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Data analysis with R

A software environment used to
analyze statistical information, graphical
representation, reporting, and data
modeling

1992: Ross lhaka and Robert Gentleman in the
University of Auckland, New Zealand developed R.

1995: The first version was released

1997: CRAN (Comprehensive R Archive Network)
was started

2000: A stable beta version was released

R has now thousands of packages, designed,
maintained, and widely used by statisticians,
biostatisticians, and geneticists
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Installing R

eee M- <

| What's new?
Search
| CRAN Team

About R
| R Homepage
| The R Journal

| Software

R Sources

R Binaries

Packages

Task Views
| Other

Documentation
Manuals
| S
Contributed

=

Ris ‘GNU S’, a freely available language and environment for statistical computing and graphics which provides a wide variety of statistical and graphical techniques:
linear and nonlinear modelling, statistical tests, time series analysis, classification, clustering, etc. Please consult the R project homepage for further information.

@ cran.r-project.org ]

The Comprehensive R Archive Network

- hitps:

pijffd binary distributions of the base system and contributed packages Wind”s and Mac users t likely want one of

//cran.r-project.or

e Download R for macOS
IR is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

e Download R for Windows

Source Code for all Platforms

IWindows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The
sources have to be compiled before you can use them. If you do not know what this means, you probably do not want to do it!

o The latest release (2022-10-31, Innocent and Trusting) R-4.2.2 tar.gz, read what's new in the latest version.
o Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

e Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes
before filing corresponding feature requests or bug reports.

e Source code of older versions of R is available here.

e Contributed extension packages

Questions About R

o If you have questions about R like how to download and install the software, or what the license terms are, please read our
answers to frequently asked questions before you send an email.

What are R and CRAN?



Installing R :

@ cran.r-project.org [
R The Comprehensive R Archive Network R
s @
R for macOS - - . »
This directory contains binaries for a base distribution and packages to run on macOS. Releases foroldM @ © @ R Console @ i G 5 ] @" ‘ =) \l
can be found in the old directory.
E Qv
o
. CRAN R version 4.2.2 (2022-10-31) -- "Innocent and Trusting"
| Mirrors Copyright (C) 2022 The R Foundation for Statistical Computing
What's new? Welcome to the R 4.2.2 for macOS (ARM64) Installer Platform: aarch64-apple-darwin20 (64-bit)
Search [ i i
2bdlell 1 TR : f R is free software and comes with ABSOLUTELY NO WARRANTY.
CRAN Team This installer will guide you throqu:l the steps necessary FO You are welcome to redistribute it under certain conditions.
setup R 4.2.2 (Innocent and Trus“ng) for macOS 11 (Blg Type 'license()' or 'licence()' for distribution details.
About R Sur) or higher on ARM-based Mac (M1 or higher).
RHomepage Natural language support but running in an English locale
The R Journal R is a collaborative project with many contributors.
& Install R 4.2.2 for macOS (ARM64) Type 'contributors()' for more information and
Software "citation()' on how to cite R or R packages in publications.
R Sources i 0
T | The installation was completed successfully. Type 'demoQ)' for some demos, 'help()' for on-line help, or
KR Binaries i | 'help.start()' for an HTML browser interface to help.
Packages I \ Type 'q()' to quit R.
Task Views i @ Introduction
Other [R.app GUI 1.79 (816@) aarché4-apple-dar
1 9 (] ®
>
Documentation I Licence
Manuals .
FAOs | L Destination Select
Contributed Installation Type =

The installation was sucg

| Installation .
4 The software was installey

® Summary

o

SH}
(ca 5 ¢
! 8.6.6 X11 libraries and
| vhen choosing "custom

ild package documentation

posit

— Close



Installing RStudio Desktop

£ posit

https:/p

Our mission continues

PRODUCTS v SOLUTIONS >  LEARN & SUPPORT v  EXPLORE MORE v

osit.co

At Posit, our goal is to make data science mor
tools that make it easy for individuals, teams,
insights they need to make a lasting impact.

Step 1
Install R

RStudio requires R 3.3.0+. Choose a ve Type 'license()' or 'licence()' for distribution details.
your computer’s operating system.

o -

Step 2:
Install RStudio

DOWNLOAD RSTUDIO DESKTOP FOR MAC

I

Size: 224.49MB | sHA-256: 35028002 | Ver
Released: 2022-09-21

—

@
o e ®
: ¢
[ XON ) Rstudio
CLARAR: IR= g4 (=1} A Go to file/function - Addins - R Project: (None) ~
Console Terminal = Background Jobs = History  Ci Tutorial —=
@® R4.22 -~/ 2 [ % Import Dataset ~ % 94MiB + &
R ~ 7k Global Environment ~ Q
R version 4.2.2 (2022-10-31) -- "Innocent and Trusting"
Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin2@ (64-bit) Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
_;_;:?;:ngtglq:ﬁ ;" HTML browser interface to help. Files Plots Packages Help Viewer Presentation
@ Folder | © Blank File - © Delete |Rename = {3 ~
> () & Home
A Name Size Modified
() ] Applications
() ] Applications (Parallels)
() " Base_Map.pdf 109.9KB  Oct 18, 2022, 1:21 PM
() - CLEAR network-6.pdf 360.2 KB Nov 11,2022, 10:01 AM
() = CLEAR network.pdf 255.9 KB Oct 18, 2022, 7:58 PM
(1) 2 ClueGOConfiguration
() ) CytoscapeConfiguration
() ] Desktop
() ] disgenet_2020.db 1.2GB Nov 9, 2022, 10:10 PM
() | disgenet_2020.db.gz 304.5MB  Nov 9, 2022, 10:10 PM
() ) Documents
() ) Downloads
() ) genemania_plugin
() &0 Library

e —————————— T I



Running R on Posit Cloud

posit

PRODUCTS ~

PRODUCTS

Exnlore our Sgcacaameacac o cloud and enter

PRODUCTS v SOLUTIONS v

=2 posit

LEARD

POSIT CLOUD

Friction fre
science

Posit Cloud lets you access Posi
data science tools right in your t
installation or complex configur.

GET STARTED ALREADY A USER? L(

T —

== posit Cloud o

Spaces File Edit Code View Plots Session Build Debug Profile
o |- (=1} A Go to file/function ~ Addins ~
@ Your Workspace
© | myFirstProgram.R
+ New Space Q /-
1 "Hello World!"
2
Learn
® Guide
! What's New
O Pprimers
O Cheat Sheets
Help
ill" Current System Status
&) Posit Community
2:1  (Top Level) ¢
Console  Terminal Background Jobs

Info
R R4.2.2 - /cloud/project/

> "Hello World!"
[1] "Hello World!"
>

$ Plans & Pricing

[ Terms and Conditions

Your Workspace / Untitled Project « cickto name your project

Tools

= Run

Help

=0

i, g > Source ~ =

R Script

=0

e 8 O

Environment Tutorial

o

History ~ Connections

< [ &ToConsole
"Hello World!"

=4 To Source

Files Plots Packages Help Viewer

ZExport - O |

Presentation
@ A zoom

@ L4
-& |
{
Q'
= SN
. -—

shailendra gupta

R4.2.2 ~

45 Publish

~

=0

=0



Packages in R

* Collection of R functions, data and compiled code in a well-defined format to perform
specific task.

* Allow to expend the functionality available to you in R programming.
* Packages are stored in a directory called the library.

* Installing packages:

* using gui

* using command line in console e.g., install.packages(“ggplot2”)
* Activate install package

* library(<name of the package>) e.g., library(ggplot2)

eeeeee

" si2 s vs2 Vst sz wsi IF
usseeuw et a .
Il
Packages (separate multiple with space or comma) -ﬁ
| 15000 3
Install to Library:
Aban - clarity
7/Install dependencies ? . it
’.‘ . Si2
|‘ & sn
....... -4 810000~ g . vs2
1-160 5 . -
-18
paralle 5 for P: 42.2 ; P vvs2
A wWs1
H IF
* Example from ggplot2 (ggplots comes with few example datasets,

e.g., diamonds, Iris)
* gplot(data=diamonds, carat, price, colour=clarity, facets=.~clarity)

813348015345612345015345013544015343612345012348
carat



The daily life of a data scientist..

|

Get to know
the dataset

|

|

|

Generate
Hypotheses

Communicate
(and sell)
your results




Data visualization in R

Not this
0SSIBLE T0 BRING BACK EXTINCT SPECIES?

that nc ist and have been historically lost to extinction,
ch in this fied isless concerned with raising the dead and more
organisms that are—or greatly resemble—members of extinct species. These de-extinction

s are known as a form of conservation called genetie rescue

Here, we illustrate the prime candidate species being investigated in de-extinction rescarc
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Twitter
@markabelan

http://127.0.0.1:7722

But this

Open in Browser

Visualization of Iris data

Select the variables

Petal.Length

Select the number of bins for histogram

s [0} 2
s 7 s ot w1 owow oA B

Select the colour of the histogram
blue

yellow

red

purple

O 00 ®

Miles Per Gallon

Variable:

Cylinders

(J Show outliers.

Histogram

Data

Summary

The variable names you choose here is Petal.Length

40
)

Frequency
2

Histogram of Iris dataset

4 Publish
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Getting the data

= kaggle Q Search
+ Create
® Home @ Datasets <> Notebooks
©@ Competitions 0 1]
total created total created
@M Datasets
& Models
<> Code How to start: Choose a focus for today
& o . Help us make relevant suggestions for you
iscussions
< Learn
v More
EI Your Work

v RECENTLY VIEWED

Learn to compete on Kaggle

Diamond Analysis usin... Improve and test your skills

Diamonds Get started 4

Iris Species

Instagram fake accoun...

®RERBROC

Exploratory Data Analy...

" Next Steps

@
© Competitions B Discussions © Courses
0 0 0
total joined total posted total completed
Hide stats

X
Take a short course Browse inspiring data and code
Our courses are the fastest way to learn data science Improve your data science projects
Get started - Get started ->




Getting the data

Q sea

== Create
e! SHIVAM AGRAWAL - UPDATED 6 YEARS AGO - | 929 New Notebook

/4

Home

®

@  Competitions Diamonds
@ Datasets |
&

Analyze diamonds by their cut, color, clarity, price, and other attributes

Models

<> Code

& Discussions DataCard Code (415) Discussion (8)

< Learn

v More About Dataset Usability ®
765

B Your Work Context License
Unknown

This classic dataset contains the prices and other attributes of almost 54,000 diamonds. It's a great dataset for beginners learning to work with

Y  [RECENTEYVIEWED, data analysis and visualization.
Expected update frequency

Diamond Analysis usin... Not specified

Content
Diamonds price price in US dollars (\$326--\$18,823)
Iris Species carat weight of the diamond (0.2--5.01)

cut quality of the cut (Fair, Good, Very Good, Premium, Ideal)

R @A

Instagram fake accoun...

color diamond colour, from J (worst) to D (best)

®

Exploratory Data Analy...

clarity a measurement of how clear the diamond is (11 (worst), SI2, SI1, VS2, VS1, VVS2, VVS1, IF (best))

x length in mm (0--10.74)



Exploratory Data Analysis in




Exploratory Data Analysis N

* Exploratory Data Analysis (EDA) is an approach to analyzing datasets to
summarize their main characteristics, often employing visual methods.

* The primary goal of EDA is to understand the underlying patterns,
distributions, and relationships within the data.

» Itinvolves techniques to identify outliers, detect patterns, test assumptions,
and summarize the main features of the dataset.

Exploratory vs Confirmatory Data Analysis

* No hypothesis at first « Start with hypothesis

» Generate hypothesis « Test the null hypothesis

» Uses graphical methods (mostly) ¢ Uses statistical models



Getting the data

Q sea

== Create
e! SHIVAM AGRAWAL - UPDATED 6 YEARS AGO - | 929 New Notebook

/4

Home

®

@  Competitions Diamonds
@ Datasets |
&

Analyze diamonds by their cut, color, clarity, price, and other attributes

Models

<> Code

& Discussions DataCard Code (415) Discussion (8)

< Learn

v More About Dataset Usability ®
765

B Your Work Context License
Unknown

This classic dataset contains the prices and other attributes of almost 54,000 diamonds. It's a great dataset for beginners learning to work with

Y  [RECENTEYVIEWED, data analysis and visualization.
Expected update frequency

Diamond Analysis usin... Not specified

Content
Diamonds price price in US dollars (\$326--\$18,823)
Iris Species carat weight of the diamond (0.2--5.01)

cut quality of the cut (Fair, Good, Very Good, Premium, Ideal)

R @A

Instagram fake accoun...

color diamond colour, from J (worst) to D (best)

®

Exploratory Data Analy...

clarity a measurement of how clear the diamond is (11 (worst), SI2, SI1, VS2, VS1, VVS2, VVS1, IF (best))

x length in mm (0--10.74)



Data visualization in R

eoe
© - % - 13 B & A Gotofile/function ~ Addins ~
diamonds @ | Untitled1 iris drug © ] Untitled2 @ Untitled3*
40 [ [sourceonSave @ O /- “Run

1 N <-10

2 counter<-0

8

4 for (x in rnorm(N))

BN {

6- if (x> -1 & x <1) {

7 counter<- counter +1

e 1

o8 }

10 result <- counter/N

11

12 print(result)

13

14 seq

14:4 (Top Level) +
Console  Terminal - Background Jobs
@R R422-~/

> library(ggplot2)

o

) Rhistory ¥ 3 [

Source - =

R Script =

=0

RStudio
R Project: (None) ~

Environment  History Connections Tutorial =M
<2 [ ~&ToConsole Z®:ToSource ©

install.packages("tidyverse")

library(tidyverse)

library(ggplot)

install.packages("ggplot2")

library(ggplot2)

library(tidyverse)

mydata <-read.csv(file.choose())
install.packages("ggplot2")

install.packages("ggplot2")

library(ggplot2)

ggplot(data=mydata, aes(x=carat, y=price)) + geom_point()

Files Plots Packages Help Viewer Presentation ==

- Export -
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Data visualization in R {
@ ° "
. oV
[ ® RStudio i \
© -0 - =] A Go to file/function ~ Addins + R Project: (None) ~ . o \
©Untitled1 iris drug < O Untitled2 « @ Untitled3* diamonds - (©] Rhistory [  Environment History ~Connections Tutorial = E A” :
< Filter Q <2 [ [ &ToConsole Z®ToSource @ k<3 -
<t at color  clarity  depth  table  price  x v z install.packages("tidyverse™) B !
1 023 Ideal 3 si2 615 550 326 395 398 243 . : ®
2 021 Premum E siL 598 610 326 389 384 231 Llibrary(tidyverse)
3 0.23 Good E vs1 56.9 65.0 327 405 407 231 library(ggplot)
4 029 Premum | vs2 624 580 334 420 423 263 install.packages("ggplot2™)
5 031 Good J si2 633 580 335 434 435 275 5
6 024 VeryGood J ws2 628 570 336 394 396 248 library(ggplot2)
7 0.24 Very Good | ws1 62.3 57.0 336 3.95 3.98 2.47 libr'ar'y(tidyver'se)
8 026 VeryGood H si. 619 550 337 407 411 253 mydata <-read.csv(file.choose())
9 022 Fair 3 vs2 651 610 337 387 378 249 x
10 023 VeryGood H V1 594 610 338 400 405 239 install.packages("ggplot2")
1 0.30 Good J si1 64.0 55.0 339 425 428 273 install.packages("ggplot2")
12 023 Ideal J vs1 628 560 340 393 390 246 1library(ggplot2)
13 022 Premum F si1 604 610 342 388 384 233
14 031 ideal ) si2 622 540 344 435 437 271 ggplot(data=mydata, aes(x=carat, y=price)) + geom_point()
15 020 Premium E siz 602 620 345 379 375 227 Tl ro: e e e =
16 032 Premium E 1 60.9 580 345 438 442 268 MExpin
17 030 Ideal | si2 620 540 348 431 434 268
18 030 Good J si 634 540 351 423 429 270
19 030 Good J siL 638 560 351 423 426 271
20 030 VeryGood J siL 627 59.0 351 421 427 266
21 030 Good 1 si2 633 560 351 426 430 271
22 023 VeryGood E V52 638 550 352 385 392 248
23 023 VeryGood H vs1 610  57.0 353 394 396 241
24 031 VeryGood J siL 594 620 353 439 443 262
25 031 VeryGood | si. 581 620 353 444 447 259
Showing 10 26 of 53,940 entries, 10 total colamns - o oo
Console  Terminal -~ Background Jobs ==
@R R422 .~/
> mydata <-read.csv(ﬁle.choose())|




Data visualization in R

ggplot(data=mydata, aes(x=carat, y=price)) + geom_point() o |
ggplot(data=mydata, aes(x=carat, ggplot(data=mydata[mydata$carat<2.5,], aes(x=carat, y=price,
y=price, color=clarity)) + geom_point()

color=clarity)) + geom_point(alpha=0.1) + geom_smooth()
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Additional reading

htips://carpentries-incubator.github.io/open-science-with-r/

https://marianattestad.com/blog

https://www.stats.ox.ac.uk/~evans/Rprog/LectureNotes.pdf



https://carpentries-incubator.github.io/open-science-with-r/
https://marianattestad.com/blog
https://www.stats.ox.ac.uk/~evans/Rprog/LectureNotes.pdf

Thank you for your attention!
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