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Welcome!

Question: How many people have experience with coding or
analysis in some software package?

 EXCEL

* SPSS

* STATA

* SAS
PYTHON
MATLAB
* R



The goals of this workshop

* This is an introductory workshop!

* We want you to walk away today feeling comfortable:
1. navigating the four panels of Rstudio
importing data into R
performing some data manipulations and cleaning using dplyr
summarizing your data
plotting your data

ok owb

Like any language, you need to practice a lot to get fluent!



Why R?

* Cleaning, analyzing, plotting all in one place

* Reproducibility — you can save your code and know exactly what
you did. You can also rerun code if you get new data

* |t’s freely available



A few things to know first

R hats many contributed packages (>10,000) to extend R for basic and advanced
analysis

Typically, a package will include code, documentation for the package, the functions
inside, and data sets.

An example of a package is the gam package. This package contains multiple
functions for fitting generalized additive models. Another example is the shiny
package, which make interactive, web apps with R.

* Packages are stored in libraries



The R console

The R console serves as the primary interface for executing R
code.
[Zled| [=]|8]0]|@) |5

R version 4.3.3 (2024-02-29 ucrt) -- "Angel Food Cake"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x36_64—w64—mingw32/x64 (€4-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 and

'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or

'help.start()' for an HIML browser interface to help.

Type 'q()' to quit R.

[Previously saved workspace restored]

> |




R Studio

* R Studio provides a user-friendly interface with various tools
and features such as debugging and fill-ins.

RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help
@-13 = ] Go to file/function - Addins ~
@ | Untitled1 _JRdatasets * @ JUntitled5 * @ |Untitled2 * @] Untitled3* * @ | Untitledd
SourceonSave | & /7~ FRun | o9
1 starwars.cut %%
2 filter(gender=="feminine") %>%
3 mutateCheight.feet=height/30.48) %%
4 nutate(height.mean-mean (height.feet,na. rm=TRUE)) %%
5 filtercheight.feet > height.mean,na.rm=TRUE)
6
(Top Level) =
Console  Terminal Background Jobs.
R R433 . ~/
Barriss or. lob 50 Dblack yellow D lue 40 Tema.. Temin.. Mirial 5.45
Dormé 165 NA  brown Tight brown NA fema.. femin. Naboo 5.41
Zam wesell 168 55 blonde fair, gre. yellow NA fema. femin. zolan 5.51
Taun we 213 NA  none grey black NA fema.. femin. Kamino 6.99
Jocasta Nu 167 NA  white fair blue NA fema. femin. Coruscant 5.48
Shaak Ti 178 57  none red, blue. black NA fema. femin. shili 5.84
Padmé Amid 165 45 brown Tight brown 46 fema.. femin. Naboo 5.41
>
> colnames (starwars)
[1]1 "name" "height" "mass" "hair_color" "skin_color" "eye_color" "birth_year" "sex"
[9] "gender" "homewor1d" "species" "films" "vehicles" "starships"
> starwars.cut %%
+ filter(gender=="feminine") %>%
+ mutate(height. feet=height/30.48) %>%
+ mutate (height.mean=mean(height.feet,na. rm=TRUE)) %%
+ filter(height.feet > height.mean,na.rm=TRUE)
name height mass hair_color skin_color eye_color birth_year sex gender homeworld height.feet
Beru White 165 75 brown Tight blue 47 fema. femin. Tatooine 5.41
Ayla Secura 178 55 none blue hazel 48 fema.. femin.. Ryloth 5.84
Adi Gallia 184 50 none dark blue NA fema.. femin.. Coruscant 6.04
Luminara U. 170 56.2 black yellow blue 58 fema. femin. Mmirial 5.58
Barriss Of 166 50 black yellow blue 40 fema. femin. Mirial 5.45
Dormé 165 NA  brown Tight brown NA fema.. femin.. Naboo 5.41
Zam wesell 168 55 blonde fair, gre. yellow NA fema. femin. Zolan 5.51
Taun We 213 NA  none grey black NA fema.. femin. Kamino 6.99
Jocasta Nu 167 NA  white fair blue NA fema.. femin.. Coruscant 5.48
Shaak Ti 178 57 none red, blue. black NA fema.. femin.. shili 5.84
Padmé Amid. 165 45  brown Tight brown 46 fema.. femin. Naboo 5.41
>

Source ~

[VEVEVIVEV VIV

R Script ¢

height.mean

[VIVIVEVIVEVEVVIVEVIV)

- o X

&) Project: (None) ~

Environment History Connections Tutorial

Import Dataset + = 9 283Mig + & List ~ -

R~ Global Environment ~
Data
aa 383 obs. of 33 variables
aecom 96 obs. of 34 variables
aecom. compare 481 obs. of 34 variables
all 2885 obs. of 4 variables
ana 86 obs. of 35 variables
anova List of 13
APO num [1:385, 1:42] 38 19 41 25 26 38 34 .
APO_Togi t1 Large glm (31 elements, 1.2 MB)
APO.all 811 obs. of 31 variables
Ap0.final.train 811 obs. of 31 variables
APO.final.trai.. num [1:385, 1:32] 1.45 -2.44 2.06 -1.21._
Apo.final.xtest num [1:310, 1:30] -0.71 0.775 0.563 1.2
APO.final.xtes.. num [1:152, 1:30] -0.71 0.775 0.563 1.2
APO.final.xtra. 811 obs. of 30 variables <
APO.imputed.sc. 811 obs. of 31 variables »
Files Plots Packages Help Viewer Presentation
-0

R: Order rows using column values ~  Find in Tc

arrange {dplyr} R Documentation

Order rows using column values

Description

a

nge () orders the rows of a data frame by the values of selected columns.

Unlike other dplyr verbs, arrangs () largely ignores grouping; you need to
explicitly mention grouping variables (or use . by _group = TRUE)in order to
group by them, and functions of variables are evaluated once per data frame, not
once per group.

Usage

.locale = NULL



The 4 panels of R Studio

RStudio

File Edit Code View Plots Session Build Deby#” Profile Tools

Help

O -%i&- 0 Go g/t ~ Addins -

@ | Untitled1 __| R data sets T UntitledS © | Untitled2 9 ] Untitled3* @ | Untitled4

=0

| Source on 3 ™ Source ™
starwars.cut %/
filter(gender/"feminine") %%

.Teet=height/30.48) %-%
mutateCheifht.mean=mean(height.feet,na.rm=TRUE)) %>%
filter(hghght.feet > height.mean,na.rm=TRUE)

[= IS R S UV SR

Source panel — write code you can save and reu§e

(Top Level) &

Terminal Background Jobs

R F </
Harriss Ot. lbb 50U black yellow blue 40 Tema. Temin. Mirial 5.45 5.40
Jormé 165 NA  brown Tight brown NA fema. femin. Naboo 5.41 5.40

am Wesell 168 55 hlonde fair, gre. yellow NA fema.. femin.. Zolan 5.51 5.40
aun we 213 NA  none grey black NA fema. femin_ Kamino 6.99 5.40
ocasta Nu 167 NA  white fair blue NA fema. femin. Coruscant 5.48 5.40
qhaak Ti 178 57 none red, blue.. black NA fema.. femin.. Shili 5.84 5.40
Aadmé Amid. 165 45 brown Tight brown 46 fema. femin_ Naboo 5.41 5.40

> co\names (starwars)
" "height" "mass" "hair_color skin_color eye_color" "birth_year" "sex"
gender" "homewor1d" "species" "films" "vehicles" "starships"

won "o

“ height.mean=mean (height. feet,na. rm=TRUE)) %>% R CO"SOle - WO rk inte raCtiV

eight.feet > height.mean,na.rm=TRUE)
v 11 x 12

_color eye.

gender homeworld height.f

<chr> <chr>

color birth_

<chr

-

Tight blue 47 fema . femin_. Tatooine

<

5. 5.
Ayla Secura blue hazel 48 fema.. femin.. Ryloth 5.84 5.40
Adi Gallia dark blue NA fema. femin. Coruscant 6.04 5.40
Luminara U. yellow blue 58 fema. femin_ Mirial 5. 5.40
Barriss Of.. yellow hlue 40 fema.. femin.. Mirial 5. 5.40
Dormé Tight brown NA fema.. femin.. Naboo 5 5.40
zam Wesell 168 fair, gre. yellow NA fema. femin_ Zolan .51 5.40
Taun We 213 grey hlack NA fema.. femin.. Kamino 6.99 5.40
Jocasta Nu 167 fair blue NA fema.. femin.. Coruscant 5.48 5.40
Shaak Ti 178 red, blue. black NA fema . femin. 5.84 5.40
Padmé Amid.. 165 Tight hrown 46 fema.. femin.. 5.41 5.40

- a X

R Project: (Nong) ~

Environment  History Connections  Tutorial -
2 |4 | 7 Import Dataset ~ | ) 283 MiB ~ ' List - =
R = Tk Global Envirenment =
Data

)aa 383 obs. of 33 variables

' aecom 96 obs. of 34 variables

) aecom. compare 481 ohs. of 34 variables

rall 2885 obs. of 4 variables EnVironment —

'ana 86 obs. of 35 variables

) anova List of 13 H bl

APO num [1:385, 1:427 38 19 41 25 26 38 34 _ va rla eS
2 APO_Togitl Large glm (31 elements, 1.2 MB)
@ APO.all 811 obs. of 31 variables

2 APO.final.train 811 obs. of 31 variables
APQ.final.trai. num [1:385, 1:32] 1.45 -2.44 2.06 -1.21.
APO.final.xtest num [1:310, 1:30] -0.71 0.775 0.563 1.2.
APQ.final.xtes.. num [1:152, 1:30] -0.71 0.775 0.563 1.2.

'APO. final.xtra.. 811 obs. of 30 variables -
APO.imputed.sc. 811 obs. of 31 variables ld
Files Plots Packages Help Viewer Presentation -

I ]

R: Order rows using column values ~  Find in Topic

arrange {dplyr} R Documentation

Order rows using column values

Description

zrrange () orders the rows of a data frame by the values of selected columns. P lot S h e l
’ P,

Unlike other dplyr verbs, arrange () largely ignores grouping; you need to

explicitly mention grouping variables (or use .by_group = TRUE)in order to k

group by them, and functions of variables are evaluated once per data frame, not p a c a ge S
once per group.

Usage

arrange (.data, ..., .by group = FALSE

‘data.f
arrange (.data, ..., .by group = FALSE, .locale = NULL




R Studio tour — live demonstration (tour 1)



) RStudio
File Edit Code View Plots Session Build Debug Profile Tocls Help

Q- ' & - Hl o Go to file/function -l = Addins -
gl r code for session 1 markdown.Rmd* GLI R session 1 tour 1.R
- 2 Source on Save | O A - ] = Run

1 #This is a comment

2 v #HHHEERHRRRRRRH R

3

4 # 1. First we are going to see how to run code in R

5 # typing up here does not do anything unless you run it!
6~ mpun s

7

8 print('hello world')

9
10 print('Run the whole thing')
11
12 # 2. Now we are going to create a couple of new variables
13
14 ## <- 1is the assignment operator. You can also use an equal sign (=) but considered better form to use <-
15
16
17 x <- c(1:10)
18
19 print(x)

20

21 # we can see that x is now a variable in the global environment (see upper right panel)

23y < X*X
3%1 E3 (Untitled) =

Console  Terminal Render Background Jobs

‘R R4.33 - ~/Rintensive/
=
> ## <- is the assignment operator. You can also use an equal sign (=) but considered .... [TRUNCATED]
> print(x)
[A] 1 2 3 4 5 6 7 8 910

= # we can see that x is now a variable in the global environment (see upper right panel)

>

=Y o<- XFX

> # variable named y consisting of an integer vector is now also listed in the global environment
=

> # we can also work interactively in the console [TRUNCATED]

> # see that the plot is now in the Tower right panel
>

> plot(y)

= # we can scroll between the two plots we created

>

by

=0
- =
T™Source Y| =

-

R Script 2

=0
®

- sl X

R Project: (None) ~

Environment History Connections Tutorial |
<& 1 | 7 import Dataset - | ¥ ssomie - | & List = | @~
R » '} Global Environment
values
X int [1:10] 1 234567 8 9 10
¥ int [1:10] 1 4 9 16 25 36 49 64..
z 385L

Files Plots Packages Help Viewer Presentation -
= | ® Zoom | -Z|Export ~ | O s RO
o
2 A [#]
Q
W - o]
Q
w0 — o]
>
o]
< - <o
o]
o o]
=]
I I I I I
2 4 6 8 10
Index



Some useful shortcuts

* To clear your console —=> CNTL+L

* To clear your environment -> use the broom function

* To run a selected line from the source panel -> CNTL+ENTER
* To run the whole script from the source panel -> CNTL+ALT+R

* To repeat a command in the console — use the * arrow



Getting data into R

* Inthe first tour, | created vectors x and y within R, which is not the
usual workflow

* Usually, you willimport an Excel spreadsheet where you have
collected and organized your data. We will show you how to do this.

* Today we will primarily work with data using a standard wide format —
unigue observations in rows and variables in columns

* A long format is used when you have multiple observations for an
individual over time or space



Wide vs long data formats

Example of wide format: Example of long format:

mnmmm mmmm
3.3 1 Pm 1 2

2 21 1 3 22 1 2 0.5 1 1 14

3 7.0 0 1 10 2 1 2.1 1 3 22

4 41 1 1 42 2 2 2.8 0 ) 16

3 1 7.0 0 1 10

4 1 4.1 1 1 42

4 2 4.1 0 0 o7

) 1 3.8 1 1 12



Data frames/tibbles

* When you import your data set into R, you typically store your data in
a data frame within R

A dataFrame in R is a tabular (i.e., 2-dimensional, rectangular) data structure
used to store values of any data type

* Atibble is a newer version of the data frame, used in tidyverse



Installing and Loading R packages (libraries)

* Over 10,000 libraries to help you manage, analyze, and output
data

* These libraries contain R packages, which are collections of R
functions, data and compiled code

* R libraries have to be loaded every time you open an R session



tidyverse

* Base R refers to all the functionality that comes built into the R

Frogramming language. It is what you get when you open up the R console
or the first time.

* The tidyverse is a collection of packages that add onto R to allow you to
manipulate your data intuitively. It emphasizes readability. [t does not
replace base R (which is a large set of core packages).

* You can work entirely in base R and never work in Tidyverse

* |n this session, we focus on learning the basics of some main packages in
tidyverse (dplyr and ggplot2)


https://www.tidyverse.org/

Installing and loading the tidyverse core

install.packages('tidyverse')  #Note: you did this prior to the workshop

library('tidyverse')
library('dplyr’) #Note: dplyr automatically gets installed with tidyverse

Within tidyverse, there is package called dplyr. Think of the d as
standing for data and the plyr standing for plyers — the goal of
this package is to manipulate data frames in useful ways.

We will be focusing on the dplyr package in R this morning. This
afternoon, we will learn about another package called ggplot2



The main verbs of dplyr

| just used a simple dplyr function called bind_cols() to combine vectors x and y, but this is only one of many.
Below are the main verbs we will focus on this morning

* Operation on columns * Grouping and
(variables) summarizing
* select (observations)
* mutate ° group_by
* rehame e summarize
* relocate
* Pull
* Joining two data frames
* Operations on rows * inner_join, left join,
(observations) right join, full join
e arrange
* filter

* slice_min, slice_max



Data transformation with dplyr

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

pipes

x |> f(y)

becomes f(x,y)

Eachvariable isin Each observation, or
its own column case, is in its own row

Apply summary functions to columns to create a new table of
summary statistics. Summary functions take vectors as input and
return one value (see back).

summary function

L. summarize(.data, ...)
Compute table ofsummarles
mtcars = summarizelavg = mean{mpg))

count(.data, ..., wt = NULL, sort = FALSE, name =
MULL) Count number of rows in each group defined
by the variables in ... Also tally(), add_count(),
add_tally().

mtcars |= count(cyl)

Use group_by(.data, ..., .add = FALSE, .drop = TRUE) to create a
"grouped" copy of a table grouped by columns in ... dplyr
functions will manipulate each "group" separately and combine
the results.

B mtcars |>
group_by(cyl) |=
u summarizelavg = mean(mpg))

Use rowwise(.data, ...) to group data into individual rows. dplyr
functions will compute results for each row. Also apply functions
to list-columns. See tidvr cheat sheet for list-column workflow.

EXTRACT CASES
Row functions return a subset of rows as a new table.

- filter(.data, ..., .preserve = FALSE) Extract rows
that meet logical criteria.
mtcars |~ filter(mpg = 20)

distinct(.data, ..., .keep_all = FALSE) Remove
rows with duplicate values.
mtcars |= distinct(gear)

slice(.data, ..
by position.
mtcars |= slice(10:15)

., .preserve = FALSE) Select rows

slice_sample(.data, ..., n, prop, weight_by =
NULL, replace = FALSE) Randomly select rows.
Use n to select a number of rows and prop to
select a fraction of rows.

mtcars |=slice_sample(n = 5, replace = TRUE)

slice_min(.data, order_by, ..., n, prop,
with_ties = TRUE) and slice_max() Select rows
with the lowest and highest values.

mtcars |> slice_min{mpg, prop = 0.25)

slice_head(.data, ..., n, prop) and slice_tail()
Select the first or last rows.

mtcars |= slice_head(n=5)
Logical and boolean operators to use with filter()
= = = is.nal)  %in% | xor()
I= > >= lis.na() ! &

See ?hase::Logic and ?Comparison for help.

ARRANGE CASES

arrange(.data, ..., .by_group = FALSE) Order

- rows by values of a column or columns (low to

Lickhl cimaibth dacell +a acdav freamn hichkh +a Lo

CHEATSHEET

EXTRACT VARIABLES

Column functions return a set of columns as a new vector or table.

pull{.data, var =-1, name = MULL, ...) Extract
I column values as a vector, by name or index.
mtcars |= pull{wi)
- select(.data, ...) Extract columns as a table.

mtcars |= Eelectli"nr.g. wi)

relocate(.data, ..., .before = NULL, .after = NULL)
> Move columns to new position.
mtcars |= relocate(mpg, cyl, .after = last_col())

Use these helpers with select() and across()
e.g. mtcars | select(mpg:cyl)

contains(match) num_range(prefix, range] eg mpg:cyl
ends_with(match) all_of(x)/any_of(x, ..., vars) ! » \gear
starts_with(match) matches(match) E“"!ﬂ"""ﬂﬂ

MANIPULATE MULTIPLE VARIABLES AT ONCE
df =- tibble(x_1=c(1,2),x_2 = c(3,4), y = c(4, 5))

L Emm across(.cols, .funs, ..., .names = NULL) Summarize
B or mutate multlple columns in the same way
df |= summarize(across(everything(), mean

] ¢_across(.cols) Compute across columnsin
- row-wise data.
[ dff>
owwise() |»
mutate(x_total = sum(c_across(1:2}))
MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take
vectors as input and return vectors of the same length as output

(see back). vectorized function



Example data set

RStudia
File Edit Code View Plots
Q - & - } Go

‘3_[ R session 1 tour 1.R

We will use the

trees

uspop
volcano
warpbreaks
women

Data sets in package ‘dplyr’:

available in the
dplyr package

‘forcats’:

luv_colours
midwest

Console  Terminal Render

This data set
consists of 87
observationsand
14 variables.

- ~/Rintensive/

Session  Build Debug

‘BJ R sessicn tour 2.R*

Profile  Tools Help

~ Addins ~

function

| R data sets ‘BJ R session tour 3.R¥ @J r code for session 1 markdown.Rmd*

C

Tutorial

_|Rdata sets

SW1SS Fertlll

Eopu

Topographic I Whau Volcano

Euckland's Maunga
rn during Weaving
s for Emerican Women

survey

Files
0ld Faithful data

Midwest demogranhics

Background Jobs

History

Import Dataset

textshaping

TH.data
tibble

tidyr
tidyselect
tidyverse
timechange
timeDate

tinytex

tzdb

Lirrming

Yaimis - &

Global Environment =
Environment is empty
Plots Packages Help Viewer Presentation
Install @ Update
Name Description
sys Powerful and Reliable Tools for Running System
Commands in R
systemfonts System Native Font Finding
tablet Tables of Descriptive Statistics in HTML
testthat Unit Testing forR

Bindings to the 'HarfBuzz' and 'Fribidi' Libraries for
Text Shaping

TH's Data Archive

Simple Data Frames

Tidy Messy Data

Select from a Set of Strings

Easily Install and Load the 'Tidyverse'

Efficient Manipulation of Date-Times

Rmetrics - Chronological and Calendar Objects

Helper Functions to Install and Maintain TeX Live,
and Compile LaTeX Documents
Time Zone Database Information

Ganaral Dirnacs |nrancteainad Man | inasre

u] X

X Project: (None) ~

List - -

Versian

342

1.05
143
3.20
037

112

321

130
1.20
2.00
0.20

4032.109
0.48

0.4.0

1

2

1



Example data set

> glimpse(starwars)

Rows: 87

Columns: 14

$ name <chr> "Luke Skywalker", "C-3P0", "R2-D2", "Darth vader", "Leia Organa", "Owen Lars", "Beru whitesun lars", "R5-D4", "Biggs Da.
§ height -~ 172, 167, 96, 202, 150, 178, 165, 97, 183, 182, 188, 180, 228, 180, 173, 175, 170, 180, 66, 170, 183, 200, 190, 177, 17.
§ mass dh7>77.0, 75.0, 32.0, 136.0, 49.0, 120.0, 75.0, 32.0, 84.0, 77.0, 84.0, NA, 112.0, 80.0, 74.0, 1358.0, 77.0, 110.0, 17.0, 7.
$ hair_color <chir> "blond", NA, NA, "none", "brown", "brown, grey", "brown", NA, "black", "auburn, white", "blond", "auburn, grey", "brown.
$ skin_color <chr= "fair", "gold", "white, blue", "white", "light", "Tight", "light", "white, red", "Tight", "fair", "fair", "fair", "unkn.
$ eye_color <chr> "blue", "yellow", "red", "yellow", "brown", "blue", "blue", "red", "brown", "blue-gray", "blue", "blue", "blue", "brown..
$ birth_year <db/-19.0, 112.0, 33.0, 41.9, 19.0, 52.0, 47.0, NA, 24.0, 57.0, 41.9, 64.0, 200.0, 29.0, 44.0, 600.0, 21.0, NA, 896.0, 82.0,.
§ sex <chr> "male", "none", "none", "male", "female", "male", "female", "none", "male", "male", "male", "male", "male", "male", "ma.
$ gender <chr> "masculine", "masculine", "masculine", "masculine", "feminine", "masculine", "feminine", "masculine", "masculine", "mas..
$ homeworld <chir> "Tatooine", "Tatooine", "Naboo", "Tatooine", "Alderaan", "Tatooine", "Tatooine", "Tatooine", "Tatooine", "Stewjon", "Ta.
$ species <chr= "Human", "Droid", "Droid", "Human", "Human", "Human", "Human", "Droid", "Human", "Human", "Human", "Human", "Wookiee", _
§ films </757> <"The Empire Strikes Back", "Revenge of the 5ith", "Return of the Jedi", "A New Hope", "The Force Awakens"s>, <"The Emp.
$ vehicles  </7s7> <"Snowspeeder"”, "Imperial Speeder Bike">, <>, <>, <>, "Imperial Speeder Bike", <>, <>, <>, <>, "Tribubble bongo", <"Ze.
$ starships </7s57> <"X-wing", "Imperial shuttle">, <>, <>, "TIE Advanced x1", <>, <>, <>, <>, "X-wing", <"Jedi starfighter", "Trade Feder..

87 rows x 14 columns



Column operations



dplyr::select

* Adplyr function that selects (and optionally renames) variables in a
data frame

Example:
>starwars.cut <- select(starwars,c(1:6,8:10))  #dplyr

> starwars.cut <- starwars|[,c(1:6,8:10)] #base R



dplyr::select

Note: these are the same, though assignment operator (<-) preferred

>starwars.cut <- select(starwars,c(1:6,8:10))
>starwars.cut = select(starwars,c(1:6,8:10))

Note: these are NOT the same

>starwars.cut <- select(starwars,c(1:6,8:10))
>starwars_cut = select(starwars,c(1:6,8:10))



dplyr::select
starwars.cut <- select(starwars,name:homeworld)

starwars.cut < select(starwars,name:eye_color,sex:homeworld)

starwars.cut <- select(starwars,-birth_year,-species:-starships)



Can’t exactly remember how the function
works, key words, or options?

> ?select

oy
P

R: Keep or drop columns using their names and types ~  Find in Tepic

select {dplyr} R Documentation

Keep or drop columns using their names and types

Description
Select (and optionally rename) variables in a data frame, using a concise mini-language that
makes it easy to refer to variables based on their name (e.q. z.: £ selects all columns from =

on the left to £ on the right) or type (e.g. where (1s.numeric) selects all numeric
columns).

Overview of selection features

Tidyverse selections implement a dialect of R where operators make it easy to select
variables:

» : for selecting a range of consecutive variables
+ | for taking the complement of a set of varnables.
+ 5 and | for selecting the intersection or the union of two sets of vanables.
* c () for combining selections
In addition, you can use selection helpers. Some helpers select specific calumns:

s everythi - Matches all vanables.

* last col (] Select last vanable, possibly with an offset.

.
1

up cols () Select all grouping columns.

i)

Other helpers select variables by matching patterns in their names-
* starts with ()}~ Starts with a prefix
* ends with () Ends with a suffix.

= contains () Contains a literal string.



Practice and learn:

Create a small data set and play around with different options

Console  Terminal Render Background Jobs

R R433 - ~/Rintensive/
> example.data<-data.frame(cbind(c(C'A",'B", 'C"),c(1,2,3),c(0,NA,NA)D)
> example. data

X1 X2 X3
1 A 1 0
2 B 2 <NA>
3 C 3 <NA>
> select(example. data,l)
X1
1 A . . . .
2 B Looking for a variable name (column name) containing “3”,
3 C .
> select(example.data,1:2) not a value in the data set

X1 X2

A 1

B 2

C 3
select(example. data,contains ("3"))

X3

0

<NA>
<NA>

W R

W R



Example data set

>starwars.cut

B4 # A tibble: 6 x &

##  name height mass hair_color skin_color eye_color sex  gender homeworld
x <chra <int> <dbl> <chr> <chr> <chra <chr> <chr> <chr>

## 1 Luke Skyw~ 172 77 blond fair blus mala mascu~ Tatooinae
# 2 C-3P0 167 T8 <NA> gold yallow nona mascu~ Tatooine
8 3 R2-D2 96 32 <NA> white, bl- red none mascu~ Naboo

##t 4 Darth Vad~ 202 136 mone whita yallow mala mascu~ Tatooinae
#t#t 5 Leia Orga~ 150 49 brown light brown fema~ femin~ Alderaan
##t 6 Owen Lars 178 120 brown, gr- light blus mala mascu~ Tatooinae

A tibble 6x 9 —a tibble is a tidyverse data frame.
All dplyr verbs take a tibble as input



dplyr::mutate

* Used to replace/update the values of columns

Suppose we want to compute height in feet instead of meters
>mutate(starwars.cut, height.feet = height/30.48)

name height mass hair_color skin_color eye_color sex  gender homeworld height.feet
Luke sSk.. 172 77 blond fair bTue male mascu. Tatooine 5.64
C-3P0O 167 75 NA gold yellow none mascu.. Tatooine 5.48
R2-D2 a6 32 NA white, bl. red none mascu.. Naboo 3.15
Darth V. 202 136 none white yellow male mascu.. Tatooine 6.063
Leia Or.. 150 49 brown Tight brown fema.. femin.. Alderaan 4.92
Owen La.. 178 120 brown, gr.. Tight bTue male mascu.. Tatooine 5.84
Beru Wwh... 165 75 brown Tight bTue fema.. femin.. Tatooine 5.41
R5-D4 a7 32 NA white, red red none mascu.. Tatooine 3.18
Biggs D.. 183 84 black Tight brown male mascu.. Tatooine 6.00

5.97

Obi-wan... 182 77 auburn, w. fair bTue-gray male mascu.. Stewjon



Combining verbs with pipes (%>%)

>mutate(starwars.cut, height.feet = height/30.48)
Is the same as:
>starwars.cut %>% mutate(height.feet = height/30.48)

“take the starwars.cut data set then add a new variable with height in feet”

Why use pipes? It can make code easy to follow and can avoid repetitive typing of (for
example) the data frame name in every function

Shortcut to type %>%: CNTL+SHIFT+M



Combining verbs with pipes (%>%)

If we instead want to create a new data frame with height.feet
iIncluded:

> starwars.cut1 = starwars %>% mutate(height.feet = height/30.48)

We can now look on the top right (environment) to see this new data
frame



dplyr::rename, rename_with
* Changes the name of a column
>rename(starwars.cut1,eye.color=eye_color)

>starwars.upper <- rename_with(starwars.cut1,toupper)



dplyr::pull

Extracts a variable (column) as a vector

>pull(starwars.cut,height)

>pull(starwars.cut,?2)

> pull(starwars.cut,height)

[1] 172 167 96 202 150
[35] 224 2060 183 137 112
[69] 229 213 167 79 906
> pull(starwars.cut,2)

[1] 172 167 96 202 150
[35] 224 2060 183 137 112
[69] 229 213 167 79 906

178
183
193

178
183
193

165
163
191

165
163
191

97
175
178

97
175
178

133
130
216

133
130
216

182 188 180 228
178 94 122 163
234 188 178 206

182 188 180 228
178 94 122 163
234 188 178 206

180
188
NA

180
188
NA

173
198
NA

173
198
NA

175
196
NA

175
196
NA

170
171
NA

170
171
NA

180
184
NA

180
184
NA

66
188
165

66
188
165

170 183 200 190 177 175 180 150 NA &8 160 193 191 170 196
264 188 196 185 157 183 183 170 166 165 193 191 183 168 198

170 183 200 190 177 175 180 150 NA &8 160 193 191 170 196
264 188 196 185 157 183 183 170 166 165 193 191 183 168 198



Row operations



dplyr::arrange

* arrange orders the rows of a data frame by the values of selected
columns

Note: We can find more information using

?7?7dplyr::arrange (or ??arrange) to get relevant help pages



Example using arrange

> starwars.cut %>% arrange(desc(height))
> arrange(starwars.cut, desc(height))

The 87x9 tibble starwars.cut is to be sorted by height

name height mass hair_color skin_color eye_color sex gender homeworld
Yarael Poof 264 NA none white yvellow male mascul_. Quermia
Tarfful 234 136 brown brown blue male mascul._ Kashyyyk
Lama Su 229 88 none grey black male mascul. Kamino
Chewbacca 228 112 brown unknown blue male mascul._ Kashyyyk
Roos Tarpals 224 82 none grey orange male mascul._ Naboo
Grievous 216 159 none brown, white green, vellow male mascul. Kalee
Taun We 213 NA none grey black female femini. Kamino
Rugor Nass 206 NA none green orange male mascul._ Naboo
Tion Medon 206 80 none grey black male mascul._ Utapau

Darth vader 202 136 none white yvellow male mascul_. Tatooine



Example using arrange

* We can also sort by more than one variable
>starwars.cut %>% arrange(gender, desc(height))
which sorts by gender and then ascending height

> starwars.cut %>% group_by(gender) %>%
arrange(desc(height),.by_group=TRUE)

accomplishes the same thing



dplyr::filter

* used to subset a data frame, retaining all rows that satisfy your
conditions

e Useful functions:

* is.nal)
* between()
* near()



Examples using filter

> starwars.cut %>% filter(homeworld=="Naboo")

# A tibble: 11 x
name
<chir>
R2-D2
Palpatine
Jar Jar Binks
Roos Tarpals
Rugor Nass
Ric 0lié
Quarsh Panaka
Gregar Typho
Cordé
Dormé
Padmé Amidala

ﬁeight

<TIT >

96
170
196
224
206
183
183
185
i BT
165
165

mass

-;'.-_',-";f.? >

32
75
i)
82
NA
NA
NA
85
NA
NA
45

hair_color skin_color eye color sex gender
<chir <Chr> <chr:> <chr> <chr>

NA white, blue red none masculine
grey pale vellow male masculine
none orange orange male masculine
none grey orange male masculine
none green orange male masculine
brown fair hlue NA NA

black dark bhrown NA NA

black dark brown male masculine
brown Tight brown female feminine
brown Tight brown female feminine
brown Tight brown female feminine

homewor1d
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo
Naboo



Examples using filter

> starwars.cut %>%

== logical comparison to check equality, assignment uses =

filter(homeworld=="Naboo") %>%
filter(hair_color !="grey')

# A tibble: 9 x ¢
height

<THE>

name
<chr>

Jar Jar Binks
Roos Tarpals
Rugor Nass
Ric 0lié
Quarsh Panaka
Gregar Typho
Cordé

Dormé

Padmé Aamidala

196
224
206
183
183
185
157
165
165

mass
<db >
66
82
NA
NA
NA
85
NA
NA
45

Note we can use a double ("Naboo") or single
(‘'grey') quote interchangeably in R

hair_color skin_color eye_color sex gender homewor1d
<chr> <chr> <chr> <chr> <chr> <chr>
none orange orange male masculine Naboo
none grey orange male masculine Naboo
none green orange male masculine Naboo
bhrown fair blue NA NA Naboo
bhlack dark brown NA NA Nahboo
hlack dark brown male masculine Naboo
brown Tight brown female feminine Naboo
brown Tight brown female feminine Naboo
b rown Tight brown female feminine Naboo

More succinctly, we can type:
>filter(starwars.cut,homeworld =="Naboo" & hair_color !="grey’ )




Examples using filter

> starwars.cut %>% filter(height > 200 ) %>% filter(mass != ‘NA’)

# A tibble: 7 x 9

name height mass hair_color skin_color eye_color sex gender homewor 1d
<chir> int> <dbl> <chr> <chr> <chirs <chr> <chr> <chr>
Darth vader 202 136 none white vellow male masculine Tatooine
Chewbacca 228 112 brown unknown blue male masculine Kashyyyk
Roos Tarpals 224 82 none grey orange male masculine Naboo
Lama Su 229 88 none grey black male masculine Kamino
Grievous 216 159 none brown, white green, yellow male masculine Kalee
Tarfful 234 136 brown brown blue male masculine Kashyyyk
Tion Medon 206 80 none grey black male masculine Utapau



Grouping operations



dplyr::group_by

* Groups the data frame by a grouping variable(s). Becomes a
grouped tibble where operations are performed by group until it is
ungrouped

* NOT the same as sorting or dplyr::arrange

> group_by(starwars.cut1, gender)
> ungroup(starwars.cutl)



group_by

group_by(starwars.cutl, gender)

=V

+

+

=V OH

%

+

A tibble: 87

Groups : gender [3

.
1

name

Luke Skywalker
C-3PO

R2-D2

Darth vader
Leia Organa
Owen Lars

Beru Whitesun lars
R5-D4

Biggs Darklighter
0bi-wan Kenobi
nore rows

Use “print(n = ..

ungroup(starwars.cutl)

A tibble: 87

.
1
.
1
1

x 11
name

Luke skywalker
C-3P0O

R2-D2

Darth Vvader

Leia Organa

Owen Lars

Beru Whitesun Tlars
R5-D4

Biggs Darklighter
Obi-wan Kenobi

/7 more rows

Use “print(n = ..

= J

to

see

height mass hair_color
172 77 blond
167 75 NA
96 32 NA
202 136 none
150 49 brown
178 120 brown, grey
165 75 brown
97 32 NA
183 84 black
182 77 auburn, white
.)’ to see more rows
height mass hair_color
172 77 blond
167 75 NA
96 32 NA
202 136 none
150 49 brown
178 120 brown, grey
165 75 brown
97 32 NA
183 84 black
182 77 auburn, white

nore rows

skin_color
fair
gold

white, blue

white
Tight
Tight
Tight
white, red
Tight

fair

skin_color
fair
gold

white, blue

white
Tight
Tight
Tight
white, red
Tight

fair

eye_color birth_year sex

blue
yvellow
red
vellow
brown
blue

blue

red

brown
blue-gray

eye_color birth_year

blue
yvellow
red
yvellow
brown
blue

blue

red

brown
blue-gray

< r1h
~ LIS

19
112
33

41.

19
52
47
NA
24
57

i

19
112
33

41.

19
52
47
NA
24
57

7 i
I > <CArs>

male
none
none

9 male
female
male
female
none
male
male

sex

7 S -
<D > <Cfr>

male
none
none

9 male
female
male
female
none
male
male

gender
<chir>
masculine
masculine
masculine
masculine
feminine
masculine
feminine
masculine
masculine
masculine

gender
<chr>
masculine
masculine
masculine
masculine
feminine
masculine
feminine
masculine
masculine
masculine

homewor1d height.fegﬁ

Tatooine
Tatooine
Naboo
Tatooine
Alderaan
Tatooine
Tatooine
Tatooine
Tatooine
Stewjon

<

o

WIS Wbl s S wobnoen

)
W

10 1 -

.64
.48
.15
.63
.92
.84
.41
.18
.00
.97

homeworld height.feet

Tatooine
Tatooine
Naboo
Tatooine
Alderaan
Tatooine
Tatooine
Tatooine
Tatooine
Stewjon

<7

-

L1 Sh w b s O bnown

)
W

10 i -

.64
.48
.15
.63
.92
.84
.41
.18
.00
.97



dplyr::summarize

* Creates a new data frame.
* [t returns one row for each combination of grouping variables

Example with no grouping variable:
>starwars.cut %>%
mutate(height.feet=height/30.48) %>%

summarize(mean=mean(height.feet,na.rm=TRUE),
median=median(height.feet,na.rm=TRUE))

# A tibble: 1 x 2
mean median
{'{]'"ﬂ ;",-"-“ {'t?fi? ;'r...‘h
5.72 5.91



dplyr::summarize

Some basic statistics you may compute:

Objectve lFunction

Basic mean()
median()
sum()

variation sd()

IQR()
range min(), max()

quantile()



summarize

Compute the average height in feet by gender

# A tibble: 3 x 3
gender mean count

<chr> <dbl> <int>
> starwars.cut %>% masculine 3.79 66
NA 5.95 4

mutate(height.feet=height/30.48) %>%
group_by(gender) %>%
summarize(mean=mean(height.feet,na.rm=TRUE),
count=n())



mutate

Compute the deviation of each individual height (in feet) from the average for
their gender

> starwars.cut %>%
mutate(height.feet=height/30.48) %>%
group_by(gender) %>%
mutate(height.grp.mean=mean(height.feet,na.rm=TRUE)) %>%
mutate(height.dev=height-height.grp.mean) %>%
select(name,gender,height.feet, height.dev, height.grp.mean,)




mutate

A tibble: 87 x 5

Groups: gender [3]
name gender height.feet height.dev height.grp.mean
<chr> <chr> <db > <db 1> <db >
Luke skywalker masculine 5.64 -0.148 5.79
C-3PO masculine 5.48 -0.312 5.79
R2-D2 masculine 3.15 -2.64 5.79
Darth vader masculine 6.63 0.836 5.79
Leia Organa feminine 4.92 -0.482 5.40
Owen Lars masculine 5.84 0.0487 5.79
Beru whitesun lars feminine 5.41 0.0103 5.40
R5-D4 masculine 3.18 -2.61 5.79
Biggs Darklighter masculine 6.00 0.213 5.79
Obi-wan Kenobi masculine 5.97 0.180 5.79
#1 77 more rows

- -

i Use print(n = ...) to see more rows

.H



mutate

Also compute the deviation from the overall mean:

> starwars.cut %>%
mutate(height.feet=height/30.48) %>%
group_by(gender) %>%
mutate(height.dev=height.feet - mean(height.feet,na.rm=TRUE))%>%
mutate(height.grp.mean=mean(height.feet,na.rm=TRUE)) %>%
ungroup(gender) %>%
mutate(height.overall.dev=height.feet - mean(height.feet,na.rm=TRUE)) %>%
select(name,gender,height.feet,height.dev,height.grp.mean,height.overall.dev)



mutate

# A tibble: 87 x 6

name gender height.feet height.dev height.grp.mean height.overall.dev
Luke skywalker masculine 5.64 -0.148 5.79 -0.0774
C-3P0 masculine 5.48 -0.312 5.79 -0.241
RZ2-D2 masculine 3.15 -2.64 5.79 -2.57
Darth Vader masculine 6.63 0.836 5.79 0.907
Leia Organa feminine 4.92 -0.482 5.40 -0.799
Owen Lars masculine 5.84 0.0487 5.79 0.119
Beru wWhitesun lars feminine 5.41 0.0103 5.40 -0. 307
R5-D4 masculine 3.18 -2.61 5.79 -2.54
Biggs Darklighter masculine 6.00 0.213 5.79 0.284
Obi-wan Kenobi masculine 5.97 0.180 5.79 0.251
i 77 more rows

H=

i Use print(h = ...) to see more rows



Example

Output the count for each gender and eye color.

genaer eye_color count
feminine black 2
feminine blue b
feminine brown 5
feminine hazel 2
feminine red, blue 1
feminine wellow 1
masculine black 8
masculine blue 12
masculine blue-gray 1
masculine brown 15

# 1 13 more rows




Example

Output the count for each gender and eye color.

> starwars.cut %>%

group_by(gender, eye_color) %>% jf
summarize(count=n()) feninine
feminine
feminine

masculine black
masculine blue
masculine blue-gray
masculine brown

eye_Ccolor count

<chr> <Tnt>
black 2
blue b
brown 5
hazel 2
red, blue 1
vellow 1
8

12

1

15

# 1 13 more rows



Example

Select all gender=“feminine” individuals with height in feet greater
than the overall group average height and then summarize the
count in each homeworld for this subgroup

hame height mass hair_color skin_color eye_color hirth_year sex gender homeworld height.feet height.mean
Beru White. 165 75  brown 1ight hlue 47 fema.. femin.. Tatooine 5.41 5.40
Ayla Secura 178 55 none blue hazel 48 fema.. femin.. Ryloth 5.84 5.40
Adi Gallia 184 50  none dark hlue NA fema. femin.. Coruscant 6.04 5.40
Luminara U.. 170 56.2 hlack yellow hlue 58 fema.. femin.. Mirial 5.58 5.40
Barriss 0of.. 166 50 black yellow hlue 40 fema. femin.. Mirial 5.45 5.40 homeworTd count
Dormé 165 NA  brown 1ight hrown NA fema.. femin.. Nahoo 5.41 5.40
Zam Wesell 168 55 blonde fair, gre.. yellow NA fema. femin.. Zolan 5.51 5.40 Coruscant 2
Taun We 213 NA  none grey black NA fema. femin.. Kamino 6.99 5.40 Kamino 1
Jocasta Nu 167 NA  white fair hlue NA fema. femin.. Coruscant 5.48 5.40 Mirial 2
Shaak Ti 178 57 nhone red, blue.. hlack NA fema. femin.. shili 5.84 5.40 Naboo 2
Padmé Amid. 165 45  brown Tight brown 46 fema.. femin.. Nahoo 5.41 5.40 RyTloth 1
. Shili 1
Tatooine 1
Zolan 1



Example

Select all gender=“feminine” individuals with height in feet greater
than the overall group average height and present a table
summarizing the count of each homeworld in this subset

>starwars.cut %>%
filter(gender== 'feminine') %>%
mutate(height.feet=height/30.48) %>%
mutate(height.mean=mean(height.feet,na.rm=TRUE)) %>%
filter(height.feet > height.mean,na.rm=TRUE))




Merging data frames



dplyr::inner_join

Only keeps observations from data frame A if they have a match in
in data frame B. Unmatched observations from A or B are not kept

Example:
Namo | Wagolhr
m Age Joe 15
A = Joe 19 B: John 21
Jo 2 Jack 24
Jack 41 Ed 35

= 1nner_join(A,B,by="Name")
Name Age Wage
Joe 19 15
John 33 21
Jack 41 24

V0 O Y



dplyr::left_join and dplyr::right_join

A= Age > left_join(A,B,by="Name')

Joe 19 Name Age Wage
1 Joe 19 15
John 33 2 John 33 21
Jack 41 3 .]E.le -'-1-1 24
> right_join(A,B,by="Name")
Name Age Wage
1 Joe 19 15
B: e 15 3 Jack 41 24
4 Ed NA 35
John 21
Jack 24

Ed 35



Helpful online communities

R Studio
e https://forum.posit.co/

R
* https://stackoverflow.com/questions/tagged/R

Tidyverse:
* https://posit.co/resources/videos/a-gentle-introduction-to-tidy-statistics-in-r/

e https://dplyr.tidyverse.org/reference/mutate-joins.html



https://forum.posit.co/
https://stackoverflow.com/questions/tagged/R
https://posit.co/resources/videos/a-gentle-introduction-to-tidy-statistics-in-r/

BERD House

https://www.einsteinmed.edu/centers/ictr/biostatistics-
epidemiology-research-design-core/berd-house/

Main Site  Research Education Health FollowUss f ¥ © @ in
SENSEN Montefi
E 9 EINSTEIN Monteflore Overview Leadership Services Education Community Engagement Q

Albert Einstein College of Medicine

BERD House

Search Clinical Trials

The BERD House is an online biostatistics

resource managed by the BERD core. This : \ A‘ .
resource includes guidelines for preparing 3 a R 3

. - P N
a data set, statistical tools, links to statistics &l Blostatistics, e : ( Clte the CTSA
software, statistics training opportunities, ; Epidemiology,‘and . ) Ensure our resources are available for future
¢ L <~ ‘Research Désign Core research by citing the NIH CTSA grant.
and other statistics resources. : ' CLICK HERE TO LEARN MORE
Do i UM1TRO004400
\ : K12TR004411
T32TR004537

\

Getting started: Biostatistics support and guidelines
Tweets from

Who can | meet with to discuss my project? @EinsteinlCTR

The Division of Biostatistics offers biostatistics consulting and collaboration to enhance the quality and rigor of scientific
research conducted by investigators at Einstein and Montefiore. X

Biostatistics walk-in clinic:

Meet with a biostatistician without an appointment and obtain quick advice on your project. Al sl ® _ __ a._


https://www.einsteinmed.edu/centers/ictr/biostatistics-epidemiology-research-design-core/berd-house/
https://www.einsteinmed.edu/centers/ictr/biostatistics-epidemiology-research-design-core/berd-house/
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