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Install R:

https://cran.x-project.org/mirrors.html

Install RStudio:

https://rstudio.com/products/rstudio/download
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Errorsin R are often cryptic, but there are clever
strategies for learning:

VICTORIA FINE AUG 31, 2015 4:59 AM

I Was Intimidated by Coding Until | Learned This Secret
Strategy: Googling
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The internet will mate those bad words go away

Essential

Googling the

Error Message

The Practical Developer

?
ORLY @ThePracticalDev

Cuutting corners to meet arbitrary managemens deadlines

Essential

Copying and Pastmg
from Stack Overflow

O'REILLY @ThePracticalDev

The Practical Developer

Software can be chaotic, but we make it work

Trying Stuff
Until it Works

The Practical Developer
@ThePracticalDev

ORLY?
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RStudio

¢ An Integrated Development Environment (IDE)
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© .oy - A Goto fe/function - Addins -
© ) Untitled1
i [ Sourceonsave X /-
1
11| (Top Level) ¢

Console  Terminal - Jobs

R version 3.6.0 (2019-04-26) -- "Planting of a Tree"
Copyright (C) 2019 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin1s.6.0 (64-bit)

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

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type ' contributors()' for more information an

“citation()' on how to cite R or R packages in publications.
Type "deno()’ for some denos, 'help()’ for on-line help, or
*help.start()’ for an HTML browser interface to help.

Type "GO’ to quit R.

> Run

o

RStudio

=0
 Source «

R Script

=0

Environment
# Import Daaset +

@

History  Connections

@ Global Environment ~

Files

Plots

Packages  Help
-3 Export +

Viewer

% Project: (None) +

=0
Uste e
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Basics:

e Assignment operator: <-

e Comment and uncomment: Ctxl + shift + c
e Runlineof code: ctrl + Enter

e Runcodeinconsole: Entex

e Clear console: ctrl + 1

e Indent: Tab

e Outdent: shift + Tab
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Basics:

e Calculate: (2 + 5) / 7
Create avariable:
e var_1 <- c(1, 4, 5, 7)
Create another variable:
e var_2 <- c(1, 15, 25, -1)
Elements of a vector: var_1[1:3]
Arithmetic with variables:
e var_1 * var_2
e var_1 * 2
Create adata.frame
e D <- data.frame(var_1, x = c(1, 2, 3, 4))
e D <- data.frame(var_1, x = c(1, 2, 3))
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Basics:

e Variablesin data: names(D)

e Index variable within a data.frame:
e DSvari[2:4]

e Create new variable within existing data.frame:
e D$new_var <- c(1ee, 200, 300, L0O)

e Manipulate variables within existing data.frame:

e DSnew_var <- Dsnew_var * 5
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Basics:

Install a package: install.packages("ggplot2")

Load a package: 1ibrary(ggplot2)

Load data from a package: data(iris)

What variables are in the data? names(iris)

Histogram of a variable:
e ggplot(iris, aes(x = Sepal.Length)) +
geom_histogram()
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Installing and loading libraries in R

# Install the tidyverse package
install.packages("tidyverse")
library(tidyverse)
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Creating vectorsinR

# Create a variable of random woxds

var_words <- c("Apple", "Orange", "Pear", "Cherry")
var_words

class(var_words)

# Create a variable of random numbers
var_num <- c(123, 91, -50, 15200, -1, 0, 0)
var_num

class(vaxr_num)
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Creating vectorsinR

# Create a variable of numbers and words?
var_num_words <- c(123, 91, -50, "Apple", 12u)
var_num_words

class(var_num_woxds)
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Creating adata.frameinR

# Create some variables
var_1 <- c(123, 91, -50, L1, 124)
var_2 <- c("Apple", "Peach", "Pear", "Lemon", "Pineapple")

# Put the variables in a data.frame
D <- data.frame(var_1, var_2)

# Look at the data.frame we created
D
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Creating adata.frameinR

# Create some variables
var_1 <- c(123, 91, -50, L1, 124)
var_2 <- c("Apple", "Peach", "Pear", "Lemon", "Pineapple")

# Put the variables in a data.frame
D <- data.frame(var_1, var_2,
var 3 = c("A", "B"' IIBII' "All, "B"))

# Look at the data.frame we created
D
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However:

e Werarely create data from scratch
¢ We often merge in data from multiple sources
e These data are often messy

e Social media datain particular frequently need to be
cleaned
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Workflow

Visualise

Import — Tidy — Transform ) ——= Communicate

Understand

Program
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Messy data

Sales
Name Publisher  (mil. units) Critic User
Wii Sports Nintendo 82.53 Score=76, Score=38,
Count=51 Count =322
Mario Kart Wii Nintendo B5157 Score=82, Score=8.3,
Count=73 Count=709
Wii Sports Resort Nintendo 32.77 Score=80, Score=8,

Count=73 Count=192
New Super Mario Bros.  Nintendo 29.80 Score=89, Score=8.5,

Count=65 Count=431
Wii Play Nintendo 28.92 Score=58, Score = 6.6,

Count=41 Count=129

Source: https:/rss.onlinelibrary.wiley.com/doi/full/10.1111/j.1740-9713.2018.01169.x
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Tidy data

Sales

Name Publisher  (mil. units)  Score

Wii Sports Nintendo 82.53 Critic 76
Wii Sports Nintendo 82.53 User 80
Mario Kart Wii Nintendo 35.52 Critic 82
Mario Kart Wii Nintendo 35.52 User 83
Wii Sports Resort Nintendo 32.77 Critic 80
Wii Sports Resort Nintendo 32.77 User 80

New Super Mario Bros.  Nintendo 29.80 Critic 89
New Super Mario Bros.  Nintendo 29.80 User 85
Wii Play Nintendo 28.92 Critic 58
Wii Play Nintendo 28.92 User 66

Source: https://rss.onlinelibrary.wiley.com/doi/full/10.1111/j.1740-9713.2018.01169.x
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How do we get from messy to tidy data?

Action ‘ Functionindplyx

Filter filterx()

Aggregate | group_by() and summaxize()

Sort arrange()

Reshape pivot_wider() and pivot_longex()
Recode recode()
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Data Transformation with dplyr:

dplyr functions work with pipes and expect tidy data. In tidy data

CHEAT SHEET

EXTRACT VARIABLES
[ t of columns as a new vector or table.

44 Eus EXTRACT CASES
I > &7 vipes
Eachvariableisin ~Each observation,or  x%>9% (y)
itsowncolumn  case, sinitsownrow  becomes f(x,y) N
o
table.of i y as
input and return onevalue (see backl.
summary function -
L mmm summarise(data,..)
% Compute table of summaries
summarise(mtcars, avg = mean(mpg))
countx, ., wt=NULL, sort = FALSE)
Count nmber of ows in each group defined
by the variables n .. Also tally. -

count(irs, Species)

VARIATIONS

() - Apply funs to every colum
arise_atl) Aoy funsto speciic columns.

ter( data, . ) Extract rows that meet logical
ke i, Sl ongtn

distinct datay
u

distinctirs, Species)

keep_all = FALSE) Remove
e values.

simple fraclb, sie =1, relace = FLSE,

Randomly

pullidata, var = 1) xtractcolumn values as
vector. Choose by name or index.
pulliis,Sepat Length)

select(daa,..
asa table. Also select_if().
slectin, Sepat Longth, Species)

seletlfmme of row:
emple.faclii, 05 replace = TRUE)

sampl

_n(tl, size, replace = FALSE, weight =
elect

.. selectfis tarts_with("Sepal’))

contains(match) - num_rangel(prefx ange) :, e mpgcyl
ends_with(match) one_of{ eg, Species
starts

NULL, <
size rows. sample_n{is, 10, replace = TRUE)

slice( data, .. Select rows by position.
slicefirs, 16:15)

top_ntn w) electand ordertop n enties (1
Eroi i grouped data). fop. s &, Sepol Width)

‘summarise_if() - Apply

Use group_by() to create a “grouped" copy of a table.
dplyr "group"
then combine the results.

mtcars %% hd

group_byleyl) %>%
summarise(avg = mean(mpg))

group_by(data, ., add = ungroupl(x, .. ADD CASES
FALSE Returns ungrouped copy
Returns copy of table of table. -

groupedby ... ungrouplg_iri)
q_irs <-group_by/(ri, Species)

isnal) %% | xor()

tisnal) !
See 7hase::Logic and 2Comparison for help.

ARRANGE CASES

arrangel data ) Orderrows by values of a
column or columns (lowto highl, use with
dese) to order rom high o low.
arrange(mtcars, m

arrange(mtcars, desc(mpg))

2dd_rowd.data, .. before =NULL, after=NULL)
one or more rows to a tabl
ad. ow(iaithl, eruptions =1, waitng =1)

MAKE NEW VARIABLES

pply

(see back)
vectorized function

o mutate(.data, ...)
Compute new column(s).
mutate(mtcars, gpm = 1/mpg)

transmute( data,
Compute new column(s),drop others.
transmute(mtcars, gpm = 1/mpg)

(bl funs ) Apply funs to very
column. Use with funs(j, Al f(
b e e
mutate_if(iris,is.numeric, funs(log(Jj
mutate_at(.tbl, .cols, funs, ...) Apply funs to
specific columns. Use with funs(), vars() and
the helper functions for selec

mutate_atfiris, vars( -Species), funsfiogt.))

" add_column(data, ., before = NULL, after =
NULT) Add new columin(s). Also add, _Gount)
add_tally(). add_column(mtcars, new = 1:32)

Rename columns.
Sepal.Length)

rename(.data,
renamefiris,

GStudio ‘

Iy, HBole) + dpyr 010+ tbble 120+ Updated: 201908
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TO USE WITH MUTATE () TO USE WITH SUMMARISE () COMBINE VARIABLES COMBINE CASES
tate() ) appli x
¥ o nna nn: nna
d drewmsingle i3 L3 = Siiiid o
return vectors of I tput W  WEm  cmsees x e
vectorized function summay e d_cols() to paste tables beside each e
otheras they are PR L
OFFSETS ‘DU’"S ind_cols(...) Returns tables placed side by
ber of values/rows. side as asingle table. bles bels h
dplyr:tag() -Offset elements dplyrzn) - rumi d_rows()to paste tables below eac
i om diminee 4 of s BE SURE THAT ROWS ALIGN.
BRSOt Smanee by 1 B et e MUl s A other as they are.
CUMULATIVE AGGREGATES LocaTion Use a "Mutating Join" to oin one table to FINAA bind_rows(..., id =NULL)
umall() - Cumulative all( 0 () columns from another, matching values with X341 Returns tables one on top of the other
dplyrcumany() - Comulaive any) 2 the rows that to. Each join %243 asasingletable. Set id toa column
) - Cumutative max) median() - median retains a different combination of values from T 0 add a column of the original
dplyrcummeant) - Cumulatve mean() LoGicALS bles. *4%% table names (as pictured)
cumminf) Cumulatve min()
Cumprod) - Comutatve prod() mean() Properton of TRUE's nna: L, 006 intersect(x,y, .
Gumsumi) - Comulative om0 sum() - # of TRUE i3 copy=FALS! ), ) =% Rowsthat appear in both xandy.
2y3% Join ma(chmgvzmeslmmy(ox
RANKINGS POSITION/ORDER o nnG setdif(x, y, ..
rzcume._dist() - Proportion of all values <= dplyr:first() -firstvalue right_join(x, . by > NuL 314 Rowsthat appear nxbut noty.
nse_rank() - in,nogaps  dpl Pse b fon(x,ys.)
= d : nnn
min dplyrinth() -value in nth location of vector et hrincory
crank() min 01 RANK %22 (Duplicates removed). union_all)
rrow_number() - ank with ties = first” quantile() - nth quantile ASES “wi retains duplicates.

t Join am Retain only rows with
MATH min)- mimum e

imum value
/%, %% - arithmetic ops

o0 oy by=NULL, Use setequalf) to test whether two data sets
lom louo.lmnn logs SPREAD 013 copy=FALSE, suffix=c(“ay"y")...) contain the exact same rows (in any order),

St 1QRQ) - [FE i Al A TN

plyrihetweenl)” x = et ok = gt dl b

plyr:inear( - safe == for floating point e e devaion EXTRACT ROWS

numbers Var() -variance B y

misc TTITY ebysces v o naa non
dplyr::case_when() - multi-case if_else() spe::fyone;rar:!;re:ommon i+

tjoinfx, y, by ="A")
Tidy data does not use rownames, which store a ’ .
variable outside of the columns. Toworkwith the ¥ Usea , by =c( = UseaFilteri g
N : 21185 Meol2"), to match o columns that b el
£UEET havedifferent names in each table.
element acrossa set of vectors to_col g amesineas
ol ment el e BE B e Mot {efjoints by =cl'€" =10 O R ows o that a3 match
n - repacs speciic val(u)es with NA R L b nimen o tolamis var B Use sufi tospeclfy the sufxto £1 USERUL TO SEE WHAT WILL BE JOINED.
. S o] st 14 givetounmatched columns that
oo oo 'S;“;Qﬁ,v;ﬁ’“‘"“(, e colamnte ) HIEE Rt dne omeinhontbles 03 antLainte yyohuit, )
n i,y by = c("C"="D"),suffix= s x

plyrrecode_factor) - Vectorized swich) N L ST e coTinrow names. ol by = =D, sufl match iy USEFUL TO SEE WHAT WILL
forfactor 182 7Y column_to_rownames(a, var ="C’) NOT BE JOINED.

. Also has_rownames(), remove_rownames()
Studio

RStudio®sa tademark of Studi,nc. - CCBY SA RStudio- inforstudiocom -

(eply, "Ubble") - dplyr 0.0+ Ubble 120 - Updated: 2018.08
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Download the following file from the course
website

GM.csv
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Gapminder data
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Loading datainR

# Load the tidyverse library
library(tidyverse)

# Set your working directory (where you saved your file)
setwd("~/Downloads/")

# Load GapMinder data
GM <- read_csv("GM.csv")

Note: The path (or file name) will depend on where you
save the .csv file.
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Gapminder variables

Variable \ Description

country Country
continent | Continent that country is located on

year Year
lifeExp Life expectancy at birth
pop Total population size

gdpPexcap | GDP (per capita)
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> # Look at the loaded data
> GM
# A tibble: 1,704 x 6
country continent year lifeExp pop gdpPexcap
<chr> <chr> <dbl> <dbl> <dbl> <dbl>
1 Afghanistan Asia 1952 28.8 8425333 779.
2 Afghanistan Asia 1957 30.3 92u4093L 821.
3 Afghanistan Asia 1962 32.0 10267083 853.
L Afghanistan Asia 1967 34.0 11537966 836.
5 Afghanistan Asia 1972 36.1 13079466 740.
6 Afghanistan Asia 1977 38.L4 14880372 786.
7 Afghanistan Asia 1982 39.9 12881816 978.
8 Afghanistan Asia 1987 40.8 13867957 852.
9 Afghanistan Asia 1992 L1.7 16317921 6L9.
10 Afghanistan Asia 1997 L4L1.8 22227415 635.
# . with 1,694 more rows
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# Look at the first (6) rows
head(GM)

# Look at the last (6) rows
tail(GM)

# Show names of variables in the data
names(GM)

# Descriptive statistics of all variables
summaxry (GM)
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# Look at a single variable
GMsgdpPerxcap

# Look at a specific values of a single variable
GMsgdpPexcap[50:60]
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Now, let’s say we want to do the following:

1. Group the observations by country

2. Calculate average life expectancy and median
population over each period for each country

3. Reduce to countries with more than 10M inhabitants

4. Sort reverse alphabetically by country
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##4#44# Solution 1 (break into pieces)

# Split data by country
By_country <- group_by(GM, country)

# Calculate avg. life expectancy and median pop. per country
Country_sum <- summarize(By_country,
avg_life_exp = mean(lifeExp),
median_pop = median(pop))

# Subset by countries with higher than 10 million inhabitants
Big_countries <- filter(Country_sum, median_pop > 10000000)

# Sort the data by country and life expectancy
Result <- arrange(Big_countries, desc(country))
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##### Solution 2 (do it all at once)
Result_2 <- GM %>%
group_by(country) %>%
summarize(avg_life_exp = mean(lifeExp),
median_pop = median(pop)) %>%
filter(median_pop > 10000000) %>
arrange(desc(country))
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##### Create variable as the log of population
Result_2 <- Result_2 %>%
mutate(log_median_pop = log(median_pop))

###4#4# 0r similarly without mutate()
Result_2$5log_median_pop <- log(Result_2s$median_pop)
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To-do now:

e Complete the DataCamp course “Introduction to R”
listed on the course website.

To-do for next class:

e DataCamp exercises on R and tidyverse
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