(x)<-c(b,4)
[4,] 4 s 12 x<-matrix(1:24, nrow=56)

o rownames(x) <- letters[1:6]
Tt colnames (xX)<-c (A", "B","C","D")
011 L2] L3 colnames (x)<-1list ("a","B","C","D")

1,1 13 17 21 v
(7] . s > dim(y)<-c(4,3,2)
[3,] 15 19 23 §
[4,] 16 20 24 =
|

Prof. Lidia Montero © Page 19
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INTRODUCTION TO R - FUNCTIONS AND ARGUMENTS

< RGui .
Functions and arguments:.
R— e An R function might be a mathematic or
ST statistical function, as log(x), but there are

lot | =3 oy . . N
i Em@i —x =y, co1=2) additional functions as [plot( height,
s s: Device 2 (ACTIVE) ol x| .

weight )|

e Functions have actual parameters (actual
0 arguments) and formal parameters (formal
T arguments).

15 20

| |

15 20
|

10
|
10

o e Most arguments have default values and can
5 10 15 20 5 10 15 20 be OmlTTed

e R functions arguments can be positionally

] ] matched (positional matching) or by name
) (keyword matching). You can mix positional
EE Ted matching with matching by name.
* : |

Prof. Lidia Montero © Page 20 Academic Year 2.021-2.022
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INTRODUCTION TO R - FUNCTIONS AND ARGUMENTS

E? R Help for package graphics

S — s

Ocultar Alrds Imprimit  Opciones

For example:

Lontenido | Indice I Elﬁlsquedal

ﬂ matplot

E matpoints

E mozaicplob

E mosaicplat. default
2] mosaicplat formula
E mtext

2] pairs

[2) pairs.default
E pairs.farmula
E panel.smooth
7] par

(2] persp

E persp.default
[2] pie

2] piechart

(2] plat

2] plot data frame
E plat. Lrate

E plat. default

E plot. design

E plot factor

E plat.formula
(2] plet.function
E plat. histagram
2] plat new

2] plot POSIXGt
2] plot POSEIE
E plat.table

E plot. window
E plot.xy

E points

E paints.default
[2] points formula
[2] polygon

E rect

2] wa

(2] sereen

E segments

E spineplot

2] spineplot.default
2| spineplat.formula
?] split.screen

2] stars

?| stem

?] strheight

?] stipchart

2] stripplot

2] stwidth

E sunflowerplot
E syrnbals

E text

(2] text default

2] title

[2) sinch

E sinch

E winch

0 Package graphics: Titles

557 R 5y R e e

;{-mm”@_}@ﬁﬁ@éﬁ

plot. defavlt{graphics)
The Default Scatterplot Functid
Description

Draw a scatter plot with “decorations™ such as axes and titles in the active graphics window,

Usage
## Default 53 method:
plocix, ¥ = NULL, type = "p'", xlim = NULL, ¥lim = NULL,
log = ", main = NULL, sub = WOLL, xlab = NULL, ylah = NULL,

ann = par ("ann"), axes = TRUE, frame.plot = axes,
panel.first = NULL, panel.last = NULL, asp = N4, ...)

Arguments

X ¥ the x and v arguments provide the x and v coordinates for the plot. Any reasonable way of defining the coordif
detals.

type 1-character string giving the type of plot desired. The following values are possible, for details, see p1ot: mp~ |
lines, "nr, e for (empty if "er) points jomned by lines, wsm and rs for stair steps and whr for histogram- i
or lines

xlim the x lrmts (1, 2) of the plot. Note that x1 > =2 15 allowed and leads to a “reversed ams™

ylim the y lrmits of the plot.

log a character stnng which contans "« f the % aas 15 to be loganthme, g f the ¥ aas 15 to be loganthmic and

wain a main title for the plot, see also title

sub a sub title for the plot

xlah a label for the = ams, defaults to a description of »

ylak a label for the ¥ azis, defaults to a description of v

ann a logical value mdicating whether the default annotation (title and x and ¥ axis labels) should appear o the plot

axes a logical value mdicating whether both azes should be drawn on the plot. Use graphical paratneter mxaxt ™ of |

frame.plot g logical indicating whether a box should be drawn around the plot
panel.first gn expression to be evaluated after the plot axes are set up but before any plotting takes place. This can be usq
panel.last an expression to be evaluated after plotting has taken place.
asp the wix aspect ratio, see plot. window.
other graphical parameters (see par and section ‘Details’ below).

Details
Cotnmonly used graphical paratneters are:
col
The colors for lines and points. Multiple colors can be specified so that each point can be given its own color. I there af

standard fashion. Lines will all be plotted in the first colour specified.
by

>R & J |} CURS0E-07 | |33 mlgz I ] sessiod_sol.doc - Micros... | R Raui

e plot(height, weight) is a positional
matching call.

e plot(height,weight, col=2) adds a
keyword matching argument.

e plot(y=weight, x=height, col=2) allows
arguments in any order (all arguments
by keyword matching).

e Check parameters in:
help(plot)
args(plot.default)

Prof. Lidia Montero © Page 21
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2 R Reui
Archivo  Editar  Misualizar Misc Paquetes VYentanas Ayuda
N
B | Factors:

> opinio <- sample(zeq(l:5), 20, replace = TRUE)
> opinio
(11 3322253515253 244524°F5 OVQCTOPSTor‘epr‘esenT
> summary {opinio)
Min. 1zt Qu. M=dian Mean 3rd Qu. Max.

1.00 2.00 3.00 3035 .00 5.00 qualiTaTive Var'iables.

> opiniol<- factor(opinio, labels=c("molt desacord","desacord","no sap","d'acord", "molt dtacord")) O d d
> summary (opiniol) ® r' er'e Or' nOT.

molt desacord degacord no sap d'acord molt d'acord

. : ° ’ ; ¢ e Consider values as levels o

> opinioZ<-factor (opinio)

> opinioz / t) l
[1] 33 2225351522532 44524%©5 cz ea :;’

Levels: 1 2 3 4 5 .
>

> opinio3<- factor(opinio,levels=1:5 ) i To Conver.-l- Iabels ln-l-o
> opinio3

[1] 33222 53515253244524F5 numer‘icvalues:

Levels: 1 2 3 45

> summary {opinio3) o
12340 as.numeric(factor)
> levels{opinio3)=c({"molt desacord","desacord”,"no sap”, "d'acord”,"molt d'acord")
> opinio3
[1] no sap no sap desacord desacord desacord molt d'acord no sap
[8] molt d'acord molt desacord molt d'acord desacord molt dfacord no zap dezacord
[15] dtacord d'acord molt dfacord desacord d'acord molt d'acord
Levels: molt desacord desacord no sap d'acord meolt d'acord
> summary{opinicl) factor (x = character(),
molt desacord desacord no sap d'acord molt dracord levels = sort (unique.default (x),
1 £ 4 3 € na.last = TRUE),
>
> help(factor) > labels = leyels, exclude = NA,
> ordered{opinioZ?) ordered = is.ordered (x))
[11 3322253515253 244524%5
Levels: 1 <2 §3 < d < 5 ordered (%, ...)
> pummary (opinlol)
12345 is.factor (x)
16436 is.ordered (x)
T Tatkage grapheT, e LI ”_I o as. factor (X)
ii'Inicinl BoEmES0aea0oRe | 15 cuRsos-07 |.:,‘mlgz Ixﬂl]sessioo_sol.doc—M\cros... | R Raui

as.ordered (x)
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INTRODUCTION TO R - NEW VARIABLES

E? R Help for package graphics

S — s

Ocultar Alrds Imprimit  Opciones

Lontenido | Indice I Elﬁlsquedal

ﬂ matplot

E matpoints

E mozaicplob

E mosaicplat. default
2] mosaicplat formula
E mtext

2] pairs

[2) pairs.default
E pairs.farmula
E panel.smooth
2] par

(2] persp

E persp.default
[2] pie

2] piechart

(2] plat

2] plot data frame
E plat. Lrate

E plat. default

E plot. design

E plot factor

E plat.formula
(2] plet.function
E plat. histagram
2] plat new

2] plot POSIXGt
2] plot POSEIE
E plat.table

E plot. window
E plot.xy

E points

E paints.default
[2] points formula
[2] polygon

E rect

2] wa

(2] sereen

E segments

E spineplot

E spineplot.default
E spineplot.farmula
[2] split-screen
E stars

E stem

E strtheight

E stipchart

E shipplot

(2] stwidth

E sunflowerplot

E syrnbals

E text

(2] text default

2] title

[2) sinch

E sinch

E winch

0 Package graphics: Titles

-

d_'InicinHQ_?@ﬁE@:@ﬁ@Rc

plot. defavlt{graphics)

The Default Scatterplot Functid
Description
Draw a scatter plot with “decorations™ such as axes and titles in the active graphics window,
Usage

## Default 53 method:

plocix, ¥ = NULL, type = "p'", xlim = NULL, ¥lim = NULL,
log = ", main = NULL, sub = WOLL, xlab = NULL, ylah = NULL,
ann = par ("ann"), axes = TRUE, frame.plot = axes,
panel.first = NULL, panel.last = NULL, asp = N4, ...)

Arguments

the x and v arguments provide the x and v coordinates for the plot. Any reasonable way of defining the coordif
detals.

type 1-character string giving the type of plot desired. The following values are possible, for details, see p1ot: mp~ |
lines, "nr, e for (empty if "er) points jomned by lines, wsm and rs for stair steps and whr for histogram- i
or lines

xlim the x lrmts (1, 2) of the plot. Note that x1 > =2 15 allowed and leads to a “reversed ams™

ylim the y lrmits of the plot.

log a character stnng which contans "« f the % aas 15 to be loganthme, g f the ¥ aas 15 to be loganthmic and

wain a main title for the plot, see also title

sub a sub title for the plot

xlah a label for the = ams, defaults to a description of »

ylak a label for the ¥ azis, defaults to a description of v

ann a logical value mdicating whether the default annotation (title and x and ¥ axis labels) should appear o the plot

axes

a logical value mdicating whether both azes should be drawn on the plot. Use graphical paratneter mxaxt ™ of |
a logical indicating whether a box should be drawn around the plat
panel.first gn expression to be evaluated after the plot axes are set up but before any plotting takes place. This can be usq

frame.plot
panel.last an expression to be evaluated after plotting has taken place.
asp the wix aspect ratio, see plot. window.

other graphical parameters (see par and section ‘Details’ below).

Details
Cotnmonly used graphical paratneters are:

col
The colors for lines and points. Multiple colors can be specified so that each point can be given its own color. I there af
standard fashion. Lines will all be plotted in the first colour specified.

by

I ] sessiod_sol.doc - Micros... | R Raui

| 15 cuRsos-07 | (5 gz

Manipulation of data matrices
(data.frame) :

e Create a new variable from existent
variables in the current workspace
using mathematic functions:

o For example, y<- log(x)+z+4.5 (x and z
existent vectors.

o In a data.frame: attach(Davis)

o weight2 <- weight”2 new variable not
included in Davis data.frame.

o Davis$weight2 weight™2 new
variable included in Davis data.frame,
but a detach(Davis) and new attach(
Davis ).

-

e Remove an object: rm(object-name).

Prof. Lidia Montero @
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e To remove a variable included ina
data.frame: Davis$weight2«-
NULL.

e Remove all objects in the current
workspace: rm(list=1s()).

e Remove all objects in the current
workspace beginning with ‘la":
rm(list=Is(pattern="Ia")).

® R can deal with multiple datasets

at the same time.

o You just need to specify the
hame of the dataset and a "$"
symbol before each variable
name.

o If you don't want to write again

TS
IR archivo Editar Visuslzar Misc Paguetes Ventsnas Ayuda —1&] x|
=

= 1z

T3] MEITOMTAM MFET M7ET MTYM Mg MigM nggr glt M@zt "3 Ug4T  "gE"  rge"  "g7" g

[91] ™81 "9 83" e4n  MaSt Mg MGgv Tggt agt  M100" Y101 "102% 103" 104" 105" “106"
[109] "108" *110" "111" "112" "113" "114" 115" *116" “117" "118" "119" "120" "121" “122" "123" "124"
[127] "127" 128" "129" "130" "131" "132" "133" "134" "135" "136" "137" "138" "139" “140" "141" "142"
[145] "145" *146" 147" "148" "149" "150" 151" *152" "153" "154" "I155" "I1BE" "157" “158" "153" "1g0"
[163] "1€3" “1€4" "165" "166" "167" "1€8" 168" "170" "171" "172" "173" "174" "175" “176" "177" "178"
[181] "181" *182" "183" "1g4" "185" "186" "187" "188" "185" "150" "191" "192" 183" "104" "135" "19g"
[199] "199™ "zoQ"

Sclass
[1] "data.frame"

> # O només les columnes

> names (davis)

[1] "id™ "gax" "welght" "height™

> # guin és el nb d'observacions: dimensio files
> dim({ davis )

"r_weight™ "r_height"

[1] 200 [
> dim({ davis y[ 1 ]
[1] 200

> # No es pot crear el quadrat del pes com a variable no s visible
> pesz <- weight~2

Error: objeto "weight™ no encontrado

> # La variable és visible referenciada dins data.frame davis

> pes2 < davis$weights2

= 1si)

[1]) "davis" "last.warning" “opinio® "opiniol" "opinio2"
=

"opinio3" "pes2"

[1] "davis" "last.warning" "opinio™ "opiniol" "opinio2" "opinio3"

> # M'interessa la classe de davis (és un data.frame o matriu de dades

> # Vec les columnes que conté (caracteristiques de les observacions)

> attributes (davis)

Snames

[1] "id" "sex" "welght" "height" "r_weight™ "r height™

Srow.names
[11 "1v nan A man nen" "e" nm nan ngn "1ig™ 11w mi1zmo "1zt "l4m vilst “le™ M
151 ™1s"  “zow  vzlmoo omzam o M3zt ME4no ovzhst Magh o vzt vEgnto mzgn vsom t3lv m3zm o ma3m o vzgnom

[

[37] "377 "3BT M39M omggn o w4lM o m4am M43T n44r WAST m4gn M4TM M4gn  v4gn weQM mE{n wegnw v
[E5] "EEM  WEgM MBI mEgn  WEGW  nggn  mgim  Mggw o MgInm o omggw  wgEmo mgen  wggn o omgam nggn o owygw ngpw
[

17"
35"
53"

and again the name of the dataset as a prefix for each variable, you can use attach()
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INTRODUCTION TO R - SCOPE OF VISIBILITY: ATTACH COMMAND

| RGui - [R Console]
R Archiva  Editar  Misualizar  Misc  Paquetes VYentanas Awuda

> # Podem fer wisibles totes les variables d'un data.frame

= attach{davis)

> # Ara es pot crear una nova variable fora del data.frame

> pes2 <- welght~z

= 1s()

[1] "davis" "last.warning™ “opinio” "opiniol™ "opinioZ® "opinio3" "pes2h
> detach{davis)

> # 81 es vol crear dins del data.frame davis

> davis<-tranzform{ davis, pesZ=weight+2

> summary (davis)

id sex weight height r_weight r_height pes?
Min. :1.00 F:llz2 Min. 1 39.0 Min. 1 57.0 Min. : 41.00 Min. 1148.0 Min. 1521
1st Qu.: 50.75 M: 88 1st Qu.: 55.0 1st Qu.:164.0 1st Qu.: 55.00 1st Qu.:160.5 1st Qu.: 3025
Median :100.50 Median @ 63.0 Median :169.5 Median @ 63.00 Median :168.0 Median : 3969
Mean :100.50 Mean : 65.8 Mean :170.0 Mean : 65,62 Mean :168.5 Mean : 4556
Jrd Qu.:1b50.25 Jrd Qu.: 74.0 Jrd Qu.:177.2 3rd Qu.: 73.50 Jrd Qu.:175.0 3rd Qu.: 5476
Max. :200.00 Max. t166.0 Max. :157.0 Max. :124.00 Max. :200.0 Max . 127556
NA's : 17.00 NA"s : 17.0
> # O bé:

> davisSpes2<- davisSweight

> # Eshorrar obljecte de 1l'espail de treball: rm()

> ormi{ pesi )

> # Eshorrar una columna d'un data.frame

> davisbpesZ<- NULL

> # Noms de les caracteristiques (variables) d'un data.frame

> names{ davis )

[lﬁ "ig" Ysex" "welght” "height" "r weight" "r height"
=

e attach() command can be dangerous. Use detach() as soon as possible.

e Suggested command: Evaluate an R expression in an environment constructed from
data, possibly modifying the original data:

with (Davis, {boxplot (height) ; summary (height) })
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| RGui - [R Console] =18

R Archivo  Editar  Visuslizar Misc Paguetes Mentanas Ayuda

== ]

> names (| davis )
[1] "id® "sex" "weight" "height" "r weight" "r height"
> # vull un data.frame reduit sense pes i algada reportat

> davisl <- davis[,1:4]
> attributes | davisl
Snames

[l] RERs Mot "Weight" nheightn

Sclass

Access to columns in a data.frame as if there were matric

[1] "data.frame"

Srow.hames
[1] "1" nom nagn ngn ngn wgm weogm ngn ngn wign n11m migT

[19] 1\19" ||20|| \‘21“ "22" "23" ||24|| 1\25" "26” ||27H "28" "29" ||30||
[37] 1\3?" ||38|| \‘39“ "40" "41" ||42|| 1\43" "44” ||45H "46" "4?" ||48||
[55] "S5" "5E" 5T "5ET M5IN MEQY VELT ME2" "63" "64" V65" "EE"
[73] "73" "74" "TET M7E MIN 7Y UM gt "glM "2t "a3n  "a4”
[$1] "1™ 92" 93" Mggm  MgET  MggM  MgTT Mgt nggn  "IggM "101" 102"

[109] "109" "110" "111" "11z" "113" 114" "115" "11g" "117" "118" "113" 120"
[127] "127" "128" "129" "130" "131M Y1327 133" "134" "135" "136" "137" V138"
[145] "145" "14g™ "147" 148" "149" V150" "151" M152" "153" 154" "155" V166"
[163] 1\163" |1164" Hl65|| "166” "16?" ||168|| 1\169\1 "170" |1171" "172" "1?3" ||1?4||
[181] "181" "182" "183" "184" "185" 186" "187" "188" "189" "130" "131" 192"
[199] "133" "200"

> names | davisl

[1] "did» "sex" "weight" "height"

> # Vull un data.frame pels homes sex == M 1 un altre per dones amb totes les
>

> homes <- (davizsSsex=="M")

> davisM <- davis|[ homes, ]

> #davisM

> davisF «<— davis| davisSzex=='F', |

>

> dim{ dawvisM }

[1] 88 &

> dim{ davisF )

[1] 112 5]

> # Per quedar-me amb les observacicns 20 a 110 més 11% i les 4 columnes:
> davisi<- davis[ c(20:110,119), 1:4]

> dim{ davisz 3

[1] 52 4

"13" 0 "14" 15T
1\311\ 1132” ||33H
1\491\ 1150” ||51H
"ETT B8 69"
"85 "8E" 87"
"103" 104" "105"
"1z1M Mlzet "123T
"1397 140" 1417
"157" M15ET "159”
1\1’?5\1 11176" |117’?"
"193" 194" "195"
caracteristiques

nygn
\‘34"
\‘52"
n7gn
nggn
106"
124"
142"
160"
\‘178"
196"

nygm
"35"
"53"
ngn
nggn
107"
125"
143"
161
"1?9”
197"

nygn
"36"
"54"
P
nggn
108"
"126"
144"
162"
"180”
"198"
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STATISTICAL INFERENCE AND MODELLING - MDS

INTRODUCTION TO R - INDEXING VARIABLES

e Indexing vectors?: weight2[ 29] position 29 in weight2 vector.

e Indexing matrices?: Davis[2,4] observation 2 and variable in 4™ column.

e Row number 2 in a data.frame: Davis| 2, ].

e Column number 4 in a data.frame : Davis[ , 4] (height is a vector with 200
observations).

e A set of columns: Davis[ , ¢(1,3:4) ].

e A set of rows (observations):

o Davis[ 1:100,] observations 1, 2, 3 ... 100

o Davis[ seq(1,100,2),].. observations1,3,5,7 ..

o Davis[ sample(100:200,50,rep=T), ] 50 random rows contained in row numbers 1 tp
100.

o Davis[ rep(c(1,2),10) ,]  observations (repeated)

12121212121212121212

> davis3<- Davis|[ sample (100:200,10, rep=T), ]
> table (Davis3$id)
104 105 141 173 174 175 177 180 194

1 1 1 1 1 1 2 1 1
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i Investigaci6 Operativa

STATISTICAL INFERENCE AND MODELLING - MDS

INTRODUCTION TO R - RECODIFICATION OF VARIABLES

| R Console

> summary { davisSwelight )

Min. lst Qu. Median Mean 3rd Qu. Max.
39.0 55.0 3.0 5.8 74.0 166.0
> davisStipus «<- factor({cut({davis$weight, 4)) # Discretitzacid en 4 intervals

» table (davisstipus)

(38.9,70.71 (70.7,102] (102,134] (134,166]

142 55 2 1
= summary { davisStipus )
(38.9,70.7] (70.7,102] (102,134] {134,166]
142 55 2 1
> tapply({ davisSweight, davis$tipus, median)
(38.9,70.7] (70.7,102] (102,134] {134,166]
58 g0 111 lee

> # Discretitzacld per 4 quartils
> davisStipus <— factori{cuti{daviséweight, quantile (davisSweight,ci{0,1/4,2/4,3/4,111))
> table {davisstipus)

(39,55] (55,63] (63,74] (74,166]
52 50 48 45

> tapply({ davisSweight, davis$tipus, median)
{39,55] (55,63] (63,74] (74,166]
52 55 &3 82

> # Discretitzacid en 4 intervals triats per 17usuari
> davisStipus <— factor({cut{davisiweight, breaks=c(-1,55,65,75,200)))
> table {davisstipus)

{-1,551 ({&5,65] (85,75] {75,200]
53 64 38 a5
> tapply({ davisSweight, davis$tipus, median)
(-1,55] (55,65] (65,75] (75,200]
52 61 69 83
> levels{davisstipus)<-paste ("TYPE", levels (davisstipus), sep=":")
> summary {davisstipus)
TYPE: (-1,55] TYPE:(55,65] TYPE:(65,75] TYPE:(75,200]
53 64 38 45
> levels{davisstipus) <— co("prim", "normal","sobrepes™, "obes™)
> summary {davisstipus)
prim normal sobrepes obes
53 54 38 45
> 1

Recodification: Create a new
variable from an existent
numerical one.

e Discretization of a humeric
variable:

o Equal length intervals.

o Intervals selected by the
users.

o Intervals defined by
quantiles.
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INTRODUCTION TO R - DEFINING FACTORS

Recoding: Creating a new variable by working with ranges.
e Grouping categories: create a new variable using ifelse() sentence.

> as.numeric( davisS$tipus )
[1] 4 213 244332341212424242231122143341322342142441311

34234223332333442221423121112332112222122324342141
1112112112224413424432433131113124214122443111211
2342111113222111222234141242323434142322241442123

[50]
[99]
[148]
[197] 4 4 4 4

> grup <- rep( 0, dim( davis ) [1] )

> grup <- factor(ifelse( as.numeric(davis$tipus)>2,1,0))

> levels (grup) <- c("correcte","controlar")

> summary (grup)
correcte controlar

117 83
>
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@ il e STATISTICAL INFERENCE AND MODELLING - MDS

INTRODUCTION TO R - EDA - BIVARIATE: NUMERIC VS FACTOR

TWO VARIABLES ARE INVOLVED:

RESPONSE VARIABLE IS NUMERIC, as Davis$height
EXPLANATORY VARIABLE IS A FACTOR, as Davis$sex (max 5-6 levels)

Goal: Do groups defined by levels of the factor determine a difference profile in the
numeric response.

e Do height and sex show an independent behavior/profile? Statistical question: Is
the profile of height the same for both levels of factor sex?

e If height and sex don't show any relationship- Statistical statement: The profile of
height is the same for both levels in sex factor ?

EDA for a numeric variable according to groups defined by factor. Particular analysis:
ANOVA - Analysis of Variance
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INTRODUCTION TO R - EDA - BIVARIATE: NUMERIC VS FACTOR

For example: Height (Y) vs Sex (A) - Formula expressioninR: Y ~ A

R Grophics: evice 2 (ALTIVE)
> library(car) ;I
> data(Davis) Height vs Sex
> names(Davis)
[1] Tsex™ "weight™ "height™ "repwt™ Trepht™ o
> head(Davis) S
sex weight height repwt repht !
1 M 1T 182 17 180 |
2 F 58 161 51 159 2 4 [ ]
3 F 53 161 54 158 o ! [ : |
5 ¢ sa as 5 1ss —— ‘
5 F 59 157 59 155 2 EEEE——
6 M 76 170 76 lab - |
- ——T
> with(Davis,tapply(height,h sex, summary)) o *
SF T
Min. 1st Qu. Median Mean 3rd Qu. Max. =
57.0 161.0 1a65.0 163.7 162.0 178.0 '%
2 g
SM -
Min. 1st Qu. Median Mean 3Jrd Qu. Max.
la3 173 178 178 183 197 =N
> summary({DavisSheight)
Min. 1st Qu. Median Mean 3rd Qu. Max.
57.0 164.0 169.5 170.0 177.2 197.0 B
> with({Davis,Boxplot {(height~sex,pch=19,cocl=rainbow(2) ,main="Height vs Sex"))
[1] "12 ” "134"
= o |
© .12
LI v T T
| sin nombre - Editor R
?with

library (car) summary (DavisS$height)
data (Davis) with (Davis,Boxplot (height~sex,pch=19,
names (Davis) col=rainbow(2) ,main="Height vs Sex"))

head (Davis)
with (Davis, tapply (height, sex, summary))
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4.

INTRODUCTION TO R - EDA - BIVARIATE: NUMERIC VS FACTOR

40 0 an
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Histogram of X[[1L]]
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par (mfrow=c (2, 3))
attach (Davis)

pie( table( sex ))
barplot( table(sex) )
hist ( weight )

tapply( weight, sex, hist )# Not nice

plot ( weight ~ sex ) # Boxplot is

default plot

TEX




STATISTICAL INFERENCE AND MODELLING - MDS

5. EDA - BIVARIATE: 2 NUMERICS Y VS X

5.1 Numeric statistics to assess linear relationship between ¥ and X

Covariance, COV(y,x)=COV(x,y), defined as E(YX) - E(X)E(Y)
e Disadvantage: Depends on units, so not direct interpretation

Pearson's coefficient of correlation, suitable for assessment in normal data

p(X.Y ):COGV(f_’Y) and o, =Var(X) o, =Var(Y)

XYY

e Advantage: Adimensional, no affected by units
o p(X.Y) range is [-11] .
« p(X,Y) >0 means positive relationship X and Y.
- P(X, Y) < O means negative relationship X and VY,.
. P(X , ¥ ) = 0 indicates uncorrelated variables, not equivalent to independence.
o If Y =aX + b then | (X, Y)|=1.

e Spearman’s coefficient of correlation, is a nonparametric measure of statistical dependence.
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EDA - BIVARIATE: 2 NUMERICS Y VS X

In R, use var(Davis[,2:3]) or try with Census Data data("CPS1985") in library AER.

> Tibrary(AER)

> data("cpPs1985™)

> df<-CPs1985

> 1sQ)

[1] "cPs1985" "df"

> dim( df ) # dimensions: rows and columns

[1] 534 11
> summary( df )
wage education experience age ethnicity region gender occupation
Min. : 1.000 Min. : 2.00 Min. : 0.00 Min. :18.00 cauc 1440 south:156 male :289 worker 1156
1st Qu.: 5.250 1st Qu.:12.00 1st Qu.: 8.00 1st Qu.:28.00 hispanic: 27 other:378 female: 245 technical :105
Median : 7.780 Median :12.00 Median :15.00 Median :35.00 other 1 67 services : 83
Mean : 9.024 Mean :13.02 Mean :17.82 Mean :36.83 office : 97
3rd Qu.:11.250 3rd Qu.:15.00 3rd Qu.:26.00 3rd Qu.:44.00 sales : 38
Max. :44.500 Max. :18.00 Max. :55.00 Max. :64.00
sector union married Wage(Y) vs Education (X) | Race

manufacturing: 99 no :438 no :184
construction : 24 yes: 96 yes:350

other 1411 : ?iasliacanic ’
2 - * other
> attach( df ) _ _ _
> # Bivariate analysis: 2 numeric variables o |
> plot(education,wage,col=as.numeric(ethnicity)+1, ©

main="wage(Y) vs Education (X) | Race",pch=19)

wage

* Py . : ;
> legend("topleft",Tegend=Tevels(ethnicity),col=2:4, ] . $ . I
pch=19) R
> cor(wage,education,method="spearman") . .ty . vV :
[1] 0.3813425 ] <L . s i 1 i b3
> cor(wage,education,method="pearson") # The one defined | ~ . : .t : i I R
[1] 0.3819221 e
: L]
Nicer option: scatterplot, try in lab session ; 15 1;
> library(car) education

> scatterplot(wage~education|ethnicity,main="wage(Y) vs Education (X) | Race",smooth=FALSE)
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STATISTICAL INFERENCE AND MODELLING - MDS

6.

EDA - BIVARIATE: 2 FACTORS, A AND B

6.1

Numeric statistics to assess linear relationship A and B

Non-existent. Analysis of Contingency Tables and classical inference test to assess Independence
of both factors using Chi-Squared Test: chisq.test() in R, arguments a contingency table.

> ta<-table(ethnicity,sector)

> ta
sector
ethnicity manufacturing construction other
cauc 81 21 338
hispanic 4 0 23
other 14 3 50
> round(prop.table(ta,2),2)
sector
ethnicity manufacturing construction other
cauc 0.82 0.88 0.82
hispanic 0.04 0.00 0.06
other 0.14 0.12 0.12

> plot(ethnicity~sector,main="Sector (B) vs Et

city (A)",col=rainbow(3))
> chisqg.test(ta)

Pearson's Chi-squared test data: ta
X-squared = 1.9819, df = 4, p-value = 0.7391
warning message:In chisq.test(ta)

ethnicity

hispanic other

cauc

Sector (B) vs Ethnicity (A)

manufacturing other

sector

: Chi-squared approximation may be incorrect

10

08

0.6

04

02

0.0

hni |
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EDA - BIVARIATE: 2 FACTORS, A AND B

STATISTICAL INFERENCE AND MODELLING - MDS

Graphic display (default in R): mosaic plot
More than 2 dimensions: use xtabs() command in R

> xtabs(~gender+ethnicity+sector)
, , sector = manufacturing

ethnicity
gender cauc hispanic other
male 48 2 10
female 33 2 4

, , sector = construction

ethnicity
gender cauc hispanic other
male 19 0 3
female 2 0 0

, , sector = other

ethnicity
gender cauc hispanic other
male 169 12 26
female 169 11 24

> ta<-xtabs(~gender+ethnicity+sector)
> chisqg.test(ta)

Chi-squared test for given probabilities

data: ta
X-squared = 1573.753, df = 17, p-value < 2.2e-16
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