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Why R?

Pros

* The Pirates’ choice of software

* It's free (like pirates)

* Open source, many contributors

* Many contributed modules and extensions

* Many different ways to do the same thing

* Easy integration with other software

* A new industry standard used across many fields
* Increasingly used in business and media

* Flexible

* You can program stuff

Cons:
* Open source, many contributors
* Many different ways to do the same thing
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R Matters

E The Economist Data Team

Are you fluent in R? Can you build statistical models
and write clean copy? We're hiring a data journalist and
a data-journalism trainee
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Real-Life Use Cases of R Language

R applications are not enough until you don’t know how people/companies are using the R programming language.

-
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. Facebook — Facebook uses R to update status and its social network graph. It is also used for predicting colleague interactions with R.

Ford Motor Company — Ford relies on Hadoop. It also relies on R for statistical analysis as well as carrying out data-driven support for decision making.

. Google — Google uses R to calculate ROI on advertising campaigns and to predict economic activity and also to improve the efficiency of online advertising.

. Foursquare — R is an important stack behind Foursquare’s famed recommendation engine.

John Deere — Statisticians at John Deere use R for time series modeling and also geospatial analysis in a reliable and reproducible way. The results are then integrated
with Excel and SAP.

. Microsoft — Microsoft uses R for the Xbox matchmaking service and also as a statistical engine within the Azure ML framework.

. Mozilla — It is the foundation behind the Firefox web browser and uses R to visualize web activity.

New York Times — R is used in the news cycle at The New York Times to crunch data and prepare graphics before they go for printing.

Thomas Cook — Thomas Cook uses R for prediction and also to automate price settings of their last-minute offers.

. National Weather Service — The National Weather Service uses R at its River Forecast Centers. Thus, it is used to generate graphics for flood forecasting.

. Twitter — R is part of Twitter’s Data Science toolbox for sophisticated statistical modeling.

. Trulia — Trulia, the real-estate analysis website uses R for predicting house prices and local erime rates.

. ANZ Bank — ANZ, the fourth largest bank in Australia uses R for its credit risk analysis.

Imperial means Intelligent Business


https://twitter.com/ECONdailycharts/status/1342825786844327937

R vs RStudio

®Studid

—

 Rstudio is a nice control software to
run your R engine

A Pirate (You)
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Getting started

ensive R Archive Net

Download and Imstall R

Precompiled . i Mac users moet kel want au of these versions of
R:

 Dowalosd R for Licux
 Dounload R for (Mae) 05 X
T 4R for Wandow:

What's new?
Tnsk Views
Search

R s part of many L 5 your Limux package management system in addition 1o the link above.
Source code for all Platforms

abou &
R Homepage Windows and Mac wsers mast likely wan to download the precampiled binaries lstad in the upper bor, pot the source code. The soarces have to be
Lbe R Jounal compiled before you can use thens. 1f you do not know what this mesas, you probably do not wast 1o do it!

Saftwars. » The latest release (3019.07-05, Action of the Toes) R-1.6.1 trzz, rend what's new in the latest version.
R Binaries « Souroes of R alpha and beta . ted enly pariods bafors 8
Package:
8 « Daily snapshots of current paiched and develogment versions are available here, Please read about nerw features and bug fixes before filing
correspanding foature equests ar bug repors.
Documentatian
Maaueals = Source code of older versioas of R i available bere
FAQ:
Contributed * Contribuied extension packages
Questions About R
* 1f you bave questions abat R like bow 10 derwaload and install the software, e are,

frequensly nsked questiens before you send mn emsil

What are B and CRAN?

Y Ris 'GNU ",  freely availsble langusge and eavironment for i e staistcal and graphical techniques: linear and noalisear
modelling, statistical tests, time 5, elassifi huste Please consult the R project homepage for further information.
. CRAN is a metwork of fip and web servers aroniel the world that store idestical. -to-date, versions of code and documsentation for B. Please use the CRAN iisror searestto you'1o
minimize network load.

Submitting to CRAN

To sant

» package ta CRAN, check that y iasion meets the CRAN Rep i form

1 this faiks, uplond 1o fip./CRAN R.grejoct erg et sensd an emnail 0 € R prvdoctorg following the policy. Flease do ot atach submissions 10 emails,
becsuse this will clatier up the mailbaxes of balf s doze peaple.

o
Note that we goaerally do pot aceeps submissions of precampiled binaries due to security reasoas. All binary distribution listed abave are compiled by selected maindsiners, who aro in
[ ] charge for all binaries of their platform, respectively.
—
[ [ ] [} For queries about his web site, please contact the webmaster
A A 7 ) —

« Download Rstudio e

RStudio Desktop 1.2.1335 Notes
L]
) Studic requires R 3.0.1+. If you don't already have R, download
policy
A

sith the 64 bit version of R

you are on a 32 bit system or need

Installers for Supported Platforms

Installers MD5

944 MB 2019-04-08
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https://www.r-project.org/
https://www.rstudio.com/

The R studio setup

(%) RStudio - o
l-- BB 24 K| project: (None) ~
[ = == e e e e e e e e e e e e e e e e M e e e ] M M e e e e e e e e e e e e e e e e e
f @7 seminararbeitRnw % (3 RFile.R* % =1 Envi History ion =
I ] (2 [[]Source on Save Q - g ~®Run | 5% | % Source vl = _#Import Dataset~ = 3 Clear @ List~ I
; ### MY RCode ### I' @ Global Environment » i
| 3 x=1 || pata 1
I 4 y=35 |©data 50 obs. of 2 variables ) |
i 2 | values |
6 =
I 7 Y I' a num [1:50] 5.68 6. {08 sws I
I 8 Il b num [1:50] 10.69 8 13.28 69 8.82 ...
9 I! ©plot List of 9 |
| 10 ### Plot 1 1
11 Tibrary(ggplot2) e
Il 12 a- rnorm(50,5,1) |l v 2 |
I 13 b =2 * a + rnorm(50) I
14 data = data.frame("a" = a,"b"=b) |I I
l 15 plot = ggplot() + geom_point(data=data,aes(x=a,y=b), =3) | |
| 16 plot + stat_smooth{data=data,aes(x=a,y=b),geom="smoo method="1oess") Il |
1 7 I
i |
I
i I
1 i |
I il |
I i |
| [ s et et st vt gt e ettt st
1 :l Files Plots Packages Help Viewer = =] 1
I II =] 2 Zoom B Export~ | Q| 3 ClearAl @ I
I 1 |
| L
e >
Console R Markdown »* = |' I
1 il |
I | |
| —
B (LI |
I > I' I
>
: > ### MY RCode ### l' I
> | |
>x=1 l a
| 1 g |
y=>5 I
Il > 1 |
> x- I
| 21 = |I |
I 1 |
2 I
I > ~
> ### plot |' |
1 > library(ggplot2) Il |
| > a = rnorm(50,5,1) | I
>b =2 % a+ rnorm(50) l
| > data = data.frame("a" = a,"b"=b) Il |
> plot = ggplot() + geom_point(data=data,aes(x=a,y=b),size=3) | ' | ' |
| > plot + stat_smooth(data=data,aes(x=a,y=b),geom="smooth",method="Toess") || 3 - 5 8 7 I
v vl i |
b o e e o e e e e e e e e e e e e S e S mmm S S S Smm S Rmm S mmm S Smm S Smm S Smm S mmm S mmm S mmm mmm mmlE S S S M e SEm SEn MEm GEn SEm S SEm S GEm SE GEm G GEm S GEN S SEm Gn SEm S Sam SEm SEm S Sam S e S

= code file
= variable browser
= plot browser

= command console
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How to talk to R?

* Write commands in the console to be executed
Immediately

* Write commands in a script file to executed later or
repeatedly

You can use R as a pocket calculator

7/6
## [1] 1.166667

Create lists
1:10
runif(10)
seq(0,20,2)
sample(1:6,5)

Imperial College Business School
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The secret of learning to code:

by that | mean code

din 1, P70 2

Nsa

o | | =<2 I 1

D

MR
TR
NS

Y

Try to understand code of others
Make small changes

See what happens
Adapt code by others for your purposes
Read about the commands we are using as

(you are pirates after all) well as related commands
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https://stackexchange.com/
https://stackoverflow.com/
https://github.com/

You can Assign Variables

vl=runif(100)

Create new variables based on already existing one

v2=runif(100)+vl

Do stuff with variables; e.g. plotting them

plot(vl,v2)
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Dataframe

* To organise data we can put vectors of data into a dataframe; i.e.
table

2§ index.Rmd W] _siteyml iR o
- A 7T Filter
vl T w2

df=data.frame(vl,v2)

1 0.055984468 0.4591778
2 0.886140709 0.9224825
3 0.425336237 0.7775673
4 0.967092656 0.9892101
M M M 5 0.331544585 0.3692535
e Y look at it lik | table:
ou can look at it like Iin an excel table: I —
046" 36 1.01981°
7 0.254530527 1.0432038
2 0.120873916 0.6238531
g 0.637472017 1.0846051
10 0.110124862 0.6213212

11 0.013013667 0.5814991

* Most of the time a dataset you get from somewhere will be arranged
in a dataframe; e.g. the data on foreigners and crime you can load via

df=read.csv("https://www.dropbox.com/s/glw75gkw7g91zef/forei
gners.csvedl=1")
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To organise research we can combine commands in script file

* Documenting what was done (to yourself and others)

* l|dentifying and correcting errors
* Efficiently executing repeated tasks
* Replication & reproduction of research
C:/Users/Ralf Martin/Dropbox/WWW/memonomicslab - RStudio C:/Users/Ralf Martin/Dropbox/WWW/memonomicslab - RStudio

File  Edit Code View Plots Session Build Debug Profile Tools Help File  Edit Code View Plots Session Build Debug Profile Tools Help

. , . P - - .
New File R Script Ctrl+Shift+N .|.‘ o | #® & - . m é A Go to fileffunction EE . Addins ~

New Project...
R Notebook

""3 welcome.Rmd ""3 index.Rmd Mt _site.yml “'3 about.Rmd ‘a hoaxism.Rmd ‘a tester Rmd 'a Untitled1* a o]

Open File... Ctrl+0
R Markdown...

Shiny Web App...
Plumber API...

L A [ BsSourceonSave @ ® - = E Run

Reopen with Encoding...
Recent Files
Open Project...

Text File

C++ File

vl=runif( D)
v2=runif( J+vl
plot(vl,v2)

Open Project in New Session...

Recent Projects
Python Script

Import Dataset SQL Script
Stan File

D3 Script
Save As...

Rename R Sweave
Save with Encoding... R HTML

R Presentation

R Documentation
Knit Document Ctrl+Shift+K

Publish...

Print...

Close Ctrl+W
Close All Ctrl+Shift+W
Close All Except Current Ctrl+Alt+Shift+ W

Close Project

lab/ =
Quit Session... Ctrl+Q I (64-bit)
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Folder structure

* It's a good idea to separate code and data .
dime

¢ RData

I datastories_course.Rproj

0 Rhistory

.Rproj.user
B code
B data
* You have to mindful about the active directory

* Also it's good to use relative paths.
* Play a little with the following code to work out how:

getwd()
## [1] "C:/Users/Ralf Martin/Dropbox/datastories/datastorieshub™

df=read.csv("./data/foreigners.csv")
setwd("./data")
getwd()

## [1] "C:/Users/Ralf Martin/Dropbox/datastories/data”

df=read.csv("foreigners.csv")
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Packages

* The power of R is in extensions that are created by many different contributors (will you become one?)
* Before you can use a package you need to install it and load it.

* Installing you only need to do once per computer

* Loading is necessary each time you want to use for a given R session.

* Note that sometimes different packages use the same name for a command that does not necessarily
behave in the same way.

Profile  Tools | Help

Install Packages...

* To install packages you can use — | e e e
Version Control

* To load packages after install you can use the library() command. j“:l

* Some packages we definitely need include: ggplot2, dplyr, haven Lc:d

Keyboard Shortcuts Help Alt+Shift+K
Modify Keyboard Shortcuts...

* To check which packages you have loaded use (.packages())

Project Options...

Global Options...

Imperial College Business School Imperial means Intelligent Business
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R Markdown

* There is another type of script file called an R Markdown file with .Rmd file extension

* This is like a normal script file but more powerful, because we can blend R code with R results and
other content.

* This can be used to create e.g. dashboards, pdfs, word documents or webpages.
* Let’s create our first R webpage to workout how.

New R Markdown

B C:/Users/Ralf Martin/Dropbox/datastories_course - RStudio ‘ Document Title: | My first markdown documend |
File  Edit Code View Plots Session  Build Debug  Profile  Tools  Help ';;l Presentation Author: | | l
R Script Ctrl+Shift+N
R Shiny Default Output Format: I
R Notebook
= From Template ® HTML ¢

R Markdown...
Recommended format for authoring (you can switch to PDF

Shiny Web App... N
or Word output anytime).

Plumber API...

Sap— ﬁ

C++ File

PDF

PDF output requires TeX (MiKTeX on Windows, MacTeX
2013+ on OS X, TeX Live 2013+ on Linux).

Python Script
Import Dataset 4 SQL Script

Word

Previewing Word documents requires an installation of MS
Word (or Libre/Open Office on Linux).

Stan File

D3 Script
Save As...

Rename R Sweave
Save with Encoding... R HTML
R Pres

Knit Document Ctrl+Shift+K

Cancel

* Save this in your code folder and/or download an Rmd document (FarageGarage.Rmd) | have already
created here

* A somewhat simpler file focusing on the key commands you need to get going is here.

* Let’s start playing with this code

Imperial College Business School Imperial means Intelligent Business
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https://mondpanther.github.io/datastorieshub/code/FarageGarage.Rmd
https://mondpanther.github.io/datastorieshub/code/Topic2_mostofR4u.Rmd

2 RPubs X +

I i SN o oo
To publish online —

® Would you like to set Microsoft Edge as your default browser? Set as default

P b 2 = s Signin  Register
u S by RStudio

* Sign up for account on Rpubs:
Easy web publishing from R

Write R Markdown documents in RStudio.

Share them here on RPubs. (It's free, and couldn't be simpler!)

DAarantlir DithlichaAd

* Once you have an account you can publish an html document via the publish button

~s
Publish
Environme Publish To C
- R
O& Insert ~ 4+ 3 B Run-~
1A
Publish Document... : 2T RPubs N

) UDS  ppybsis a free service from Rstudio for sharing documents on the web.
Manage Accounts... J
F O RStudio Connect 5 pt

'u. RStudio Connect is a server product from RStudio for secure sharing of
applications, reports, plots, and APls. F
/

Intr

An illus

Cancel

What's
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Fitting a line = Rrrrunning Rrrregressions

We said that putting in a trend line in a scatter plot is a way of estimating an

econometric model that describes the relationship between the dependent (or outcome)

variable on the Y axis and an explanatory variable on the X axis.

If you want a computer to do this for you (rather take out a ruler and a pen) you need a

precise algorithm.

The most commonly used algorithm for that is called Ordinary Least Squares estimator (OLS).

rl=1lm{crimesPc~b migrll, £f)

summary (rl)

##

## Ccall:

## Ilm(formula = crimesPc ~ b migrll, data = ff)

##

## Besiduals:

## Min 10 Median 30 Max

## -1.13314 -0.33959% -0.06763 0.22302 2.92572

#

## Coefficients:

% Estimate Std or t walue Pr{>|t])

## (Intercept) 1.091273 0.045 = e-16 *%%
## b migrll 0D.0251¢c4 0.002922 B.61 3.33e-16 #¥**x
##

## sSignif. codes: O 'wx*' G Q001 "¥*' Q.01 "*' Q.05 '." Q.1 * " 1
##

## Besidual standard error: 0.5482 on 321 degrees of freedom
## Multiple R-squared: 0.1876&, Adjusted R-sguared: 0.1851
## F-statistic: 74.14 on 1 and 321 DF, p-value: 3.325e-16

Imperial College Business School
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Ordinary Least Squares Regression (OLS)

Note this identifies a linear model of the form
Yi=060+ 51 xX; +¢

where Y; is Crimes per capita and X is the share of foreigners in %. This also shows you how you can integrate formulas in a markdown
document and how easily format text to make it italic. More on this under this link.
Now this of course is the true model. What we get out of the OLS procedure is an estimate of the above model; i.e.

Y: = Bo + B1 X Xi + €
which given the above R results becomes
Y; =1.091 +0.025 x X; + €;

where we round the results up to 3 digit precision.

Interpreting estimation results — A/ways depends on the units of X & Y

Here: A one percentage point increase in the share of foreigners leads to
0.025 more crimes per capita in a given year

Note: This is not necessarily a statement of fact as it depends on the precision of the estimate and
the possibility of bias. Rather: it is the implication of our estimate if we took it at face value.

Imperial College Business School Imperial means Intelligent Business
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Kind of what the computer does:

Yi =ﬁXi+Ei

Guess trial value forf3 <y
« Computeé; =Y, —f X;

« Compute total (squared) deviation (Resigual sum of squares) RSS = };; éiz =€é;"+ 6

Is RSS small enough? Yes? No?

Done

Imperial College Business School Imperial means Intelligent Business



How does the OLS algorithm work?

* R finds the estimates of ; and f; by minimising the sum of squared residual (hence least squares)

* A cool way of writing this down is as follows: an Zi élz

.80'.81

For given guesses of the 's, compute all ¢;, square them and sum (sum of

squares). Try many guesses, take the one with smallest (least) sum of squares

* With simple calculus you can show that this leads to the following formulas (REEEE AR R AT R
you are used to calculus and algebra

but | don'’t expect this from you in any

assessment

By = Mean(Y) — f;Mean(X)

Imperial College Business School Imperial means Intelligent Business 19



An important implication of the OLS algorithm

An important implication of the OLS estimator is that it works out the 8 parameters in a way that sets correlation between € and X equal to 0. To
check that this is the case we extract the € from the r1 variable and add it o our ££ dataframe.

ff['residuals' ]=rl%residuals
#Note this is an alternative way of assigning a new variable to a dataframe.

#Alternatively use:

ff=ff %>% mutate({residuals=rlSresiduals)

Note that the correlation is indeed 0:

cor (ff %>% select(residuals,b migrll)},use="complete.ocbs"™)
4 residuals b migrll __
## residuals 1.00000e+00 3.31048e-17 That is virtually O
## b migrll 3.31048e-17 1.00000e+00

Which we can also see in a scatterplot:

3

* Recall from the last lecture: We get biased estimates if in
the true model X and € are correlated.
* That's because in the estimated model they are not

Regression residuals
L]
L]

0 10 20 30 40 50
% foreign born
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Merging/Joining data

Full join

ID | Variablel |Variable 2
4 NA

A
D | Variable 1 _ B 21 6
A 4 D | Variable 2 c 3 5
B <€t—>5b 6 D NA 4
C e C 5
D 4
| |
ID | Variablel |Variable 2
B 21 6
ID | Variable1 |Variable 2 1D | Variable1 |Variable 2
A 4 NA B 21 6
B 21 6 C 3 5

C 3 5 D NA 4
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MeRrrrrging

library (dplyr)

ff more=read.csv("https://www.dropbox.com/s/gwg2wmmxr8s3v/t/foreigners more.csv?dl=1")

names (£f more)

## [_I_] "X"
## [7] "meanage"
## [13] "urbshare"

"urateZ2010" "uratez012™
"medianage" "region"

inner=ff %>% inner join(ff more,by="area")
full=ff %>% full join(ff more,by="area")

"urateZ2004"

"pct leave" "mus sh"

"urateZ011"

"area"

"citshare"

Dataframe f£f has 323 observations. Dataframe ff more has 348. The inner join has 323, the full join 348.

* b_migrll

2.240523
2.731879

Full join

4516303
8.797297
4321093
4636715
NA
NA
NA
NA

Imperial College Business School

69814.03
91074.98
91319.11
145739.90
132976.01
58801.98
NA

NA

NA

NA

-

Blaenau Gwent
Torfaen
Monmouthshire
Newport

Powys

Merthyr Tydfil
Craven
Hambleton

Harrogate

Richmondshire

-
-

crimesPc

15112720
1.3946854
0.9971519
2.0739816
0.7676344
1.7954323
NA
NA
NA
NA

-
-

- -
residuals -~

0.36361862
0.23466762

334
335

-0.20776880 336

0.76133472

337

-0.43237413 338

0.58748151
NA
NA
NA
NA

339
182
183
184
185

Imperial means Intelligent Business
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Xy ¥ urate2010 ~

12.6
8.6
538
9.8
5.7
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Takeaways TAKEAWAY

OPEN

* Ris a powerful piece of software that allows you to do statistical and econometric
computation and visualisation and many other things

* Set up a dedicated directory and project file

* Get used to working with script files (preferably R Markdown files)
* Make sure to understand the LM command and OLS

* Make sure to understand merging of data

* Play with code:

* If you see code that does something you like doing (e.g. from me) make sure
you understand what different commands do

* If you don’t understand a command google it (or use the help function) to
understand it

See also the glossary of r commands (will continuously expand)

Imperial College Business School Imperial means Intelligent Business 23
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Functions

* Are you starting to like R commands?
* Turns out you can easily create your own

* For instance: Suppose you want to re-create the earlier scatter plot for the different regions of the UK/England

inner %>% group by(region) %>% summarise (n())

## “summarise () * ungrouping output (override with

## # A tibble: 10 x 2

#
#+#
#+#
##
#
##
#+#
##
#
##
#
#

[Wa Iy = RS B L B L B o

H=
=
=

region

<fct>

East

East Midlands
London

MNorth East
North West
South East
South West
Wales

West Midlands
Yorkshire and The Humber

Imperial College Business School

‘n()"

<int>

43
40
32
10
39
64
32
22
27
14

.groups” argument)

1

» O
(5

o\’aﬁ

X
B

°

« Scotland

0

X\

Northern

Ireland North

East

Yorkshire &
the Humber
North West ‘
Y East Midlands
Wales
East
West -" @ri=
Midlands London
South West » South East

o
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Defining a function

plotter=function (r) { Global variable

ffx=inner %>% filter (region==r) Local variable

plot=ggplot (ffx,
geom smooth (method = "1m", se = FALSE) +

aes(x = b migrll, y = crimesPc)) +

geom peolnt () +theme minimal () +
xlab ("% foreign born")+ylab("Crimes per capita™)+
ggtitle (r)

What the function returns
Here it is a list but it can

reg=(lm(crimesPc~b migrll, ffx)) be anything really
return (list (plot, reqg))

Imperial College Business School Imperial means Intelligent Business



Calling functions

p=plotter ("London")
pl[1]];sumary(pl[[2]1])

London

Display results

Crimes per capita
(%]

2
1
10 20 30 40 50
% foreign born

+H
## call:
## lm(formula = crimesPc ~ b migrll, data = f£fx)
+H
## Residuals:
i Min 1Q Median 3Q Max
## —-1.00220 -0.35611 -0.06671 0.18426 2.64380
#H
## Coefficients:
i Estimate Std. Error t wvalue Pr(>|tl)
## (Intercept) 0.62044 0.39045 1.589 0.12253
## b migrll 0.03282 0.01025 3.202 0.00322 =*=*
#F ———
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Loops

reglions=innerSregion %>% unidque ()
for(rrr in regions) {
p=plotter({rrr)

print (p[1])
print (summary (p[[2]1]1))
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Projects and Folders

* An additional tool to organise a research project are project
files and dedicated folders

* You can do both via the “New Project” menu: You might want to create one for the
course and one for dedicated one for the

group project which you can share with
your team/group (via dropbox or github)

Ly Lusers/ralt viartn/ Uroppox/ vwvwvy/memonomicsiaD - master

New Project
File Edit Code View Plots Session Build D Create Project
New File Y i i
r 1on New Directory
R,_ Start a project in a brand new working directory >

New Project...

| .. Existing Directory N
ﬁ M Associate a project with an existing working directory
|
Version Control 5
Checkout a project from a version control repository a

Open File... Ctrl+O

New Project

Back Create New Project
Directory name:

| datastories_course |
Create project as subdirectory of:
=|

|C:/Users/RaIf Martin/Dropbox | Browse...

Back Project Type

Use packrat with this project

R New Project
i RPackage
R shiny Web Application

R Package using Rcpp

R Package using RcppArmadillo

R Package using RcppEigen

v VvV WV VvV VvV VvV Vv

$ Website using blogdown

Open in new session Create Project Cancel
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