Introduction



Welcome to class!

1. Introductions
2. Class overview
3. Getting R up and running
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[Photo by Belinda Fewings on Unsplash]
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https://unsplash.com/s/photos/welcome?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Before we start ..

Poll: How are you feeling right now?
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About Us
Carrie Wright (she/her)

Senior Staff Scientist, Fred Hutchinson Cancer Center
Associate, Department of Biostatistics, JHSPH

PhD in Biomedical Sciences

Email: cwright2@fredhutch.org Web: https://carriewrightll.github.io
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About Us
Ava Hoffman (she/her)

Senior Staff Scientist, Fred Hutchinson Cancer Center
Associate, Department of Biostatistics, JHSPH

PhD in Ecology

Email: ahoffma2@fredhutch.org Web: https://avahoffman.com
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About Us: TA
Elizabeth Humphries (she/her)

Staff Scientist, Fred Hutchinson Cancer Center
PhD in Molecular Epidemiology

Email: ehumphri@fredhutch.org
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About you!

Please introduce yourself on Slack!

https://daseh.slack.com/

7129


https://daseh.slack.com/

The Learning Curve

Learning a programming language can be very intense and sometimes
overwhelming.

We recommend fully diving in and minimizing other commitments to get the
most out of this course.

Like learning a spoken language, programming takes practice.

8/29



The Learning Curve

Learning R has been career changing for all of us, and we want to share that!

We want you to succeed - We will get through this together!
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What is R?

Ris a language and environment for statistical computing and graphics
developed in 1991

R is both open source and open development

[source: http://www.r-project.org/]
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http://www.r-project.org/
https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Open-source_software_development

Why R?

- Free (open source)

- High level language designed for statistical computing

- Powerful and flexible - especially for data wrangling and visualization
- Extensive add-on software (packages)

-+ Strong community
-.Q RLadies+

[source: https://rladies.org/]
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https://rladies.org/

Why not R?

Little centralized support, relies on online community and package developers
-+ Annoying to update

- Slower, and more memory intensive, than the more traditional programming
languages (C, Perl, Python)
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[source -School vector created by nizovatina - www.freepik.com]
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https://www.freepik.com/vectors/school

Introductions
What do you hope to get out of the class?

Why do you want to use R?

[Photo by Nick Fewings on Unsplash]
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Course Website
https://daseh.org/

Materials will be uploaded the night before class. We are constantly trying to
improve content! Please refresh/download materials before class.
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https://daseh.org/

Learning Objectives

- Understanding basic programming syntax

-+ Reading data into R

+ Recoding and manipulating data

+ Using add-on packages (more on what this is soon!)
- Making exploratory plots

- Performing basic statistical tests

+ Writing R functions

- Building intuition
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Course Format

ONLINE VIRTUAL COURSE

- Lecture with slides, interactive
- Lab/Practical experience

+ Two 10 min breaks each day - timing may vary
- June 8-18, 10:30am - 2:00pm PST on Zoom
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Course Format
IN-PERSON CODE-A-THON

- Mostly independent group work
- Frequent check-ins with instructors and other groups
-+ Some lectures about the practical aspects of coding

+ June 29 - July 1 (in person in Seattle)

Deadline for arranging travel assistance is June 18!
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Pulse Check Survey
https://forms.gle/3AAf2WstqVsuiM8V7

Let us know anonymously how you're doing with the material.

[source - Banner vector created by pch.vector - www.freepik.com]
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https://forms.gle/3AAf2WstqVsuiM8V7
http://localhost:3000/modules/Intro/%22https://www.freepik.com/vectors/banner%22

Homework

While we do have homework assignments on the course schedule, these are
strictly optional!l!

We encourage you to try the assignments, as the best way to get comfortable
with any programming language is through practice.
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Your Setup

If you can, we suggest working virtually with a large monitor or two screens.

This setup allows you to follow along on Zoom while also doing the hands-on
coding.

[source - reddit.com]
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Research Survey

We are collecting data about user experience with our course to learn more
about how to improve the data science education experience. This data may
ultimately be used for a research publication and reporting to the NIH.

https://forms.gle/t8yEYJYh7BuXtnFB7
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Where to find help



Useful (+ mostly Free) Resources

Found on our website under the Resources tab:

https://daseh.org/resources.html

- videos from previous offerings of the class

- cheatsheets for each class
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https://daseh.org/resources.html

Help!!
Error messages can be scary!

Check out the FAQ/Help page on the website: https://daseh.org/help.html

+Ask questions in Slack! Copy+pasting your error messages is really helpful!

We will also dedicate time today to debug any installation issues
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https://daseh.org/help.html

Using Al

Large Language Models (ChatGPT, Claude, etc.) can be useful for programming.
Specifically, they can help with:

- Writing or re-writing (refactoring) your code
- Annotation (code “notes”)

- Understanding unfamiliar code

Make sure to try coding on your own first (“programmer thinking”). Some
research suggests using LLMs can cause deskilling.

We will talk more about Al + programming during the codeathon.
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https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2026.1765692/full

Installing R

- Install the latest R version (4.6.0 (called ‘Because it was There’) as of April 24,
2026)

- Install RStudio
- R Tools Issue
More detailed instructions on the website.

RStudio is an integrated development environment (IDE) that makes it easier to
work with R.

More on that soon!
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https://daseh.org/docs/module_details/day0.html
http://cran.r-project.org/
https://www.rstudio.com/products/rstudio/download/
https://daseh.org/help.html#im-getting-an-error-related-to-something-called-rtools

Summary
0 Class Website - https://daseh.org/ - Logistics, resources, and help!

1 Research Survey - https://forms.gle/t8yEY]Yh7BuXtnFB7

0 Pulse Check - https://forms.gle/3AAf2WstqVsuiM8V7

Image by Gerd Altmann from Pixabay
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Workingin R

For now, we will be working in the Console (Pane 1)

XY RStudio
QO -0r - - # Go to file/function - Addins - & New_Folder ~
Console  Terminal Background Jobs = Environment  History Connections  Tutorial =

(R R4.2.2 - ~/Documents/ 2 H #*Import Dataset ~ % 87 MiB ~ 1’ List - -
R - 7} Global Environment ~

R version 4.2.2 (2022-10-31) -- "Innocent and Trusting"

Copyright (C) 2022 The R Foundation for Statistical Computing

Platform: x86_64-apple-darwinl7.@ (64-bit) Environment is empty

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. Pa ne 2
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors. Files o o e P == E e Lo =0
Type 'contributors()' for more information and © |Folder © BlankFile + © Delete < Rename {} ~
'citation()" on how to cite R or R packages in publications. 4 Home - Documents

A Name Size Modified
Type 'demo()' for some demos, 'help()' for on-line help, or ry
'help.start()' for an HTML browser interface to help. -
Type 'q()' to quit R.

Pane 3

Pane 1
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FYI: Changing R versions

Check your R version.
You might change it later today if you aren’'t up to date with us.

Go to Tools > Global Options > General. Next to “R version”, click Change, choose
the newest version from the list, click Apply, and restart RStudio. (1, 2, 3, 4)
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https://www.listendata.com/2015/08/how-to-update-r-software.html
https://bioinformatics.ccr.cancer.gov/docs/rtools/R%20and%20RStudio/2.6_switching_r_version/
https://r-coder.com/update-r/
https://www.wikihow.com/Update-R

R as a calculator

- The R console is a full calculator
- Try to play around with it:
- +,-,/,* are add, subtract, divide and multiply

- Nor **is power

parentheses - (and ) - work with order of operations

%% finds the remainder
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R as a calculator

Try evaluating the following. Type these in the Console and press return to
evaluate:

2 + 2
2 * 3/ 4
274 - 1

Why | have trust issues
s e '
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Basic terms: “object”

Object - an object is something that can be worked with or onin R - can be lots
of different things!

You can think of objects as nouns in R.

- avariable
- a dataset

- a plot

... many more
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Assigning values to objects

+You can create objects within the R environment and from files on your
computer

R uses <- to create objects (you might also see = used, but this is not best
practice)
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GUT CHECK: What is an “object™?

A. Something | can touch
B. Something that can be worked with in R

C. A software version
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Objects with text

Create objects with text using quotation marks:

y <- "hello world!"
y

[1] "hello world!"
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numeric vs. character classes?

We will talk in-depth about classes. For now:
numeric

Numbers

No quotation marks

2

character

+ Text with quotation marks

- Green lettering (default)

"hello!"
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Common issues



TROUBLESHOOTING: R is case sensitive

Object names are case-sensitive, i.e., X and x are different

X
[1] 2
X

Error: object 'X' not found
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TROUBLESHOOTING: No commas in big numbers

Commas separate objects in R, so they shouldn't be used when entering big
numbers.

7 <- 3,000

Error in parse(text = input): <text>:1:7: unexpected ',
1: z <- 3,
N
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TROUBLESHOOTING: Complete the statement

10 /

Error in parse(text = input): <text>:2:0: unexpected end of input
1: 10 /
N

+ indicates an incomplete statement. Hit “esc” to clear and bring back the >.

Console Terminal Render Background Jobs
‘R R4.2.2 - ~/Downloads/
= 18 7
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TROUBLESHOOTING: Zoom Quotation Marks

y <- “hello world!”

Error in parse(text = input): <text>:1:6: unexpected input
1: y <_ 11
N

Retype the quotation marks!

y <- "hello world!"
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Simple object practice

Try assigning your full name to an R object called name
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Simple object practice

Try assigning your full name to an R object called name

name <- "Ava Hoffman"
name

[1] "Ava Hoffman"
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Combining objects with c()

Use c () to collect/combine single R objects into a vector of R objects. It is mostly
used for creating vectors of numbers and character strings.

X <- c(1, 4, 6, 8)
X

[1] 1 4 6 8
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Combining objects with c()

Try assigning your first and last name as 2 separate character strings into a
vector called name2
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Combining objects with c()

Try assigning your first and last name as 2 separate character strings into a
vector called name2

name2 <- c("Ava", "Hoffman')
name2

[1] "Ava" "Hoffman"
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Basic terms: “function”

Function - a function is a piece of code that allows you to do something in R. You
can write your own, use functions that come directly from installing R, or use

functions from additional packages.
You can think of a function as verb in R.

A function might help you add numbers together, create a plot, or organize your
data.
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Using functions on our vector

- class() tells us what kind of values the object contains (numeric, character,
etc)

+ length() tells us how many elements.
name

[1] "Ava Hoffman"

class(name)

[1] "character"

X

[1] 1 4 6 8

length(x)

[1] 4
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GUT CHECK: What is a “function’?

A. a number or text
B. a button inside RStudio

C. code that does something
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Combining vectors

It's fine to combine vectors, but all values will end up with the same class!

vect <- c(name, Xx)
vect

[1] IIAva Hoffmanll l|1l| l|4l| "6" l|8l|
class(vect)

[1] "character"
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Practicing functions
What do you expect for the length of the name2 object?

What is the class?
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Practicing functions
What do you expect for the length of the name2 object?

What is the class?

length(name2)
[1] 2
class(name2)

[1] "character"
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Commenting in code

# creates a comment in R code

# 1 + 2 <- this does not get run

1 + 2 # <- this does

[1] 3
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Lab Part 1

- Assign values to objects with <- (new name on left side)

Use the c () function to combine text/numbers/etc. into a vector
- class() tells you the class (kind) of object

Use the 1length() function to determine number of elements

- # for comments or to deactivate a line of code

Just open up the file to see the questions for lab. More about the file type soon!

0 Lab
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https://daseh.org/modules/Basic_R/lab/Basic_R_Lab.html

Math + vector objects

You can perform math with vectors.

[1] 3 12 18 24
x +c(1, 2, 3, 4)

[1] 2 6 9 12
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Math + vector objects

But math can only be performed on numbers.

name2 + 4

Error in name2 + 4: non-numeric argument to binary operator
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Reassigning to a new object
Save these modified vectors as a new vector called y.

y <- X+ C(ll 2, 3, 4)
y

[1] 2 6 9 12

Note that the R object y is no longer “hello world!” - It has been overwritten by
assigning new data to the same name.
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Reassigning to a new object

Reassigning allows you to make changes “in place”

# results not stored:
x +c(1, 2, 3, 4)

# X remains unchanged, results stored in 'y :
Y <- X+ C(ll 2/ 3/ 4)

# replace "x° 1in place
X <- x +c(1, 2, 3, 4)
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R objects

You can get more attributes than just class. The function str () gives you the
structure of the object.

str(x)
num [1:4] 1 4 6 8

str(y)
num [1:4] 2 6 9 12

This tells you that x is a numeric vector and tells you the length.
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Basic terms: “argument”

Argument - what you pass to a function

+can be data like the number 1 or 20234
- can be options about how you want the function to work

+ separated by commas

Like an adverb.

34/43



Create vectors with seq()

For numeric: seq()

-+ The from argument says what number to start on.
-+ The to argument says what number to not go above.
-+ The by argument says how much to increment by.

+ The length.out argument says how long the vector should be overall.

seq(from = 0, to =1, by = 0.2)
[1] 0.0 0.2 0.4 0.6 0.8 1.0
seq(from = 0, to = 10, by = 1)
[1] © 1 2 3 4 5 6 7 8 910
seq(from = -5, to = 5, length.out = 10)

[1] -5.0000000 -3.8888889 -2.7777778 -1.6666667 -0.5555556 0.5555556
[7] 1.6666667 2.7777778 3.8888889 5.0000000
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Useful functions to create vectors rep()

For character: rep() can create very long vectors. Works for creating character
and numeric vectors.

The each argument specifies how many of each item you want repeated. The
times argument specifies how many times you want the vector repeated.

rep(WHAT_TO_REPEAT, arguments)

rep(c('"black", "white"), each = 3)

[1] "black" "black" "black" "white" "white" "white"
rep(c('"black", "white"), times = 3)

[1] "black" "white" "black" "white" "black" "white"
rep(c('"black", "white"), each = 2, times = 2)

[1] "black" "black" "white" "white" "black" "black" "white" "white"
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Creating numeric vectors sample()

You can use the sample () function to make a random sequence. The x

argument specifies what you are sampling from. The size argument specifies

how many values there should be. The replace argument specifies if values

should be replaced or not.

seq_hun <- seq(from = 0, to = 100, by = 1)

seq_hun

[1] © 1 2 3 4 5 6
[19] 18 19 20 21 22 23 24
[37] 36 37 38 39 40 41 42
[55] 54 55 56 57 58 59 60
[73] 72 73 74 75 76 77 78
[91] 90 91 92 93 94 95 96

y <- sample(x = seq_hun, size = 5, replace = TRUE)

Y
[1] 15 8 19 42 34
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Installing packages to do more!

Some functions and data come with R right out of the box (“base R”). We will add
more functionality with packages. Think of these like “expansion packs” for R.

Must be done once for each installation of R (e.g., version 4.2 >> 4.3).

An important package we will use is tidyverse. It is a mega-package great for
data import, wrangling, and visualization.

install.packages('"tidyverse")
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Loading packages

After installing packages, you will need to “load” them into memory so that you
can use them.

This must be done every time you start R.

We use a function called 1library to load packages.

library(tidyverse)
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Installing + Loading packages

install.packages("light") 1library("light")

Images sourced from https://www.wikihow.com/Change-a-Light-Bulb
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RStudio Shortcuts

Windows Mac

Insert assignment operator (<-) Alt+- Option+-

More soon! See shortcuts here.
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https://support.posit.co/hc/en-us/articles/200711853-Keyboard-Shortcuts-in-the-RStudio-IDE

Summary

R functions as a calculator

Use <- to save (assign) values to objects. Reassigning allows you to make
changes “in place”.

Use ¢ () to combine into vectors
- length(), class(), and str() tell you information about an object

+ The sequence seq() function helps you create numeric vectors (from,to, by,
and length.out arguments)

+ The repeat rep() function helps you create vectors with the each and times
arguments

sample() makes random vectors

install.packages() and library() install and load packages, respectively.
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Summary
1 Class Website

] BasicR Lab

0 Day 1 Cheatsheet

Image by Gerd Altmann from Pixabay
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Working with R - RStudio
RStudio is an Integrated Development Environment (IDE) for R it helps you:

- Write code - makes suggestions

- View the output of your code, including plots

- Find errors
@Studid

RStudio used to be the name of a company that is now called Posit.

-+ Manage files

- View documentation

[source]
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https://www.rstudio.com/
https://posit.co/

RStudio

First it is important to be familiar with the layout. When you first open RStudio,
you will see 3 panes.

XX ) RStudio
QO -0r - - A Go to file/function - Addins - & New_Folder ~
Console  Terminal Background Jobs = Environment  History Connections  Tutorial —x

(R R4.2.2 - ~/Documents/ = BH #*Import Dataset ~ % 87 MiB ~ !’ List - -

R - 7} Global Environment ~

R version 4.2.2 (2022-10-31) -- "Innocent and Trusting"
Copyright (C) 2022 The R Foundation for Statistical Computing

Platform: x86_64-apple-darwinl7.@ (64-bit) Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. Pa ne 2

Type 'license()' or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors. Files o o e P == E e Lo =0
Type 'contributors()' for more information and © |Folder © BlankFile + © Delete < Rename {} ~
'citation()" on how to cite R or R packages in publications. 4 Home - Documents

A Name Size Modified
Type 'demo()' for some demos, 'help()' for on-line help, or ry
'help.start()' for an HTML browser interface to help. -
Type 'q()' to quit R.

Pane 3

Pane 1
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Hidden Pane

To save a copy of your code. You must open a file first - this will open a 4th pane.
These files include Scripts or what are called R Markdown files.

-OR P H B = » Go to file/functi

R Script {+3N

1Y
y
|

Quarto Document...

Quarto Presentation...
12 R Notebook /
® R Markdown...
R Shiny V Create a new R Markdown document

Plumber API...

@
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Hidden Pane

You will see a popup that you can just say “OK” to for now.
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Hidden Pane

Nice! now we have a place to save code! This is where we will mostly be working.

Tools_for_Reproducible_Workflows_in_R - fstudio - RStudio

[+ : Go to file/function 5 - -~ Addins ~ % Tools_for_Reproducible_Workflows_in_R =

@ | Untitled1* = Environment History Connections Build Tutorial —(=
KnitonSave , Cf .& Knit - i@ - ~*Run » | G~ i # Import Dataset ~ % 99 MiB ~ & List ~ -

Source = Visual Outline R =~ 7} Global Environment ~

1 -
title: "Untitled"
author: "" Environment is empty
date: ""

output: html_document N ew Pa ne !

Pane 2

“""{r setup, include=FALSE}
knitr::opts_chunk$set(echo = TRUE)
Files Plots Packages Help Git Viewer Presentation = [

## R Markdown © Folder © BlankFile - © Delete . Rename & {J} -

/i\_ Home - Documents - Roger - New_Folder
A Name Size Modified

T .

This is an R Markdown document. Markdown is a simple formatting syntax for
authoring HTML, PDF, and MS Word documents. For more details on using R
Markdown see <http://rmarkdown.rstudio.com>.

Console  Terminal Background Jobs —[E=

R R4.2.2 . ~/Documents/Roger/Tools_for_Reproducible_Workflows_in_R/

Pane 3

R version 4.2.2 (2022-10-31) -- "Innocent and Trusting”
Copyright (C) 2022 The R Foundation for Statistical Computing Pane 1

Platform: x86_64-apple-darwinl?.® (64-bit) R
squished

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions. down

Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
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Working with R in R Studio - 2 major panes:
1. The Source/Editor:

- Static copy of what you did (reproducibility)
- Top by default

+ Saves your code

2. The R Console:

- Try things out interactively, then add to your editor
+ Good for installing packages

- Bottom by default

- Doesn’t save your code
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RStudio

Super useful “cheatsheet”: LINK

Write Code

Mavigate Openinnew Save Findand Compileas Run

R Support

Importdata Historyofpast  Display .RPres slideshows

tabs window replace notebook  selected with wizard commandsto  File> New File >
: o code 1 lrun,fcnp}.f R Pm_sentatinn
@ File _:';ﬂl: m.l_.-"-u\w Paaits: s-mnu- Build ___n';img Toals mlp‘ ’ [ garreit (= Sessions= ] @
t?:;" g. i furct H- L. s ; b DEchearshees » R 3237 -
@ mmﬁ.nm.d"‘ #jappk = 9] s_;fi;.: = =1 Environmest m-m Suikd it Presesiation = =0
5 ] || Source on Save CL Ll .I _-th_il:[___ te | SEUTEE = & i.].__ﬁ'fmwrrbmmt— }'___. Umte | (B
1 |# Good Start. | R E -?cunw:n;;-'&r'.;;.'.;.}::--.,_l T
2 : Cursors of Re-run " Source with or  Show file | Load i Save Delete all Search inside i :
i “shared users  previous code  without Echo  outline workspace iworkspace saved objects  environment . ;
I — Multiple cursors/column selection Chaose environment to display from Display objeéts
6 "PB@3sac1” with Alt + mouse drag. list of parent environments aslistor grid
7 "Pad3aaaz” ded h h Data
i "P@@ICA01” Code diagnostics that appear in the margin. =~ " .
9 “pe@3eses” Hoveroverdiagnostic symbols for details, | 1™ e i
10 e . . X a 1
n Syntax hﬁhlllghtmg based | o tions
e gEt_dig'i.t < function() { On your Tile s extension foo function (x)

£13  ("num” %% (18 A n)) Tab completion to finish
b14 wEQBA(M-1) L function names, file paths,

'3:: H e arguments, and maore.
17 fo L Multi-language cade
i; ' snippets to quickly use
2 | force - commoen blocks of code.
21 Jump to function in file Change file type
2z :

Ll (Top Level £ R Seript £
Consele  Compile POF « R Markdown » _!_:
IDEcheatsheet, 2 om,.,

’E,l{u;(n T Working Maximize,
s | Foo <= function{x} x + 1 Directory minimize panes
2

Press 4 to see Drag pane -
command history  boundaries

Displays saved objects by Viewin data View function

type with short description viewer source code
Files  Flots  Packages Help  Viewer =1
Qb Folder 9 Ugload | @ Delete (= Rerame (¥ More -
I Home | IDEcheathest Cony.. -
= hame | Mo, !
: H : : Export...

Create | Upload Delete Rename | seasworungorsann| Change
folder | file file file fin To Warking Deecteny] directory

Path to displaved directory
t .

21 hello.R 158 Apr 13, 2006, 11:17 AM

A File browser keyed to your working directory.
Click on file or directory name to open.
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https://raw.githubusercontent.com/rstudio/cheatsheets/main/rstudio-ide.pdf

R Markdown files look different from scripts

It will look like this with text in it.

[ NON ) intro_to_r - rstudio - RStudio
LI+ ) - i1 B A Coto file/ function E - = Addins = £l intro_to_r =
I= Untitledl = Envireonment Histery Connections Build Git  Tuterial = ]
H Y S| o Knit - - *[ insert = =+ Rkun = | ‘- = = =+ 4 # Import Dataset = | & List = -
1 - 7} Global Envirenment =
2 title: "first_morkdown"
3 owtput: html_document
4 -
5 Environment s empty
6~ T {r setup, include=FALSE} ¥
7 knitr::opts_chunkiset{echo = TRUE}
ga o
9
18 = #& R Morkdown
11
12 This is an R Markdown document. Markdown is o simple formotting syntox for
authoring HTML, PDF, and M3 Word documents. For more detoils on using R
Markdown see <http.//rmorkdosn.rstudio. coms. Files Plots Packages Help Viewer = ]
13 O Wew Folder | © Delete = Rename | {JF More -
14  When vou click the **Enit** button a document will be generated that includes — "
both content as well as the output of any embedded R code chunks within the LI a7 Home - Documents - GitHub — Teaching - intra_to_r
document. You con embed on R code chunk like this: = LV Size Modified
17 Tt .
16= """{r carsk . - -
223 | @ frst_markdown 3 R Markdown : | — ‘¥ .gitignore 245 8 May 18, 2021,
Ll Rbuildignore 16 B May 18, 2021,
Console  Terminal Jobs = ] -
Ll Rhistory 43 B Jum 10, 2021,
= Documents / GitHub Teaching fintro_te_ry . )
T T A e T e e S R R S T T S R T G R ST ) m eravis.yml GEG B Jum 9, 2021,
Type "license(}’ or 'licence()" for distribution details. 0 all_functions.xlsx 13.4 KB Jun 8, 2021,
Matural language support but running in on English locale o all_the_functions.csv 57.3KE Jum &, 2021,
[ all_the_packages.txt Z211E May 18, 202
R is o collaborative project with mony contributors. O )
Type '"contributors()' for more informotion ond B Arrays_Spiit
‘citotiond)' on how to cite R or R packoges in publications. Ll Basic_R
] Best Model Coefficients.csy LETER May 18, 202
Type 'demo()' for some demos, “help()® for on-line help, or . - - _ ¥
'help.start{)" for an HTML browser interface to help. U Best_Made|_Coefficients.xlsx J.EKE May 18, 202
Type 'q()' to quit R. [ bibliography.bib 530 B May 18, 202
N [C1 =" black_and_white_theme.pdf 45.1KE May 18, 202
M B hinnmbaes lnan small barisan IC A VD Maws 1@ 3N
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Scripts will just be empty

0@
l-lex- B B oa % spant ~

~/Dropbox/Packages/spant - master - RStudio

37 Untitled1
Sourceon Save = & /-

1:1 (Top Level) =

Console ~/Dropbox/Packages/spant/

You are welcome to redistribute 1t 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 HTML browser interface to help.
Type 'q()' to quit R.

> |

R Script =

=

Environment History Build Git |
=4 [ #Import Dataset + = 3" List » (=
"} Global Environment -
Environment is empty
Files Plots Help Viewer -]
@ New Folder | € | Delete (| Rename = ik More ~ 5
/.\ Home ~ Dropbox ~ Packages ~ spant R
A Name Size Modified

t.

] .gitignore 46 B May 23, 2017, 1:32 PM
- 1 .Rbuildignore 189 B May 23, 2017, 1:32 PM
| ] .Rhistory 8.6 KB Jun 16, 2017, 2:42 PM
) ) .travis.yml 372B Jun 7,2017, 12:02 PM
| mo] cran-comments.md 242 B Jun 7,2017, 12:02 PM
)l data
| 7 DESCRIPTION 952 B Jun 16, 2017, 2:22 PM
1 inst
1 man
1 ] NAMESPACE 2.2 KB Jun 16, 2017, 2:22 PM
1 mo] NEWS.md 732 B Jun 16, 2017, 2:22 PM
) @eR
| = README-basis_sim-1.png 41.9 KB Jun 16, 2017, 2:22 PM

10/43



Scripts and R Markdown

Although people will use scripts often, and they are good for more programmatic
purposes, we generally don't recommend them for analysis.

For data analyses, R Markdown files are generally superior because they allow
you to check your code and write more info about your code.
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Workspace/Environment

[ JON ) ~/Dropbox/Packages/spant - master - RStudio

Ql-lcs- 6B B %v o=l ~| Addins ~ i spant ~
@] Untitled1 | Envibnment History Build Git [
a1 | 3 SourceonSave = O /- i | - ~#Run %% | “Source =~ /7 |- Import Dataset + | 3" ist ~ | (=
1 | "} Global Environment -
Environment is empty
Files Plots -]
@ New Folder € | Delete (| Rename = ik More ~ s
/.\ Home ~ Dropbox ~ Packages ~ spant R
A Name Size Modified
t.
1:1 (Top Level) = R Script = ¥ .gitignore 46 B May 23, 2017, 1:32 PM
Console ~/Dropbox/Packages/spant/ iy =) - 1 .Rbuildignore 189 B May 23, 2017, 1:32 PM
You are welcome to redistribute 1t under certain conditions. ] .Rhistory 8.6 KB Jun 16, 2017, 2:42 PM
Type 'license()' or 'licence()' for distribution details. T travis.yml 3728 Jun 7, 2017, 12:02 PM
Natural language support but running in an English locale | m] cran-comments.md 2428 Jun7,2017, 12:02 PM
)l data
R is t'z collgbor‘atlve'pr‘OJect w1.t':h many @ntr‘lbutor‘s. 1 #9 DESCRIPTION 9528 Jun 16, 2017, 2:22 PM
Type 'contributors()' for more information and R
'citation()' on how to cite R or R packages in publications. [ inst
] man
Type 'demo()' for some demos, 'help()' for on-line help, or — N )
'help.start()' for an HTML browser interface to help. B LJ NAMESPACE 2.2 KB Jun 16, 2017, 2:22 PM
Type 'q()' to quit R. mo] NEWS.md 7328 Jun 16, 2017, 2:22 PM
O @R
> .
l 55| README-basis_sim-1.png 41.9 KB Jun 16, 2017, 2:22 PM
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Workspace/Environment

- Tells you what objects are in R

-+ What exists in memory/what is loaded?/what did | read in?

History

- Shows previous commands. Good to look at for debugging, but don’t rely on
it.
Instead use RMarkdown!

- Also type the “up” key in the Console to scroll through previous commands
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Lower right pane

- Files - shows the files on your computer of the directory you are working in
- Help - shows help of R commands

- Plots - pictures and figures
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RStudio Layout

If RStudio doesn't look the way you want (or like our RStudio), then:

Click on the pane button, which looks like a waffle with 4 indentations. Scroll
down to “Pane Layout”.

® O
CE QR ™ = #» Go to file/function ~  ~ Addins ~
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Default Layout

Options

LT; General
= Code
> Console

-ﬂ Appearance
~ Pane Layout
| Packages

R Markdown

!’ Python

@ sweave

ABC

v Spelling

W Git/suN

"5;- Publishing

- Terminal

6 Accessibility

Choose the layout of the panels in RStudio by selecting from the controls
in each panel. Add up to three additional Source Columns to the left side
of the layout. When a column is removed, all saved files within the column

are closed and any unsaved files are moved to the main Source Pane.

& | Add Column

| Source

| Environment, History, Connections, v

V| Environment

V| History
Files
Plots

| Connections
Packages
Help

V| Build
VCSs

| Console

Files, Plots, Packages, Help, VCS, v |

Environment
History
V| Files
V| Plots
Connections
| Packages
v/ Help
Build
v/ VCS

OK Cancel Apply
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Let's take a look at R Studio
ourselves!



R Markdown file

R Markdown files (.Rmd) help generate reports that include your code and
output.

1. Helps you describe your code
2. Allows you to check the output
3. Can create many different file types

You may have also heard of quarto which does something similar.
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Code chunks

Within R Markdown files are code “chunks”.

This is where you can type R code and run it!

e cars} .

summary( cars ) Files Plots

fﬂun Eurr&nt Chunk g
eE—

. ] #3%
- ## Including Plots _| {at Home

& Man
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Run code in a chunk
Clicking the run (play) button runs the code in the chunk.

P cars) =k

summary [ cars )

Files Flots

fﬂun Current Chunk E
=L
] {3 Home

& Man

#¢ Including Plots

Ctrl + Enter on Windows or Command + Enter on Mac in your script
evaluates that line of code
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Running a chunk executes the code

- Generally see a preview of the output of the code just below the chunk
- See the code in the console
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If you get annoyed by code previews in Markdown files...

See the Help page of the website. You can adjust this and change your RStudio
settings:

Tools > Global Options > R Markdown
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https://daseh.org/help.html

Knit file to html

Running all chunks - this will create a report from the R Markdown document!
Note that it can’t use anything not included in the file, it can't use objects in your
environment that you were modifying interactively.

®C@®
Voo O T A Coto file/function
= Untlitled1
H Y A | e ket - - 2
%' j @ Knit to HTML

3 = Knit to PDF
4 = < W Knit to Word

Knit with Parameters...
Knit Directory LS

f Clear Knitr Cacha...

18 = ## R Markdown

11

12 This 1s an R Markdown document. Markdown is
authoring HTML, PDF, and M3 Word documents.
Markdown see <htto://rmarkdown.rstudio. coms

(= - R s LR
=
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Nice report!

This generates a nice report that you can share with others who can open in any

browser.
L NN
Untitled.html Open in Browser Find

Untitled

Your Name
2023-03-29

R Markdown

This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS Word documents. For more details

~/Documents/Roger/New_Folder/Untitled.html

on using R Markdown see http://rmarkdown.rstudio.com.

When you click the Knit button a document will be generated that includes both content as well as the output of any embedded R code chunks

within the document. You can embed an R code chunk like this:

summary(cars)

speed

A

## Min. : 4.
## 1st Qu.:12.
## Median :15.
## Mean :15.
## 3rd Qu.:19.
## Max. :25.

o o & O O O

dist
Min. : 2.
1st Qu.: 26.
Median : 36.
Mean : 42,
3rd Qu.: 56.

Max. :1120.

Including Plots

You can also embed plots, for example:

00
00
00
98
00
00

“5, Publish ~
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Create Chunks

To create a new R code chunk:

Use the insert code chunk button at the top of RStudio.

@ RStudio.Rmd ]
- A KnitonSave |, (O & Knit -  ~ o - #Run ~ | ‘5. ~

Source Visual / = Outline

Select R (default) as the language:

-|- -

| R \
Bash e

D3
Python
Recpp
SQL

Stan

(@

e®mEP®eE
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Create Chunks
If you like keyboard shortcuts:

- Windows & Linux use Ctrl+Alt+]

+ Mac use Command+Option+l

| is for insert.
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Run previous chunks button

You can run all chunks above a specific chunk using this button:

U r, out.width = "8@%", echo = FALSE, fig.align='center'} =
knitr::include_graphics("images/chunk.png") T
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Errors

R studio can help you find issues in your code. Note that sometimes the error
occurs earlier than RStudio thinks.

265

266~ " {r}
(X 267' class(er))
268 ~ 7

Error: unexpected ')' in "class(er))"
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Recap of where code goes

You can test code in the console

Console Terminal Render Background Jobs

R R4.2.2 . ~/Documents/GitHub/Teaching/intro_to_r/

>
> class(iris)

You can save code in a chunk in the editor (Markdown file)
## R Markdown

Code does not go here and instead goes within the grey chunks like this:

““{r} =z

summary(cars)
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Getting help from the preview

When you type in a function name, a pop up will preview documentation to help
you. It also helps you remember the name of the function if you don't remember

all of it!

2 The'

> class haser | class(x) n

> B class Object Classes i

> -~

] class<- {base} |Rpossesses asimple generic function mechanism which can be \
used for an object-oriented style of programming. Method {

1 classesToAM {methods} dispatch takes place based on the class of the first argument to the

> @ classlInt:: generic function. |

7 classLabel {methods}t | Press F1 for additional help I

> -

] classMetaName  {methods} Main

> class —— Othe

> The 'tidyverse

7 read_builtin {readr} |read_csv(file, col_names = TRUE, col_types = NULL, :a

> . col_select = NULL, id = NULL, locale = n

d_chunk knit - . ’

> reac_chtin tknitr} default_locale(), na = c("", "NA"), quoted_na = m

, ~ read_csv {readr} TRUE, quote = "\"", comment = "", trim_ws = TRUE, aC

> read_csv2 {readr} skip = @, n_max = Inf, guess_max = min(1000, 2’

SIS d 2 chunked d n_max), name_repair = "unique", num_threads =

N read_csve_chunke ireadr} readr_threads(), progress = show_progress(),

g read_csv_chunked {readr} show_col_types = should_show_types(),

, ¢ read_delinm {readr} | press Fl foraddiionalhelp 7 77 H

> read_| Other contribu
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Get help with the help pane
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Getting Help with ?

If you know the name of a package or function:

Type ?package_name or ?function_name in the console to get information

about packages and functions.

For example: ?readr or ?read_csv.

Console  Terminal Render Background Jobs — ]

R R4.2.2 - ~/Documents/GitHub/Teaching/intro_to_r/

7class

VV V V V YV V VYV YV V VYV Y VVVY YV VVYVYVYV

Files Plots Packages Help Git Viewer Presentation -

\,—‘L\/Q’

R: Object Classes ~  Find in Topic

class {base} R Documentation

Object Classes

Description

R possesses a simple generic function mechanism which can be used for an
object-oriented style of programming. Method dispatch takes place based
on the class of the first argument to the generic function.

Usage

class(X)

class(x) <- value

unclass(x)

inherits(x, what, which = FALSE)
isa(x, what)
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Double Question Mark

If you haven't loaded a package yet into R than you may get a response that
there is no documentation.

Typing in ??package_name can show you packages that you haven't loaded yet.

Console Terminal Render Background Jobs =M
R R4.2.2 . ~/Documents/GitHub/Teaching/intro_to_r/ Files Plots Packages Help Git Viewer Presentation —l
>
S R Q : |
S R: tidyverse: Easily Install and Load the 'Tidyverse' ~  Find in Topic
: tidyverse-package {tidyverse} R Documentation
>
o tidyverse: Easily Install and Load the
> ?class
1 H 1
> 7tidyverse T|dyverse
No documentation for ‘tidyverse’ in specified packages and libraries:
you could try ‘??tidyverse’ Description
> ?7tidyverse
> library(tidyverse) The 'tidyverse' is a set of packages that work in
— Attaching packages tidyverse 1.3.2 — harmony because they share common data
v ggplot2 3.4.0 v dplyr 1.0.10 representations and 'API' design. This package is SR s e’
v tibble 3.1.8 v stringr 1.5.0 designed to make it easy to install and load multiple Pty eett ity
s tidyr 1.2.0 , forcats 0.5.1 ‘tidyverse' packages in a single step. Learn more abot tldyverse
v purrr 1.0.0 the 'tidyverse' at https://www.tidyverse.org. SR e et
— Conflicts tidyverse_conflicts() —

% dplyr::filter() masks stats::filter(Q) Author(s)

% dplyr::lagQ) masks stats::1lagQ)
> ?tidyverse
>

Maintainer: Hadley Wickham hadley@rstudio.com

Other contributors:
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Gut Check

Why are R Markdown files so useful?

1. They let you test your code

2. They let you view the output of your code
3. They let you generate cool reports

4. All of the above
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Gut Check

Where does code go typically in an Rmd file?

A

“{r} A
B
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Gut Check

Which button do you click to run the code in a current chunk?

i EI

library(tidyverse) A B
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Lab: Getting started

To do this lab we need to:

- Download the file at the on next slide by clicking on it or go to the website
schedule page

- Find the downloaded file on your computer

+ Open the file in RStudio (double clicking the file name typically works,
otherwise right click)

- Might need to restart RStudio

These videos can help if you aren’t sure where your downloads are:
If you have a PC: https://youtu.be/webvwB7DsNU

If you have a Mac: https://www.youtube.com/watch?v=Ao09e0cDzMrE

You can find these on the resource page of the class website.
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https://youtu.be/we6vwB7DsNU
https://www.youtube.com/watch?v=Ao9e0cDzMrE

Summary

+ RStudio makes working in R easier

- The Editor (top) is for static code like scripts or R Markdown documents
+ The console is for testing code (bottom) - best to save your code though!
- Rmarkdown documents are really helpful for lots of reasons!

R code goes within what is called a chunk (the gray box with a green play
button)

+ Code chunks can be modified so that they show differently in reports

0 Class Website. [ Lab.[ Posit Cheatsheet.l Day 1 Cheatsheet.

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules/RStudio/lab/RStudio_Lab.Rmd
https://raw.githubusercontent.com/rstudio/cheatsheets/main/rstudio-ide.pdf
https://daseh.org/modules/cheatsheets/Day-1.pdf
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
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Chunk settings

P

Please click here to update the s

_— F
Chunk Name: |[Jnnamed chunk
Output: ' Show output only =

(LD Show warnings

(L D) Show messages

([ 1) Use paged tables

(J) Use custom figure size

7' Chunk options

Rewert

Apply

red t

e le

LI s |

g Ut Home

Documents  GitHub
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Chunk settings

You can specify if a chunk will be seen in the report or not.

Please click here to update the

| h
. - rec
Chunk Name: |Unnamed chunk |
Qutput: ' Show output only v e
() Show wary_(Use document default)
Show output only

©D Show mes Show code and output -~
(L) Use paged show nothing (run code) =
(1) Use custol Show nothing (don't run code) o

?) Chunk options VTR RERIY-

a | |t Home Documents GitHub = Tea
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Sometimes you want to hide your code

If you want to keep your code so people can see it if they want to there is a nice
option called code folding - check it out here:

https://stackoverflow.com/questions/69326576/show-output-but-hide-code-
when-sending-rmd-to-other-people
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https://stackoverflow.com/questions/69326576/show-output-but-hide-code-when-sending-rmd-to-other-people

Rainbow Parentheses
Tools —> Global Options -> Code -> Display —> Use rainbow parentheses

This can help you see your code more easily.

Press enter to save this setting and get out of this menu.
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Reproducibility



What is Reproducibility

Photo by Simone Secci on Unsplash

Patil, Peng, Leek (2016) https://www.biorxiv.org/content/10.1101/066803v1

Content adapted from Candace Savonen.
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https://www.cansavvy.com/

informative for the ongoing research in my field.

My data analysis is showing a pattern that is very S H,.,

Variable B

Variable A

dddddIdDD
eamlddddd

Ruby the Researcher

Image created by Candace Savonen using Avataars.
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Repeatable: keeping everything the same but repeating the analysis -
do we get the same results?

Ruby the
Researcher

Image created by Candace Savonen usi

ing Ava:

taars.

Code

<[>

Data

Variable B

Variable A
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Reproducible: using the same data and analysis but in the hands of another
researcher - do we get the same results?

Ruby the Avi the ?

Researcher Associate °

Code Data Results

<[>

Variable B
°
o \o
e\® o
°
°

Variable A

Image created by Candace Savonen using Avataars.
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Replicable: with new data do we obtain the same inferences?

Ruby the Avi the
Researcher Associate

Same Code New Data

?

<[>

Image created by Candace Savonen using Avataars.

Variable A and
B are positively
correlated
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Reproducibility vs Repeatability vs Replicability

Replicability

new researcher, new data

Repeatability

same researcher, same data

Based off of a figure from Essawy et al, 2020 https://doi.org/10.1016/j.envsoft.2020.104753
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Why Reproducibility is important...

Ruby’s code
and data
> i
Variable A Variable A
ddddldIdDD ddddldIDD
adddddd D adddddd b

Image created by Candace Savonen using Avataars.
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We can't get to replicability without reproducibility

Just because something is
reproducible doesn't mean it

IS correct. \
But it is a necessary step to

help check for correctness
and get to replicability.
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It's worth the wait

Reproducibility is a tortoise’s

game - it's an incremental and
slow process but it has high \

payoffs!

g0 &
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Reproducibility can also be for your future self!

Now Ruby Future Ruby
Ruby’s code Ruby’s code
<P <P
~ NG
[ J [ ]
~\

ddddAdIAID dddIdIIAID
alddddd D edddddd D
Dt D Dt A D

Image created by Candace Savonen using Avataars.
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The process

Step 1) Get your code to work once

Step 2) Get your code to work reliably for you \

\

Step 3) Get your code to work for someone else
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R Markdown

R Markdown notebooks are a handy \

tool for reproducibility!
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R Markdown lets you test your work

Working from this notebook allows me to RMarkdown is conducive to

interactively develop on my data analysis and interactive development!
write down my thoughts about the process

allin one place!

-
ddddIdIDD
—dddddd D
- B B
Ruby the
Researcher

Image created by Candace Savonen using Avataars.
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R Markdown allows you to more clearly show what you did

This is so easy to follow and
read, even though | didn’t
write the code. Thanks for
sharing your exciting results!

S

Avi, here’s some output from
this scientific notebook I've
been developing from!

dddIIIDID
edddddd D

Ruby the
Researcher RMarkdown creates easily Associate

shareable output!

Avi the
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R Markdown makes it easier to update code and see results

Yay! | just got the data for 5 more samples. Because of my
handy notebook set up, | can easily call one command and

re-run the analysis so it is updated with the new samples
included!

dddIdIIAIID
adddddd D

Ruby the -
Researcher RMarkdown is handy for

creating updateable reports!
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Clean your environment

Regularly cleaning your environment and trying your code again, can help ensure
that your code is running as expected.

Occasionally we might forget to save a step of our code in our R Markdown file
that we ran only in the console. This will help us figure that out.

Environment History Connections Build Tutorial - |

“% |J #Import Dataset ~ % 492 MiB ~ ¥ / List ~  (C

R -~ (7} Global Environment ~ tchlzamr::rlijses;i;mm

Data

@ avg 1243 obs. of 6 variables

@ iristest 150 obs. of 5 variables

@ long 13752 obs. of 6 variables

Values
cats Factor w/ 4 levels "1","2","3","4": 1 2 3..
fact_qual Factor w/ 3 levels "poor","fine",..: 3 1 2
fFrartnnr Fartnr w/ 2 Tavale "fFina" "AnnA" - 2.1 2
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Check if your file knits regularly

Regularly checking if your file knits will help you spot a missing step or error
earlier when you have less code to try to identify where your code might have

gone wrong.

& | index.Rmd & | Manipulating_Data_in_R_Lab_Key.R.

H v Q| kit o

18 - e = FALSE
11 @ Knit to HTML 3 t
12 | =~ Knitto PDF )

13 W Knit to Word

14 ages(Library(
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Tell your future self and others what you did!

Provide sufficient detail so that you can understand what you did.
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Need random numbers to stay consistent?

Use set.seed() : sets the starting state for the random number generator
(RNG) in R.

set.seed(123)
sample(10)

[1] 310 2 8 6 9 1 7 5 4

set.seed(123)
sample(10)

[1] 310 2 8 6 9 1 7 5 4

set.seed(456)
sample(10)

[1] 5 3 610 4 9 1 2 8 7

Note that these are only psuedo random and the values are created doing
calculations based on the given seed. Thus the same “random” values will be
reproduced by everyone using the same seed with set. seed.
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https://en.wikipedia.org/wiki/Random_number_generation

R Markdown syntax

Before:
# Header - biggest font created by hashtag and space
## SubHeader Second Biggest created by 2 hashtags and space
**bold** text
*Ltalicized® text
‘code” referenced outside of a chunk needs backticks
After knit:

Header - biggest font created by hashtag and space
SubHeader Second Biggest created by 2 hashtags and space

bold text italicized text

code referenced outside of a chunk needs backticks
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R Markdown syntax

Go to Help > Cheat Sheets > R Markdown Cheat Sheet (which will download it)

Or checkout Help > Cheat Sheets > R Markdown Reference Guide

Or checkout the I Class Website!

SOURCE EDITOR

* -

html_document:

1

2

3

4  output:
5

b toc: TRUE
7

11- °

19

20~ """ {r cars}
21 summary(cars)
224

22

am e s 0

o - ! ; - = 5.Save and Render sl
= | report.Rmd

s A @ Knit - +B'

insert goto run code
preview code
location chunk

title: "Document Title"
author: "Author Name"

and Options

9~ """ {r setup, incD%
1@ knitr::opts_chunk$set(echo = TRUE)

12
13~ ## R Markdown 3. Write Text
14

15 This is an R Markdown document.
16 Markdown is a simple formatting
17 syntax for authoring HTML, PDF,
18 and MS Word documents.

- "‘ - ’.

2. Embed Code

*R.un -

code chunk(s
chunk

4, Set Output Format(s)

run all
previous

modify chunks
chunk :

options
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https://daseh.org/

Versions matter

Ruby’s local computing environment Avi’s local computing environment

- N ( A
Gl Studio Studio

5.1.0
1.0.1

[ [ J
R=0.891

™~
dddIdIIDID ddddIIDID
—ddddD D e—ddlddD D
d et D d et D

Created by Candace Savonen
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Session info can help

sessionInfo()

Ruby’s session info print out Avi’s session info print out
R versiol 20- -22) )
w1 (RVerSion 40.2vs 405 [ o e

Running under: |macOS Big Sur 10.16

Matrix products:~default
LAPACK: /latrary/Frameworks/R.framework/Versions/4.0/Resources/1ib/1ibRlapack.dyli

Matrix products: default
BLAS/LAPACK: /usr/1ib/x86_64~\inux-gnu/openblas-pthread/libopenblasp-r@.3.8.so

locale:
[1] LC_CTYPE=en_US.UTF-8 LCWUMERIC=C LC_TIME=en_US.UTF-8
[4] LC_COLLATE=en_US.UTF-8 LC ocale:

[7] LC_PAPER=en.LS .UTF-8 .owe Different Op?ratmg systems! [1] en_US.UTF-8/en_US..UTF-8/en_US..UTF-8/C/en_US . UTF-8/en_US .UTF-8

[10] LC_TELEPHONE=C LC_MEA! =
attached base packages: attached base packages:
[1] stats graphics grDevices utils datasets methods base [1] stats graphics grDevices utils datasets methods base

otne a acned pa
[1] rmarkdown_2.4

loaded via a namespace (and

other attached packages:
[1] rmarkdown_2.10

loaded viad namespace (and not attached):

[1] rstudioapi_0.11 knitr_173Q magrittr_1.5 hms_0.5.3 tidyselect_1. ) ) ) .

[6] R6_2.4.1 rlang_0.4.7 fansi_0.4.1 dplyr_1.0.2 tools_4.0.2 [1] legribuild_0.1.2 BiocManager_1.30.16 compiler_4.0.5 magrittr_2.0.1
[11] xfun_0.18 sessioninfo_1.1.Ninytex_0.26 cli_2.0.2 withr_2.3.0 [5)Afastmap_1.1.0 htmltools_0.5.2 tools_4.0.5 yaml_2.2.1
[16] htmltools_0.5.0 ellipsis_0.3.1 assertthat (22— 12 2 1 dicact B & 2C 9] tinytex_0.33 knitr_1.33 digest_0.6.27 xfun_0.25
[21] tibble_3.0.3 lifecycle_0.2.0  crayon_I> [13] rlang_0.4.11 evaluate_0.14
[26] vctrs_0.3.4 glue_1.4.2 evaluate_0 rmarkdown 2‘4 Vs 2'10
M171 nonaricre B 0 2 dennlita 1 7 1 nharanfin [k} I

If Avi and Ruby have discrepancies in their results, the session info print out gives a record which
may have clues to why that might be!

Image by Candace Savonen
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GUT CHECK: Why is reproducibility so important?

A. It helps to ensure that your code is working consistently and it helps others
understand what you did

B. It ensures that your code is correct
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GUT CHECK: What is NOT a practice to improve the reproducibility of our
work?

A. Using R Markdown files to describe what your code is doing

B. Using scripts instead of R Markdown files

C. Testing your code with R Markdown files or the run previous button

D. Regularly cleaning the environment
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More resources
These are just some quick tips, for more information:

Reproducibility in Cancer Informatics course
- Advanced Reproducibility in Cancer Informatics course

+ The RMarkdown book
+Jenny Bryan's organizational strategies.

- Write efficient R code for science.
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https://jhudatascience.org/Reproducibility_in_Cancer_Informatics/
https://jhudatascience.org/Adv_Reproducibility_in_Cancer_Informatics
https://bookdown.org/yihui/rmarkdown/
https://www.stat.ubc.ca/~jenny/STAT545A/block19_codeFormattingOrganization.html
https://www.earthdatascience.org/courses/earth-analytics/automate-science-workflows/write-efficient-code-for-science-r/

Summary

To help make your work more reproducible:

-+ Use R Markdown

- Clean your environment regularly

+ Check the knit of your R Markdown regularly
- Tell your future self and others what you did!
+ Print session info!

0 Class Website

0 Lab

0 Day 2 Cheatsheet
0 Posit's R Markdown Cheatsheet

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules/Reproducibility/lab/Reproducibility_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-2.pdf
https://rstudio.github.io/cheatsheets/rmarkdown.pdf
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226

Data Input



Quick reminder - Getting files from downloads

This course will involve moving files around on your computer and downloading
files.

If you are new to this - check out the videos on the resource page of the website.
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R Projects



R Projects
R Projects are a super helpful feature of RStudio. They help you:

- Stay organized. R Projects help in organizing your work into self-contained
directories (folders), where all related scripts, data, and outputs are stored
together. This organization simplifies file management and makes it easier to
locate and manage files associated with your analysis or project.

Find the right files. When you open an R Project, RStudio automatically sets
the working directory to the project’s directory. This is where RStudio “looks”
for files. Because it's always the Project folder, it can help avoid common
issues with file paths.

Be more reproducible. You can share the entire project directory with others,
and they can replicate your environment and analysis without much hassle.
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Why projects?

“The chance of the setwd () command having the desired effect - making the file

paths work - for anyone besides its author is 0%. It's also unlikely to work for the
author one or two years or computers from now. The project is not self-
contained and portable.” - Jenny Bryan

Let's go over how to create and use an R Project!

If the first line of your R script is

setwd("C:\Users\jenny\path\that\only\I\have")

I* will come into your office and
SET YOUR COMPUTER ON FIRE & .

* or maybe Timothée Poisot will
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https://www.tidyverse.org/blog/2017/12/workflow-vs-script/

New R Project

Let's make an R Project so we can stay organized in the next steps. Click the new
R Project button at the top left of RStudio:

| NON |
o o O - = # Go to fileffunction -

Consoli create a project  Background Jobs

| R4.4.0 -~/

R wversion 4.4.0 (2024-84-24) -- "Puppy Cup"
Copyright (C) 2824 The R Foundation for Statistical Cc
Platform: aarche4-apple-darwinZ@

R is free software and comes with ABSOLUTELY NO WARRAR
You are welcome to redistribute it under certain condi
Type 'license()' or 'licence()' for distribution detai
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New R Project

In the New Project Wizard, click “New Directory":

ges in publications.

or on-line help
face to help.

Mew Project Wizard

Create Project

New Directory
%  Starta project in a brand new working directory >
Existing Directory
Associate a project with an existing working directory >
Version Control
Checkout a project from a version control repository >
[ Cancel ]

s Help

rces

ne
s

low

hR

TS ST VT

Viev
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New R Project

Click “New Project”:

s in publications.

New Project Wizard
" on-1line help

ice to help.
P Back Project Type

£ New Project

il R Package Create a new project in an empty directory
& Shiny Application

& Quarto Project

5 Quarto Website

«) Quarto Blog

! Quarto Book

WOW WY WYY VW

| Cancel |

s Help

e S e L

Vie
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New R Project

Type in a name for your new folder.

Store it somewhere easy to find, such as your Desktop:

e e

ges in publications.

or on-line help
face to help.

Mew Project Wizard

Back

R

| |Open in new session

Create New Project

Directory name:

[ DaSEH_Course

e

Create project as subdirectory of:

[ /Users favahoffman/Desktop

|_|Create a git repository

[ Use renwv with this project

Create Project

Cancel

Bs Help Views

rces

ne
Vs

low

hR

ST TS T
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New R Project

You now have a new R Project folder on your Desktop!

Make sure you add any scripts or data files to this folder as you go through your
Intro to R lessons, or work on a new project. This will make sure R is able to “find"

your files.
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See and change projects

You can see what project you have open in the top right corner.

RStudio

=

Environment History Connections Tutorial

&+

R~

#* Import Dataset ~

7} Global Environment -

* 83 MiE -

¥

Environment is empty

i DaSEH_Course =

=

— List =

-
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Getting data into R (manual/point
and click)



Data Input

- ‘Reading in’ data is the first step of any real project/analysis
R can read almost any file format, especially via add-on packages
-+ We are going to focus on simple delimited files first
- comma separated (e.g. ‘.csv’)
- tab delimited (e.g. ".txt))

delimiters are symbols that separate cells in a simple-text file.
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Data Input
CO Heat-related ER visits dataset:

We're going to load a dataset from the Colorado Environmental Public Health
Tracking Program. This dataset has age-adjusted visit rates and total number of
visits for all genders by Colorado county for 2011-2022.

+ Check out the data at: https://coepht.colorado.gov/heat-related-illness
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https://coepht.colorado.gov/heat-related-illness

Import Dataset (URL)

- > File

- > Import Dataset

- > From Text (readr)

- > paste the url (https://daseh.org/data/CO_ER_heat_visits.csv)

+ > click “Update” and “Import”

Saves data in memory, not to hard drive
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https://daseh.org/data/CO_ER_heat_visits.csv

What Just Happened?

You see a preview of the data on the top left pane.

[ XON ] DaSEH_Course - RStudio
[ NN T rmAddins - R DaSEH_Course ~
\:CO_ER_hea(_visits =M i History Ct i Tutorial -/
& 47| 7 Filter <% [ ®Import Dataset ~ = * 31MiB - ¥ =list v | &~
“ county rate lower95cl upper95cl visits. year R ~ 7k Global Environment -
1 Adams 6.729918 NA 9.236776 29 2011 Data
2 Adams 4.843983 2.848937 NA 23 2012 © CO_ER_heat_visits 768 obs. of 6 variables i
3 Adams 6.836648 4.359735 9.313561 31 2013
4 Adams 3.080950 1.711087 4.846996 15 2014
5 Adams 3.356538 1.892912 5.232461 16 2015
6 Adams 8.848504 6.124961 11.572046 42 2016
7 Adams 6.634644 4.292046 8.977243 32 2017
8 Adams 7.105567 4.772990 9.438144 37 2018
9 Adams 6.761452 4.528807 8.994097 36 2019
10 Adams 4.758211 2.818595 6.697828 24 2020
LY Adams 6931534 4.611049 9.252018 35 2021 Files Plots Packages Help Viewer Presentation =0
12 | Adams 8.228158 5.809520 10.646797 45 2022 @I New Folder | © New Blank File - € Delete  -|Rename {3 More ~
13 Alamosa  0.000000 0.000000 0.000000 0o 2011 ) Q) Home > Desktop > DaSEH_Course R
14 Alamosa 0.000000 0.000000 0.000000 0 2012 A Name Size Modified
15 Alamosa A A VA 2013 T .
16 Alamosa 0.000000 0.000000 0.000000 0 2014 ) ®7 .Rhistory 0B Sep 30, 2024, 11:39 AM
Showing 1 to 17 of 768 entries, 6 total columns X! DaSEH_Course.Rproj 2058 Sep 30, 2024, 11:50 AM

Console  Terminal Background Jobs ==
(R R4.4.0 - ~/Desktop/DaSEH_Course/ -

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

"help.start()' for an HTML browser interface to help.

Type 'qQ)' to quit R.

> library(readr)

> CO_ER_heat_visits <- read_csv("https://daseh.org/data/CO_ER_heat_visits.csv")
Rows: 768 Columns: 6
— Column specification
Delimiter: ","

chr (1): county

dbl (5): rate, lower95cl, upper95cl, visits, year

i Use “spec()’ to retrieve the full column specification for this data.

i Specify the column types or set “show_col_types = FALSE™ to quiet this message.
> View(CO_ER_heat_visits)

>
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What Just Happened?

You see a new object called CO_ER_heat_visits in your environment pane (top

right). The table button opens the data for you to view.

[ ] [ ] DaSEH_Course - RStudio
Q- &~ = =) % Go to file/function - Addins ~ R DaSEH_Course ~
[ CO_ER_heat_visits == i History  Ce i Tutorial =0
47 7 Filter <% [ 7 ImportDataset ~ *31MiB - List + (&~

“ county rate lower95cl upper95cl visits. year R -~ 7k Global Environment -
1 Adams 6.729918 9.236776 29 2011 Data
2 Adams 4.843983 2.848937 23 2012 © CO_ER_heat_visits 768 obs. of 6 variables
3 Adams 6.836648 4.359735 9.313561 31 2013
4 Adams 3.080950 1.711087 4.846996 15 2014
5 Adams 3.356538 1.892912 5.232461 16 2015
6 Adams 8.848504 6.124961 11.572046 42 2016
7 Adams 6.634644 4.292046 8.977243 32 2017
8 Adams 7.105567 4.772990 9.438144 37 2018
9 Adams 6.761452 4.528807 8.994097 36 2019
10 Adams 4.758211 2.818595 6.697828 24 2020
11 | Adams 6.931534 4.611049 9.252018 35 2021 Files Plots Packages Help Viewer Presentation -
12 | Adams 8.228158 5.809520 10.646797 45 2022 @I New Folder | © New Blank File - € Delete  -|Rename {3 More ~
13 Alamosa  0.000000 0.000000 0.000000 0o 2011 & Home > Desktop > DaSEH_Course R
14 Alamosa 0.000000 0.000000 0.000000 0 2012 A Name Size Modified
15 Alamosa 2013 T .
16 Alamosa 0.000000 0.000000 0.000000 0 2014 7 .Rhistory 0B Sep 30, 2024, 11:39 AM

Showing 1 to 17 of 768 entries, 6 total columns %/ DaSEH_Course.Rproj 2058

Console  Terminal Background Jobs ==
(R R4.4.0 - ~/Desktop/DaSEH_Course/

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

"help.start()' for an HTML browser interface to help.

Type 'qQ)' to quit R.

> library(readr)

> CO_ER_heat_visits <- read_csv("https://daseh.org/data/CO_ER_heat_visits.csv")
Rows: 768 Columns: 6
— Column specification
Delimiter: ","

chr (1): county

dbl (5): rate, lower95cl, upper95cl, visits, year

i Use “spec()’ to retrieve the full column specification for this data.

i Specify the column types or set “show_col_types = FALSE™ to quiet this message.
> View(CO_ER_heat_visits)

>

Sep 30, 2024, 11:50 AM
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What Just Happened?

R ran some code in the console (bottom left).

[ O N J
ol-lepl&- © | | A Gotofile/function " - Addins -
[ CO_ER_heat_visits
é 4 7 Filter

“ county rate lower95cl upper95cl visits. year

1 Adams 6.729918 9.236776 29 2011
2 Adams 4.843983 2.848937 23 2012
3 Adams 6.836648 4.359735 9.313561 31 2013
4 Adams 3.080950 1.711087 4.846996 15 2014
5 Adams 3.356538 1.892912 5.232461 16 2015
6 Adams 8.848504 6.124961 11.572046 42 2016
7 Adams 6.634644 4.292046 8.977243 32 2017
8 Adams 7.105567 4.772990 9.438144 37 2018
9 Adams 6.761452 4.528807 8.994097 36 2019
10 Adams 4.758211 2.818595 6.697828 24 2020
11 Adams 6.931534 4.611049 9.252018 35 2021
12 Adams 8.228158 5.809520 10.646797 45 2022
13 Alamosa 0.000000 0.000000 0.000000 0 2011
14 Alamosa 0.000000 0.000000 0.000000 0 2012
15 Alamosa / 2013
16 Alamosa 0.000000 0.000000 0.000000 0o 2014

Showing 1 to 17 of 768 entries, 6 total columns

Console  Terminal Background Jobs
(R R4.4.0 - ~/Desktop/DaSEH_Course/

Type 'demo()' for some demos, 'help()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'qQ)' to quit R.

DaSEH_Course - RStudio

=0

=0

> library(readr)
> CO_ER_heat_visits <- read_csv("https://daseh.org/data/CO_ER_heat_visits.csv")
Rows: 768 Columns: 6

— Column specification
Delimiter: ","

chr (1): county

dbl (5): rate, lower95cl, upper95cl, visits, year

i Use “spec()’ to retrieve the full column specification for this data.

i Specify the column types or set “show_col_types = FALSE™ to quiet this message.
> View(CO_ER_heat_visits)

>

) DaSEH_Course ~

History  Ce i Tutorial -0
<% [ ®Import Dataset ~ = * 31MiB - ¥ st~ |G~
R - (7} Global Environment ~
Data

© CO_ER_heat_visits 768 obs. of 6 variables

Files Plots Packages Help Viewer Presentation =0
@ I NewFolder | © NewBlank File - © Delete -5|Rename = {3 More -
") /A Home > Desktop > DaSEH_Course R
A Name Size Modified
t.
) ®7 .Rhistory 0B Sep 30, 2024, 11:39 AM
RI DaSEH_Course.Rproj 205 B Sep 30, 2024, 11:50 AM
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Import Dataset

Edit Code View Plots Session Build

Debug

Profile  Tools Help - ) Se MonSep30 11:51AM

& Rstudio File

O - - ] Addins ~

# Go to file/function

Console Terminal Background Jobs

R R4.4.0 - ~/Desktop/DaSEH_Course/

R version 4.4.0 (2024-04-24) -- "Puppy Cup"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin2@

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 HTML browser interface to help.
Type 'q()' to quit R.

>

Window

DaSEH_Course - RStudio
R| DaSEH_Course ~

= Environment Connections  Tutorial
< [ | 7 Import Dataset ~

R v | (7} Global Environment ~

History

® 1o1MB - |

Environment is empty

Files Plots Packages Help Viewer Presentation M
@ New Folder | © NewBlank File -+ @ Delete |=]Rename | ¢ More ~ i
) £ Home > Desktop > DaSEH_Course R
A Name Size Modified
R
©" Rhistory 0B Sep 30, 2024, 11:39 AM

0O & DaSEH_Course.Rproj

205 8B Sep 30, 2024, 11:50 AM
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Import Dataset (file)

- > Download the data

- > Put data in the project folder

- > File, Import Dataset, From Text (readr)
- > browse for the file

+ > click “Update” and “Import”
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GUT CHECK!

How can we get data into R?
A. From a URL
B. From a file we downloaded

C. Both of these!
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Lab - Part 1
0 Class Website

0 Data Input Lab
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https://daseh.org/
https://daseh.org/modules/Data_Input/lab/Data_Input_Lab.Rmd

Manual Import: Pros and Cons
Pros: easy!!

Cons: obscures some of what's happening, others will have difficulty running
your code
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Getting data into R (directly)



Data Input: Read in Directly

The tidyverse contains a package readr that is handy for importing data.

library(tidyverse)
dat <- read_csv(
file = "https://daseh.org/data/CO_ER heat_visits.csv"

)

# "head” displays first few rows of a data frame. ‘tail() works the same way.
head(dat, n = 5)

# A tibble: 5 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Adams 6.73 NA 9.24 29 2011
2 Adams 4.84 2.85 NA 23 2012
3 Adams 6.84 4,36 9.31 31 2013
4 Adams  3.08 1.71 4.85 15 2014
5 Adams  3.36 1.89 5.23 16 2015
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Data Input: Declaring Arguments

dat <- read_csv(
file = "https://daseh.org/data/CO_ER _heat_visits.csv"

)
# EQUIVALENT TO
dat <- read_csv(
"https://daseh.org/data/CO_ER _heat_visits.csv"

)
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Data Input: Read in Directly
read_csv() needs an argument file =in quotation marks.
can be path to a file on a website (URL)
can be path in your local computer - absolute file path or relative file path

# URL
dat <- read_csv('"https://daseh.org/data/CO_ER_heat_visits.csv")

# In project folder
dat <- read_csv("CO_ER_heat_visits.csv")
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The working directory

When we work in an R Project, our project folder is our working directory.

Working directory is a folder (directory) that RStudio will use to find files.

| ¥
| -

I 1
|

- o/ - '.ﬁ’.
s Ja < THEVREIN
S8 5L THE COMPUTERD  _

P \ »
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Checking the working directory

Run the getwd () function to determine your working directory.
You can also click the @& in the Files pane > Go To Working Directory.

# Get the working directory
getwd()
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Setting the working directory

You can set the working directory manually with the setwd () function. But it's
easier to set up a project:)

# set the working directory
setwd('"/Users/avahoffman/Desktop")
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Now what? Checking data & Other
formats



Data Input: Checking the data

- the vView() function shows your data in a new tab, in spreadsheet format

- be careful if your data is big!

View(dat)
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Data Input: Other delimiters

read_tsv() can read tab delimited (separated) files.

read_delim() can be used to specify the delimiter.

-+ file is the path to your file, in quotes

- delimis what separates the fields within a record

## Examples
dat2 <- read_tsv(file = "tablel.tsv", delim = "\t")

dat3 <- read_delim(file = "data.txt", delim = ":")

33/39



Data input: other file types

- readxl package can read excel files
- haven package has functions to read SAS, SPSS, Stata formats

- There are also resources for REDCap : REDCapR
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https://cran.r-project.org/web/packages/REDCapR/vignettes/BasicREDCapROperations.html

WARNING! read.csvis * base R*

There are also data importing functions provided in base R (rather than the
readr package), like read.delim() and read.csv().

These functions have slightly different syntax for reading in data (e.g. header
argument).

However, while many online resources use the base R tools, the latest version of
RStudio switched to use these new readr data import tools, so we will use them

in the class for slides. They are also up to two times faster for reading in large
datasets, and have a progress bar which is nice.
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Other Useful Functions

-+ The str() function can tell you about data/objects.

-+ We will also discuss the glimpse () function later, which does something very
similar.

- head() shows first few rows

- tail() shows the last few rows
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Summary

R Projects can make it easier to find files.
Importing data manually:

+ File > Import Dataset > From Text (readr)

- Paste the url / browse

+ Click “Update” and “Import”

- Review the process: https://youtu.be/LEKNTfJIgpunQ

Importing data programmatically:

read_csv() function from tidyverse (readr) package

-+ Use getwd () to check your working directory, where R looks for your data files
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https://youtu.be/LEkNfJgpunQ

Summary - Part 2

Look at your data!

+ Check the environment for a data object

-+ View() gives you a preview of the data in a new tab
Other file types

- readr package: read_delim() for general delimited files

- other packages for more complicated files.

Don't forget to use <- to assign your data to an object!
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Lab - Part 2
0 Class Website

0 Data Input Lab
0 Posit's Data Import Cheatsheet

0 Day 2 Cheatsheet

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules/Data_Input/lab/Data_Input_Lab.Rmd
https://rstudio.github.io/cheatsheets/data-import.pdf
https://daseh.org/modules/cheatsheets/Day-2.pdf
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226

Subsetting Data in R



Reminder

Refresh the website and get the latest version of the labs and slides! We are
constantly making improvements.
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Recap
Use <- to save (assign) values to objects
Use ¢ () to combine vectors
+ length(), class(), and str() tell you information about an object

+ The sequence seq() function helps you create numeric vectors (from,to, by,
and length.out arguments)

+ The repeat rep() function helps you create vectors with the each and times
arguments

Reproducible science makes everyone’s life easier!

-+ The readr package has helpful functions like read_csv() that can help you
import data into R

0 Day 2 Cheatsheet
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https://daseh.org/modules/cheatsheets/Day-2.pdf

Overview

In this module, we will show you how to:

O 0 N O Uk W DN~

Look at your data in different ways

Create a data frame and a tibble

Create new variables/make rownames a column
Rename columns of a data frame

Subset rows of a data frame

Subset columns of a data frame

Add/remove new columns to a data frame
Order the columns of a data frame

Order the rows of a data frame
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Setup
We will largely focus on the dplyr package which is part of the tidyverse.

L ]
L

. L] . . .
. Q .
L] . - .

tidyverse

Some resources on how to use dplyr:

- https://dplyr.tidyverse.org/
- https://cran.r-project.org/web/packages/dplyr/vignettes/dplyr.html

+ https://www.opencasestudies.org/
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https://dplyr.tidyverse.org/
https://cran.r-project.org/web/packages/dplyr/vignettes/dplyr.html
https://www.opencasestudies.org/

Why dplyr?

g hadley commented on May 26, 2016 Member
The d is for dataframes, the plyr is to evoke pliers. Pronounce however you like.

g1

The dplyr package is one of the most helpful packages for altering your data to

get it into a form that is useful for creating visualizations, summarizing, or more
deeply analyzing.

So you can imagine using pliers on your data.
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Loading in dplyr and tidyverse

See this website for a list of the packages included in the tidyverse:
https.//www.tidyverse.org/packages/

library(tidyverse) # loads dplyr and other packages!

— Attaching core tidyverse packages

0 forcats 1.0.
0 ggplot2  3.5.
0 lubridate 1 9.
0 purrr 1.0.

— Conflicts
0 dplyr::filter()
0 dplyr::lag()

e

0 0 readr 2.1.5

2 0 stringr 1.5.1

4 0 tibble 3.2.1

4 0 tidyr 1.3.1

masks stats::filter()
masks stats::lag()

tidyverse 2.0.0 —

tidyverse_conflicts() —

0 Use the conflicted package (<http://conflicted.r-lib.org/>) to force all confl
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https://www.tidyverse.org/packages/

Getting data to work with

We will work with data called er about heat-related ER visits between 2011 and
2022, as reported by the state of Colorado, specifically made available by the
Colorado Environmental Public Health Tracking program website. Full dataset
available at https://coepht.colorado.gov/heat-related-iliness.

er <-
read_csv("https://daseh.org/data/CO_ER heat_visits.csv")

Rows: 768 Columns: 6
— Column specification
Delimiter: ",6"

chr (1): county

dbl (5): rate, lower95cl, upper95cl, visits, year

0 Use "spec() to retrieve the full column specification for this data.
0 Specify the column types or set "show col types = FALSE to quiet this message
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https://coepht.colorado.gov/heat-related-illness

Checking the data dim()

The dim(), nrow(), and ncol() functions are good options to check the
dimensions of your data before moving forward.

dim(er) # rows, columns

[1] 768 6

nrow(er) # number of rows
[1] 768

ncol(er) # number of columns

[1] 6
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Checking the data: glimpse()

In addition to head() and tail(), the glimpse()function of the dplyr package
is another great function to look at your data.

glimpse(er)

Rows: 768

Columns: 6

$ county <chr> "Adams", "Adams", "Adams'", "Adams'", "Adams'", "Adams', "Adams...
$ rate <dbl> 6.729918, 4.843983, 6.836648, 3.080950, 3.356538, 8.848504, ..

$ lower9scl <dbl> NA, 2.848937, 4.359735, 1.711087, 1.892912, 6.124961, 4.2920..
$ upper9scl <dbl> 9.236776, NA, 9.313561, 4.846996, 5.232461, 11.572046, 8.977..
$ visits  <dbl> 29, 23, 31, 15, 16, 42, 32, 37, 36, 24, 35, 45, 0, 0, NA, O,..
$ year <dbl> 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, ..

This dataset has information about both the rate of ER visits for heat-related
illness and the number of visits, broken out by both year and CO county.
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Checking your data: slice_sample()

What if you want to see the middle of your data? You can use the

slice_sample() function of the dplyr package to see a random set of rows.

You can specify the number of rows with the n argument.

slice_sample(er, n = 2)

# A tibble: 2 x 6

county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Yuma NA NA NA NA 2012
2 Garfield NA NA NA NA 2015

slice_sample(er, n = 2)

# A tibble: 2 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Eagle 0 0 0 0 2015
2 Teller NA NA NA NA 2018
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Data frames and tibbles



Data frames

An older version of data in tables is called a data frame. The mtcars dataset is an

example of this.

class(mtcars)

[1] "data.frame"

head(mtcars)

mpg cyl disp
Mazda RX4 21.0 6 160
Mazda RX4 Wag 21.0 6 160
Datsun 710 22.8 4 108
Hornet 4 Drive 21.4 6 258
Hornet Sportabout 18.7 8 360
Valiant 18.1 6 225

110
110

93
110
175
105

drat
3.90
3.90
3.85
3.08
3.15
2.76

wt
2.620
2.875
2.320
3.215
3.440
3.460

gsec vs am gear carb

16.46
17.02
18.61
19.44
17.02
20.22

RPORPRRPRPOO

ONONON i

WWwwhrbhps

R YRR NN
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tibble

Tibbles are a fancier version of data frames:

We don’t have to use head to see a preview of it
We see the dimensions
We see the data types for each column

er

# A tibble: 768 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Adams 6.73 NA 9.24 29 2011
2 Adams 4.84 2.85 NA 23 2012
3 Adams 6.84 4,36 9.31 31 2013
4 Adams  3.08 1.71 4,85 15 2014
5 Adams  3.36 1.89 5.23 16 2015
6 Adams 8.85 6.12 11.6 42 2016
7 Adams 6.63 4.29 8.98 32 2017
8 Adams 7.11 4.77 9.44 37 2018
9 Adams 6.76 4,53 8.99 36 2019
10 Adams 4.76 2.82 6.70 24 2020
# [0 758 more rows
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Creating a tibble

If we wanted to create a tibble (“fancy” data frame), we can using the tibble ()
function on a data frame.

tbl mtcars <- tibble(mtcars)
tbl mtcars

# A tibble: 32 x 11
mpg cyl disp hp drat wt gsec VS am gear carb
<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>

1 21 6 160 1106 3.9 2.62 16.5 0] 1 4 4
2 21 6 160 116 3.9 2.88 17.0 0] 1 4 4
3 22.8 4 108 93 3.85 2.32 18.6 1 1 4 1
4 21.4 6 258 110 3.08 3.22 19.4 1 0] 3 1
5 18.7 8 360 175 3.15 3.44 17.0 0] 0] 3 2
6 18.1 6 225 105 2.76 3.46 20.2 1 0] 3 1
/7 14.3 8 360 245 3.21 3.57 15.8 0] 0] 3 4
8 24.4 4 147, 62 3.69 3.19 20 1 0] 4 2
9 22.8 4 141, 95 3.92 3.15 22.9 1 0] 4 2
10 19.2 6 168. 123 3.92 3.44 18.3 1 0] 4 4
# [0 22 more rows

Note don't necessarily need to use head () with tibbles, as they conveniently
print a portion of the data.
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Summary of tibbles and data frames

We generally recommend using tibbles, but you are likely to run into lots of data
frames with your work.

Most functions work for both so you don’t need to worry about it much!

It can be helpful to convert data frames to tibbles though just to see more about
the data more easily. The tibble() function helps us do that.
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Data frames vs tibbles - watch out for rownames

Note that this conversion can remove row names - which some data frames
have. For example, mtcars (part of R) has row names. In this case we would want

to make the rownames a new column first before making into a tibble.

head(mtcars, n = 2)

mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21 6 160 110 3.9 2.620 16.46 0 1 4 4
Mazda RX4 Wag 21 6 160 110 3.9 2.875 17.02 0 1 4 4

head(tibble(mtcars), n = 2)

# A tibble: 2 x 11
mpg cyl disp hp drat wt (gsec VS am gear carb
<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 21 6 160 116 3.9 2.62 16.5 0] 1 4 4
2 21 6 160 116 3.9 2.88 17.0 0] 1 4 4
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rownames_to _column function

There is a function that specifically helps you do that.

head(rownames_to_column(mtcars), n = 2)

rowname mpg cyl disp hp drat wt gsec vs am gear carb
1 Mazda RX4 21 6 160 110 3.9 2.620 16.46 0 1 4 4
2 Mazda RX4 wWag 21 6 160 110 3.9 2.875 17.02 0 1 4 4

head(tibble(rownames_to_column(mtcars)), n = 2)

# A tibble: 2 x 12

rowname mpg cyl disp hp drat wt gsec Vs am gear

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Mazda RX4 21 6 160 110 3.9 2.62 16.5 0]
2 Mazda RX4 W.. 21 6 160 110 3.9 2.88 17.0 0]

18/110



Data for now

Let's stick with the tibble ER data for our next lesson

head(er)

# A tibble: 6 x 6
county

OO, wWNEL

<chr>
Adams
Adams
Adams
Adams
Adams
Adams

rate lower95cl upper95cl visits
<dbl> <dbl>

<dbl>
6.73
4,84
6.84
3.08
3.36
8.85

<dbl>

NA
2.85
4,36
1.71
1.89
6.12

9.24
NA
9.31
4,85
5.23
11.6

29
23
31
15
16
42

year
<dbl>
2011
2012
2013
2014
2015
2016
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Renaming Columns



Why rename?

Renaming can:

make it easier to work with your data
make your column names more compatible with R

make your column names more understandable by others
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rename function

dplyr=rename()

RENAME COLUMNS™
df %% rename(lair =site)
spekigs nemes\S  status st \airs N
narwhal unknown ocean
chicken active coop
pika active mountain

*Gee rename_with() to rename
using o function.

“Artwork by @allison_horst”. https://allisonhorst.com/
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checking names of columns, we can use the colnames( ) function

colnames(er)

[1] "county" "rate" "lower95cl" "upper95cl" "visits" "year"
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Renaming Columns of a data frame or tibble

To rename columns in dplyr, you can use the rename function.

Let's rename lower95ClI to lower_95 Cl_limit. Notice the new name is listed first,
similar to how a new object is assigned on the left!

The lower95Cl is the lower bound of the estimated rate of ER visits for a
particular county and year.

# general format! not code!
{data you are creating or changing} <- rename({data you are using},
{New Name} = {0ld name})

renamed_er<- rename(er, lower_95_CI_limit = lower95cl)
head(renamed_er)

# A tibble: 6 x 6
county rate lower_95_CI_limit upper95cl visits year

<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Adams 6.73 NA 9.24 29 2011
2 Adams 4.84 2.85 NA 23 2012
3 Adams 6.84 4.36 9.31 31 2013
4 Adams 3.08 1.71 4.85 15 2014
5 Adams 3.36 1.89 5.23 16 2015
6 Adams 8.85 6.12 11.6 42 2016
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Take Care with Column Names

When you can, avoid spaces, special punctuation, or numbers in column names,

as these require special treatment to refer to them.

See https://daseh.org/resources/quotes_vs_backticks.html for more guidance.

# this will cause an error
renamed_er <- rename(er, lower_95% CI_limit = lower95cl)

# this will work

renamed_er <- rename(er, "lower_95% CI_limit = lower95cl)
head(renamed_er, 2)

# A tibble: 2 x 6
county rate "lower_95% CI_limit  upper95cl visits vyear

<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Adams 6.73 NA 9.24 29 2011
2 Adams 4.84 2.85 NA 23 2012
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Unusual Column Names

It's best to avoid unusual column names where possible, as things get tricky
later.

We just showed the use of ~ backticks ™ . You may see people use quotes as well.

Other atypical column names are those with:

spaces
number without characters

number starting the name

“H n i“Hn

or “.” and not at the beginning)

other punctuation marks like % (besides
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A solution!

Rename tricky column names so that you don’t have to deal with them later!
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Be careful about copy pasting code!

Curly quotes will not work!

# this will cause an error!
renamed_er <- rename(er, ‘lower_95% CI_limit’ = lower95cl)

# this will work!
renamed_er <- rename(er, 'lower_95% CI_limit' = lower95cl)

Also true for double quotes

# this will cause an error!
renamed_er <- rename(er, “lower_95% CI_limit” = lower95cl)

# this will work!
renamed_er <- rename(er, "lower_95% CI_limit" = lower95cl)
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Rename multiple columns

A comma can separate different column names to change.

renamed_er <- rename(er,
lower_95perc_CI_limit
upper_95perc_CI_limit

lower95cl,
upper9scl)

head(renamed_er, 3)

# A tibble: 3 x 6
county rate lower_95perc_CI_limit upper_95perc_CI_limit visits vyear

<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Adams 6.73 NA 9.24 29 2011
2 Adams 4.84 2.85 NA 23 2012
3 Adams 6.84 4,36 9.31 31 2013
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Renaming all columns of a data frame: dplyr

To rename all columns you use the rename_with(). In this case we will use

toupper () to make all letters upper case. Could also use tolower () function.

er_upper <- rename_with(er, toupper)

head(er_upper, 3)

# A tibble: 3 x 6

COUNTY RATE LOWER95CL UPPER95CL VISITS YEAR
<dbl> <dbl> <dbl>
9.24

<chr>
1 Adams
2 Adams
3 Adams

<dbl>
6.73
4.84
6.84

<dbl>

NA

2.85
4.36

NA

9.31

rename_with(er_upper, tolower)

# A tibble: 768 x 6
county

<chr>
Adams
Adams
Adams
Adams
Adams
Adams
Adams
Adams
Adams
10 Adams

© 00 N O O W DN B

29
23
31

rate lower95cl upper95cl visits

<dbl>

6.
.84
.84
.08
. 36
.85
.63
11
.76
.76

A O N O 0O W WO A

# [0 758 more

73

rows

<dbl>

NA

N DA MMO R R BDMNDN

.85
.36
.71
.89
.12
.29
T
.53
.82

<dbl> <dbl>

9.

NA

9.

24

31

4.85

a1

o 00 ©O© @

.23
11.
.98
.44
.99
.70

6

29
23
31
15
16
42
32
37
36
24

2011
2012
2013

year
<dbl>
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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janitor package

If you need to do lots of naming fixes - look into the janitor package!

#install.packages("janitor")
library(janitor)
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janitor clean_names

The clean_names function can intuit what fixes you might need.

The yearly_co2_emissions dataset contains estimated CO2 emissions for 265
countries between the years 1751 and 2014.

yearly co2 <-
read_csv("https://daseh.org/data/Yearly C02_Emissions_1000_tonnes.csv")

Rows: 192 Columns: 265
— Column specification
Delimiter: ",6"

chr  (1): country

dbl (264): 1751, 1752, 1753, 1754, 1755, 1756, 1757, 1758, 1759, 1760, 1761, ...

0 Use "spec() to retrieve the full column specification for this data.
0 Specify the column types or set "show col types = FALSE to quiet this message
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yearly_co2 column names
head(yearly co2, n = 2)

# A tibble: 2 x 265
country 1751 1752 1753 1754 1755 1756 1757 1758 1759 1760
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Afghani... NA NA NA NA NA NA NA NA NA NA
2 Albania NA NA NA NA NA NA NA NA NA NA
# [ 254 more variables: 1761 <dbl>, 1762 <dbl>, 1763 <dbl>, 1764 <dbl>,
"1765° <dbl>, "1766° <dbl>, 1767‘ <dbl>, 1768‘ <dbl>, 1769‘ <dbl>,
"1770° <dbl>, 1771 <dbl>, 1772 <dbl>, "1773° <dbl>, 1774 <dbl>,
*1775" <dbl>, ‘1776 <dbl>, ‘1777 <dbl>, ‘1778" <dbl>, ‘1779 <dbl>,
"1780° <dbl>, 1781 <dbl>, 1782 <dbl>, 1783 <dbl>, 1784  <dbl>,
"1785° <dbl>, 1786 <dbl>, 1787 <dbl>, 1788 <dbl>, 1789 <dbl>,
17907 <dbl>, 1791 <dbl>, 1792 <dbl>, 1793 <dbl>, 1794 <dbl>,

HHHHHFH
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janitor clean_names can intuit fixes

The clean_names function can intuit what fixes you might need. Here it make

sure year names aren't just a number, so that the colnames don’t need ticks or
guotes to be used.

clean_names(yearly_co2)

# A tibble: 192 x 265

QOO ~NOUGIL_WNE

|

HHHEHEHFHHE

country

<chr>

Afghanistan NA
Albania NA
Algeria NA
Andorra NA
Angola NA
Antigua an... NA
Argentina NA
Armenia NA
Australia NA
Austria NA

182 more rows

253 more variables:

x1766 <dbl>, x1767
x1771 <dbl>, x1772
x1776 <dbl>, x1777
x1781 <dbl>, x1782
x1786 <dbl>, x1787

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

x1762 <dbl>, x1763
x1768 <dbl>,
x1773 <dbl>,
x1778 <dbl>,
x1783 <dbl>,
x1788 <dbl>,

<dbl>,
<dbl>,
<dbl>,
<dbl>,
<dbl>,

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

<dbl>, x1764
X1769
X1774
X1779
X1784
X1789

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
<dbl>, x1765 <dbl>,
<dbl>, x1770 <dbl>,
<dbl>, x1775 <dbl>,
<dbl>, x1780 <dbl>,
<dbl>, x1785 <dbl>,
<dbl>, x1790 <dbl>, ..
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more of clean_names

clean_names can also get rid of spaces and replace them with _.

test <- tibble( col 1" =c¢(1,2,3), col 2° =c¢c(2,3,4))
test

# A tibble: 3 x 2
'col 1° ‘col 2°
<dbl> <dbl>

1 1 2
2 2 3
3 3 4

clean_names(test)

# A tibble: 3 x 2
col 1 col 2
<dbl> <dbl>

1 1 2

2 2 3

3 3 4
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GUT CHECK: Which of the following would work well with a column

called counties_of seattle with population_over_10, 0007

A. Renaming it using rename function to something simpler like
seattle_counties_over_10thous.

B. Keeping it as is and use backticks around the column name when you use it.

C. Keeping it as is and use quotes around the column name when you use it.
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Summary

data frames are simpler version of a data table
- tibbles are fancier tidyverse version
- tibbles are made with tibble()

if your original data has rownames, you need to use rownames_to_column
before converting to tibble

- the rename() function of dplyr can help you rename columns

+avoid using punctuation (except underscores), spaces, and numbers (to start
or alone) in column names

if you must do a nonstandard column name - typically use backticks around it.
See https://daseh.org/resources/quotes_vs_backticks.html.

- avoid copy and pasting code from other sources - quotation marks will
change!

check out janitor if you need to make lots of column name changes
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Lab Part 1
0 Class Website

0 Lab
0 Day 3 Cheatsheet

0 Posit's dplyr Cheatsheet
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https://daseh.org/modules/Subsetting_Data_in_R/lab/Subsetting_Data_in_R_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-3.pdf
https://rstudio.github.io/cheatsheets/data-transformation.pdf

Subsetting Columns



Why Subset?

Subsetting involves grabbing specific parts of your data to:

+ Produce a smaller dataset
Examine specific subsets of your data

Use a particular part of the data for a specific analysis/visualization

Be cautious about removing columns/variables as you might find they are useful
later.

You should be guided by your questions of interest.
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Let's get our data again
We'll work with the CO heat-related ER visits dataset again.

This time lets also make it a smaller subset so it is easier for us to see the full
dataset as we work through examples.

# er<-read_csv("https://daseh.org/data/C0_ER _heat_visits.csv")

set.seed(1234)
er_30 <-slice_sample(er, n = 30)
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Subset columns of a data frame - tidyverse way:.

To grab a vector version (or “pull” out) the year column the tidyverse way we
can use the pull function:

pull(er_30, year)

[1] 2018 2015 2021 2019 2014 2012 2017 2016 2012 2012 2017 2016 2020 2014 2020
[16] 2014 2011 2022 2018 2013 2017 2021 2015 2020 2012 2016 2013 2014 2017 2022
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Subset columns of a data frame: dplyr

The select command from dplyr allows you to subset (still a tibble!)

select(er_30, year)

# A tibble: 30 x 1
year
<dbl>

2018

2015

2021

2019

2014

2012

2017

2016

2012

2012

20 more rows

QOO ~NOUGITL_,WINE

ST
/
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GUT CHECK: What function would be useful for getting a vector version

of a column?
A. pull()

B. select()
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Select multiple columns

We can use select to select for multiple columns.

select(er_30, year, rate, county)

# A tibble: 30 x 3

* P

QOO ~NOUGITL_,WNE

—

year
<dbl>
2018
2015
2021
2019
2014
2012
2017
2016
2012
2012

rate

<dbl>
NA
NA

15.9
0
0
NA
NA
0
NA
0

county
<chr>
Garfield
Chaffee
Pueblo
Rio Grande
Lake
Chaffee
Chaffee
Teller
Prowers
Hinsdale

20 more rows
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Select columns of a data frame: dplyr

The select command from dplyr allows you to subset columns matching
patterns:

head(er_30, 2)

# A tibble: 2 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018
2 Chaffee NA NA NA NA 2015

select(er_30, ends_with("cl"))

# A tibble: 30 x 2
lower95cl upper9scl
<dbl> <dbl>

1 NA NA

2 NA NA

3 9.54 22.2

4 0] 0]

S 0] 0]

6 NA NA

7 NA NA

8 0] 0]

9 NA NA
10 0] 0]

# [0 20 more rows
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See the Select “helpers”

Here are a few:

last_col()

starts_with()

ends_with()
contains()

Type tidyselect::

Console

V VVV VYV YV VVVVVYV

Terminal

Render

~ all_of

any_of

& contains

¢ ends_with

¢ enquo

& eval_rename

tidyselect::|

¢ eval_select
» everything

Jobs

R R4.2.0 - ~/Documents/GitHub/Teaching/intro_to_r/

{tidyselect}
{tidyselect}
{tidyselect}
{tidyselect}
{tidyselect}
{tidyselect}
{tidyselect}
{tidvselect?

in the console and see what RStudio suggests:

=

all_of(x)

These selection helpers select variables contained in a character
vector. They are especially useful for programming with selecting
functions.

* all of() is for strict selection. If any of the variables in the
character vector is missing, an error is thrown.

* any of () doesn't check for missing variables. It is especially

SRV CIN| IRIVEY,Y | INPRNPINPIVEY, \: RSNG| PR 1 PR, Al e LA A e

Press F1 for additional help
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Combining tidyselect helpers with regular selection
head(er_30, 2)

# A tibble: 2 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018
2 Chaffee NA NA NA NA 2015

select(er_30, ends_with("cl"), year)

# A tibble: 30 x 3
lower95cl upper9s5cl year
<dbl> <dbl> <dbl>

1 NA NA 2018
2 NA NA 2015
3 9.54 22.2 2021
4 0] 0] 2019
S 0] 0] 2014
6 NA NA 2012
7 NA NA 2017
8 0] 0] 2016
9 NA NA 2012
10 0] 0] 2012

# [0 20 more rows
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Multiple tidyselect functions

Follows OR logic.

select(er_30, ends_with("cl"), starts_with("r'"))

# A tibble: 30 x 3
lower95cl upper95cl rate
<dbl> <dbl> <dbl>

1 NA NA NA

2 NA NA NA

3 9.54 22.2 15.9

4 0] 0] 0]

S 0] 0] 0]

6 NA NA NA

7 NA NA NA

8 0] 0] 0]

9 NA NA NA
10 0] 0] 0]

# 0 20 more rows
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The where( ) function can help select columns of a specific class

is.character() and is.numeric() are often the most helpful

head(er_30, 2)

# A tibble: 2 x 6

county rate lower95cl upper95cl visits vyear
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018
2 Chaffee NA NA NA NA 2015

select(er_30, where(is.numeric))

# A tibble: 30 x 5
rate lower95cl upper95cl visits vyear
<dbl> <dbl> <dbl> <dbl> <dbl>

1 NA NA NA NA 2018
2 NA NA NA NA 2015
3 15.9 9.54 22.2 26 2021
4 0 0] 0] 0@ 2019
5 0 0] 0] 0 2014
6 NA NA NA NA 2012
7 NA NA NA NA 2017
8 0 0] 0] 0 2016
9 NA NA NA NA 2012
10 0 0] 0] 0 2012
# [0 20 more rows
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Subsetting Rows



filter function

- KEEP ROWS THAT
' s-atisfty

"yout, CONDITIONS

keep rows +h;.§ ONLY ) n
from.  dale- |r.  fype is "ofter”  AND' oite ig "bay"

(_———_‘ I 0
filter(df, type == “otter” & 'site == “bay”

“Artwork by @allison_horst”. https://allisonhorst.com/
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Subset rows of a data frame: dplyr

The command in dplyr for subsetting rows is filter.

filter(er_30, year > 2020)

# A tibble: 4 x 6
county rate lower95cl upper95cl visits vyear
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Pueblo 15.9 9.54 22.2 26 2021
2 Otero NA NA NA NA 2022
3 Mesa 12.0 /.12 18.2 19 2021
4 Chaffee 0 0] 0] 0 2022
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Subset rows of a data frame: dplyr

You can have multiple logical conditions using the following:

+ ==:equalsto
I=: not equal to (! : not/negation)
+ >/ <:greater than / less than
+ >= or <= greater than or equal to / less than or equal to
- & :AND
| : OR
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Common error for filter

If you try to filter for a column that does not exist it will not work:

misspelled column name

+ column that was already removed
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Subset rows of a data frame: dplyr

You can filter by two conditions using & or commas (must meet both conditions):

filter(er_30, rate > 9, year == 2012)
filter(er_30, rate > 9 & year == 2012) # same result

# A tibble: 0 x 6
# 0 6 variables: county <chr>, rate <dbl>, lower95cl <dbl>, upper95cl <dbl>,

#  visits <dbl>, year <dbl>
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Subset rows of a data frame: dplyr

If you want OR statements (meaning the data can meet either condition does not
need to meet both), you need to use | between conditions:

filter(er_30, rate > 9 | year == 2012)

# A tibble: 6 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Pueblo 15.9 9.54 22.2 26 2021
2 Chaffee NA NA NA NA 2012
3 Prowers NA NA NA NA 2012
4 Hinsdale 0 0] 0] 0O 2012
5 Mesa 12.0 7.12 18.2 19 2021
6 Phillips © 0] 0] 0 2012
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Subset rows of a data frame: dplyr

The %in% operator can be used find values from a pre-made list (using c()) for a
single column at a time.

filter(er_30, county %in% c('"Denver","Larimer", "Pueblo"))

# A tibble: 3 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Pueblo 15.9 9.54 22.2 26 2021
2 Denver 2.95 1.75 4.46 19 2013
3 Larimer 5.49 3.16 8.45 17 2014
filter(er_30, county == "Denver"| county == "Larimer"| county == "Pueblo") #equivalent

# A tibble: 3 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Pueblo 15.9 9.54 22.2 26 2021
2 Denver 2.95 1.75 4.46 19 2013
3 Larimer 5.49 3.16 8.45 17 2014
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Subset rows of a data frame: dplyr

The %in% operator can be used find values from a pre-made list (using c()) for a
single column at a time with different columns.

filter(er_30, year %in% c(2013,2021), county %in% c('"Denver", "Pueblo"))

# A tibble: 2 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Pueblo 15.9 9.54 22.2 26 2021
2 Denver 2.95 1.75 4.46 19 2013
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Be careful with column names and filter

This will not work the way you might expect! Best to stick with nothing but the

column name if it is a typical name.

filter(er_30, "year" > 2014)

# A tibble: 30 x 6

county
<chr>
Garfield
Chaffee
Pueblo
Rio Grande
Lake
Chaffee
Chaffee
Teller
Prowers
Hinsdale

QOO ~NOUGT_,WNE

(Y

rate lower95cl upper95cl visits

<dbl>

NA
NA

15.

0]
0]
NA
NA
0]
NA
0]

# 0 20 more rows

NA
NA

9.

0]
0]
NA
NA
0]
NA
0]

<dbl>

54

NA
NA

22,

0]
0]
NA
NA
0]
NA
0]

<dbl> <dbl>

NA
NA
26
0]
0]
NA
NA
0]
NA
0]

year
<dbl>
2018
2015
2021
2019
2014
2012
2017
2016
2012
2012
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Don't use quotes for atypical names

Atypical names are those with punctuation, spaces, start with a number, or are

just a number.

er_30_rename <- rename(er_30,

filter(er_30_rename, "year!" > 2013) # will not work correctly

# A tibble: 30 x 6
rate lower95cl upper95cl visits ‘year!"
<dbl>

county
<chr> <dbl>
1 Garfield NA
2 Chaffee NA
3 Pueblo 15.9
4 Rio Grande 0O
5 Lake 0]
6 Chaffee NA
7 Chaffee NA
8 Teller 0]
9 Prowers NA
10 Hinsdale 0]

# [0 20 more rows

NA
NA

9.

0]
0]
NA
NA
0]
NA
0]

54

‘year! = year)

<dbl> <dbl>

NA
NA

22,

0]
0]
NA
NA
0]
NA
0]

NA
NA
26
0]
0]
NA
NA
0]
NA
0]

<dbl>
2018
2015
2021
2019
2014
2012
2017
2016
2012
2012
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Be careful with column names and filter

Using backticks works!

filter(er_30_rename,

# A tibble: 23 x

county
<chr>
1 Garfield NA
2 Chaffee NA
3 Pueblo 15.
4 Rio Grande 0
5 Lake 0]
6 Chaffee NA
7 Teller 0]
8 Boulder 3.
9 Fremont NA
10 Kiowa NA

# 0 13 more rows

6

51

‘year!® > 2013)

<dbl>

NA
NA

9.

0]
0]
NA
0]

1.

NA
NA

54

77

<dbl> <dbl>

NA
NA

22,

0]
0]
NA
0]

5.

NA
NA

83

NA
NA
26

0]

0]
NA

0]
12
NA
NA

rate lower95cl upper95cl visits "year!
<dbl>

<dbl>
2018
2015
2021
2019
2014
2017
2016
2017
2016
2020
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Be careful with column names and filter

filter(er_30, "county" == "Denver") # this will not work

# A tibble: 0 x 6
# [ 6 variables: county <chr>, rate <dbl>, lower95cl <dbl>, upper95cl <dbl>,

# visits <dbl>, year <dbl>
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Be careful with column names and filter

filter(er_30, county == "Denver'")# this works!

# A tibble: 1 x 6
county rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Denver 2.95 1.75 4.46 19 2013

64/110



filter () is tricky

Try not use anything special for the column names in filter (). This is why it is
good to not use atypical column names. Then you can just use the column name!
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Always good to check each step!

Did the filter work the way you expected? Did the dimensions change?

https://media.giphy.c‘gm/media/5b50U7aUekdeAE R51/giphy.gif
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GUT CHECK: If we want to keep just rows that meet either of two

conditions (not both), what code should we use?
A. filter () with |

B. filter () with &
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Summary

pull() to get values out of a data frame/tibble

select() isthe tidyverse way to get a tibble with only certain columns
+ you can select () based on patterns in the column names
- you can also select () based on column class with the where() function

+you can combine multiple tidyselect functions together like
select(starts_with("C"), ends_with("state"))

+you can combine multiple patterns with the c () function like

select(starts_with(c("A", "C"))) (see extra slides at the end for more
info!)

- filter() can be used to filter out rows based on logical conditions

- avoid using quotes when referring to column names with filter ()
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Summary Continued

+ == js the same as equivalent to
-+ & means both conditions must be met to remain after filter ()

| means either conditions needs to be met to remain after filter ()
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Lab Part 2
0 Class Website

0 Lab
0 Day 3 Cheatsheet

0 Posit's dplyr Cheatsheet
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https://daseh.org/
https://daseh.org/modules/Subsetting_Data_in_R/lab/Subsetting_Data_in_R_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-3.pdf
https://rstudio.github.io/cheatsheets/data-transformation.pdf

Get the data

#er <- read_csv("https://daseh.org/data/CO ER heat_visits.csv")
set.seed(1234)
er_30 <-slice_sample(er, n = 30)
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Combining filter and select

You can combine filter and select to subset the rows and columns,
respectively, of a data frame:

select(filter(er_30, year > 2012), county)

# A tibble: 25 x 1

=

QOO ~NOUGITL_,WNE

county
<chr>
Garfield
Chaffee
Pueblo
Rio Grande
Lake
Chaffee
Teller
Boulder
Fremont
Kiowa

# 0 15 more rows

72/110



Nesting

In R, the common way to perform multiple operations is to wrap functions
around each other in a “nested” form.

head(select(er_30, year, county), 2)

# A tibble: 2 x 2
year county
<dbl> <chr>

1 2018 Garfield

2 2015 Chaffee
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Nesting can get confusing looking

select(filter(er_30, year > 2000 & county == "Denver"), year, rate)

# A tibble: 1 x 2
year rate
<dbl> <dbl>

1 2013 2.95
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Assigning Temporary Objects
One can also create temporary objects and reassign them:

er_30_Den <- filter(er_30, year > 2000 & county == "Denver")
er_30_Den <- select(er_30_Den, year, rate)

head(er_30_Den)

# A tibble: 1 x 2
year rate
<dbl> <dbl>

1 2013 2.95
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Using the pipe (comes with dplyr):

The pipe | > makes this much more readable. It reads left side “pipes” into right
side. Pipe er_30 into filter, then pipe that into select:

er_30 |> filter(year > 2000 & county == "Denver") |> select(year, rate)

# A tibble: 1 x 2
year rate
<dbl> <dbl>

1 2013 2.95
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Alternative Pipes

There are multiple ways to write a pipe and you might also see this (they work
the samel):

%>% - called the tydiverse pipe

RStudio CMD/Ctrl + Shift + M shortcut.
We find that people often mix up %$>% and %in%.

|> - called the base pipe

Follow this link to add a shortcut
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Adding/Removing Columns



Adding columns to a data frame: dplyr (tidyverse way)

The mutate function in dplyr allows you to add or modify columns of a data

frame.

# General format - Not the code!

{data object to update} <- mutate({data to use},

er_30 <- mutate(er_30, newcol = rate * 2)

head(er_30, 4)

# A tibble: 4 x 7

{new variable name} = {new variable source})

county rate lower95cl upper95cl visits year newcol

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA
2 Chaffee NA NA NA NA 2015 NA
3 Pueblo 15.9 9.54 22. 26 2021 31.8
4 Rio Grande 0O 0 0 0 2019 0
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Use mutate to modify existing columns

The mutate function in dplyr allows you to add or modify columns of a data
frame.

# General format - Not the code!
{data object to update} <- mutate({data to use},
{variable name to change} = {variable modification})

er_30 <- mutate(er_30, newcol = newcol / 2)
head(er_30, 4)

# A tibble: 4 x 7

county rate lower95cl upper95cl visits year newcol

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA
2 Chaffee NA NA NA NA 2015 NA
3 Pueblo 15.9 9.54 22.2 26 2021 15.9
4 Rio Grande 0O 0 0 0 2019 0
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You can pipe data into mutate

er_30 <- er_30 |> mutate(newcol = newcol / 2)
head(er_30,4)

# A tibble: 4 x 7

county rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA
2 Chaffee NA NA NA NA 2015 NA
3 Pueblo 15.9 9.54 22.2 26 2021 7.95
4 Rio Grande 0O 0 0 0 2019 ©
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mutate function

“Artwork by @allison_horst”. https://allisonhorst.com/
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Removing columns of a data frame: dplyr

The NULL method is still very common.

The select function can remove a column with exclamation mark (!) our using
the minus sign (-):

select(er_30, !'newcol)

# A tibble: 6 x 6

county rate lower95cl upper95cl visits vyear

<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018
2 Chaffee NA NA NA NA 2015
3 Pueblo 15.9 9.54 22.2 26 2021
4 Rio Grande 0O 0 0 0 2019
5 Lake 0] 0] 0] 0 2014
6 Chaffee NA NA NA NA 2012

Or, you can simply select the columns you want to keep, ignoring the ones
you want to remove.
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Removing columns in a data frame: dplyr

You can use c () to list the columns to remove.

Remove newcol and year:

select(er_30, !'c(newcol, year))

# A tibble: 30 x 5
rate lower95cl upper95cl visits
<dbl> <dbl>

county
<chr> <dbl>
1 Garfield NA
2 Chaffee NA
3 Pueblo 15.
4 Rio Grande ©
5 Lake 0
6 Chaffee NA
7 Chaffee NA
8 Teller 0
9 Prowers NA
10 Hinsdale 0

# [0 20 more rows

<dbl>

NA
NA
9
0]
0]
NA
NA
0]
NA
0]

.54

NA
NA

22.

0]
0]
NA
NA
0]
NA
0]

NA
NA
26
0]
0]
NA
NA
0]
NA
0]
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Ordering the columns of a data frame: dplyr

The select function can reorder columns.

head(er_30, 2)

# A tibble: 2 x 7
county rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA
2 Chaffee NA NA NA NA 2015 NA

er_30 |> select(year, rate, county) [>
head(2)

# A tibble: 2 x 3
year rate county
<dbl> <dbl> <chr>
1 2018 NA Garfield
2 2015 NA Chaffee
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Ordering the columns of a data frame: dplyr

The select function can reorder columns. Put newcol first, then select the rest
of columns:;

select(er_30, newcol, everything())

# A tibble: 3 x 7

newcol county rate lower95cl upper95cl visits vyear
<dbl> <chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 NA Garfield NA NA NA NA 2018
2 NA Chaffee NA NA NA NA 2015
3 7.95 Pueblo 15.9 9.54 22.2 26 2021
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Ordering the columns of a data frame: dplyr

In addition to select we can also use the relocate() function of dplyr to
rearrange the columns for more complicated moves with the .before and

.after arguments.

For example, let say we just wanted year to be before "rate”

head(er_30, 1)

# A tibble: 1 x 7

county rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA

er_year_fix <- relocate(er_30, year, .before = rate)

head(er_year_fix, 1)

# A tibble: 1 x 7

county year rate lower95cl upper95cl visits newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield 2018 NA NA NA NA NA
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Ordering rows



Ordering the rows of a data frame: dplyr

The arrange function can reorder rows By default, arrange orders in increasing

order;

arrange(er_30, year)

# A tibble: 30 x 7

county rate lower95cl upper95cl visits

<chr> <dbl> <dbl> <dbl> <dbl>
1 Saguache 0] 0] 0] 0]
2 Chaffee NA NA NA NA
3 Prowers NA NA NA NA
4 Hinsdale 0] 0 0] 0]
5 Phillips 0] 0] 0] 0]
6 Denver 2.95 1.75 4.46 19
7 San Miguel NA NA NA NA
8 Lake 0 0 0 0]
9 Delta 0 0 0 0
10 Adams 3.08 1.71 4,85 15

# [0 20 more rows

year newcol

<dbl>
2011
2012
2012
2012
2012
2013
2013
2014
2014
2014

<dbl>
0
NA
NA
0
0
1.47
NA
0
0
1.54

90/110



Ordering the rows of a data frame: dplyr

Use the desc to arrange the rows in descending order:

arrange(er_30, desc(year))

# A tibble: 30 x 7

county rate lower95cl upper95cl visits
<chr> <dbl> <dbl> <dbl> <dbl>

1 Otero NA NA NA NA
2 Chaffee 0] 0] 0] 0]
3 Pueblo 15.9 9.54 22.2 26
4 Mesa 12.0 7.12 18.2 19
5 Kiowa NA NA NA NA
6 Park NA NA NA NA
7 Rio Blanco NA NA NA NA
8 Rio Grande 0 0] 0] 0]
9 Garfield NA NA NA NA
10 Dolores 0] 0] 0] 0]

# [0 20 more rows

year newcol

<dbl>
2022
2022
2021
2021
2020
2020
2020
2019
2018
2018

<dbl>
NA
0
7.95
6.01
NA
NA
NA
0
NA
0
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Ordering the rows of a data frame: dplyr

You can combine increasing and decreasing orderings:

arrange(er_30, rate, desc(year)) |> head(n = 2)

# A tibble: 2 x 7

county rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Chaffee 0 0 0 0 2022

2 Rio Grande 0] 0] 0] 0 2019
arrange(er_30, desc(year), rate) |> head(n = 2)

# A tibble: 2 x 7
county rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Chaffee 0 0 0 0 2022 0
2 Otero NA NA NA NA 2022 NA
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GUT CHECK: What function would be useful for changing a column to be

a percentage instead of a ratio?
A. filter ()

B. select()

C.mutate()
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GUT CHECK: How would we interpret the following:
er_30 |> filter(year > 2020) |> select(year, rate)?

A. Get the er_30 data, then filter it for rows with year values over 2020, then
select only the year and rate columns.

B. Get the er_30 data, then filter it rows with year values over 2020, then select
for rows that have values for year and rate.
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Summary
select() and filter () can be combined together

+you can do sequential steps in a few ways:
1. nesting them inside one another using parentheses ()

2. creating intermediate data objects in between

3. using pipes |> (like “then” statements)

select() and relocate() can be used to reorder columns
arrange() can be used to reorder rows
can remove rows with filter ()

can remove a column in a few ways:
1. using select () with exclamation mark in front of column name(s)

2. not selecting it (without exclamation mark)
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Summary cont...

- mutate() can be used to create new variables or modify them

# General format - Not the code!
{data object to update} <- mutate({data to use},
{new variable name} = {new variable source})

er_30 <- mutate(ER_30, newcol = count/2.2)

96/110



A note about base R:

The $ operator is similar to pull(). This is the base R way to do this:

er_30%year

[1] 2018 2015 2021 2019 2014 2012 2017 2016 2012 2012 2017 2016 2020 2014 2020
[16] 2014 2011 2022 2018 2013 2017 2021 2015 2020 2012 2016 2013 2014 2017 2022

Although it is easier (for this one task), mixing and matching the $ operator with
tidyverse functions usually doesn’'t work. Therefore, we want to let you know

about it in case you see it, but we suggest that you try working with the tidyverse
way.
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Adding new columns to a data frame: base R

You can add a new column (or modify an existing one) using the $ operator

instead of mutate.

Just want you to be aware of this as it is very common.

er_30%newcol <- er_30%rate/2.2
head(er_30, 3)

# A tibble: 3 x 7

county rate lower95cl upper95cl visits vyear
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Garfield NA NA NA NA 2018
2 Chaffee NA NA NA NA 2015
3 Pueblo 15.9 9.54 22.2 26 2021

newcol

<dbl>
NA
NA

7.22

Even though $ is easier for creating new columns, mutate is really powerful, so

it's worth getting used to.
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Lab Part 3
0 Class Website

0 Lab
0 Day 3 Cheatsheet

0 Posit's dplyr Cheatsheet

Image by Gerd Altmann from Pixabay
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Multiple patterns with tidyselect

Need to combine the patterns with the ¢ () function.

select(er_30, ends_with("cl"), starts_with("r"))

# A tibble: 30 x 3
lower95cl upper9scl

1 NA NA
2 NA NA
3 9.54 22.2
4 0] 0]
S 0] 0]
6 NA NA
7 NA NA
8 0] 0]
9 NA NA
10 0] 0]

# [0 20 more rows

select(er_30, starts with(c("r", "1"))) # here we combine two patterns

# A tibble: 30 x 2
rate lower95cl
<dbl> <dbl>

1 NA NA
2 NA NA
3 15.9 9.54
4 0 0]
5 0 0]

rate
<dbl> <dbl> <dbl>

NA
NA

15.

0]
0]
NA
NA
0]
NA
0]
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Nuances about filter()

test <- tibble(A = c(1,2,3,4), B = ¢(1,2,3,4))
test

# A tibble: 4 x 2
A B
<dbl> <dbl>

~rWNE
~rWNE
~rWNE

# These are technically the same but >= 1is easier to read
# Separating can cause 1ssues

filter(test, B > 2 | B==2)
# A tibble: 3 x 2
A B
<dbl> <dbl>
1 2 2
2 3 3
3 4 4

filter(test, B >= 2)

# A tibble: 3 x 2

A B
<dbl> <dbl>
1 2 2
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Order of operations for filter()

Order can matter. Think of individual statements separately first.

filter(test, A>3 | B==2 & B>2) # A 1s greater than 3 or B 1is equal to 2 AND (th

# A tibble: 1 x 2
A B
<dbl> <dbl>
1 4 4

filter(test, A>3 & B>2 | B==2) # A 1s greater than 3 AND B 1is greater than 2 le

# A tibble: 2 x 2
A B
<dbl> <dbl>
1 2 2
2 4 4
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Ordering the column names of a data frame: alphabetically

Using the base R order () function.

order(colnames(er_30))

[1] 1372456

er_30 |> select(order(colnames(er_30)))

# A tibble: 30 x 7
lower95cl newcol
<dbl> <dbl> <dbl>

county
<chr>
Garfield
Chaffee
Pueblo

Rio Grande
Lake
Chaffee
Chaffee
Teller
Prowers

10 Hinsdale
# 0 20 more rows

© 00 N O O W DN B

NA
NA

9.

0]
0]
NA
NA
0]
NA
0]

54

NA
NA

7.

0]
0]
NA
NA
0]
NA
0]

22

rate upper95cl visits

NA
NA

15.

0]
0]
NA
NA
0]
NA
0]

NA
NA

22.

0]
0]
NA
NA
0]
NA
0]

<dbl> <dbl>

NA
NA
26
0]
0]
NA
NA
0]
NA
0]

year
<dbl>
2018
2015
2021
2019
2014
2012
2017
2016
2012
2012
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which() function

Instead of removing rows like filter, which () simply shows where the values

occur if they pass a specific condition. We will see that this can be helpful later
when we want to select and filter in more complicated ways.

which(select(er_30, year) == 2012)
[1] 6 9 10 25
select(er_30, year) == 2012 |> head(10)

year
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE 105/110
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Remove a column in base R

er_30%year <- NULL
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Renaming Columns of a data frame: base R

We can use the colnames function to extract and/or directly reassign column
names of df:

colnames(er_30) # just prints

[1] "county" "rate" "lower95cl" "upper95cl" "visits" "year"
[7] "newcol"

colnames(er_30)[1:2] <- c("County", "Rate") # reassigns
head(er_30)

# A tibble: 6 x 7

County Rate lower95cl upper95cl visits year newcol
<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018 NA
2 Chaffee NA NA NA NA 2015 NA
3 Pueblo 15.9 9.54 22.2 26 2021 7.22
4 Rio Grande 0 0] 0] O 2019 0
5 Lake 0 0 0 O 2014 0
6 Chaffee NA NA NA NA 2012 NA
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Subset rows of a data frame with indices:

Let's select rows 1 and 3 from df using brackets:

er_30[ c(1, 3), ]

# A tibble: 2 x 7
County Rate lower95cl upper95cl visits year
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Garfield NA NA NA NA 2018
2 Pueblo 15.9 9.54 22.2 26 2021

newcol

<dbl>
NA

7.22
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Subset columns of a data frame:

We can also subset a data frame using the bracket [, ] subsetting.

For data frames and matrices (2-dimensional objects), the brackets are [rows,
columns] subsetting. We can grab the x column using the index of the column
or the column name (“year”)

er_30[, 6]

# A tibble: 30 x 1
year
<dbl>
2018
2015
2021
2019
2014
2012
2017
2016
2012
2012
# [0 20 more rows

QOO ~NOUGITL_,WINE

[N

er_30[, "year"]

# A tibble: 30 x 1

year 109/110
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Subset columns of a data frame:

We can select multiple columns using multiple column names:

er_30[, c("County", "Rate")]

# A tibble: 30 x 2

County Rate

<chr> <dbl>
1 Garfield NA
2 Chaffee NA

3 Pueblo 15.9
4 Rio Grande 0
5 Lake 0]
6 Chaffee NA
7 Chaffee NA
8 Teller 0]
9 Prowers NA
10 Hinsdale 0]

# 0 20 more rows
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Data Classes



One dimensional vectors



Character and numeric

We have already covered character and numeric types.

class(c("tree", "cloud", "stars_& sky"))
## [1] "character"”
class(c(1, 4, 7))

## [1] "numeric"
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Character and numeric

Character predominates if there are mixed classes.

class(c(1, 2, "tree"))
## [1] "character"
ClaSS(C("llI, l|4l|, l|7l|))

## [1] "character"
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Logical
logical is a type that only has two possible elements: TRUE and FALSE

x <- Cc(TRUE, FALSE, TRUE, TRUE, FALSE)
class(x)

## [1] "logical"

logical elements are NOT in quotes.
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Why is Class important?

The class of the data tells R how to process the data.

For example, it determines whether you can make summary statistics (numbers)
or if you can sort alphabetically (characters).
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General Class Information

There is one useful functions associated with practically all R classes:
as.CLASS_NAME (x) coerces between classes. It turns x into a certain class.
Examples:

- as.numeric()
- as.character ()

- as.logical()
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Coercing: seamless transition

Sometimes coercing works great!

as.character(4)

## [1] "4"

as.numeric(c("1", "4", "7"))

## [1] 1 4 7

as.logical(c("TRUE", "FALSE", "FALSE"))
## [1] TRUE FALSE FALSE

as.logical(0)

## [1] FALSE
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Coercing: not-so-seamless

When interpretation is ambiguous, R will return NA (an R constant representing
“Not Available” i.e. missing value)

as.numeric(c("1", "4", "7a"))

## Warning: NAs introduced by coercion
# [1] 1 4 NA

as.logical(c("TRUE", "FALSE", "UNKNOWN"))

## [1] TRUE FALSE NA
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GUT CHECK!

What is one reason we might want to convert data to numeric?
A. So we can take the mean
B. So the data looks better

C. So our data is correct
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Number Subclasses

There are two major number subclasses or types

1. Double (1.003)
2. Integer (1)
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Number Subclasses

Double is equivalent to numeric. It is a number that contains fractional values .
Can be any amount of places after the decimal.

Double stands for double-precision

For most purposes, the difference between integers and doubles doesn't matter.
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https://en.wikipedia.org/wiki/Double-precision_floating-point_format

Significant figures and other formats

The num function of the tibble package can be used to change format. See here
for more: https://tibble.tidyverse.org/articles/numbers.html
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Factors

A factor is a special character vector where the elements have pre-defined
groups or ‘levels’. You can think of these as qualitative or categorical variables.
Order is often important.

Examples:

red, orange, yellow, green, blue, purple

breakfast, lunch, dinner

baby, toddler, child, teen, adult

Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree
beginner, novice, intermediate, expert

** We will learn more about factors in a later module. **
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Classes Overview

Example Class Type Notes
1.1 numeric double Default for numbers

Need to coerce to integer with as.integer () or use sample() or seq() to

! Integer Integer create whole numbers
F’;';‘T'IE ’ character character Need quotes
FALSE, : : .
TRUE logical logical No quotes, 0 and 1, respectively
“Small”, i
“Large” factor factor Need to coerce to factor with factor ()
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Special data classes



Dates

There are two most popular R classes used when working with dates and times:

Date class - a calendar date

POSIXct class - a calendar date with hours, minutes, seconds

Converting data from character to Date/P0SIXct allows special functions
date/date and time

lubridate (part of tidyverse) helps work with Date / POSIXct class objects
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Creating Date class object

class('"2021-06-15")
## [1] "character"”

library(tidyverse) # Contains lubridate

X <- ymd("2021-06-15") # lubridate package Year Month Day
class(x)

## [1] "Date"

Note for function ymd: year month day
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Dates are useful!

a <- ymd("2021-06-15")
b <- ymd("2021-06-18")
a-»b

## Time difference of -3 days
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The function matches the format
mdy ("06/15/2021")

## [1] "2021-06-15"
dmy("15-June-2021")

## [1] "2021-06-15"
ymd("2021-06-15")

## [1] "2021-06-15"
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Class conversion in a dataset

Here's a dataset on the SARS-CoV-2 viral load measured in wastewater between
2022 and 2024, collected by the collected by the National Wastewater
Surveillance System.

Let's look at the date_start variable, the first date of the sampling window.

sars_ww <-
read_csv("https://daseh.org/data/SARS-CoV-2_Wastewater_Data.csv")

# Selecting a few columns for easy viewing
sars_ww <- sars_ww |> select(town_name, date_start)
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Class conversion in a dataset

Notice that date_start is chr class, not date.

sars_ww

## # A tibble: 2,813 x 2

HH
HH
HH
HH
HH
HH
HH
HH
HH
HH

©OooO~NOUGITL_WNE

## 10

town_name date start

<chr>
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry

<chr>

6/21/2020
6/22/2020
6/23/2020
6/24/2020
6/25/2020
6/26/2020
6/27/2020
6/28/2020
6/29/2020
6/30/2020

## # 0 2,803 more rows
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Class conversion in with a dataset

We would need to use mutate () to help us modify that column.

sars_ww |>

mutate(date_start_fixed = mdy(date_start))

## # A tibble: 2,813 x 3

HH
HH
HH
HH
HH
HH
HH
HH
HH
HH

©CooO~NOOUGIL_WNE

## 10

town_name date start

<chr>
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry
Barry

<chr>

6/21/2020
6/22/2020
6/23/2020
6/24/2020
6/25/2020
6/26/2020
6/27/2020
6/28/2020
6/29/2020
6/30/2020

## # 0 2,803 more rows

date_start_fixed
<date>
2020-06-21
2020-06-22
2020-06-23
2020-06-24
2020-06-25
2020-06-26
2020-06-27
2020-06-28
2020-06-29
2020-06-30
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Other data classes



Two-dimensional data classes

Two-dimensional classes are those we would often use to store data read from a
file

- adata frame (data.frame or tibble class)
a matrix (matrix class)

- also composed of rows and columns

- unlike data.frame or tibble, the entire matrix is composed of one R
class

- for example: all entries are numeric, or all entries are character
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Lists

One other data type that is the most generic are 1ists.
Can hold vectors, strings, matrices, models, list of other list!

Lists are used when you need to do something repeatedly across lots of data -
for example wrangling several similar files at once

Lists are a bit more advanced but you may encounter them when you work
with others or look up solutions
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Making Lists

+ Can be created using 1ist()

mylist <- list(c("A", "b", "c"), c(1, 2, 3))
mylist

## [[1]]

## [1] IIAII llbll IICII
e

## [[2]]

# [1]1 123
class(mylist)

## [1] "list"
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Summary

coerce between classes using as.numeric() or as.character()
data frames, tibbles, matrices, and lists are all classes of objects
lists can contain multiples of any other class of data including lists!

calendar dates can be represented with the Date class using ymd (), mdy ()
functions from lubridate package

can then easily subtract Date or POSIXct class variables or pull out aspects
like year
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https://lubridate.tidyverse.org/

Lab
0 Class Website

0 Lab

0 Day 4 Cheatsheet

For more advanced learning: see the extra slides in this file!

Image by Gerd Altmann from Pixabay
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Matrices

as.matrix() creates a matrix from a data frame or tibble (where all values are
the same class).

matrix() creates a matrix from scratch.

matrix(1:6, ncol = 2)

#it [,1] [,2]
## [1,] 1 4
## [2,] 2 5
## [3,] 3 6
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More about Lists

List elements can be named

mylist_named <- list(
letters — C("A", "b", ”C”),
numbers = c(1, 2, 3),
one_matrix = matrix(1:4, ncol = 2)

mylist_named

## $letters
## [1] IIAII llbll IICII

HH

## $numbers

#H [1]1 12 3

HH

## $one_matrix
it [,1] [,2

#o[1,] 1 %
# [2,] 2 4
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Some useful functions from lubridate to manipulate Date objects

x <- ymd(c("2021-06-15", "2021-07-15"))
X

## [1] "2021-06-15" "2021-07-15"
day(x) # see also: month(x) , year(x)
## [1] 15 15

X + days(10)

## [1] "2021-06-25" "2021-07-25"

X + months(1) + days(10)

## [1] "2021-07-25" "2021-08-25"
wday(x, label = TRUE)

## [1] Tue Thu
## Levels: Sun < Mon < Tue < Wed < Thu < Fri < Sat
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Some useful functions from lubridate to manipulate POSIXct objects

X <- ymd_hms("2013-01-24 19:39:07")
X

## [1] "2013-01-24 19:39:07 UTC"

date(x)

## [1] "2013-01-24"

X + hours(3)

## [1] "2013-01-24 22:39:07 UTC"

floor_date(x, "1 hour") # see also: ceiling date()

## [1] "2013-01-24 19:00:00 UTC"
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Differences in dates

x1 <- ymd(c("2021-06-15"))
X2 <- ymd(c("2021-07-15"))

difftime(x2, x1, units = "weeks")
## Time difference of 4.285714 weeks
as.numeric(difftime(x2, x1, units = "weeks"))

## [1] 4.285714

Similar can be done with time (e.g. difference in hours).
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Data Selection



Matrices

n<-1:9
n

## [1]1 123456789

mat <- matrix(n, nrow = 3)
mat

H [,1] [,2] [,3]
# [1,] 1 4 7
# [2,] 2 5 8
## [3,] 3 6 9
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Vectors: data selection

To get element(s) of a vector (one-dimensional object):

- Type the name of the variable and open the rectangular brackets [ ]

In the rectangular brackets, type index (/vector of indexes) of element
(/elements) you want to pull. In R, indexes start from 1 (not: 0)

X <- C(”a”, l|bl|, ”C", l|dl|, l|el|, l|fl|, l|gl|, llhll)
X

## [1] "a" "b" "c" "d" "e" "f" "g" "h"
x[2]

## [1] "b"

x[c(1, 2, 100)]

## [1] Ilall Ilbll NA
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Matrices: data selection

Note you cannot use dplyr functions (like select) on matrices. To subset matrix
rows and/or columns, use matrix[row_index, column_index].

mat

# [,1] [,2] [,3]
# 1,1 1 4 7
# [2,] 2 5 8
## [3,] 3 6 9

mat[1, 1] # individual entry: row 1, column 1
## [1] 1

mat[1, 2] # individual entry: row 1, column 2
## [1] 4

mat[1l, ]| # first row

## [1] 1 4 7

mat[, 1] # first column

## [1] 1 2 3

mat[c(1, 2), c(2, 3)] # subset of original matrix: two rows and two colusms



Lists: data selection

You can reference data from list using $ (if elements are named) or using [[ 1]

mylist_named[[1]]

# [1] "A" "b" "c"

mylist_named[["letters"]] # works only for a list with elements' names
# [1] "A" "b" "c"

mylist_named$letters # works only for a list with elements' names

## [1] lIAll llbll IICll
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Data Cleaning



Recap on summarization

- summary(x): quantile information
+count(x):what unique values do you have?
- distinct(): what are the distinct values?
- n_distinct() with pull(): how many distinct values?
- group_by(): changes all subsequent functions
- combine with summarize() to get statistics per group
- combine with mutate() to add column

- summarize() with n() gives the count (NAs included)

0 Day 4 Cheatsheet
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https://daseh.org/modules/cheatsheets/Day-4.pdf

Recap on data classes

- There are two types of number class objects: integer and double
Logic class objects only have TRUE or FALSE (without quotes)

+ class () can be used to test the class of an object x

+ as.CLASS_NAME(x) can be used to change the class of an object x

Factors are a special character class that has levels - more on that soon!
- tibbles show column classes!

- two dimensional object classes include: data frames, tibbles, matrices, and
lists

Dates can be handled with the lubridate package

Make sure you choose the right function for the way the date is formatted!

0 Day 4 Cheatsheet
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Data Cleaning

In general, data cleaning is a process of investigating your data for
inaccuracies, or recoding it in a way that makes it more
manageable.

0 MOST IMPORTANT RULE - LOOK [T AT YOUR DATA!'[
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Dealing with Missing Data



Missing data types
One of the most important aspects of data cleaning is missing values.

Types of “missing” data:

+ NA - general missing data
+ NaN - stands for “Not a Number”, happens when you do 0/0.

-+ Inf and -Inf - Infinity, happens when you divide a positive number (or
negative number) by O.
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Finding Missing data
- is.na - looks for NAN and NA

- is.nan- looks for NAN

- is.infinite - looks for Inf or -Inf

test <- c(O,NA, -1)
test/0

[1] NaN NA -Inf

test <- test/0
is.na(test)

[1] TRUE TRUE FALSE
is.nan(test)

[1] TRUE FALSE FALSE
is.infinite(test)

[1] FALSE FALSE TRUE
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Useful checking functions

any () can help you check if there are any NA values in a vector

test
[1] NaN NA -Inf
any(is.na(test))

[1] TRUE
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Finding NA values with count ()

Check the values for your variables, are they what you expect?

count () is a great option because it helps you check if rare values make sense.
Let's look at the CO heat-related ER visits dataset again.

er <- read_csv(file =
"https://daseh.org/data/CO_ER_heat_visits.csv")
er |> count(visits)

# A tibble: 37 x 2
visits n
<dbl> <int>
® 339
11 2

12 5

13 8

14 3

15 2

16 3

17 3

18 5

19 !

# [ 27 more rows

QOO ~NOUGITL_WNE

[N
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naniar

Sometimes you need to look at lots of data though... the naniar package is a
good option.

#install.packages("naniar")
library(naniar)

EXPLORE

: ISTING DATA

“Artwork by @allison_horst”. https://allisonhorst.com/
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https://cran.r-project.org/web/packages/naniar/vignettes/getting-started-w-naniar.html
https://allisonhorst.com/

naniar: pct_complete()

This can tell you if there are missing values in the dataset.

pct_complete(er)
[1] 73.65451

Or for a particular variable:

er |> select(visits) |[>
pct_complete()

[1] 60.54688

er |> select(rate) |>
pct_complete()

[1] 60.54688
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naniarmiss_var_summary/()

To get the percent missing (and counts) for each variable as a table, use this

function:

miss_var_summary(er)

# A tibble: 6 x 3
variable n_miss pct_miss

OO, wWNE

<chr>
lower95cl
upper9oscl
rate
visits
county
year

<int>

304
304
303
303
0]
0]

<num>
39.6
39.6
39.5
39.5
0]
0]
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naniar plots

The gg_miss_var () function creates a nice plot about the number of missing
values for each variable, (need a data frame).

gg_miss_var(er, show_pct = TRUE)

pppppppp

IIIIIIII

Variables

% Missing
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Missing Data Issues

Recall that mathematical operations with NA often result in NAs.

sum(c(1,2,3,NA))
[1] NA
mean(c(1,2,3,NA))
[1] NA
median(c(1,2,3,NA))

[1] NA
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Missing Data Issues

This is also true for logical data. Recall that TRUE is evaluated as 1 and FALSE is
evaluated as 0.

X <- c(TRUE, TRUE, TRUE, TRUE, FALSE, NA)
sum(x)

[1] NA
sum(x, na.rm = TRUE)

[1] 4
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filter() and missing data

Be careful with missing data using subsetting!

filter () removes missing values by default. Because R can't tell for sure if an
NA value meets the condition. To keep them need to add is.na() conditional.

Think about if this is OK or not - it depends on your datal!
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filter() and missing data

What if NA values represent values that are so low it is undetectable?

Filter will drop them from the data.

er |> filter(visits > 0)

# A tibble: 126 x 6
county

<chr>
Adams
Adams
Adams
Adams
Adams
Adams
Adams
Adams
Adams
10 Adams

© 00 N O 0o A WDN B

rate lower95cl upper95cl visits

<dbl>

6.
.84
.84
.08
. 36
.85
.63
A1
.76
.76

A O N O 0O W WO A

# [0 116 more

73

rows

<dbl>

NA

N A MO BRP R BN

.85
. 36
71
.89
.12
.29
T
.53
.82

<dbl> <dbl>

9.

NA

9.

24

31

4.85

(&)

o 00 O @

.23
11.
.98
.44
.99
.70

6

29
23
31
15
16
42
32
37
36
24

year
<dbl>
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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filter() and missing data

is.na() can help us keep them.

er |> filter(visits > 0 | is.na(visits))

# A tibble: 429 x 6

rate lower95cl upper95cl visits
<dbl> <dbl>

county
<chr> <dbl>
1 Adams 6.73
2 Adams 4.84
3 Adams 6.84
4 Adams 3.08
5 Adams 3.36
6 Adams 8.85
7 Adams 6.63
8 Adams 7.11
9 Adams 6.76
10 Adams 4.76
# 0 419 more rows

<dbl>

NA

NARARRRORLREBERDN

.85
. 36
71
.89
.12
.29
AT
.53
.82

9.
NA

[N
OO R U1k O

24

.31
.85
.23
.6

.98
.44
.99
.70

29
23
31
15
16
42
32
37
36
24

year
<dbl>
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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To remove rows with NA values for a variable use drop_na()

A function from the tidyr package. (Need a data frame to start!)

Disclaimer: Don’t do this unless you have thought about if dropping NA values
makes sense based on knowing what these values mean in your data. Also
consider if you need those rows for values for other variables.

dim(er)
[1] 768 6

er_drop <- er |> drop_na(lower95cl)
dim(er_drop)

[1] 464 6
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Let's take a look

Can still have NAs for other columns

er_drop

# A tibble: 464 x 6

rate lower95cl upper95cl visits
<dbl> <dbl>

county
<chr> <dbl>
1 Adams 4 .84
2 Adams 6.84
3 Adams 3.08
4 Adams 3.36
5 Adams 8.85
6 Adams 6.63
7 Adams 7.11
8 Adams 6.76
9 Adams 4.76
10 Adams 6.93
# 0 454 more rows

<dbl>

AN, RARRORRERADN

.85
. 36
71
.89
.12
.29
AT
.53
.82
.61

NA

OCOWOWOORr U1~ O

.31
.85
.23
.6
. 98
.44
.99
.70
.25

23
31
15
16
42
32
37
36
24
35

year
<dbl>
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
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To remove rows with NA values for a data frame use drop_na()

This function of the tidyr package drops rows with any missing data in any

column when used on a df.

er_drop <- er |> drop_na()

er_drop

# A tibble: 463 x 6

rate lower95cl upper95cl visits
<dbl> <dbl>

county
<chr> <dbl>
1 Adams 6.84
2 Adams 3.08
3 Adams 3.36
4 Adams 8.85
5 Adams 6.63
6 Adams 7.11
7 Adams 6.76
8 Adams 4.76
9 Adams 6.93
10 Adams 8.23
# 0 453 more rows

<dbl>

abLNAARARORRER A

. 36
71
.89
.12
.29
AT
.53
.82
.61
.81

[N
QOOMWOOOROUTI~O

[N

.31
.85
.23
.6
. 98
.44
.99
.70
.25
.6

31
15
16
42
32
37
36
24
35
45

year
<dbl>
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
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Drop columns with any missing values

Use the miss_var_which() function from naniar

miss_var_which(er)# which columns have missing values

[1] "rate" "lower95cl" "upper95cl" "visits"
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Drop columns with any missing values

miss_var_which and function from naniar (need a data frame)

er_drop <- er |> select(!miss_var_which(er))
er_drop

# A tibble: 768 x 2
county year
<chr> <dbl>
Adams 2011
Adams 2012
Adams 2013
Adams 2014
Adams 2015
Adams 2016
Adams 2017
Adams 2018
Adams 2019
10 Adams 2020
# 0 758 more rows

© 00 N O O W DN B
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Change a value to be NA

Let's say we think that all O values should be NA.

Maybe we think the person who entered the CO heat-related ER visits data made
a mistake in how they coded missing data.

er |> count(visits)

# A tibble: 37 x 2
visits n
<dbl> <int>
® 339
11 2

12 5

13 8

14 3

15 2

16 3

17 3

18 5

19 !

# [ 27 more rows

QOO ~NOUGIL_,WNE

[N
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Change a value to be NA

The na_if () function of dplyr can be helpful for changing all 0 values to NA.

er_nozero <- er |>
mutate(visits = na_if(visits, 0))

er_nozero |> count(visits)

# A tibble: 36 x 2
visits n
<dbl> <int>
11 2

12 5

13 8

14 3

15 2

16 3

17 3

18 5

19 !

20 2

# [ 26 more rows

QOVWoO~NOUGITL_,WNE

[N
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Change NAto be a value

The replace_na() function (part of the tidyr package), can do the opposite of
na_if (). (note that you must use numeric values as replacement - we will show
how to replace with character strings soon)

er |>
mutate(visits = replace_na(visits, 0)) |>
count(visits)

# A tibble: 36 x 2
visits n
<dbl> <int>
0 642
11
12
13
14
15
16
17
18
10 19 7
# 0 26 more rows

© 00 N O O W DN B
OF W W N W oo o N
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Think about NA
THINK ABOUT YOUR DATA FIRST!

1 Sometimes removing NA values leads to distorted math - be careful!
0 Think about what your NA means for your data (are you sure ?).
- Is an NA for values so low they could not be reported?

- Orisitif it was too low and also if there was a different issue (like no one
reported)?
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Think about NA

If it is something more like a zero then you might want it included in your data
like a zero instead of an NA.

Example: - survey reports NA if student has never tried cigarettes - survey reports
0 if student has tried cigarettes but did not smoke that week

0 You might want to keep the NA values so that you know the original sample
size.
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Word of caution

0 Calculating percentages will give you a different result depending on your
choice to include NA values.!

This is because the denominator changes.
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Word of caution - Percentages with NA

count(er, visits) |> mutate(percent = (n/(sum(n)) *100))

# A tibble: 37 x 3
n percent
<dbl>

visits
<dbl>
0]

11

12

13

14

15

16

17

18

19

QOO ~NOUGITL_,WNE

=

# 0 27 more rows

<int>
339
2

S
8
3
2
3
3
S
7
W

44,
. 260
. 651
.04

. 391
. 260
. 391
. 391
. 651
911

oNoNoNoNoNoN N oNO

1
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Word of caution - Percentages with NA

er |> drop_na(visits)
count(visits) |> mutate(percent = (n/(sum(n)) *100))

# A tibble: 36 x 3

visits n percent
<dbl> <int> <dbl>

1 O 339 72.9
2 11 2 0.430
3 12 5 1.08
4 13 8 1.72
5 14 3 0.645
6 15 2 0.430
7 16 3 0.645
8 17 3 0.645
9 18 5 1.08
10 19 7 1.51

# [0 26 more rows

Should you be dividing by the total count with NA values included?
It depends on your data and what NA might mean.
Pay attention to your data and your NA values!

| >
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Don't forget about the common issues

Extra or Missing commas
Extra or Missing parentheses
- Case sensitivity
- Spelling
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GUT CHECK: What function can be used to remove NA values from a full

dataframe or for an individual column?
A.drop_nulls()

B. drop_na()

C. rem_na()
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GUT CHECK: How can you keep NA values when using filter?

A.include | is.na()

B.include & is.na()
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Summary

is.na(),any(is.na()),all(is.na()),count(), and functions from naniar
like gg_miss_var() and miss_var_summary can help determine if we have
NA values

+ miss_var_which() can help you drop columns that have any missing values.

filter () automatically removes NA values - can't confirm or deny if condition
is met (need | is.na() to keep them)

drop_na() can help you remove NA values from a variable or an entire data
frame

NA values can change your calculation results
- think about what NA values represent - don’t drop them if you shouldn't
na_if () will make NA values for a particular value

replace_na() will replace "NA values with a particular value
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Lab Part 1

0 Class Website
0 Lab.0 Day 5 Cheatsheet
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https://daseh.org/
https://daseh.org/modules/Data_Cleaning/lab/Data_Cleaning_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-5.pdf

Recoding Variables



Example of Recoding

Let's upload some practice data about microplastics. Maybe we measured the
level of microplastics in someone who eats a fish versus someone who is a

vegetarian.

https://www.medicalnewstoday.com/articles/what-do-we-know-about-
microplastics-in-food#Common-microplastics-in-food
https://www.sciencedirect.com/science/article/pii/S0045653523028072
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5708064/

plastics <- read_csv(file =
"https://daseh.org/data/microplastics_in_blood.csv")

Rows: 12 Columns: 4

— Column specification
Delimiter: ",6"

chr (2): Foods, microplastic

dbl (2): blood_level start_nM, blood_level_change_nM

0 Use "spec() to retrieve the full column specification for this data.
0 Specify the column types or set "show col types = FALSE to quiet this message
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https://www.medicalnewstoday.com/articles/what-do-we-know-about-microplastics-in-food#Common-microplastics-in-food
https://www.sciencedirect.com/science/article/pii/S0045653523028072
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5708064/

microplastics data
plastics

# A tibble: 12 x 4
Foods microplastic blood_level start_nM blood_level change_nM

<chr> <chr> <dbl> <dbl>
1A Dioxin 1 2.5
2 B Dioxin 7 2.5
3B Other 2 0.5
4 A Bisphenol A 3 -0.5
5B BPA 5 0.5
6 B dioxin 8 0.5
7 A bpa 6 2.5
8 B Other 5 3.5
9B dioxin 2 0.5
10 A bpa 1 1.5
11 B BPA V4 1.5
12 B Other 3 2.5
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Oh dear...

This needs lots of recoding.

plastics |[>
count(microplastic)

# A tibble: 6 x 2
microplastic n
<chr> <int>
BPA
Bisphenol A
Dioxin
Other

bpa

dioxin

OO, WwWNE
NNWNEDN
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dplyr can help!

Using Excel to find all of the different ways microplastic has been coded, could
be hectic! In dplyr you can use the case_when function.

(need mutate here too!)
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Or you can use case_when()

Need quotes for conditions and new values!

plastics |[>
mutate(microplastic_recoded = case_when(

microplastic == "Bisphenol A" ~ "BPA",
microplastic == "bpa" ~ "BPA",
microplastic == "dioxin" ~"Dioxin")) |>

count(microplastic, microplastic_recoded)

# A tibble: 6 x 3

microplastic microplastic_recoded n

<chr> <chr> <int>
1 BPA <NA> 2
2 Bisphenol A BPA 1
3 Dioxin <NA> 2
4 Other <NA> 3
5 bpa BPA 2
6 dioxin Dioxin 2
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What happened?

We seem to have NA values!

We didn't specify what happens to values that were already Other or Dioxin or
BPA.

plastics |>
mutate(microplastic_recoded = case_when(

microplastic == "Bisphenol A" ~ "BPA",
microplastic == "bpa" ~ "BPA",
microplastic == "dioxin" ~"Dioxin")) [>

count(microplastic, microplastic_recoded)
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case_when( ) drops unspecified values

Note that automatically values not reassigned explicitly by case_when() will be
NA unless otherwise specified.

# General Format - this is not code!
{data_input} |>
mutate({variable_to_fix} = case_when({Variable_fixing}
/some condition/ ~ {value_for_con},
.default = {value for_not_meeting condition}) # need this to avoid NAs

{value_for_not_meeting_condition} could be something new or it can be the
original values of the column
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case_when with .default = original variable name

plastics |>
mutate(microplastic_recoded = case_when(

microplastic == "Bisphenol A" ~ "BPA",
microplastic == "bpa" ~ "BPA",
microplastic =="dioxin" ~"Dioxin",

.default = microplastic)) |>
count(microplastic_recoded)

# A tibble: 3 x 2

microplastic_recoded n
<chr> <int>
1 BPA )
2 Dioxin 4
3 Other 3
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Typically it is good practice to include the .default statement

You never know if you might be missing something - and if a value already was
an NA it will stay that way.

plastics |[>
mutate(microplastic_recoded = case_when(

microplastic == "Bisphenol A" ~ "BPA",
microplastic == "bpa" ~ "BPA",
microplastic == "dioxin" ~"Dioxin",

.default = microplastic)) |>
count(microplastic, microplastic_recoded)
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case_when() can also overwrite/update a variable

You need to specify what we want in the first part of mutate.

plastics |>
mutate(microplastic = case_when(

microplastic == "Bisphenol A" ~ "BPA",
microplastic == "bpa" ~ "BPA",
microplastic == "dioxin" ~"Dioxin",
.default = microplastic)) [>
count(microplastic)
# A tibble: 3 x 2
microplastic n
<chr> <int>
1 BPA )
2 Dioxin 4

3 Other 3
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More complicated case_when()

case_when can do complicated statements and can match many patterns at a
time.

plastics |[>
mutate(microplastic_recoded = case_when(
microplastic %in% c("dioxin", '"Dioxin") ~ "Dioxin",
microplastic %in% c("BPA", "bpa", "Bisphenol A") ~ "BPA",
.default = microplastic)) [>

count(microplastic, microplastic_recoded)

# A tibble: 6 x 3

microplastic microplastic_recoded n

<chr> <chr> <int>
1 BPA BPA 2
2 Bisphenol A BPA 1
3 Dioxin Dioxin 2
4 Other Other 3
5 bpa BPA 2
6 dioxin Dioxin 2
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Another reason for case_when()

case_when can do very sophisticated comparisons!

Here we create a new variable called Effect.

plastics <- plastics |[>

mutate(Effect = case_when(
blood_level change_nM
blood_level change_nM
blood_level change_nM

head(plastics)

#

OO, wWNE

A tibble: 6 x 5
Foods microplastic blood_level start_nM
<chr> <chr> <dbl>
Dioxin
Dioxin
Other
Bisphenol A
BPA

dioxin

WW>wWwwW >
UITWNNR

> 0 ~ "Increase",
== 0 ~ "Same",
< 0 ~ "Decrease'"))

blood_level change_nM
<dbl>

1
OCOOONDN
010101010101

Effect
<chr>
Increase
Increase
Increase
Decrease
Increase
Increase
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Now it is easier to see what is happening

plastics |>
count(Foods, Effect)

# A tibble: 3 x 3

Foods Effect n
<chr> <chr> <int>
1A Decrease 1
2 A Increase 3
3B Increase 8
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Note that if you change data classes this might impact .default

class(pull(plastics, blood_level change_nM))

plastics <- plastics |[>
mutate(Effect = case_when(

blood_level change_nM > 0@ ~ "Increase",
blood_level change_nM == 0 ~ "Same",
blood_level change_nM < 0@ ~ "Decrease",
.default = blood level change_nM))

#default 1is class double

# this will give an error!

plastics <- plastics |[>
mutate(Effect = case_when(
blood_level change_nM > 0@ ~ "Increase",
blood_level change_nM == 0 ~ "Same",
blood_level change_nM < 0@ ~ "Decrease",
.default = as.character(blood_level change_nM)))
# this works!
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multiple conditions with case_when recoding

plastics |>
mutate(Amt_change = case_when(

blood_level change_nM > 0 & blood_level change_ nM < 2 ~ "Small"

blood_level change_nM
blood_level change_nM
blood_level change_nM
blood_level change_nM

# A tibble: 12 x 6
Foods microplastic blood level start_nM
<chr> <chr> <dbl>

Dioxin

>

Dioxin
Other
Bisphenol A
BPA
dioxin
Amt_change
<chr>

Large

Large

Small

Small

Small

Small

0 6 more rows

o 01~ W N B
W > W W
o o1 w NN

H o o0 b W N B

>= 2 ~ "Large",

< 0 & blood_level change nM > -2 ~ "Small",

<= -2 ~ "Large",
== 0 ~ "none"))

blood_level change_nM
<dbl>

1
O]
o o1 o1 01 01 01

Effect
<chr>
Increase
Increase
Increase
Decrease
Increase
Increase
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GUT CHECK: we need to use what function with case_when( ) to modify

Or create a new variable?
A. modify()

B. select()

C.mutate()
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GUT CHECK: If we want all unspecified values to remain the same with

case_when( ), how should we complete the .default statement?
A. = the name of the variable we are modifying or using as source

B. = "same”
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Working with strings



Stringsin R

R can do much more than find exact matches for a whole string!
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The stringr package

The stringr package:

Modifying or finding part or all of a character string
- We will not cover grep or gsub - base R functions
- are used on forums for answers

- Almost all functions start with str_*
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stringr

str_detect, and str_replace search for matches to argument pattern within
each element of a character vector (not data frame or tibble!).

str_detect - returns TRUE if pattern is found

str_replace - replaces pattern with replacement
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str_detect()

The string argument specifies what to check
The pattern argument specifies what to check for (case sensitive)

Effect <- pull(plastics) |> head(n = 6)
Effect

[1] "Increase" "Increase" "Increase" "Decrease" "Increase" "Increase"
str_detect(string = Effect, pattern = "d")

[1] FALSE FALSE FALSE FALSE FALSE FALSE

str_detect(string = Effect, pattern = "D")

[1] FALSE FALSE FALSE TRUE FALSE FALSE
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str_replace()

The string argument specifies what to check
The pattern argument specifies what to check for
The replacement argument specifies what to replace the pattern with

str_replace(string = Effect, pattern = "D", replacement = "d")

[1] "Increase" "Increase" "Increase" "decrease" "Increase" "Increase"
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str_replace( ) only replaces the first instance of the pattern in each

value

str_replace_all() can be used to replace all instances within each value

str_replace(string = Effect, pattern = "e", replacement = "E")
[1] "IncrEase" "IncrEase" "Incrkase" "DEcrease'" "IncrEase" "IncrEase"
str_replace_all(string = Effect, pattern = "e", replacement = "E")

[1] "IncrEask" "IncrEask" "Incrkast" "DEcrEase" "IncrEast" "IncrEask"
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Subsetting part of a string

str_sub() allows you to subset part of a string

The string argument specifies what strings to work with
The start argument specifies position of where to start
The end argument specifies position of where to end

str_sub(string = Effect, start = 1, end = 3)

[1] IIInCII IIInCII IIInCII IIDeCII IIInCII IIInCII
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filter and stringr functions

head(plastics, n = 4)

# A tibble: 4 x 5
Foods microplastic blood_level start_nM blood_level change_nM Effect

<chr> <chr> <dbl> <dbl> <chr>
1A Dioxin 1 2.5 Increase
2 B Dioxin 7 2.5 Increase
3B Other 2 0.5 Increase
4 A Bisphenol A 3 -0.5 Decrease

plastics |>
filter(str_detect(string = microplastic,
pattern = "B"))

# A tibble: 3 x 5
Foods microplastic blood_level start_nM blood_level change_nM Effect

<chr> <chr> <dbl> <dbl> <chr>
1A Bisphenol A 3 -0.5 Decrease
2 B BPA 5 0.5 Increase
3B BPA 7 1.5 Increase
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OK back to our original problem
count(plastics, microplastic)

# A tibble: 6 x 2
microplastic n
<chr> <int>
BPA
Bisphenol A
Dioxin
Other

bpa

dioxin

OO, wWNRE
NNWNEDN
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case_when() made an improvement

But we still might miss a strange value - like a misspelling

plastics |>
mutate(microplastic_recoded = case_when(
microplastic %in% c("Dioxin", "dioxin") ~ "Dioxin",
microplastic %in% c("BPA", "bpa", "Bisphenol A") ~ "BPA",
.default = microplastic))
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case_when() improved with stringr

A indicates the beginning of a character string $ indicates the end

plastics |[>
mutate(microplastic_recoded = case_when(
str_detect(string = microplastic, pattern
str_detect(string = microplastic, pattern
.default = microplastic)) |[>
count(microplastic, microplastic_recoded)

l|/\b|/\Bl|) —_ "BPA”,
"Ad[AD") ~ "Dioxin",

# A tibble: 6 x 3

microplastic microplastic_recoded n

<chr> <chr> <int>
1 BPA BPA 2
2 Bisphenol A BPA 1
3 Dioxin Dioxin 2
4 Other Other 3
5 bpa BPA 2
6 dioxin Dioxin 2

This is a more robust solution! It will catch typos as long as the first letter is
correct.
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That's better!

THIS CONTENT

IS NOT AVAILABLE *

b L
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GUT CHECK: What stringr function helps us find a string pattern?

A. str_replace()
B.str_find()

C.str_detect()
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Separating and uniting data



Uniting columns

The unite() function can help combine columns

The col argument specifies new column name

The sep argument specifies what separator to use when combining -default is
The remove argument specifies if you want to drop the old columns

plastics_comb <- plastics |[>
unite(Foods, Effect, col = "change", remove = TRUE)

plastics_comb

# A tibble: 12 x 4
microplastic blood_level_ start_nM blood_level_change_nM
<dbl>

1
2
3
4
5
6
4
8
9
10

11
12

change

<chr>

A_Increase
B_Increase
B_Increase
A _Decrease
B_Increase
B_Increase
A_Increase
B_Increase
B_Increase
A_Increase
B_Increase
B_Increase

<chr>
Dioxin
Dioxin
Other
Bisphenol A
BPA
dioxin
bpa
Other
dioxin
bpa
BPA
Other

<dbl>

WNENOOOOOOITWNNE

NPFRPPRPOWNOOOONDN
o111 0101010101010101

“H n
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Separating columns based on a separator

The separate () function from tidyr can split a column into multiple columns.
The col argument specifies what column to work with

The into argument specifies names of new columns
The sep argument specifies what to separate by

plastics_comb <- plastics_comb |>
separate(col = change, into = c("Foods'", "Change"), sep = "_" )

plastics_comb

# A tibble: 12 x 5

Ry
ROOO~NOUTAWNR
WE>EWW>WE>Wmw>

[N
N

Foods Change
<chr> <chr>

Increase
Increase
Increase
Decrease
Increase
Increase
Increase
Increase
Increase
Increase
Increase
Increase

microplastic blood_level_ start_nM blood_level_change_nM
<dbl>

<chr>
Dioxin
Dioxin
Other
Bisphenol A
BPA
dioxin
bpa
Other
dioxin
bpa
BPA
Other

<dbl>

WNENOOOOOOITWNNE

NPFRPPRPOWNOOOONDN
o1 Oo10101010101010101
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Summary

- case_when() requires mutate () when working with dataframes/tibbles

- case_when() can recode entire values based on conditions (need quotes for
conditions and new values)

- remember case_when() needs .default = varaible to keep values
that aren't specified by conditions, otherwise will be NA

Note: you might see the recode () function, it only does some of what
case_when() can do, so we skipped it, but it is in the extra slides at the end.
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Summary continued

[ IF ELSE...
(ut you love it?) |
I | danger is
df %>% “‘D\%g%\ewn IF type is kvaken Tren extreme!
mutate(danger = case_when(type == "kraken" ~ "extreme!",

TRUE ~ "high"))
—_——
OTHERWISE, danger i< high.

type & age . dangec.s
(krakeRy| baby ' extremel
dragon | adult | high

chclogs teen ,' hlgh
Arakep) | adult [extreme!
dragon teen L h@h‘s

“Artwork by @allison_horst”. https://allisonhorst.com/
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Summary Continued

stringr package has great functions for looking for specific parts of values
especially filter () and str_detect() combined

stringr also has other useful string functions like str_detect () (finding
patterns in a column or vector), str_subset () (parsing text), str_replace()
(replacing the first instance in values), str_replace_all() (replacing all
instances in each value) and more!

separate() can split columns into additional columns
unite() can combine columns

: can indicate when you want to start and end with columns next to one
another
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Lab Part 2

0 Class Website
0 Lab.0 Day 5 Cheatsheet Posit's stringr Cheatsheet

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules/Data_Cleaning/lab/Data_Cleaning_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-5.pdf
https://evoldyn.gitlab.io/evomics-2018/ref-sheets/R_strings.pdf
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
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n_complete_row() evaluating how many columns are complete for each

row
head(plastics_comb)

# A tibble: 6 x 5
Foods Change microplastic blood_level_start_nM blood_level_change_nM
<chr> <chr> <chr> <dbl> <dbl>

1A Increase Dioxin 1 2.5
2 B Increase Dioxin 7 2.5
3B Increase Other 2 0.5
4 A Decrease Bisphenol A 3 -0.5
5B Increase BPA 5 0.5
6 B Increase dioxin 8 0.5

head(plastics_comb) |> n_complete_row()

[1] 555555
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recode() function

This is similar to case_when () but it can't do as much.

(need mutate for data frames/tibbles!)

# General Format - this is not code!
{data_input} |>
mutate({variable to_fix or_new} = recode({Variable fixing}, {old_value} = {new_value},
{another_old value} = {new_value}))
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recode() function

Need quotes for new values! Tolerates quotes for old values.

plastics |[>
mutate(microplastic_recoded = recode(microplastic,

"Bisphenol A" = "BPA",
llbpall — ”BPA”,
"dioxin" = "Dioxin") |>

count(microplastic, microplastic_recoded)
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recode()

plastics |[>
mutate(microplastic_recoded = recode(microplastic,

"Bisphenol A" =
llbpall —
"dioxin" =

"BPA”,
"BPA”,
"Dioxin")) |>

count(microplastic, microplastic_recoded)

# A tibble: 6 x 3
microplastic microplastic_recoded

OO, wWNRE

<chr>

BPA
Bisphenol A
Dioxin
Other

bpa

dioxin

<chr>
BPA
BPA
Dioxin
Other
BPA
Dioxin

<int

NNWNEDNYV DS
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Can update or overwrite variables with recode too!

Just use the same variable name to change the variable within mutate.

plastics |[>
mutate(microplastic = recode(microplastic,

"Bisphenol A" = '"BPA",
llbpall — "BPA",
"dioxin" = "Dioxin")) |>
count(microplastic)
# A tibble: 3 x 2

microplastic n
<chr> <int>
1 BPA 5
2 Dioxin 4
3 Other 3
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More complicated case_when
ces <- read_csv(file = "https://daseh.org/data/CalEnviroScreen_data.csv")

Rows: 8035 Columns: 67
— Column specification
Delimiter: ",6"

chr (3): CaliforniaCounty, ApproxLocation, CES4.0PercRange

dbl (64): CensusTract, ZIP, Longitude, Latitude, CES4.0Score, CES4.0Percenti...

0 Use "spec() to retrieve the full column specification for this data.
0 Specify the column types or set "show col types = FALSE to quiet this message

set.seed(123)
ces |> mutate(new_col_case_when =
case_when(Longitude < -121 & Latitude > 37.8 ~ "Distract A",
.default = "District B")) [>
select(Longitude, Latitude, new_col_case_when) |[>
slice_sample(n = 6)

# A tibble: 6 x 3
Longitude Latitude new_col_case_when
<dbl> <dbl> <chr>

1 -118. 34.1 District B
2 -118. 34.2 District B
3 -118. 34.1 District B
4 -122. 37.9 Distract A
5 -118. 33.7 District B
6 -118. 33.9 District B
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Don't need case_when() if just calculating new variables

ces |> mutate(num_col_mutate = Longitude *

[1]
[8]
[15]
[22]
[29]
[36]
[43]
[50]
[57]
[64]
[71]
[78]
[85]
[92]
[99]
[106]
[113]
[120]
[127]
[134]
[141]
[148]
[155]
[162]
[169]
[176]
[183]
[190]

-4628.
-4627 .
-4625.
-4622.
-4622.
-4623.
-4623.
-4621.
-4620.
-4618.
-4619.
-4614.
-4619.
-4614.
-4611.
-4611.
-4634.
-4632.
-4631.
-4629.
-4628.
-4628.
-4623.
-4617.
-4616.
-4605.
-4600.
-4608.

628
869
011
705
073
105
124
776
667
494
649
951
375
937
650
035
714
642
774
593
991
139
706
670
531
684
486
804

-4626.
-4627 .
-4624.
-4623.
-4623.
-4624.
-4623.
-4621.
-4620.
-4617.
-4618.
-4615.
-4615.
-4614.
-4612.
-4610.
-4634.
-4632.
-4631.
-4630.
-4628.
-4628.
-4616.
-4616.
-4617.
-4604.
-4600.
-4608.

923
019
364
340
599
034
478
443
065
961
712
876
766
010
492
860
751
643
392
078
580
419
068
879
827
115
793
021

-4626.
-4625.
-4625.
-4622.
-4623.
-4624.
-4621.
-4621.
-4619.
-4618.
-4617.
-4615.
-4615.
-4613.
-4612.
-4611.
-4633.
-4631.
-4631.
-4630.
-4629.
-4627 .
-4619.
-4615.
-4620.
-4603.
-4609.
-4608.

181
697
312
929
264
719
235
355
671
796
975
344
195
137
416
366
355
540
163
249
126
845
294
446
699
565
306
092

-4627 .
-4625.
-4624.
-4622.
-4622.
-4624.
-4621.
-4621.
-4619.
-4619.
-4617.
-4616.
-4614.
-4610.
-4612.
-4610.
-4633.
-4631.
-4630.
-4630.
-4628.
-4627 .
-4619.
-4614.
-4603.
-4603.
-4609.
-4606.

Latitude) |> pull(num_col mutate)

226
301
039
560
834
272
058
027
019
591
/81
535
288
191
547
500
094
832
990
470
569
639
348
954
301
244
328
686

-4627 .
-4625.
-4623.
-4621.
-4622.
-4624.
-4620.
-4620.
-4619.
-4618.
-4617.
-4616.
-4613.
-4610.
-4612.
-4623.
-4633.
-4631.
-4630.
-4630.
-4627 .
-4627 .
-4619.
-4612.
-4611.
-4601.
-4609.
-4606.

539
090
S77
886
748
876
332
606
601
345
642
034
738
268
646
748
820
933
892
591
522
768
609
562
086
757
417
445

-4626.
-4623.
-4623.
-4622.
-4622.
-4626.
-4620.
-4620.
-4619.
-4618.
-4617.
-4616.
-4613.
-4609.
-4612.
-4634.
-4633.
-4632.
-4630.
-4629.
-4628.
-4626.
-4618.
-4614.
-4604.
-4602.
-4607 .
-4604.

47
895
748
292
293
124
480
087
386
680
198
425
512
656
075
191
931
268
246
353
107
305
471
192
367
313
750
696

-4626.999
-4624.469
-4623.065
-4620.986
-4622.547
-4625.382
-4621.368
-4620.586
-4617.044
-4619.270
-4617.174
-4617.171
-4614.361
-4610.560
-4609.,889
-4634 .396
-4633.377
-4630.211
-4629.335
-4629.166
-4628.018
-4622.760
-4618.285
-4615.984
-4605.354
-4601.495
-460783//06
-4605.782



case_when() if you want NA values

ces |> mutate(num_new =
Longitude < -121 & Latitude > 37.8 ~

.default = NA)
pull(num_new)

[1]
[8]
[15]
[22]
[29]
[36]
[43]
[50]
[57]
[64]
[71]
[78]
[85]
[92]
[99]
[106]
[113]
[120]
[127]
[134]
[141]
[148]
[155]
[162]
[169]

-4628
-4627
-4625
-4622
-4622
-4623

-4621
-4620

-4619
-4619

-4634.
. 642
-4631.
. 593
. 991
.139
. 7106

-4632

-4629
-4628
-4628
-4623

. 628
. 869
011
. 705
073
.105
-4623.
. (76
. 667

124

NA

. 649

NA

. 375

NA
NA
NA
714

774

NA
NA

| >

-4626.
-4627 .
-4624.
-4623.
-4623.
-4624.
-4623.
-4621.

-4634.
-4632.
-4631.
-4630.
-4628.
-4628.

case_when(

923
019
364
340
599
034
478
443
NA
NA
NA
NA
NA
NA
NA
NA
751
643
392
078
580
419
NA
NA
NA

-4626.
-4625.
-4625.
-4622.
-4623.
-4624.
-4621.
-4621.

-4633.
-4631.
-4631.
-4630.
-4629.
-4627 .

181
697
312
929
264
719
235
355
NA
NA
NA
NA
NA
NA
NA
NA
355
540
163
249
126
845
NA
NA
NA

-4627
-4625
-4624
-4622
-4622

-4621

-4633
-4631
-4630
-4630
-4628
-4627

. 226
. 301
. 039
. 560
. 834
-4624 .
. 058

272

NA
NA
NA
NA
NA
NA
NA
NA
NA

. 094
. 832
. 990
470
. 569
. 639

NA
NA
NA

-4627 .
-4625.
-4623.
-4621.
-4622.
-4624.
-4620.

-4623.
-4633.
-4631.
-4630.
-4630.
-4627 .
-4627 .

539
090
S77
886
748
876
332
NA
NA
NA
NA
NA
NA
NA
NA
748
820
933
892
591
522
768
NA
NA
NA

Longitude * Latitude),

-4626.
-4623.
-4623.
-4622.
-4622.
-4626.
-4620.

-4634.
-4633.
-4632.
-4630.
-4629.
-4628.
-4626.

47
895
748
292
293
124
480
NA
NA
NA
NA
NA
NA
NA
NA
191
931
268
246
353
107
305
NA
NA
NA

-4626.999
-4624.469
-4623.065
NA
-4622.547
-4625.382
-4621.368
NA
NA
NA
NA
NA
NA
NA
NA
-4634.396
-4633.377
-4630.211
-4629.335
-4629.166
-4628.018
-4622.760
NA
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String Splitting

str_split(string, pattern) -splits strings up - returns list!

library(stringr)

X <- ¢("I really like writing R code'")

df <- tibble(x = c("I really", "like writing", "R code programs"))
y <- unlist(str_split(x, " "))

y

[1] IIIII llreallyll lllikell llwritingll IIRII IICOdeII
length(y)

[1] 6
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A bit on Regular Expressions

http://www.regular-expressions.info/reference.html
+ They can use to match a large number of strings in one statement

. matches any single character
* means repeat as many (even if 0) more times the last character

-+ ? makes the last thing optional
- A matches start of vector ~a - starts with “a”

- $ matches end of vector b$ - ends with “b”
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Let's look at modifiers for stringr

?modifiers

-+ fixed - match everything exactly

+ ignore_case is an option to not have to use tolower
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Using a fixed expression

One example case is when you want to split on a period “.”. In regular

expressions . means ANY character, so we need to specify that we want R to
interpret “." as simply a period.

str_split("I.like.strings", ".")

[[1]]”" i oo oo o wereomeonn
[1]

str_split("I.like.strings", fixed("."))

[[1] . .

[1] "I" "like" "strings"

str_split("I.like.strings", "\\.'")

[[1] _ _

[1] "I" "like" "strings"
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Pasting strings with paste and paste0

Paste can be very useful for joining vectors together:

paste('"Vvisit", 1:5, sep

")

[1] "visit_ 1" "visit_2" "visit_3" "Visit_4" '"visit 5"
paste("Visit", 1:5, sep = "_", collapse = "_")

[1] "visit 1 Visit_2 Visit 3 Visit_4 Visit_ 5"

# and paste@ can be even simpler see ?paste@
paste@('"visit",1:5) # no space!

[1] "visit1" "visit2" "visit3" "visit4" "visit5"
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Comparison of stringr to base R -
not covered



Splitting Strings



Substringing
stringr

str_split(string, pattern) -splits strings up - returns list!
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Splitting String:

In stringr, str_split splits a vector on a string into a 1ist

library(stringr)
X <- ¢("I really", "like writing", "R code programs")
y <- str_split(x, pattern = " ") # returns a list

IIIII llreallyll
"like"  "writing"

IIRII IICOdeII llprogramsll
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‘Find’ functions: stringr compared to base R

Base R does not use these functions. Here is a “translator” of the stringr
function to base R functions

str_detect - similar to grepl (return logical)

- grep(value = FALSE) is similar to which(str_detect())
str_subset - similar to grep(value = TRUE) - return value of matched
str_replace - similar to sub - replace one time

str_replace_all - similar to gsub - replace many times
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Important Comparisons

Base R:

- Argument order is (pattern, x)

Uses option (fixed = TRUE)
stringr

- Argument orderis (string, pattern) aka (x, pattern)

Uses function fixed(pattern)
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some data to work with

Sal <- read csv(file =
"https://daseh.org/data/Baltimore_City Employee_Salaries_FY2015.csv")
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Showing difference in str_extract

str_extract extracts just the matched string

Ss <- str_extract(Sal$Name, "Rawling")

Warning: Unknown or uninitialised column: ~“Name .
head(ss)

character(0)

ss[ 'is.na(ss)]

character(0)
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Showing difference in str_extract and str_extract_all

str_extract_all extracts all the matched strings

head(str_extract(Sal$AgencyID, "\\d"))

[1] "e" "2" "e" "g" "4" "9"
head(str_extract_all(Sal$AgencyID, "\\d"), 2)
i

]

[
[
L[
[1

1]]

] ll@ll l|3l| ll@ll l|3l| l|1l|
2

]

l|2l| l|9l| IIGII l|4l| l|5l|
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Using Regular Expressions

Look for any name that starts with:
- Payne at the beginning,
- Leonard and thenan S

- Spence then capital C

head(grep("/MPayne.*", x = Sal$name, value = TRUE), 3)

[1] "Payne El,Boaz L" "Payne El, Jackie"
[3] "Payne Johnson,Nickole A"

head(grep("Leonard.?S", x = Sal$name, value = TRUE))
[1] "Payne, Leonard S" "Szumlanski, Leonard S"
head(grep("Spence.*C.*", x = Sal$name, value = TRUE))

[1] "Spencer,Charles A" "Spencer,Clarence W" "Spencer,Michael C"
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Using Regular Expressions: stringr

head(str_subset( Sal$name, "APayne.*"), 3)

[1] "Payne El,Boaz L" "Payne El, Jackie"
[3] "Payne Johnson,Nickole A"

head(str_subset( Sal$name, "Leonard.?S"))

[1] "Payne, Leonard S" "Szumlanski, Leonard S"

head(str_subset( Sal$name, "Spence.*C.*"))

[1] "Spencer,Charles A" "Spencer,Clarence W" "Spencer,Michael C"
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Replace

Let's say we wanted to sort the data set by Annual Salary:

class(Sal$AnnualSalary)

[1] "character"

sort(c("1", "2", "10")) # not sort correctly (order simply ranks the data)
[1] "1" ™"1e" "2"

order(c("1", "2", "10"))

[1] 1 3 2
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Replace

So we must change the annual pay into a numeric:
head(Sal$AnnualSalary, 4)

[1] "$55314.00" "$74000.00" "$64500.00" "$46309.00"

head(as.numeric(Sal$AnnualSalary), 4)

Warning in head(as.numeric(Sal$AnnualSalary), 4): NAs introduced by coercion

[1] NA NA NA NA
R didn't like the $ so it thought turned them all to NA.

sub() and gsub() can do the replacing part in base R.
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Replacing and subbing

Now we can replace the $ with nothing (used fixed=TRUE because $ means

ending):

Sal$AnnualSalary <- as.numeric(gsub(pattern = "$", replacement="",
Sal$AnnualSalary, fixed=TRUE))

Sal <- Sal[order(Sal$AnnualSalary, decreasing=TRUE), ]

Sal[1:5, c("name", "AnnualSalary'", "JobTitle")]

# A tibble: 5 x 3

Raymond, Henry J 192500
Swift,Michael 187200

name AnnualSalary
<chr> <dbl>
1 Mosby,Marilyn J 238772
2 Batts, Anthony W 211785
3 Wen, Leana 200000
4
5

JobTitle

<chr>

STATE'S ATTORNEY
Police Commissioner
Executive Director IIT
Executive Director IIT
CONTRACT SERV SPEC II
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Replacing and subbing: stringr
We can do the same thing (with 2 piping operations!) in dplyr

dplyr_sal <- Sal

dplyr_sal <- dplyr_sal |>
mutate(AnnualSalary = str_replace(AnnualSalary, fixed("$"), "")) |>
mutate(AnnualSalary = as.numeric(AnnualSalary)) |>
arrange(desc(AnnualSalary))

check_Sal <- Sal

rownames(check_Sal) <- NULL

all.equal(check_Sal, dplyr_sal)

[1] TRUE
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Creating Two-way Tables

A two-way table. If you pass in 2 vectors, table creates a 2-dimensional table.

tab <- table(c(o, 1, 2, 3, 2, 3, 3, 2,2, 3),
C(G)/ 1/ 2/ 3/ 2/ 3/ 3/ 4/ 4/ 3)/
useNA = "always")
tab

01 2 3 4 <NA>

0 10000 0

1 ©1000 0

2 0202 0

3 OO0 040 0

<NA> 0 000O0 0]
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Creating Two-way Tables

tab_df <- tibble(x =c(0, 1, 2, 3, 2, 3, 3, 2,2, 3),
y=c(0, 1, 2, 3, 2, 3, 3, 4, 4, 3))
tab_df |> count(x, y)

# A tibble: 5 x 3
X y n
<dbl> <dbl> <int>

GhrhwWNE
WNNRERO
WhNRELO
ANNRER PR
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Creating Two-way Tables

tab_df |>
count(x, y) [|>
group_by(x) |> mutate(pct_x = n / sum(n))

# A tibble: 5 x 4
# Groups: X [4]
X y n pct_x
<dbl> <dbl> <int> <dbl>

1 0] 0] 1 1
2 1 1 1 1
3 2 2 2 0.5
4 2 4 2 0.5
S 3 3 4 1
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Creating Two-way Tables

library(scales)
tab_df |>
count(x, y) [>

group_by(x) |> mutate(pct_x = percent(n / sum(n)))

# A tibble: 5 x 4
# Groups: X [4]
X y n
<dbl> <dbl> <int>

OhrhwWNE
WNDNRERO
WhNRELO
ANNR PR

pct_x
<chr>
100%
100%
50%
50%
100%
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Removing columns with threshold of percent missing values
is.na(df) |> head(n = 3)

X
[1,] FALSE
[2,] FALSE
[3,] FALSE

colMeans(is.na(df))#TRUE and FALSE treated like 0 and 1

which(colMeans(is.na(df)) < 0.2) #the location of the columns <.2

df |> select(which(colMeans(is.na(df)) < 0.2))# remove if over 20% missing

# A tibble: 3 x 1
X
<chr>

11 really

2 like writing

3 R code programs
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Manipulating Data in R



Recap of Data Cleaning

is.na(),any(is.na()),all(is.na()),count(), and functions from naniar
like gg_miss_var() and miss_var_summary can help determine if we have
NA values

- miss_var_which() can help you drop columns that have any missing values.
- filter () automatically removes NA values
+ drop_na() can help you remove NA values
NA values can change your calculation results
- think about what NA values represent - don’t drop them if you shouldn't

replace_na() will replace "NA values with a particular value
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Recap of Data Cleaning

- case_when() can recode entire values based on conditions

- remember case_when() needs TRUE ~ variable to keep values that
aren't specified by conditions, otherwise will be NA

stringr package has great functions for looking for specific parts of values
especially filter () and str_detect() combined

- also has other useful string manipulation functions like str_replace()
and more!

- separate() can split columns into additional columns

- unite() can combine columns

0 Cheatsheet
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https://daseh.org/modules/cheatsheets/Day-5.pdf

Manipulating Data

In this module, we will show you how to:

1. Reshape data from wide to long
2. Reshape data from long to wide
3. Merge Data/Joins
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What is wide/long data?

Data is wide or long with respect to
certain variables.

Day Value

Patient 1 ' Patient 1 Day 1 A
| .__.-. ) M
- D E F Patient 1 Day 2

Patient 1

D
E
F
2,07

CC-BY jhudatascience.
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What is wide/long data?
Data is stored differently in the tibble.

Here's a small dataset looking at vaccination rates over three months in
Alabama.

Wide: has many columns

# A tibble: 1 x 4
State June_vacc_rate May vacc_rate April_vacc_rate
<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 0.511

Long: column names become data

# A tibble: 3 x 3
State name value
<chr> <chr> <dbl>
1 Alabama June_vacc_rate 0.516
2 Alabama May_vacc_rate 0.514
3 Alabama April_vacc_rate 0.511
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What is wide/long data?

Wide: multiple columns per individual, values spread across multiple columns

# A tibble: 2 x 4
State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 0.511
2 Alaska 0.627 0.626 0.623

Long: multiple rows per observation, a single column contains the values

# A tibble: 6 x 3

State name value
<chr> <chr> <dbl>
Alabama June_vacc_rate 0.516
Alabama May_vacc_rate 0.514
Alabama April vacc_rate 0.511
Alaska June_vacc_rate 0.627
Alaska May vacc_rate 0.626
Alaska April_vacc_rate 0.623

OO, wWNEL
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What is wide/long data?
https://github.com/gadenbuie/tidyexplain/blob/main/images/tidyr-pivoting.gif

wide

id X ) Z
falc]e
2 {o]a]f

8/62
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Why do we need to switch between wide/long data?

Wide: Easier for humans to read

# A tibble: 2 x 4
State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 0.511
2 Alaska 0.627 0.626 0.623

Long: Easier for R to make plots & do analysis

# A tibble: 6 x 3

State name value
<chr> <chr> <dbl>
Alabama June_vacc_rate 0.516
Alabama May_vacc_rate 0.514
Alabama April vacc_rate 0.511
Alaska June_vacc_rate 0.627
Alaska May_vacc_rate 0.626
Alaska April_vacc_rate 0.623

OO, wWNE

9/62



Pivoting using the tidyr package (part of tidyverse)
We will be talking about:

+ pivot_longer - make multiple columns into variables, (wide to long)

+ pivot_wider - make a variable into multiple columns, (long to wide)

You might see old functions gather and spread when googling. These are older
iterations of pivot_longer and pivot_wider, respectively.

You might see other functions like reshape(), melt(), etc.
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pivot_longer



Reshaping data from wide to long

pivot_longer () - puts column data into rows (tidyr package)
First describe which columns we want to “pivot_longer”

{long data} <- {wide_data} |> pivot_longer(cols = {columns to pivot})
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Reshaping data from wide to long
ex_wide

# A tibble: 2 x 4
State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 0.511
2 Alaska 0.627 0.626 0.623

ex_long <- ex_wide |> pivot_longer(cols = ends_with("rate"))
ex_long

# A tibble: 6 x 3

State name value
<chr> <chr> <dbl>
Alabama June_vacc_rate 0.516
Alabama May_vacc_rate 0.514
Alabama April vacc_rate 0.511
Alaska June_vacc_rate 0.627
Alaska May vacc_rate 0.626
Alaska April_vacc_rate 0.623

OO, wWNE
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GUT CHECK!
What does pivot_longer () do?

A. Summarize data
B. Import data

C. Reshape data
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Reshaping wide to long: Better column names

pivot_longer () - puts column data into rows (tidyr package)

First describe which columns we want to “pivot_longer”

names_to = new name for old columns

values_to = new name for old cell values

{long data} <- {wide_data} |> pivot_longer(cols = {columns to pivot},
names_to = {name for old columns},
values_to = {name for cell values})
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Reshaping wide to long: Better column names

Note Newly created column names (“Month” and “Rate”) in quotation marks.

ex_long <- ex_wide |> pivot_longer(cols = ends_with("rate"),
names_to = "Month",
values_to = "Rate")
ex_long

# A tibble: 6 x 3

State  Month Rate

<chr> <chr> <dbl>
1 Alabama June_vacc_rate 0.516
2 Alabama May_vacc_rate 0.514
3 Alabama April_vacc_rate 0.511
4 Alaska June_vacc_rate 0.627
5 Alaska May_vacc_rate 0.626
6 Alaska April vacc_rate 0.623
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Data used: Nitrate exposure

Let’s look at some data on levels of nitrate in water from Washington. This
dataset reports the amount of people in Washington exposed to excess levels of
nitrate in their water between 1999 and 2020.

wide nitrate <-
read_csv(file = "https://daseh.org/data/Nitrate Exposure_for_WA Public Water_Systems_byquarter_data.csv")
head(wide_nitrate)

# A tibble: 6 x 11
year quarter pop_on_sampled_PWS “pop_0-3ug/L" “pop_>3-5ug/L" “pop_>5-10ug/L"

<dbl> <chr> <dbl> <dbl> <dbl> <dbl>
1 1999 Q1 106720 67775 (C] 32
2 1999 Q2 85541 55476 (C] 212
3 1999 Q3 559137 319252 231186 212
4 1999 Q4 26995 25969 420 0]
5 2000 Q1 34793 5904 0] 92
6 2000 Q2 184521 157396 0] 32
# 0 5 more variables: “pop_>10-20ug/L° <dbl>, “pop_>20ug/L" <dbl>,
# “pop_on_PWS_with_non-detect™ <dbl>, pop_exposed_to_exceedances <dbl>,
#  perc_pop_exposed_to_exceedances <dbl>
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Mission: Average population exposed by concentration

Let's imagine we want to see what proportion of the population was exposed to
different nitrate concentrations. Results should look something like:

# A tibble: 3 x 2
concentration_cat avg_prop_exposedpop

<chr> <dbl>
1 0-3ug/L 0.593
2 10-20ug/L 0.000678

3 more_than_20ug/L 0.000129
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Remove some columns we don't need

wide_nitrate <- wide_nitrate |>
select('ends_with("exceedances"))
wide_nitrate

# A tibble: 88 x 9

year quarter pop_on_sampled PWS “pop_0-3ug/L" "pop_>3-5ug/L" “pop_>5-10ug/L"

<dbl> <chr> <dbl>
1 1999 Q1 106720
2 1999 Q2 85541
3 1999 Q3 559137
4 1999 Q4 26995
5 2000 Q1 34793
6 2000 Q2 184521
7 2000 Q3 42081
8 2000 Q4 407219
9 2001 Q1 90054
0 2001 Q2 83521

0 78 more rows

HHHE

“pop_on_PWS_with_non-detect” <dbl>

0 3 more variables: "pop_>10-20ug/L" <dbl>,

<dbl>
67775
55476
319252
25969
5904
157396
20407
358828
49552
43633

<dbl>
0
0
231186
420

0

0

345
995

150
2536

“pop_>20ug/L" <dbl>,

<dbl>
32
212
212
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Reshaping data from wide to long

long_nitrate <- wide_nitrate |>
pivot_longer(!c(year, quarter, pop_on_sampled PWS))
long_nitrate

# A tibble: 528 x 5

* B

QOO ~NOUGITL_,WNE

—

year quarter pop_on_sampled PWS

<dbl> <chr>
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q2
1999 Q2
1999 Q2
1999 Q2
518 more rows

<dbl>
106720
106720
106720
106720
106720
106720
85541
85541
85541
85541

name value
<chr> <dbl>
pop_0-3ug/L 67775
pop_>3-5ug/L 0]
pop_>5-10ug/L 32
pop_>10-20ug/L 0]
pop_>20ug/L 0]
pop_on_PWS_with_non-detect 38913
pop_0-3ug/L 55476
pop_>3-5ug/L 0]
pop_>5-10ug/L 212
pop_>10-20ug/L 60
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Reshaping data from wide to long

Un-pivoted columns (year, quarter, pop_on_sampled_PWwS) are still columns.

long_nitrate

# A tibble: 528 x 5

* P

QOO ~NOUGIL_WNE

—

year quarter pop_on_sampled PWS

<dbl> <chr>
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q1
1999 Q2
1999 Q2
1999 Q2
1999 Q2
518 more rows

<dbl>
106720
106720
106720
106720
106720
106720
85541
85541
85541
85541

name value
<chr> <dbl>
pop_0-3ug/L 67775
pop_>3-5ug/L 0]
pop_>5-10ug/L 32
pop_>10-20ug/L 0]
pop_>20ug/L 0]
pop_on_PWS_with_non-detect 38913
pop_0-3ug/L 55476
pop_>3-5ug/L 0]
pop_>5-160ug/L 212
pop_>10-20ug/L 60
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Cleaning up long data

Let's make the conc_count into a proportion.

long_nitrate <- long_nitrate |>

mutate(conc_prop = value / pop_on_sampled_PWS)

long_nitrate

# A tibble: 528 x 6

year quarter pop_on_sampled_PWS name

<dbl> <chr> <dbl>
1 1999 Q1 106720
2 1999 Q1 106720
3 1999 Q1 106720
4 1999 Q1 106720
5 1999 Q1 106720
6 1999 Q1 106720
7 1999 Q2 85541
8 1999 Q2 85541
9 1999 Q2 85541
10 1999 Q2 85541
# [ 518 more rows

<chr> <dbl>
pop_0-3ug/L 67775
pop_>3-5ug/L 0
pop_>5-10ug/L 32
pop_>10-20ug/L 0
pop_>20ug/L 0
pop_on_PWS_with_non-detect 38913
pop_0-3ug/L 55476
pop_>3-5ug/L 0
pop_>5-10ug/L 212
pop_>10-20ug/L 60

© 0 0 O O OO o o o

value conc_prop

<dbl>
.635

. 000300

. 365

. 649

.00248
.000701
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Mission: Average population exposed by concentration

Now our data is more tidy, and we can take the averages easily!

long _nitrate |[>
group_by(name) |>
summarize("avg_prop_exposedpop" = mean(conc_prop))

# A tibble: 6 x 2

name avg_prop_exposedpop
<chr> <dbl>
1 pop_0-3ug/L 0.593
2 pop_>10-20ug/L 0.000678
3 pop_>20ug/L 0.000129
4 pop_>3-5ug/L 0.182
5 pop_>5-10ug/L 0.0189
6 pop_on_PWS with_non-detect 0.206
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Reshaping data from wide to long

There are many ways to select the columns we want.

Check out https://dplyr.tidyverse.org/reference/dplyr_tidy_select.html to look at
more column selection options.
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Reshaping data from long to wide

pivot_wider () - spreads row data into columns (tidyr package)

names_from =the old column whose contents will be spread into multiple
new column names.

- values_from =the old column whose contents will fill in the values of those
new columns.

{wide_data} <- {long_data} |[>
pivot_wider (names_from = {Old column name: contains new column names},
values_from = {0ld column name: contains new cell values})
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Reshaping data from long to wide

We can use pivot_wider to convert long data to wide format. Let’s try it with the
vaccine data from earlier.

ex_long

# A tibble: 6 x 3

State Month Rate

<chr> <chr> <dbl>
1 Alabama June_vacc_rate 0.516
2 Alabama May_vacc_rate 0.514
3 Alabama April vacc_rate 0.511
4 Alaska June_vacc_rate 0.627
5 Alaska May_vacc_rate 0.626
6 Alaska April_vacc_rate 0.623

27162



Reshaping data from long to wide

We can use pivot_wider to convert long data to wide format. Let’s try it with the
vaccine data from earlier.

ex_wide2 <- ex_long |[> pivot_wider(names_from = "Month",

values_from = "Rate")
ex_wide2

# A tibble: 2 x 4
State June_vacc_rate May vacc_rate April_vacc_rate
<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 0.511
2 Alaska 0.627 0.626 0.623
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Reshaping nitrate exposure data

Let's go back to the nitrate exposure dataset. What if we wanted to make a wide

version of the data that displayed the proportion of people at each level of

nitrate exposure, with each quarter as a column?

long_nitrate

# A tibble: 528 x 6

© 00 N O 0o A WDN B

* B
[©)
 —

year quarter pop_on_sampled_PWS

<dbl>
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999

518 more rows

<chr>
Q1
Q1
Q1
Q1
Q1
Q1
Q2
Q2
Q2
Q2

<dbl>
106720
106720
106720
106720
106720
106720
85541
85541
85541
85541

name value conc_prop
<chr> <dbl> <dbl>
pop_0-3ug/L 67775 0.635
pop_>3-5ug/L 0 0
pop_>5-10ug/L 32 0.000300
pop_>10-20ug/L 0 0
pop_>20ug/L 0 0
pop_on_PWS_with_non-detect 38913 0.365
pop_0-3ug/L 55476 0.649
pop_>3-5ug/L 0 0
pop_>5-16ug/L 212 0.00248
pop_>10-20ug/L 60 0.000701
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Reshaping nitrate exposure data

Drop some columns we don't need.

long _nitrate <- long nitrate |[>
select(!c(pop_on_sampled PWS, value))
long_nitrate

# A tibble: 528 x 4

year quarter name conc_prop
<dbl> <chr> <chr> <dbl>
1 1999 Q1 pop_0-3ug/L 0.635
2 1999 Q1 pop_>3-5ug/L 0]
3 1999 Q1 pop_>5-10ug/L 0.000300
4 1999 Q1 pop_>10-20ug/L 0]
5 1999 Q1 pop_>20ug/L 0]
6 1999 Q1 pop_on_PWS_with_non-detect 0.365
7 1999 Q2 pop_0-3ug/L 0.649
8 1999 Q2 pop_>3-5ug/L 0]
9 1999 Q2 pop_>5-10ug/L 0.00248
10 1999 Q2 pop_>10-20ug/L 0.000701
# 0 518 more rows
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Reshaping nitrate exposure data
Pivot the data!

wide_nitrate <- long_nitrate |>
pivot_wider (names_from = "quarter'", values_from = "conc_prop")
wide_nitrate

# A tibble: 132 x 6

year name Q1 Q2 Q3
<dbl> <chr> <dbl> <dbl> <dbl>
1 1999 pop_0-3ug/L 0.635 0.649 0.571 0
2 1999 pop_>3-5ug/L 0] 0] 0.413 0]
3 1999 pop_>5-1060ug/L 0.000300 0.00248 0.000379 0
4 1999 pop_>10-20ug/L 0] 0.000701 O 0]
5 1999 pop_>20ug/L 0] 0] 0] 0]
6 1999 pop_on_PWS_with_non-detect 0.365 0.348 0.0152 0
7 2000 pop_0-3ug/L 0.170 0.853 0.485 0
8 2000 pop_>3-5ug/L 0 0 0.00820 0
9 2000 pop_>5-1060ug/L 0.00264 0.000173 0O 0
10 2000 pop_>10-20ug/L 0] 0] 0] 0]
# 0 122 more rows

Q4
<dbl>

. 962
. 0156

0224
. 881

. 00244
00101
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Summary

- tidyr package helps us convert between wide and long data
-+ pivot_longer () goes from wide -> long

- Specify columns you want to pivot

- Specify names_to =and values_to = for custom naming
+ pivot_wider () goes from long -> wide

- Specify names_from =and values_from =
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Lab Part 1
0 Class Website

0 Lab
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https://daseh.org/
https://daseh.org/modules/Manipulating_Data_in_R/lab/Manipulating_Data_in_R_Lab.Rmd

Joining

“Combining datasets”

(D

Left Join Right Join
Inner Join Full Outer

Join
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Joining in dplyr
-+ Merging/joining data sets together - usually on key variables, usually “id”
- ?join - see different types of joining for dplyr
- inner_join(x, y) -only rows that match for x and y are kept
- full_join(x, y) -allrows of x andy are kept
- left_join(x, y) -all rows of x are kept even if not merged with y
right_join(x, vy) -all rows of y are kept even if not merged with x

- anti_join(x, vy) -all rows from x notiny keeping just columns from x.
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Merging: Simple Data

data_As <- read_csv(

file = "https://daseh.org/data/data_As_1.csv")

data_cold <- read_csv(

file = "https://daseh.org/data/data_cold_1.csv")

data_As

# A tibble: 2 x 3

State June_vacc_rate May_vacc_rate

<chr> <dbl>
1 Alabama 0.516
2 Alaska 0.627
data _cold

# A tibble: 2 x 2
State April_vacc_rate
<chr> <dbl>
1 Maine 0.795
2 Alaska 0.623

<dbl>
0.514
0.626
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Inner Join
https://github.com/gadenbuie/tidyexplain/blob/main/images/inner-join.gif

inner_join(x, vy)
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Inner Join

1j <- inner_join(data_As, data_cold)
Joining with "by = join_by(State)"
1]

# A tibble: 1 x 4
State June_vacc_rate May_vacc_rate April_vacc_rate
<chr> <dbl> <dbl> <dbl>
1 Alaska 0.627 0.626 0.623
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Left Join

https://raw.githubusercontent.com/gadenbuie/tidyexplain/main/images/left-
join.gif

left_join(x, vy)
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Left Join

“Everything to the left of the comma”

1j <- left_join(data_As, data_cold)

Joining with "by = join_by(State)"

1]

# A tibble: 2 x 4

State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl>
1 Alabama 0.516
2 Alaska 0.627

<dbl>
0.514
0.626

<dbl>
NA
0.623
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Install tidylog package to log outputs

# 1install.packages('"tidylog")
library(tidylog)
left_join(data_As, data_cold)

Joining with "by = join_by(State)"
left_join: added one column (April_vacc_rate)

>

VVYVYV

H

rows only in data_As 1
rows only in data_cold (1)
matched rows 1

rows total 2

A tibble: 2 x 4
State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
Alabama 0.516 0.514 NA
Alaska 0.627 0.626 0.623
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Right Join

https://raw.githubusercontent.com/gadenbuie/tidyexplain/main/images/right-
join.gif

right_join(x, vy)
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Right Join
“Everything to the right of the comma”

rj <- right_join(data_As, data_cold)

Joining with "by = join_by(State)"

right_join: added one column (April_vacc_rate)
> rows only in data_As (1)

rows only in data_cold 1

matched rows 1

rows total 2

VVYVYV

rJ

# A tibble: 2 x 4
State June_vacc_rate May_vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Alaska 0.627 0.626 0.623
2 Maine NA NA 0.795
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Left Join: Switching arguments
1j2 <- left_join(data_cold, data_As)

Joining with "by = join_by(State)"

left_join: added 2 columns (June_vacc_rate, May_vacc_rate)
> rows only in data_cold 1

rows only in data_As (1)

matched rows 1

rows total 2

VVYVYV

1j2

# A tibble: 2 x 4
State April_vacc_rate June_vacc_rate May_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Maine 0.795 NA NA
2 Alaska 0.623 0.627 0.626
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Full Join

https://raw.githubusercontent.com/gadenbuie/tidyexplain/main/images/full-
join.gif

full_join(x, vy)
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Full Join
fj <- full join(data_As, data_cold)

Joining with "by = join_by(State)"

full join: added one column (April_vacc_rate)
> rows only in data_As 1

rows only in data_cold 1

matched rows 1

rows total 3

VVYVYV

f]

# A tibble: 3 x 4
State June_vacc_rate May vacc_rate April_vacc_rate

<chr> <dbl> <dbl> <dbl>
1 Alabama 0.516 0.514 NA
2 Alaska 0.627 0.626 0.623
3 Maine NA NA 0.795
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“includes duplicates”

data_As <- read_csv(

file = "https://daseh.org/data/data_As_2.csv")
data_cold <- read_csv(

file = "https://daseh.org/data/data_cold_2.csv")

data_As

# A tibble: 2 x 2
State state_bird
<chr> <chr>
1 Alabama wild turkey
2 Alaska willow ptarmigan

data_cold

# A tibble: 3 x 3
State vacc_rate month

<chr> <dbl> <chr>
1 Maine 0.795 April
2 Alaska 0.623 April

3 Alaska 0.626 May
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“includes duplicates”

1j <- left_join(data_As, data_cold)

Joining with "by = join_by(State)"

left_join: added 2 columns (vacc_rate, month)
> rows only in data_As 1

rows only in data_cold (1)

matched rows 2 (includes duplicates)

rows total 3

VVYVYV
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“includes duplicates”

Data including the joining column (“State”) has been duplicated.

1]
# A tibble: 3 x 4
State state_bird vacc_rate month
<chr> <chr> <dbl> <chr>
1 Alabama wild turkey NA <NA>
2 Alaska willow ptarmigan 0.623 April
3 Alaska willow ptarmigan 0.626 May

Note that “Alaska willow ptarmigan” appears twice.
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“includes duplicates”

https://github.com/gadenbuie/tidyexplain/blob/main/images/left-join-extra.gif

left_join(x, vy)
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Stop tidylog
unloadNamespace() does the opposite of library().

unloadNamespace("tidylog")
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Using the by argument

By default joins use the intersection of column names. If by is specified, it uses

that.

full join(data_As, data_cold, by = "State")

# A tibble: 4 x 4

State state_bird vacc_rate month
<chr> <chr> <dbl> <chr>
1 Alabama wild turkey NA <NA>
2 Alaska willow ptarmigan 0.623 April
3 Alaska willow ptarmigan 0.626 May
4 Maine  <NA> 0.795 April
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Using the by argument

If the datasets have two different names for the same data, use by =. E.g.:

C(llall — llbll))
join_by(State == state_entity))
join_by(name == artist))

full join(x, y, by
full _join(x, y, by
full join(x, y, by
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anti_join:what's missing

Entries in data_As but not in data_cold

anti_join(data_As, data_cold, by = '"State")

# A tibble: 1 x 2
State state bird
<chr> <chr>

1 Alabama wild turkey

Entries in data_cold but not in data_As

anti_join(data_cold, data_As, by = "State") # order switched

# A tibble: 1 x 3
State vacc_rate month
<chr> <dbl> <chr>
1 Maine 0.795 April
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GUT CHECK!

Why use join functions?
A. Combine different data sources
B. Connect Rmd to other files

C. Using one data source is too easy and we want our analysis ~ fancy ~
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Summary

-+ Merging/joining data sets together - assumes all column names that overlap
- usetheby = c("a" = "b") if they differ
- inner_join(x, y) -only rows that match for x and y are kept
- full_join(x, y) -allrows of x andy are kept
- left_join(x, y) -all rows of x are kept even if not merged with y
right_join(x, vy) -all rows ofy are kept even if not merged with x
- Use the tidylog package for a detailed summary

- anti_join(x, y) shows whatis onlyin x (missing fromvy)
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Lab Part 2
0 Class Website

0 Lab
0 Day 6 Cheatsheet
0 Posit's tidyr Cheatsheet

0 Posit's dplyr Cheatsheet

Image by Gerd Altmann from Pixabay
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Getting the set difference with setdiff

We might want to determine what indexes ARE in the first dataset that AREN'T in
the second.

For this to work, the datasets need the same columns.

We'll just select the index using select ().

A_states <- data_As |> select(State)
cold _states <- data_cold |> select(State)
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Getting the set difference with setdiff

States in A_states but notin cold_states

dplyr::setdiff (A _states, cold states)

# A tibble: 1 x 1
State
<chr>

1 Alabama

States in cold _states but notin A_states

dplyr::setdiff(cold_states, A states)

# A tibble: 1 x 1
State
<chr>

1 Maine
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Getting the set difference with setdiff

Why did we use dplyr: :setdiff?

There is a base R function, also called setdiff that requires vectors.

In other words, we use dplyr: : to be specific about the package we want to use.

More set operations can be found here:
https://dplyr.tidyverse.org/reference/setops.html
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Fast manipulation using collapse package
https.//sebkrantz.github.io/collapse/

Might be helpful if your data is very large. However, dplyr and tidyr functions
are great for most applications.
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Data Visualization with Esquisse



Esquisse Package

# 1install.packages("esquisse")
library(esquisse)
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Esquisse Package

The esquisse package is helpful for getting used to creating plots in R.
It is an interactive tool to help you in RStudio.

It's super nifty!

W dl_.j}n't make mlstakes :
MRWE Just'have happ}r acmdents
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https://cran.r-project.org/web/packages/esquisse/vignettes/get-started.html

First, get some data..

We can use the CO heat-related ER visits dataset. This dataset contains

information about the number and rate of visits for heat-related illness to ERs in

Colorado from 2011-2022, adjusted for age.

er <-
read_csv("https://daseh.org/data/CO_ER heat_visits.csv")

## # A tibble: 6 x 6

head(er)

##  county
##  <chr>
## 1 Adams
## 2 Adams
## 3 Adams
## 4 Adams
## 5 Adams
## 6 Adams

rate lower95cl upper95cl visits
<dbl> <dbl>

<dbl>
6.73
4,84
6.84
3.08
3.36
8.85

<dbl>

NA
2.85
4,36
1.71
1.89
6.12

9.24
NA
9.31
4,85
5.23
11.6

29
23
31
15
16
42

year
<dbl>
2011
2012
2013
2014
2015
2016
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Starting a plot

Using the esquisser () function you can start creating a plot for a data. frame
or tibble. That's it!

esquisser(er)

— Quand tu regarderas le ciel, la nuit, puisque j‘habiterai dans |'une d'elles, puisque je rirai dans I'une d'elles, alors ce sera pour toi comme si riaient toutes les étoiles. x

Esquisse

m Geom #2 Geom #3 Geom #4 Geom #5 Geom #6 Geom #7 Geom #8

Auto -

i3 Options & Aa Labels & Title & T, Axes & 42 Geometries & = Theme & > Data & </> Code &
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Show the plot in the browser

esquisse: :esquisser(er, viewer = "browser")
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Select Variables

To select variables you can drag and drop variables to the respective axis that
you would like the variable to be plotted on.

== (huand tu reganderas le ciel, la nuit, puisque fhabicerai dans Fune d'elles, puisgue e rirai dans None Telles, alors oF $era pow 001 CoMMe S| Fiabent Towes les eooiles. =

= . Esquisse
m Goom 82 Geom #3 Geom 4 Goom B85 fpom #6 Geam &7 Geom &8
2o county J # rate [+ upparssel [ yuar

At =
=1 Play | [0 |
5} Options & Aa Labels & Title & L, Anps & A& Goomatrios & = Thomi & % Data & ofr Cody &
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Find code

To select variables you can drag and drop variables to the respective axis that
you would like the variable to be plotted on.

= (hsand tu reganderas le ciel, la nuit, puisque habicerai dans Fune d'elles, puisgue e riral dans Nane Telles, alors oF $ea pou 001 CoMME Si Fiabent Iowles bes eooiles. =

anjaat

m Goam 82 Gaom #3 Geam #4d Goom 85 Gaom #6 Geom &7 Geom #8

s county I # rate I # lowerdticl |+ upperdSct J 3 visite J 3 year

por

wisls

-
pRa L3

(5} Options & Aa Labels & Title & T, Aups & S Goomatrios & = Thomi & % Data & “
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Change plot type

esquisse automatically assumes a plot type, but you might want to change this.

== (uand U reganderas le ciel, la nuit, puisque fhabicerai dans Fune d'elles, puisgue e rirai dans None Telles, alors oF $e7a pou 001 COMME S| Fiabent Iowes les eooiles. =

anﬂaae

m Goam 82 Gaom #3 Geom #4d Goeom 85 Geom #6 Geom &7 Geom #8

s county I # rate I # lowerdtici | 4% upperoSct J 3 visite J 3 year

por

wisls

Il

5} Options & Aa Labels & Title & 1, Aups & S Goomatrios & = Thomi & % Data & ofr Cody &
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Add Facets

Facets create multiple plots based on the different values of a variable.

=

= (uand tu reganderas le ciel, la nuit, puisque fhabiceral dans Fune d'elles, puisgue e rirai dans None Telles, alors oF $ea pour 001 CoMME Si Fiabent Iouwles les eooiles.

anﬂaac

Geom #6 Geom &7 Geom #8

m Geam 82 Gaom #3 Geam #4d Goom 85
(¥ e [ woporsset J # vits | # your]

pon -
- = Play |-'- |

*
-
-
a
LR
-
" ns
=
. m
.
8
= -
- ®
- = o -
= -
% ]

= Thama & %= Data & of» Cody &

A Labels & Tille & T, Aups & S Goomatrios &

5} Options &
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Add size

Sometimes it is useful to change the way points are plotted so that size

represents a variable. This can especially be helpful if you need your plot to be
black and white.

= (uand U reganderas le ciel, la nuit, puisque habiceral dans Fune d'elles, puisgue e rirai dans None Telles, alors oF $e7a pou 001 CoMMe Si Fiabent Iowes les eooiles.

Esquisse
m Goam 82 Gaom #3 Geom #d Goom 85 Geom #6 Geom &7 Geom #8

(i couny X+ toverssc L # yoar ] # voporvscs ] # it | 4 rt

pom @D

= Play | L |
&

wisds

5} Options & A Labels & Title & L, Anps & S Goomatrios & = Thomi & . Data & ofr Cody &
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Add color

For plots with points use the color region to change coloring according to a
variable. (use “fill" for bar plots)

= (uand tu reganderas le ciel, la nuit, puisgque fhabiveral dans Fune d'elles, puisgue e riral dans None Telles, alors oF $era powd 001 CoMME S| Fiabent Towes les eooiles. =

anjaae

m Geam 82 Gaom #3 Geom #d Goom 85 Geom #6 Geom &7 Geom #8

L comin § 4 owrtse I # yoor L wwpurascs ] # iss T

&

por -

G
.
& 4 i -
i B
- ' L ] !
. 3 ' X i
. : - 4 2 . -
. . . s .
y vk = e | I o
= . = 1 ~ - -
1 : 2 .
— - - L] ~ ~ . - - - -'
- l- 3 ™ [ B
-
-
' 3 . . = H . H i
5 Options & A Labols & Title & L, Auos & | & Goomatrios & ] 2 Thomo & . Data & <f» Codg &
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Appearance

You can change the overall appearance with “Geometries” and “Theme”.

= (uand tu reganderas le ciel, la nuit, puisque habiceral dans Fune d'elles, puisgue e rirai dang Nane Telles, alors oF $e7a pow 00l Comnmie Si Fiabent Towtes les eooiles. =

= = =] =fi
m Goom 82 Gaom #3 Geom #4d Goom 85 Geom #6 Geom &7 Geom #8

L oy § 4 owerte I # yoor 1 umpurascs ] iss T v

pon - i o
= -F'Ia'.-'l-'-l

-
™
& 1 i -
. ruie
i . . .o
- ' L ] I N
# ‘ ] - - L e
$ . : = : 3 . "
. ™ . . L8
: : § - . . ; . L
& ™ . i # .
2 . 18t
- - - [ - - e
& . . . '] = e
- : ; : 5
- ® 2
: : L] ' - - ™ .
(5} Options & As Labais & Title & L, Axps & | o l}{irnntnns Fs ] 3 Thome & = Data & | o> Cody & |
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Change titles

To change titles on your plot, use the “Labels & Titles” tab.

= (and tu reganderas le ciel, la nuit, puisque habiverai dans Fune d'elles, puisgue je riral dans None Telles, alors oF $e7a pour 001 COMME S| Fiabent Iowles les eooiles. =

Esquisse

= = = - 1= =i
m Geom 82 Gaom #3 Geam #d Goom 85 Geom #6 Geom &7 Geom #8
# lowerdicl  # yeur ] # uppardtci | # viits

pon - i vians (5 e
= -Pla'.-El

.
.
¥ i i -

[ ] ke

. -

— L S -

L i . ] $ . =

L * L] - * - i = [

N t i L - I ; - [ =

- - : |

= ! - [ - - I"H|-

N " : L] ’ "

' 3 . . H ® i - I*j

K

P R, S — SR S

5} Options & 1 Aa Labels & Title & L, Anps & &5 Goomatrios & = Them & ] % Data & | fr Cody & |
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View data

You can also easily view data

— Quand tu regarderas le clel, la nuit, puisque ['habiterai dans l'une d'elles, puisque je rirai dans |'une d'elles, alors ce sera pour toi comme si riaient toutes les étoiles.

X

county =

rate = lower95cl =

upper95cl =

visits =

Az character

Unigue: 64
Missing: O
Most Comma
n: Adams

Adams

Adams

Adams

Adams

Adams

Adams

Adams

Adams

1 numeric 1t numeric

Min: 0 Min: 0
Mean: 2.43 Mean: 145
Max: 89.28 Max: 43.4
Missing: 303 Missing: 304

6.729917655

4.843983212 2.84893747

6.836648236 4.35973518

3.080949839 1.711087221

3.356537988 1.892911591

8.84850373 6.124961246

6.634644436 4.292045516

7.1085566828 4.772990008

3 numeric

Min: 0
Mean: 3.53
Max: 151.42
Missing: 304

9.236775934

9.313561292

4.846995946

5.232461331

11.57204621

8.977243356

9.438143648

# numeric
Min: 0
Mean: 7.19

Max: 48
Missing: 303
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Interrupting Esquisse

You'll need to “interrupt” Esquisse to launch it with a new dataset.

1. Close the tab/window
2. Use the stop button to stop the Esquisse app

If you don't see the stop button, you need to resize your window.

Console Terminal Render Markers Background Jobs —ilm

(R R4.4.0 - ~/Dropbox/FredHutch/DaSEH/ e

> esquisser(er, viewer = "browser") / Interrupt R
e |

Listening on http://127.0.0.1:4710

[
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Wide & Long Data ?

Let's look at why we might want long data using Esquisse.

library(tidyverse)
long_er <- er |>

select(c("county", "year", "visits"))
glimpse(long_er)

## Rows: 768
## Columns: 3
## $ county <chr> "Adams", "Adams", "Adams", "Adams", "Adams", "Adams", "Adams", ..
## $ year <dbl> 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, 202.
## $ visits <dbl> 29, 23, 31, 15, 16, 42, 32, 37, 36, 24, 35, 45, 0, 0, NA, O, NA.
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Wide Data

As a comparison, let's also load a wide version of this dataset.

wide_er <- er |>
select(county, visits, year) |> o
pivot_wider (names_from = county, values_from = visits)
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Wide vs Long Data

head(long_er)

HH
HH
HH
HH
HH
HH
HH
HH
HH

#

OO, wWNE

A tibble: 6 x 3
county year visits
<chr> <dbl> <dbl>

Adams 2011 29
Adams 2012 23
Adams 2013 31
Adams 2014 15
Adams 2015 16
Adams 2016 42

head(wide_er)

## # A tibble: 6 x 65

HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH

HTHEHFHFHFOOLWNE

year Adams Alamosa Arapahoe Archuleta Baca Bent Boulder Broomfield Chaff

<dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <db
2011 29 0] 33 0] 0] 0] 12 NA

2012 23 0] 27 0] 0] NA 13 NA

2013 31 NA 20 0] 0] 0] 12 NA

2014 15 0] NA 0] 0] NA 19 NA

2015 16 NA 31 0] 0] NA 14 NA

2016 42 NA 39 0] 0] NA 18 NA

0 55 more variables: Cheyenne <dbl>, "Clear Creek <dbl>, Conejos <dbl>,
Costilla <dbl>, Crowley <dbl>, Custer <dbl>, Delta <dbl>, Denver <dbl>,
Dolores <dbl>, Douglas <dbl>, Eagle <dbl>, Elbert <dbl>, "El Paso <dbl>,
Fremont <dbl>, Garfield <dbl>, Gilpin <dbl>, Grand <dbl>, Gunnison <dbl>,
Hinsdale <dbl>, Huerfano <dbl>, Jackson <dbl>, Jefferson <dbl>,
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Make a plot of visits by year for different counties

esquisser(wide_er) # only one county at a time? Tricky!
esquisser(long_er) # county as color, visits as y, year as x!
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GUT CHECK!

Why use Esquisse?
A. Explore your data
B. Get a “head start” on your code

C. Both of these!
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Some Alternatives to esquisse

*ggquickeda: https://smouksassi.github.io/ggquickeda/
- ggraptR: https://github.com/cargomoose/ggraptR/

- autoplot can be helpful for some packages (see this blog post)
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https://smouksassi.github.io/ggquickeda/
https://github.com/cargomoose/ggraptR/
http://www.sthda.com/english/wiki/ggfortify-extension-to-ggplot2-to-handle-some-popular-packages-r-software-and-data-visualization

Summary

Use the esquisser () function on a dataset
Use the viewer = "browser" argument to launch in your browser.

Code from Esquisse can copied into code chunks to be generated in the
“Plots” pane

It's easier if your code is in “long” form!
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Lab
0 Class Website

0 Lab

0 Day 6 Cheatsheet

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules/Esquisse_Data_Visualization/lab/Esquisse_Data_Visualization_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-6.pdf
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226

Data Visualization



Recap

pivot_longer () helps us take our data from wide to long format
- names_to = gives a new name to the pivoted columns

- values_to =gives a new name to the values that used to be in those
columns

pivot_wider () helps us take our data from long to wide format

- names_from specifies the old column name that contains the new column
names

- values_from specifies the old column name that contains new cell values

- to merge/join data sets together need a variable in common - usually “id”

0 Cheatsheet
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https://daseh.org/modules/cheatsheets/Day-6.pdf

Recap continued

- to merge/join data sets together need a variable in common - usually “id”

-+ ?join - see different types of joining for dplyr

- inner_join(x, y) -only rows that match for x and y are kept

- full_join(x, y) -allrows of x andy are kept

- left_join(x, y) -all rows of x are kept even if not merged with y
right_join(x, y) -all rows of y are kept even if not merged with x

- anti_join(x, y) -all rows from x notiny keeping just columns from x

- esquisser () function of the esquisse package can help make plot sketches

0 Cheatsheet
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https://daseh.org/modules/cheatsheets/Day-6.pdf

esquisse and ggplot2

f?s:iu%sgf:
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Why learn ggplot2?

More customization:;

branding
making plots interactive
+ combining plots

Easier plot automation (creating plots in scripts)

Faster (eventually)
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ggplot2
- A package for producing graphics - gg = Grammar of Graphics
+ Created by Hadley Wickham in 2005

- Belongs to “Tidyverse” family of packages

- “Make a ggplot” = Make a plot with the use of ggplot2 package

Resources:

- https://ggplot2-book.org/

- https://www.opencasestudies.org/
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https://ggplot2-book.org/
https://www.opencasestudies.org/

ggplot2

Based on the idea of;
layering

plot objects are placed on top of each other with +

0 +
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ggplot2

ggpIO'l' is a little bit Frosfing/Decor
like cake...

We always start by setting up the The Layers
foundation with ggplot() geoms

We specify our ingredients (data
variables) with an aes mapping

Custom Tweaks
scales

We can create layers to our plot with
geoms

We can style our eake ggplot with
themes. We have out-of-the-box options,
or we can go totally custom!

Recipe/Ingredients
aes

, ggplot() |
. g .

The Base |

Slide Credit: Tanya Shapiro
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ggplot2

- Pros: extremely powerful/flexible - allows combining multiple plot elements
together, allows high customization of a look, many resources online

- Cons: ggplot2-specific “grammar of graphic” of constructing a plot

- ggplot2 gallery
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https://www.r-graph-gallery.com/ggplot2-package.html

Tidy data
To make graphics using ggplot2, our data needs to be in a tidy format
Tidy data:

1. Each variable forms a column.

2. Each observation forms a row.
Messy data:

- Column headers are values, not variable names.
Multiple variables are stored in one column.

- Variables are stored in both rows and columns.
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Tidy data: example

Ideally we want each variable as a column and we want each observation in a

Frow.

Column headers are values, not variable names;:

religion <$10k $10-20k $20-30k $30-40k $40-50k $50-75k
Agnostic 27 34 60 81 76 137
Atheist 12 27 37 52 35 70
Buddhist 27 21 30 34 33 58
Catholic 418 617 732 670 638 1116
Don’t know /refused 15 14 15 11 10 35
Evangelical Prot 075 869 1064 982 881 1486
Hindu 1 9 7 9 11 34
Historically Black Prot 228 244 236 238 197 223
Jehovah’s Witness 20 27 24 24 21 30
Jewish 19 19 25 25 30 95

Table 4: The first ten rows of data on income and religion from the Pew Forum. Three columns,
$75-100k, $100-150k and >150k, have been omitted
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Now the the data is “tidy” and in long format

religion  income freq
Agnostic  <$10k 27
Agnostic  $10-20k 34
Agnostic  $20-30k 60
Agnostic  $30-40k 81
Agnostic  $40-50k 76
Agnostic  $50-75k 137
Agnostic  $75-100k 122
Agnostic  $100-150k 109
Agnostic >150k 84
Agnostic Don’t know/refused 96

Read more about tidy data and see other examples: Tidy Data tutorial
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https://vita.had.co.nz/papers/tidy-data.pdf

Data to plot

Let's plot the CO heat-related ER visits dataset we've been working with. First,
we'll only consider data from Boulder county.

Is the data in tidy? Is it in long format?

er <-
read_csv("https://daseh.org/data/CO_ER heat_visits.csv")
er_Boulder <- er |> filter(county == "Boulder")

head(er_Boulder)

# A tibble: 6 x 6
county rate lower95cl upper95cl visits vyear
<chr> <dbl> <dbl> <dbl> <dbl> <dbl>

1 Boulder 4.03 2.05 6.67 12 2011
2 Boulder 4.08 2.15 6.62 13 2012
3 Boulder 3.79 1.90 6.32 12 2013
4 Boulder 6.29 3.71 9.54 19 2014
5 Boulder 4.76 2.57 /.61 14 2015
6 Boulder 5.68 3.31 8.67 18 2016

13/88



First plot with ggplot2 package



First layer of code with ggplot2 package

Will set up the plot - it will be empty!

Recipe/Ingredients

aes The Base

ggplot()

15/88



First layer of code with ggplot2 package

- Aesthetic mapping aes(x= , y =) describes how variables in our data are
mapped to elements of the plot - Note you don't need to use mapping but itis
helpful to know what we are doing.

library(ggplot2) # don't forget to load ggplot2
# This 1is not code but shows the general format
ggplot({data_to plot}, aes(x = {var in data to plot},
y = {var in data to plot}))

ggplot(er_Boulder, aes(x = year, y = rate))

1
2022%
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Next layer code with ggplot2 package

The Layers
geoms

There are many to choose from, to list just a few:

+ geom_point () - points (we have seen)

- geom_line() - lines to connect observations
- geom_boxplot() - boxplots

+ geom_histogram() - histogram

+ geom_bar () - bar plot

+ geom_col() - column plot

- geom_tile() - blocks filled with color
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Next layer code with ggplot2 package

When to use what plot? A few examples:
+a scatterplot (geom_point()): to examine the relationship between two sets
of continuous numeric data

- a barplot (geom_bar ()): to compare the distribution of a quantitative variable
(numeric) between groups or categories

+a histogram (geom_hist()): to observe the overall distribution of numeric
data

- a boxplot (geom_boxplot()): to compare values between different factor
levels or categories

18/88



Next layer code with ggplot2 package

Need the + sign to add the next layer to specify the type of plot

ggplot({data_to plot}, aes(x = {var in data to plot},
y = {var in data to plot})) +

geom_{type of plot}</div>

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point()

] 1 1
20150 20175 20200 2022 &
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Tip - plus sign + must come at end of line

Having the + sign at the beginning of a line will not work!

ggplot(er_Boulder, aes(x = year,

y = rate,

fill = item cateq))
+ geom_boxplot()

Pipes will also not work in place of +!

ggplot(er_Boulder, aes(x = year,

y = rate,

fill = item categ)) |[>
geom_boxplot()
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Plots can be assigned as an object

pltl <- ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point()

pltl

] 1 1
20150 20175 20200 2022 &
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Examples of different geoms

pltl <- ggplot(er_Boulder, aes(x = year, y = rate)) +

geom_point()

plt2 <- ggplot(er_Boulder, aes(x = year, y = rate)) +

geom_line()

pltl # fig.show = "hold" makes plots appear
plt2 # next to one another in the chunk settings

20150 20175 20200 20225 20125 20150 20175 000 2025
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Specifying plot layers: combining multiple layers

Layer a plot on top of another plot with +

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point() +
geom_line()

] 1 ] 1
20150 20175 20200 2022 &
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Adding color - can map color to a variable

Let’'s map ER visit rates for four CO counties on the same plot

er_visits_4 <- er |>
filter(county %in% c('"Denver'", "weld", "Pueblo", "Jackson'))

ggplot(er_visits_ 4, aes(x = year, y = rate, color = county)) +
geom_point() +
geom_line()

]
2222222222222222222222222
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Frosting/Decor '
theme

The Layers
geoms

Customize the look of the plot



Customize the look of the plot

You can change the look of whole plot using theme_* () functions.

There are also size, color, alpha, and linetype arguments.

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
theme_dark()
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https://ggplot2.tidyverse.org/reference/ggtheme.html

More themes!

There's not only the built in ggplot2 themes but all kinds of themes from other
packages!

- ggthemes
- ThemePark package
+hrbr themes
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https://jrnold.github.io/ggthemes/
https://github.com/MatthewBJane/ThemePark
https://github.com/hrbrmstr/hrbrthemes

Adding labels

The labs () function can help you add or modify titles on your plot. The title

argument specifies the title. The x argument specifies the x axis label. The y
argument specifies the y axis label.

ggplot(er_Boulder, aes(x = year, y = rate)) +

geom_point(size = 5, color = "red", alpha = 0.5) +
geom_line(size = 0.8, color = "brown", linetype = 2) +
labs(title = "Heat-Related ER Visits:Boulder",

x = "Year",

y = "Age-adjusted Visit Rate")

Heat-Related ER Visits:Boulder

I\

o s 1\ 1’! S
£ I\
Z. , i \ ’. !
o @ \ !
5 —f— !
$ | VoY ,

- @ B 1 ' -

® te ®
35 =

1
20150 20175 20200 2022 &
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Changing axis: specifying axis scale

scale_x_continuous() and scale_y_continuous() can change how the axis
is plotted. Can use the breaks argument to specify how you want the axis ticks.

plot_scale <- ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
scale_x_continuous(breaks = seq(from = 2011, to = 2022, by = 1))
plot_scale

60 = ]

55 = / \ /\ —_— =

- - =~ I \ \ /
~ \ \ !/

40 =

315 =

1 1 1 1 1 1 ' i 1 1 1 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Modifying plot objects

You can add to a plot object to make changes! Note that we can save our plots as
an object like p1t1 below. And now if we reference plti1 again our plot will print
out!

pltl <- ggplot(er_Boulder, aes(x = year, y = rate,)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
labs(title = "Heat-Related ER Visits:Boulder", x = "Year", y = "Age-adjusted Visit Rate")

pltl + theme_minimal()

Heat-Related ER Visits:Boulder

6.0 "
55 I \ N PR

50 ' \

usted Visit Rate

Age-adj
IS
—

35 I

222222222222222
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Removing the legend label

You can use theme(legend.position = "none") to remove the legend.

er_visits_4 |> ggplot(aes(x = year,
y = rate,
color = county)) +
geom_line(size = 0.8) +
theme(legend.position = "none")

15 =
o
&
10 =
) W
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Changes for a specific layer

It's possible to go in and change specifications with newer layers. Here is our
original plot.

er_visits_4 |> ggplot(aes(x = year,
y = rate,
color = county)) +
geom_line(size = 3)

2015
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Overwriting specifications

It's possible to go in and change specifications with newer layers.

er_visits_4 |> ggplot(aes(x = year,
y = rate,
color = county)) +
geom_line(size = 0.8, color = "black")

%t\ \\\\\\\\\

1 1 1 1
DDDDDDDDDDDDDDDDDDDD

This plot looks a bit odd, we will talk about that soon!

1
22222
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GUT CHECK: If we get an empty plot what might we need to do?
A. Add a plot_ layer like plot_point()

B. Add a geom_ layer like geom_point ()
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GUT CHECK: How do we add more layers in ggplot2 plots?
A |>

B. &

C. +
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Summary

- ggplot () specifies what data use and what variables will be mapped to where

- inside ggplot(),aes(x = , y =, color =) specify what variables
correspond to what aspects of the plot in general

- layers of plots can be combined using the + at the end of lines
- special theme_* () functions can change the overall look

- individual layers can be customized using arguments like: size, color alpha
(more transparent is closer to 0), and linetype

- labels can be added with the 1labs () function and x, y, title arguments

+ scale_x_continuous() and scale_y_continuous() can modify the scale of
the axes

- by default, ggplot () removes points with missing values from plots.
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https://ggplot2.tidyverse.org/reference/ggtheme.html

Lab 1
0 Class Website

0 Lab

0 Day 6 Cheatsheet
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https://daseh.org/
https://daseh.org/modules//Data_Visualization/lab/Data_Visualization_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-6.pdf

theme() function:

The theme() function can help you modify various elements of your plot. Here
we will adjust the font size of the plot title.

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
labs(title = "Heat-Related ER Visits:Boulder") +
theme(plot.title = element_text(size = 20))

Heat-Related ER Visits:Boulder

1 1
222222222222222
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theme() function

The theme() function always takes:
1. an object to change (use ?theme() to see - plot.title, axis.title,
axis.ticks etc.)

2. the aspect you are changing about this: element_text(), element_line(),
element_rect(), element_blank()

3. what you are changing:
- text: size, color, fill, face, alpha, angle, hjust (horizontal justification)
position: "top", "bottom", "right", "left", "none"
rectangle: size, color, fill, linetype

line: size, color, linetype

theme(plot.title = element_text(size = 20, hjust = 0.5))
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theme() function: center title and change size
The theme() function can help you modify various elements of your plot. Here
we will adjust the horizontal justification (hjust) of the plot title.

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = '"green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
labs(title = "Heat-Related ER Visits:Boulder™") +

theme(plot.title = element_text(size = 20, hjust = 0.5))

Heat-Related ER Visits:Boulder

1 1
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theme() function: change title and axis format

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
labs(title = "Heat-Related ER Visits: Boulder") +
theme(plot.title = element_text(size = 20, hjust = 0.5),
axis.title = element_text(size = 16))

Heat-Related ER Visits: Boulder

rate
-
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Cheatsheet about theme

Theme Cheatsheet

ggplot2 Theme System Cheatsheet

Roadmap of the most commonly used Theme Elements in ggplot2

)0

This is the title©

This s a subtitle @

o9

(&)

(e]

wt

O

/(D-

Wl
|

m

Plot elements

o plot.title

element_text()

0 plot.subtitle

element_text()

o plot.ta

element_text()

“bottom’, bottomiight”
ora coordinate

o plot.background

element_rect()

o plot.caption

element_text()

o plot.margin
rgin()

mar

Panel elements

panel.border

element_rect()

inel.background

element_rect()

panel.grid.minor
element_ine()

panel.grid.major

element_line()

96 6 0690

aspect.ratio

numeric

Facet elements
o panel.spacing
unit()

@ strip.background
0

slement_ract

® strip-text

element._text()

of the cou

inR for Data

wwudemy.com/cour

T T T T T
b 20®/25 30 35 10 15 20 2
mpg

2]

This is the caption °

Legend elements

legend.background
0

element_rect(

@ legend.key
0

element_rect(

@ legend.title

element_text()
legend.title.align

Numeric between 0 to1,
where: O=left, 1=right

0 legend.text

element_text()

legend.text.align
Numeric between 0to1,
where: 0=left, I=right

@ legend.margin

margin()

legend.position
‘none;, et ight, ‘bottom’ top’,
or two-element numeric vector

0ECEB

e
O
mpg
@\ 15
25 ()
30

Axis elements

@ axis.

element_iine()

(D) axisdicks

element_iine()

axis.ticks.length
unit

0 axis.text

element_text()

@ axis.title

element_text()

These affect all elements of same type in the
plot Useful to define defaults

e line
element_text()  eloment_text()

title
slement_rect()  element_text()

ggplot2 version 335
@TheDatainkiab

Element functions

element_text()
(font) family
(font) face
(font) colour
(font) size (in points)
hjust [0.1] (0=left, 1=right)
vjust [0.1] (0=bottom, 1=top)
angle (in degrees)
lineheight (as ratio of fontcase)
margin
margin (t,r, b, 1)
#remember trouble

element_line()
(Iine) colour
size (width of line)
linetype
An integer (0:8)
A name (“blank’, “solid”,
“dashed”, “dotted”, “dotdash,
“longdash’, “twodash”)
lineend
“round”, “butt’, “square”
arrow
An arrow specification: arrow()

element_rect()

fill

colour

size (width of border)

linetype (of border) (see element_iine)

element_blank()
Eliminates element
Doesn't take parameters

Note.

Of those elements that have two
components, the way to access
by appending x or .y at the end.

e.g. axisline.y will change only the
“y" axis line. Idem with “x”. If nothing
is specified (e.g axisline), both
elements (x and y) will be changed.

See the fulllst of
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https://github.com/claragranell/ggplot2/blob/main/ggplot_theme_system_cheatsheet.pdf

Let's take a look at that odd plot again

ggplot(er_visits_4, aes(x = year,
y = rate, color = county)) +
geom_line(color = "black")

|||||
222222222222222222222222222222
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This is equivalent

ggplot(er_visits 4, aes(x = year,
y = rate)) +
geom_line()

|||||
20125 2015.0 20175 20200 20225
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If it looks confusing to you, there might be something wrong
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Using group in plots

You can use group element in a mapping to indicate that each county will have
a rate line.

ggplot(er_visits_4, aes(x = year,
y = rate,
group = county)) +
geom_line()

1 1 1
2222222222222222222222222
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Adding color will automatically group the data

ggplot(er_visits_4, aes(x = year,
y = rate,
color = county)) +
geom_line( )+
theme(legend.position = "bottom")
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Tips!
Let's talk additional tricks and tips for making ggplots!
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Tips - Color vs Fill

color is needed for points and lines

fill is generally needed for boxes and bars

ggplot(er_visits_4, aes(x = county,
y = visits,
color = county)) + #color creates an outline
geom_boxplot()

ggplot(er_visits_4, aes(x = county,
y = rate,
fill = county)) + # fills the boxplot
geom_boxplot()
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Tip - Good idea to add jitter layer to top of box plots

Can add width argument to make the jitter more narrow.

ggplot(er_visits_ 4, aes(x = county,
y = rate,
fill = county)) +
geom_boxplot() +
geom_jitter(width = .06)

eeeeeeeeeeeeeeeeee
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Tip - be careful about colors for color vision deficiency

scale_fill viridis_d() for discrete /categorical data
scale_fill_viridis_c() for continuous data

ggplot(er_visits_ 4, aes(x = county,
y = rate,
fill = county)) +
geom_boxplot() +
geom_jitter(width = .06) +
scale_fill viridis_d()

PPPPPP

4 o*°
#
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Tip - can pipe data after wrangling into ggplot()

er_bar <- er_visits_ 4 |>
group_by(county) |>
summarize("max_rate" = max(rate, na.rm=T)) |>

ggplot(aes(x = county,
y = max_rate,
fill = county)) +
scale_fill viridis_d()+
geom_col() +
theme(legend.position = "none")

er_bar
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Tip - color outside of aes()

Can be used to add an outline around column/bar plots. Remember the columns
were colored inside with fill.

er_bar +
geom_col(color = "black")

max
.
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Tip - col vs bar

geom_bar (x =) can only use one aes mapping geom_col(x = , y = ) can
have two
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Tip - Check what you plot
0 May not be plotting what you think you are! [

ggplot(er_visits_4, aes(x = county,
y = visits,
fill = county)) +
geom_col()
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What did we plot? Always good to check it is correct!

head(er_visits_4, n

# A tibble: 3 x 6

= 3)

county rate lower95cl upper95cl visits

<chr> <dbl>
1 Denver 7.11
2 Denver 6.79
3 Denver 2.95

<dbl>
4,89
4.62
1.75

<dbl> <dbl>
9.34 42
8.97 40
4.46 19

er_visits_4 |> group_by(county) |>

summarize(sum

# A tibble: 4 x 2

county sum
<chr> <dbl>
1 Denver 402

2 Jackson 0]
3 Pueblo 336
4 weld 324

sum(visits, na.rm=T))

year
<dbl>
2011
2012
2013
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Try that again

er_visits_4 |> group_by(county) |>
summarize(mean_visits = mean(visits, na.rm=T))

# A tibble: 4 x 2
county mean_visits

<chr> <dbl>
1 Denver 33.5
2 Jackson 0
3 Pueblo 28
4 wWeld 27
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Try that again

er_visits_4 |> group_by(county) |>
summarize(mean_visits = mean(visits, na.rm=T)) |>

ggplot(aes(x = county,
y = mean_visits,
fill = county)) +
geom_col()

20 =

mean_visits

10 =

0=

county
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Tip - make sure labels aren't too small

er_bar +
theme(text = element_text(size = 20))

20=

=
w

max_rate
=
(=]

1 1 1 1
Denver Jackson Pueblo Weld
cou nty
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Sometimes we have many lines and it is hard to see what is happening

Let's look at visit rates for 9 CO counties.

er_visits_9 <- er |[>
filter(county %in% c('"Denver", "Weld", "Pueblo", "Jackson",
"San Juan", "Mesa", "Jefferson", "Larimer'", "Boulder"))

lots_of_lines <- ggplot(er_visits_9, aes(x = year,
y = rate,
color = county)) +

geom_line()
lots_of _1lines

20 - = Boulder
15 =

10 =

1 1 1 1 ]
20125 20150 20175 20200 20225
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Adding a facet can help make it easier to see what is happening

Sometimes we have two many lines and can git difficult to see what is
happening, facets can help!

Two options: facet_grid()- creates a grid shape facet_wrap() -more flexible

Need to specify how you are faceting with the ~ sign.

lots_of_lines +
facet_grid( ~ county) +
theme(legend.position = "bottom")
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Adding a facet can help make it easier to see what is happening

lots_of _lines +

facet_grid( ~ county) +
theme(legend.position = "none") +
theme(axis.text.x = element_text(angle = 90))

Boulder Denver Jackson Jefferson Weld
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facet_wrap()

- more flexible - arguments ncol and nrow can specify layout

- can have different scales for axes using scales = "free"

rp_fac_plot <- lots_of_lines +
facet_wrap( ~ county, ncol = 4, scales = "free") +
theme(legend.position = "none")

rp_fac_plot

Boulder Denver Jackson
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Extensions



plotly

#install.packages("plotly")
library(plotly) # creates interactive plots!
ggplotly(lots_of lines)

o} - MM
county
Boulder

20-

Denver

Jackson
15-

Jefferson

Larimer

rate

Mesa

Pueblo

San Juan

Weld

1 1 1 1 1
2012.5 2015.0 2017.5 2020.0 2022.5
year

Also check out the ggiraph package
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https://www.rdocumentation.org/packages/ggiraph/versions/0.6.1
https://plotly.com/

patchwork package
Great for combining plots together

Also check out the patchwork package

#install.packages("patchwork'")
library(patchwork)
lots_of _lines + er_bar

4

' 1 '
000000000000000
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https://patchwork.data-imaginist.com/

Saving plots



Saving a ggplot to file
A few options:
RStudio > Plots > Export > Save as image / Save as PDF

RStudio > Plots > Zoom > [right mouse click on the plot] > Save image as

In the code

ggsave(filename = "saved plot.png", # will save in working directory
plot = rp_fac_plot,
width = 6, height = 3.5) # by default in inches
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GUT CHECK: How to we make sure that the boxplots are filled with color

instead of just the outside boarder?

A. Use the fill argument in the aes specification

B. Use color argument in geom_boxplot ()
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GUT CHECK: If our plot is too complicated to read, what might be a good

option to fix this?

A. add more theme() layers

B. Use facet_grid() to split the plot up
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Summary

-+ The theme() function helps you specify aspects about your plot
- move or remove a legend with theme(legend.position = "none")

- change font aspects of individual text elements theme(plot.title =
element_text(size = 20))

- center a title: theme(plot.title = element_text(hjust = 0.5))

+ sometimes you need to add a group element to aes () if your plot looks
strange

make sure you are plotting what you think you are by checking the numbers!

- facet_grid(~ variable) and facet_wrap(~variable) can be helpful to
quickly split up your plot

- facet_wrap() allows for a scales = "free" argument so that you can
have a different axis scale for different plots

use fill to fill in boxplots
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Good practices for plots

Check out this guide for more information!
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https://jhudatascience.org/tidyversecourse/dataviz.html#making-good-plots

Lab 2
0 Class Website

0 Lab
0 Day 6 Cheatsheet
0 Posit's theme cheatsheet

Additional resources: https://tidyplots.org/, https://www.rawgraphs.io/ (not R)

Image by Gerd Altmann from Pixabay
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https://daseh.org/
https://daseh.org/modules//Data_Visualization/lab/Data_Visualization_Lab.Rmd
https://daseh.org/modules/cheatsheets/Day-6.pdf
https://github.com/claragranell/ggplot2/blob/main/ggplot_theme_system_cheatsheet.pdf
https://tidyplots.org/
https://www.rawgraphs.io/
https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=812226

Extra Slides



Adding color - or change the color of each plot layer

You can change look of each layer separately. Note the arguments like 1inetype

and alpha that allow us to change the opacity of the points and style of the line
respectively.

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "red", alpha = 0.5) +
geom_line(size = 0.8, color = "black", linetype = 2)

1 1 1
2222222222222222

linetype can be given as a number. See the docs for what numbers correspond
to what 1inetype!
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Customize the look of the plot

You can change the look of whole plot - specific elements, too - like changing

font and font size - or even more fonts

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +

theme_bw() +
theme(text=element_text(size=16,

family="Comic Sans MS"))
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http://www.cookbook-r.com/Graphs/Fonts/
https://blog.revolutionanalytics.com/2012/09/how-to-use-your-favorite-fonts-in-r-charts.html

Adding labels line break

Line breaks can be specified using \n within the labs () function to have a label
with multiple lines.

ggplot(er_Boulder, aes(x = year, y = rate)) +

geom_point(size = 5, color = "red", alpha = 0.5) +
geom_line(size = 0.8, color = "brown", linetype = 2) +
labs(title = "Heat-Related ER Visits in Boulder Co.: \n age-adjusted visit rate by year",
x = "Year",

"Age-adjusted Visit Rate")

Heat-Related ER Visits in Boulder Co.:

age-adjusted visit rate by year

1\
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Changing axis: specifying axis limits

x1im() and ylim() can specify the limits for each axis

ggplot(er_Boulder, aes(x = year, y = rate)) +
geom_point(size = 5, color = "green", alpha = 0.5) +
geom_line(size = 0.8, color = "blue", linetype = 2) +
labs(title = "Heat-Related ER Visits in Boulder Co.",
X = "Year",
y = "Age-adjusted Visit Rate") +
ylim(©, max(pull(er_visits_4, rate)))

Heat-Related ER Visits in Boulder Co.

T 4. -— oy
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theme() function: moving (or removing) legend

n o u n o u

If specifying position - use: “top”, “bottom”, “right”, “left”, “none”

ggplot(er_visits_4, aes(x = year, y = rate, color = county)) +
geom_line()

ggplot(er_visits_4, aes(x = year, y = rate, color = county)) +
geom_line() +
theme(legend.position = "bottom")

' ' ' '
20150 o5 =00z
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Keys for specifications

linetype

source

0. blank’

1. 'solid’
2.'dashed’
3. 'dotted"

4. 'dotdash’
5. longdash’

6. twodash'
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http://www.cookbook-r.com/Graphs/Shapes_and_line_types/figure/line_types-1.png

Linetype key
+ geoms that draw lines have a 1inetype parameter

these include values that are strings like “blank”, “solid”, “dashed”, “dotdash”,
“longdash”, and “twodash”

er_Boulder |> ggplot(aes(x = year,
y = rate)) +
geom_line(size = 0.8, linetype = "twodash")
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Keys for specifications

shape

source

plot symbols : points (... pch=",cex=3)
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http://www.cookbook-r.com/Graphs/Shapes_and_line_types/figure/unnamed-chunk-2-1.png

shape key

- geoms that draw have points have a shape parameter

these include numeric values (don't need quotes for these) and some
characters values (need quotes for these)

er_Boulder |> ggplot(aes(x = year,
y = rate)) +
geom_point(size = 2, shape = 12)

2]
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Can make your own theme to use on plots!

Guide on how to: https://rpubs.com/mclaire19/ggplot2-custom-themes
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https://rpubs.com/mclaire19/ggplot2-custom-themes

Tip- if you need you can remove outliers

Setoutlier.shape = NAto getride of outliers. Be careful about if you really
should remove these!

However, if can be helpful if your plot is getting stretched to accommodate

plotting an outlier. You can always say in the figure legend what you removed.

er_no_outl <- ggplot(er_visits_4, aes(y = visits, x = county)) +
geom_boxplot()

er_no_out2 <- ggplot(er_visits_4, aes(y = visits, x = county)) +

geom_boxplot(outlier.shape = NA) +
ylim(0©, 40)
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Tip - NA Values

if it is a numeric value it will just get dropped from the graph and you will see
a warning

it is categorical you will see it on the graph and will need to filter to remove
the NA category

icecream <-tibble(flavor =
rep(c("chocolate", "vanilla", NA, "chocolate", "vanilla"), 8))

icecreaml <- ggplot(icecream, aes(x = flavor)) + geom_bar() +
theme(text=element_text(size=24))

icecream2 <- icecream |> drop_na(flavor) |[>

ggplot( aes(x = flavor)) + geom_bar() +
theme(text=element_text(size=24))

15- 15-

10- 10-
= =
5 5
o o
8 8

5- . 5-

o- o-

chocolate vanilla NA chocolate vanilla
flavor flavor

86/88



Extensions



directlabels package

Great for adding labels directly onto plots https://www.opencasestudies.org/ocs-
bp-co2-emissions/

#install.packages("directlabels")
library(directlabels)
direct.label(lots_of_lines, method = list("angled.boxes"))

|||||
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https://www.opencasestudies.org/ocs-bp-co2-emissions/

Factors



Factors

A factor is a special character vector where the elements have pre-defined
groups or ‘levels’. You can think of these as qualitative or categorical variables:

x <- c("yellow", "red", "red", "blue", "yellow", "blue")
class(x)

## [1] "character"

x_fact <- factor(x) # factor() is a function
class(x_fact)

## [1] "factor"
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Factors

Factors have levels (character types do not).

X
## [1] "yellow" "red" "red" "blue" "yvellow" "blue"
x_fact

## [1] yellow red red blue vyellow blue
## Levels: blue red yellow

Note that levels are, by default, in alphanumerical order.
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Factors

Extract the levels of a factor vector using levels():

levels(x_fact)

## [1] "blue"  "red" "yellow"
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forcats package

A package called forcats is really helpful for working with factors.
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factor() vsas_factor()

factor () is from base R and as_factor () is from forcats
Both can change a variable to be of class factor.

+ factor () will order alphanumerically unless told otherwise.

- as_factor () will order by first appearance unless told otherwise.

If you are assigning your levels manually either function is fine!
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as_factor() function

X <- c("yellow", "red", "red", "blue", "yellow", '"blue")
Xx_fact_2 <- as_factor(x)
x_fact_2

## [1] yellow red red blue vyellow blue
## Levels: yellow red blue

# Compare to factor() method:
X_fact

## [1] yellow red red blue vyellow blue
## Levels: blue red yellow
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A Factor Example

We will use a slightly different version of the data on heat-related visits to the ER from the State of
Colorado.

For today, we are looking at data that reports ER visits by age category.
er_visits_age <- read_csv("https://daseh.org/data/CO_ER_heat_visits_by_age.csv")

## Rows: 60 Columns: 6

## — Column specification
## Delimiter: ","

## chr (1): age

## dbl (5): year, rate, lower95cl, upper95cl, visits

#Hit

## 0 Use “spec()” to retrieve the full column specification for this data.

## 0 Specify the column types or set “show_col_types = FALSE® to quiet this message.

8/28



The data

head(er_visits_age)

## # A tibble: 6 x 6

HH
HH
HH
HH
HH
HH
HH
HH

Notice that age is a chr variable. This indicates that the values are character

OO, wWNEL

year
<dbl>
2011
2011
2011
2011
2011
2012

strings.

age
<chr>

0-4 years
15-34 years
35-64 years
5-14 years
65+ years
0-4 years

rate lower95cl upper95cl visits

<dbl>

3.
/.34
5.84
5.
8
3

52

20

. 34
.58

<dbl>
1.82
5.95
4,80
3.50
5.98
1.85

<dbl> <dbl>

6.
8.
6.
6.
10.
6.

16
74
88
90
7

25

12
106
121

36

48

12

R does not realize that there is any order related to the AGE values. It will assume

that it is alphanumeric (for numbers, this means ascending order).

However, we know that the order is: 0-4 years old, 5-14 years old, 15-34 years

old, 35-64 years old, and 65+ years old.
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For the next steps, let’s take a subset of data.

Use set.seed() to take the same random sample each time.

set.seed(123)
er_visits_age_subset <- slice_sample(er_visits_age, n = 32)
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Plot the data

Let's make a plot first.

er_visits_age_subset [>
ggplot(aes(x = age, y = rate)) +
geom_boxplot() +
theme_bw(base_size = 12) # make all labels size 12

10+ |

rate

0-4 years 15-34 years 35-64 years 5-14 years
age

65+ years

OK this is very useful, but it is a bit difficult to read. We expect the values to be
plotted by the order that we know, not by alphabetical order.
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Change to factor

Currently age is class character but let's change that to class factor which
allows us to specify the levels or order of the values.

er_visits_age_fct <-
er_visits_age_subset [>
mutate(age = factor(age,
levels = c("0-4 years", "5-14 years", "15-34 years'", "35-64 years",
"65+ years')
))

er_visits_age_fct |>
pull(age) |>
levels()

## [1] "0-4 years"  "5-14 years" '"15-34 years'" "35-64 years" "65+ years"
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Change to a factor

head(er_visits_age_fct)

## # A tibble: 6 x 6
age rate lower95cl upper95cl visits
<dbl> <dbl>

HH
HH
HH
HH
HH
HH
HH
HH

OO, wWNEL

year
<dbl>
2017
2013
2021
2013
2011
2019

<fct> <dbl>
0-4 years 3.29
65+ years 4,50
0-4 years NA

5-14 years 5.51
35-64 years 5.84
15-34 years 8.34

<dbl>
1.64
2.86

NA
3.78
4,80
6.94

5.89
6.14
NA
/.23
6.88
9.73

11
29
NA
39
121
137

13/28



Plot again

Now let's make our plot again:

er_visits_age_fct |>
ggplot(aes(x = age, y = rate)) +
geom_boxplot() +
theme_bw(base_size = 12)

10 1

rate

| ==

0-4 years 5-14 years 15-34 years 35-64 years 65+ years
age

Now that's more like it! Notice how the data is automatically plotted in the order
we would like.
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What about if we arrange( ) the data by age?
Character data is arranged alphabetically (if letters) or by ascending first number (if numbers).

er_visits_age_subset |>
arrange(age)

## # A tibble: 32 x 6

#it year age rate lower95cl upper95cl visits
#it <dbl> <chr> <dbl> <dbl> <dbl> <dbl>
## 1 2017 0-4 years 3.29 1.64 5.89 11
## 2 2021 0-4 years NA NA NA NA
## 3 2016 0-4 years 4.19 2.29 7.03 14
## 4 2018 0-4 years 3.91 2.08 6.68 13
## 5 2019 15-34 years 8.34 6.94 9.73 137
## 6 2018 15-34 years 10.1 8.60 11.7 165
## 7 2022 15-34 years 10.0 8.52 11.6 167
## 8 2016 15-34 years 10.9 9.23 12.5 171
## 9 2012 15-34 years 8.88 7.36 10.4 130
## 10 2014 15-34 years 6.28 5.02 7.54 95

## # [ 22 more rows

Notice that the order is not what we would hope for!
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Arranging Factors

Factor data is arranged by level.

er_visits_age_fct |>
arrange(age)

## # A tibble: 32 x 6

## year age

## <dbl> <fct> <dbl> <dbl>
## 1 2017 0-4 years 3.29 1.64
## 2 2021 0-4 years NA NA
## 3 2016 0-4 years 4.19 2.29
## 4 2018 0-4 years 3.91 2.08
## 5 2013 5-14 years 5.51 3.78
## 6 2012 5-14 years 4.14 2.63
## 7 2016 5-14 years 6.41 4.56
## 8 2020 5-14 years NA NA
## 9 2019 5-14 years 3.80 2.36
## 10 2014 5-14 years 2.53 1.50

## # [ 22 more rows

Nice! Now this is what we would want!

<dbl>

5.

NA

0 U1l N O N

NA

w o

89

.03
.68
.23
.64
.26

.23
.99

rate lower95cl upper95cl visits

<dbl>
11
NA
14
13
39
29
46
NA
27
18

16/28



Making tables with characters

Tables grouped by a character are arranged alphabetically (if letters) or by
ascending first number (if numbers).

er_visits_age_subset [>

group_by(age) |>
summarize(total visits = sum(visits, na.rm = T))

## # A tibble: 5 x 2

HH
HH
HH
HH
HH
HH
HH

OhrhwWNE

age
<chr>

0-4 years
15-34 years
35-64 years
5-14 years
65+ years

total visits
<dbl>

38

086

083

215

296
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Making tables with factors

Tables grouped by a factor are arranged by level.

er_visits_age_fct |>

HH
HH
HH
HH
HH
HH
HH
HH

group_by(age) |>
summarize(total visits = sum(visits, na.rm = T))

# A tibble: 5 x 2

OhrhwWNE

age
<fct>

0-4 years
5-14 years
15-34 years
35-64 years
65+ years

total visits
<dbl>

38

215

986

983

296
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forcats for ordering
What if we wanted to order age by increasing rate?

library(forcats)

er_visits_age_fct |>
ggplot(aes(x = age, y = rate)) +
geom_boxplot() +
theme_bw(base_size = 12)

10 1

| ==

0-4 years 5-14 years 15-34 years 35-64 years 65+ years
age

This would be useful for identifying easily which age group to focus on.
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forcats for ordering

We can order a factor by another variable by using the fct_reorder () function of the forcats package.

fct_reorder({column getting changed}, {guiding column}, {summarizing function})
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forcats for ordering

We can order a factor by another variable by using the fct_reorder () function of the forcats package.

library(forcats)

er_visits_age_fct |>
ggplot(aes(x = fct_reorder(age, rate, mean), y = rate)) +
geom_boxplot() +
labs(x = "Age Category") +
theme_bw(base_size = 12)

10 1

| ==

0-4 years 5-14 years 35-64 years 65+ years 15-34 years
Age Category
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forcats for ordering.. with .desc =argument

library(forcats)

er_visits_age_fct |>
ggplot(aes(x = fct_reorder(age, rate, mean, .desc = TRUE), y = rate)) +
geom_boxplot() +
labs(x = "Age Category") +
theme_bw(base_size = 12)

10 1

. —

15-34 years 65+ years 35-64 years 5-14 years 0-4 years
Age Category
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forcats for ordering... can be used to sort datasets
er_visits_age_fct |> pull(age) |> levels() # By year order
## [1] "0-4 years"  "5-14 years" "15-34 years'" "35-64 years" "65+ years"

er_visits_age_fct <- er_visits_age_fct |>
mutate(
age = fct_reorder(age, rate, mean)

)

er_visits_age_fct |> pull(age) |> levels() # by increasing mean visits

## [1] "0-4 years"  "5-14 years" '"35-64 years'" "65+ years"  "15-34 years"

23/28



Checking Proportions with fct_count ()

The fct_count () function of the forcats package is helpful for checking that

the proportions of each level for a factor are similar. Need the prop = TRUE
argument otherwise just counts are reported.

er_visits_age_fct |>
pull(age) |>
fct_count(prop = TRUE)

## # A tibble: 5 x 3

## T n p
#  <fct> <int> <dbl>
#* 1 0-4 years 4 0.125
#H# 2 5-14 years 8 0.25
## 3 35-64 years /7 0.219
## 4 65+ years 6 0.188

## 5 15-34 years /7 0.219
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GUT CHECK: Why is it useful to have the factor class as an option?

A. It helps us check the factual accuracy of our datasets.

B. It helps us change the order of variables in case the order has meaning.
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GUT CHECK: What does the fct_reorder () function do?

A. It helps us reorder a factor based on the values of another variable.

B. It helps us reorder a factor based on a random change in the order.
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Summary

- the factor class allows us to have a different order from alphanumeric for
categorical data

+ we can change data to be a factor variable using mutate and a factor creating
function like factor () or as_factor

-+ the as_factor () is from the forcats package (first appearance order by
default)

- the factor () base R function (alphanumeric order by default)

- with factor () we can specify the levels with the 1levels argument if we want
a specific order

- the fct_reorder({variable_to_reorder}, {variable_to_order_by},
{summary function}) helps us reorder a variable by the values of another
variable

- arranging, tabulating, and plotting the data will reflect the new order
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Lab

0 Class Website
0 Lab. 1 Day 6 Cheatsheet [ Posit's forcats cheatsheet

Image by Gerd Altmann from Pixabay
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Summary

- ggplot () specifies what data to use and what variables will be mapped to
where

- inside ggplot(),aes(x = , y =, color = ) specify what variables
correspond to what aspects of the plot in general

- layers of plots can be combined using the + at the end of lines
+ use geom_line() and geom_point () to add lines and points

-+ sometimes you need to add a group element to aes () if your plot looks
strange

-+ make sure you are plotting what you think you are by checking the numbers!

- facet_grid(~variable) and facet_wrap(~variable) can be helpful to
quickly split up your plot
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Summary

- the factor class allows us to have a different order from alphanumeric for
categorical data

- we can change data to be a factor variable using mutate(), as_factor () (in
the forcats package), or factor () functions and specifying the levels with
the levels argument

+ fct_reorder({variable_to_reorder}, {variable_to_order_by}) helps
us reorder a variable by the values of another variable

- arranging, tabulating, and plotting the data will reflect the new order
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Overview

We will cover how to use R to compute some of basic statistics and fit some basic
statistical models.

Correlation
- T-test
Linear Regression / Logistic Regression
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“It was my understanding
there would he no math”

¥ |,

5/74



Overview

We will focus on how to use R software to do these. We will be glossing over the
statistical theory and “formulas” for these tests. Moreover, we do not claim the
data we use for demonstration meet assumptions of the methods.

There are plenty of resources online for learning more about these methods.

Check out www.opencasestudies.org for deeper dives on some of the concepts
covered here and the resource page for more resources.
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Correlation

The correlation coefficient is a summary statistic that measures the strength of a
linear relationship between two numeric variables.
The strength of the relationship - based on how well the points form a line

The direction of the relationship - based on if the points progress upward or
downward

Perfect High Low Low High Perfect
Positive Positive Positive No Negative Negative Negative
Correlation Correlation Correlation Correlation Correlation Correlation Correlation
Oq,o
1 0.9 0.5 0 -0.5 -0.9 -1
source

See this case study for more information.
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https://www.mathsisfun.com/data/correlation.html
https://www.opencasestudies.org/ocs-bp-co2-emissions/#Data_Analysis

Correlation

Function cor () computes correlation in R.

cor(x, y = NULL, use = c("everything", "complete.obs"),
method = c("pearson", "kendall", "spearman"))

provide two numeric vectors of the same length (arguments x, y), or
provide a data.frame / tibble with numeric columns only

by default, Pearson correlation coefficient is computed
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Correlation test

Function cor. test () also computes correlation and tests for association.

cor.test(x, y = NULL, alternative(c("two.sided", "less", '"greater")),
method = c("pearson", "kendall", "spearman"))

provide two numeric vectors of the same length (arguments x, y), or
provide a data.frame / tibble with numeric columns only
by default, Pearson correlation coefficient is computed
- alternative values:
- two.sided means true correlation coefficient is not equal to zero (default)
- greater means true correlation coefficient is > 0 (positive relationship)

- less means true correlation coefficient is < 0 (negative relationship)
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GUT CHECK!

What class of data do you need to calculate a correlation?
A. Character data
B. Factor data

C. Numeric data
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Correlation

Let's look at the dataset of yearly CO2 emissions by country.

yearly_co2 <-
read_csv(file = "https://daseh.org/data/Yearly CO2 Emissions_1000_tonnes.csv")
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Correlation for two vectors

First, we create two vectors.

# X and y must be numeric vectors
y1980 <- yearly co2 |> pull( 1980 )
y1985 <- yearly co2 |> pull( 1985")

Like other functions, if there are NAs, you get NA as the result. But if you specify
use = "complete.obs", then it will give you correlation using the non-missing
data.

cor(y1980, y1985, use = 'complete.obs")

[1] ©.9936257
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Correlation coefficient calculation and test
cor.test(y1980, y1985)

Pearson's product-moment correlation

data: y1980 and y1985
t = 114.59, df = 169, p-value < 0.00000000000000022
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.9913844 0.9952853
sample estimates:
cor
0.9936257
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Broom package

The broom package helps make stats results look tidy

library(broom)
cor_result <- tidy(cor.test(y1980, y1985))
glimpse(cor_result)

Rows: 1

Columns: 8

$ estimate <dbl> 0.9936257

$ statistic <dbl> 114.5851

$ p.value <dbl> 0.0000000000000000000CEEEEEEEOOOOOOEEEEEEEEEOOOEEEEEEEMMAA...
$ parameter <int> 169

$ conf.low <dbl> 0.9913844

$ conf.high <dbl> 0.9952853

$ method <chr> "Pearson's product-moment correlation"

$ alternative <chr> "two.sided"
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Correlation for two vectors with plot

In plot form... geom_smooth() and annotate() can look very nice!

corr_value <- pull(cor_result, estimate) |> round(digits = 4)

cor_label <- paste@("R = ", corr_value)

yearly _co2 |>
ggplot(aes(x = "1980°, y = "1985°)) + geom_point(size = 1) + geom_smooth() +
annotate("text", x = 2000000, y = 4000000, label = cor_label)

4000000 - R =0.9936

3000000 -

1985

2000000 -

1000000 -

0 1000000 2000000 3000000 4000000
1980

16/74



Correlation for data frame columns

We can compute correlation for all pairs of columns of a data frame / matrix.
This is often called, “computing a correlation matrix”.

Columns must be all numeric!

co2_subset <- yearly_co2 |>
select(c( 1950, "1980°, 1985, 2010 ))

head(co2_subset)

# A tibble: 6 x 4
"1950° 1980 1985 2010
<dbl> <dbl> <dbl> <dbl>
1 84.3 1760 3510 8460

2 297 5170 7880 4600
3 3790 66500 72800 119000
4 NA NA NA 517
5 187 5350 4700 29100

6 NA 143 249 524
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Correlation for data frame columns

We can compute correlation for all pairs of columns of a data frame / matrix.
This is often called, “computing a correlation matrix”.

cor_mat <- cor(co2_subset, use = "complete.obs")
cor_mat

1950 1980 1985 2010
1950 1.0000000 0.9228253 0.8818288 0.5415047
1980 0.9228253 1.0000000 0.9935477 0.727/0839
1985 0.8818288 0.9935477 1.0000000 0./7/827256
2010 0.5415047 0.7270839 0.7827256 1.0000000
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Correlation for data frame columns with plot

corrplot package can make correlation matrix plots

library(corrplot)
corrplot(cor_mat)

1950
1980
1985

010

[aV]

]
1950 . 0.8
0.6

0.4

0.2

ro

~0.2

0.4

0.6

o

.8

-1
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Correlation does not imply causation

Lyme disease incidence Number of fried chicken restaurants (chain A)

L

0 0
0-1 1-10
1-5 11-40
5-20 41-80
20-108 81-271

@

(72}

8 < - %O o o R"2=0.17, p=0.015

()]

% N @ O ®)

B8 oA 0

o -4 4 04

()]

E ol O S L;® o © O O

[ | [ [ [ [
- 0 50 100 150 200 250

Number of Fried Chicken-A Restaurants

source
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T-test

The commonly used t-tests are:

- one-sample t-test - used to test mean of a variable in one group

- two-sample t-test - used to test difference in means of a variable between
two groups

- if the “two groups” are data of the same individuals collected at 2 time
points, we say it is two-sample paired t-test)

The t.test () function does both.

t.test(x, y = NULL,
alternative = c('"two.sided", "less", 'greater'"),
mu = 0, paired = FALSE, var.equal = FALSE,
conf.level = 0.95, ...)
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Running one-sample t-test

It tests the mean of a variable in one group. By default (i.e., without us explicitly specifying values of other
arguments):

tests whether a mean of a variable is equal to O (mu = 0)
uses “two sided” alternative (alternative = "two.sided")
returns result assuming confidence level 0.95 (conf.level = 0.95)

omits NA values in data
Let's look at the CO2 emissions data again.
t.test(y1980)

One Sample t-test

data: y1980
t = 3.3324, df = 170, p-value = 0.001056
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
44745.81 174792.25

sample estimates:
mean of Xx

109769
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Running two-sample t-test

It tests the difference in means of a variable between two groups. By default:

+ tests whether difference in means of a variable is equal to O (mu = 0)

uses “two sided” alternative (alternative = "two.sided")

returns result assuming confidence level 0.95 (conf.level = 0.95)
+assumes data are not paired (paired = FALSE)
+assumes true variance in the two groups is not equal (var .equal = FALSE)

- omits NA values in data

Check out this this case study and this case study for more information.
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https://www.opencasestudies.org/ocs-bp-rural-and-urban-obesity/#Data_Analysis
https://www.opencasestudies.org/ocs-bp-diet/#Data_Analysis

Running two-sample t-testin R
t.test(y1980, y1985)

Welch Two Sample t-test

data: y1980 and y1985
t = -0.090533, df = 341, p-value = 0.9279
alternative hypothesis: true difference in means is not equal to 0O
95 percent confidence interval:
-95902.79 87462.97
sample estimates:
mean of x mean of y
109769.0 113988.9
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T-test: retrieving information from the result with broom package

The broom package has a tidy() function that can organize results into a data

frame so that they are easily manipulated (or nicely printed)

result <- t.test(y1980, y1985)
result_tidy <- tidy(result)

glimpse(result_tidy)

Rows: 1
Columns: 10
estimate
estimatel
estimate2
statistic
p.value
parameter
conf.low
conf.high
method

LR ARPRARAARR

<dbl>
<dbl>
<dbl>
<dbl>
<dbl>
<dbl>
<dbl>
<dbl>
<chr>

$ alternative <chr>

-4219.909

109769

113988.9

-0.09053303

0.9279168

340.999

-95902.79

87462.97

"Welch Two Sample t-test"
"two.sided"
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P-value adjustment

You run an increased risk of Type | errors (a “false positive”) when multiple hypotheses are tested
simultaneously.

Use the p.adjust () function on a vector of p values. Use method = to specify the adjustment method:

my_pvalues <- c(0.049, 0.001, 0.31, 0.00001)
p.adjust(my_pvalues, method = "BH") # Benjamini Hochberg

[1] ©0.06533333 0.00200000 0.31000000 0.00004000

p.adjust(my_pvalues, method = "bonferroni") # multiply by number of tests
[1] ©0.19600 0.00400 1.00000 0.00004

my_pvalues * 4

[1] 0.19600 0.00400 1.24000 0.00004

See here for more about multiple testing correction. Bonferroni also often done as p value threshold
divided by number of tests (0.05/test number).
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Some other statistical tests
- wilcox.test() - Wilcoxon signed rank test, Wilcoxon rank sum test
+ shapiro.test() - Test normality assumptions
ks.test() - Kolmogorov-Smirnov test
- var.test()- Fisher’s F-Test
+ chisq.test() - Chi-squared test
- aov() - Analysis of Variance (ANOVA)
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Summary

Use cor () to calculate correlation between two vectors, cor.test() can give
more information.

corrplot() is nice for a quick visualization!

t.test() one sample test to test the difference in mean of a single vector
from zero (one input)

t.test() two sample test to test the difference in means between two
vectors (two inputs)

tidy() in the broom package is useful for organizing and saving statistical test
output

Remember to adjust p-values with p.adjust() when doing multiple tests on
data
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Lab Part 1
0 Class Website

0 Lab
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Linear regression

Linear regression is a method to model the relationship between a response and
one or more explanatory variables.

Most commonly used statistical tests are actually specialized regressions,
including the two sample t-test, see here for more.
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Linear regression notation

Here is some of the notation, so it is easier to understand the commands/results.
yi = o+ Pz + ¢
where;

" Y, is the outcome for person i
* «is the intercept

- Bis the slope (also called a coefficient) - the mean change in y that we would
expect for one unit change in x (“rise over run”)

* x; is the predictor for person i

* g; is the residual variation for person i
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Linear regression
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Linear regression

Linear regression is a method to model the relationship between a response and one or more
explanatory variables.

We provide a little notation here so some of the commands are easier to put in the proper context.
Yi = a+ 1z + Paxio + B3T3 + €
where:

Y, is the outcome for person i

* «ais the intercept

- B1, Ba, B3 are the slopes/coefficients for variables x;1, ;2, x;3 - average difference in y for a unit
change (or each value) in x while accounting for other variables

* XT;1, L9, ;3 are the predictors for person i

" g; is the residual variation for person i

See this case study for more details.
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Linear regression fitin R

To fit regression models in R, we use the function glm() (Generalized Linear
Model).

You may also see 1m() which is a more limited function that only allows for
normally/Gaussian distributed error terms (aka typical linear regressions).

We typically provide two arguments:

-+ formula - model formula written using names of columns in our data

- data - our data frame
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Linear regression fit in R: model formula

Model formula
yi = o+ Pz + ¢

In R translates to
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Linear regression fit in R: model formula

Model formula
yi = o+ Pz + ¢
In R translates to
Y — X
In practice, y and x are replaced with the names of columns from our data set.

For example, if we want to fit a regression model where outcome is income and
predictor is years_of_education, our formula would be:

income ~ years_of_education
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Linear regression fit in R: model formula
Model formula
Yi = a+ 121 + Poriz + B3i3 + €
In R translates to
y ~ X1 + X2 + X3

In practice, y and x1, x2, x3 are replaced with the names of columns from our
data set.

For example, if we want to fit a regression model where outcome is income and
predictors are years_of_education, age, and location then our formula
would be:

income ~ years_of_education + age + location

39/74



Linear regression example

Let's look variables that might be able to predict the number of “crowded”
households.

We'll use a dataset that has socioeconomic measures from CDC. Find out more
on https://daseh.org/data.

It has already been filtered to include a few counties from Washington State.

Each row represents a census tract/area.

40/74


https://daseh.org/data

Linear regression example

sp_dat <- read_csv(file = "https://daseh

sp_dat

# A tibble: 927 x 12

county
<chr>
Clark
Clark
Clark
Clark
Clark
Clark
Clark
Clark
Clark
10 Clark

© 00 N O 0o A WDN B

fips

<dbl>
53011040101
53011040102
53011040201
53011040202
53011040203
53011040301
53011040302
53011040403
53011040407
53011040408

# [0 917 more rows
# 0 2 more variables: f_crowd <dbl>, f_noveh <dbl>

description
<chr>

Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...
Census Trac...

pci
<dbl>
27021
28694
38606
32070
33441
40783
42532
43666
26155
42397

.org/data/socioeco_cdc.csv")

hu munit sngpnt crowd noveh f_sngpnt
<dbl> <dbl> <dbl>

<dbl> <dbl>
1767
1182
2430
1431
1990

737
3041
1639
2235 231
1269 8

[olN oM OoRNCENOC RO RO RBNe))

52
28
103
69
52
37
261
21
138
14

114
117
25
51
64
21
19
10
76
28

110
13
58

7
59
41
60
19

122
32

<dbl>

© 0 0 O O OO0 o o o
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Linear regression: model fitting

For this model, we will use two variables:

crowd - At household level (occupied housing units), more people than rooms

hu - Number of housing units

fit <- glm(crowd ~ hu, data = sp_dat)
fit

Call: glm(formula = crowd ~ hu, data = sp_dat)

Coefficients:
(Intercept) hu
-12.43948 0.03547

Degrees of Freedom: 926 Total (i.e. Null); 925 Residual
Null Deviance: 4223000
Residual Deviance: 3428000 AIC: 10250
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Linear regression: model summary

The summary () function returns a list that shows us some more detail

summary(fit)
Call:
glm(formula = crowd ~ hu, data = sp_dat)
Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) -12.439483 5.499063 -2.262 0.0239 *
hu 0.035468 0.002422 14.644 <0.0000000000000002 ***
Signif. codes: 0 '"***' @0.001 '**' 0.01 '*' @.05 '.' 0.1 " ' 1

(Dispersion parameter for gaussian family taken to be 3706.214)
Null deviance: 4222997 on 926 degrees of freedom

Residual deviance: 3428248 on 925 degrees of freedom

AIC: 10253

Number of Fisher Scoring iterations: 2
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tidy results

The broom package can help us here too!

The estimate is the coefficient or slope.

for every 1 additional housing unit, we see 0.035 more crowded households (~29
housing units to one more crowded household might make more sensel!). This
relationship appears to be quite strong, with a p value 7.96e-44!

tidy(fit) |> glimpse()

Rows: 2
Columns: 5
$ term

$ estimate
$ std.error
$ statistic
$ p.value

<chr>
<dbl>
<dbl>
<dbl>
<dbl>

"(Intercept)", "hu"

-12.43948257, 0.03546794

5.499062635, 0.002422068

-2.26211, 14.64366
0.02392196115632636357895002277018647873774170875549, 0.0000...
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Linear regression: multiple predictors

Let's try adding another other explanatory variable to our model, average per capita income for each
census area (pci).

fit2 <- glm(crowd ~ hu + pci, data = sp_dat)
summary (fit2)

Call:
glm(formula = crowd ~ hu + pci, data = sp_dat)

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 21.8387846 6.3550308 3.436 0.000616 ***
hu 0.0411363 0.0023864 17.238 < 0.0000000000000002 ***
pci -0.0011459 0.0001198 -9.566 < 0.0000000000000002 ***

Signif. codes: © '"***' @.001 '**' ©0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for gaussian family taken to be 3375.923)
Null deviance: 4222997 on 926 degrees of freedom

Residual deviance: 3119353 on 924 degrees of freedom

AIC: 10167

Number of Fisher Scoring iterations: 2
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Linear regression: multiple predictors

Can also use tidy and glimpse to see the output nicely.

fit2 |>
tidy() |>
glimpse()

Rows: 3

Columns: 5

$ term <chr> "(Intercept)", "hu", "pci"

$ estimate <dbl> 21.838784553, 0.041136308, -0.001145853

$ std.error <dbl> 6.3550308287, 0.0023863704, 0.0001197898

$ statistic <dbl> 3.436456, 17.238023, -9.565525

$ p.value <dbl> 0.0006156467274999594379431000490399128466378897428512573242...
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Linear regression: factors

Factors get special treatment in regression models - lowest level of the factor is
the comparison group, and all other factors are relative to its values.

Let's add the county (county) as a factor into our model. We'll need to convert it
to a factor first.

sp_dat <- sp_dat |> mutate(county = factor(county))
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Linear regression: factors

The comparison group that is not listed is treated as intercept. All other estimates are relative to the

intercept.

fit3 <- glm(crowd ~ hu + pci + county, data

summary (fit3)

Call:

= sp_dat)

glm(formula = crowd ~ hu + pci + county, data = sp_dat)

Coefficients:

(Intercept) 42,
hu 0.
pci -0.
countyKing 35.
countyPierce -9.

countySnohomish 5.
countySpokane -35.

Estimate

4231040
0393317
0018146
4770337
9662254
4030130
1309611

Std. Error

7.
.0022483
.0001248
.3140724
. 7432134
.9562416
.5396924

N o oo oo

4265782

Signif. codes: © '***' 0.001 '**' 0.01

t value Pr(>|t]|)
5.712 0.0000000150
17.494 < 0.0000000000000002
-14.542 < 0.0000000000000002
5.619 0.0000000255
-1.478 0.140
0.777 0.438
-4.659 0.0000036378
'*'@.05 '.' 0.2 "' "1

(Dispersion parameter for gaussian family taken to be 2921.148)

Null deviance:
Residual deviance:
AIC: 10037

4222997
2687457

Number of Fisher Scoring iterations: 2

on 926 degrees of freedom
on 920 degrees of freedom

* k%

* k%

* k%

* k%

* k%
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Linear regression: factors

Maybe we want to use King County as our reference. We can relevel the factor.

The counties are relative to the level that is not listed.

sp_dat <-
sp_dat |>
mutate(county = factor(county,
levels = c("King", "Clark", "Pierce", "Snohomish", "Spokane")

))

fit4 <- glm(crowd ~ hu + pci + county, data = sp_dat)
summary (fit4)

Call:
glm(formula = crowd ~ hu + pci + county, data = sp_dat)

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 77.9001378 7.7746490 10.020 < 0.0000000000000002 ***
hu 0.0393317 0.0022483 17.494 < 0.0000000000000002 ***
pci -0.0018146 0.0001248 -14.542 < 0.0000000000000002 ***
countyClark -35.4770337 6.3140724 -5.619 0.0000000255 ***
countyPierce -45.4432591 5.3237881 -8.536 < 0.0000000000000002 ***
countySnohomish -30.0740208 5.3714389 -5.599 0.0000000285 ***
countySpokane -70.6079948 6.4062707 -11.022 < 0.0000000000000002 ***

Signif. codes: © '"***' @.001 '**' ©0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for gaussian family taken to be 2921.148)
Null deviance: 4222997 on 926 degrees of freedom

Residual deviance: 2687457 on 920 degrees of freedom

AIC: 10637

Number of Fisher Scoring iterations: 2
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Linear regression: interactions

Interaction plot for cookie baking

| time
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Linear regression: interactions

You can also specify interactions between variables in a formula with *. This allows for not only the
intercepts between factors to differ, but also the slopes with regard to the interacting variable.

fits <- glm(crowd ~ hu + pci * county, data = sp_dat)

summary (fit5s)

Call:

glm(formula = crowd ~ hu + pci * county, data = sp_dat)

Coefficients:

Estimate
(Intercept) 73.4590707
hu 0.0389502
pci -0.0017060
countyClark -1.9469215
countyPierce -16.1835554
countySnohomish -17.5168167
countySpokane -86.9928211
pci:countyClark -0.0009480
pci:countyPierce -0.0008377
pci:countySnohomish -0.0003007
pci:countySpokane 0.0006271

Signif. codes: © '***' 0.001 '**' 0.01 '*' 0.05 '

Std. Error t value
8.3703790 8.776
0.0022620 17.220
0.0001442 -11.827

23.2496384 -0.084

16.0960723 -1.005

18.8785553 -0.928

19.3206605 -4.503

.0006469 -1.465

.0004379 -1.913

.0004626 -0.650

.0005971 1.050

(ool oo

Pr(>It])
< 0.0000000000000002
< 0.0000000000000002
< 0.0000000000000002
0.9333

0.3150

0.3537

0.00000758

0.1431

* k%

* k%

* k%

* k%

0.0561 .

0.5158
0.2939

B O e A |

(Dispersion parameter for gaussian family taken to be 2910.925)

Null deviance: 4222997 on 926 degrees of freedom
Residual deviance: 2666408 on 916 degrees of freedom

AIC: 100638

Number of Fisher Scoring iterations: 2
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Linear regression: interactions

By default, ggplot with a factor added as a color will look include the interaction term
different intercept and slope of the lines.

ggplot(sp_dat, aes(x = pci, y = hu, color = county)) +
geom_point(size = 1, alpha = 0.2) +
geom_smooth(method = "glm", se = FALSE) +
theme_classic()

6000 A

county
=== King

4000 1 —— Clark

hu

=== Pierce

=== Snohomish

2000 1 === Spokane

0 25000 50000 75000 100000 125000
pCi

. Notice the
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Generalized linear models (GLMs)

Generalized linear models (GLMs) allow for fitting regressions for non-
continuous/normal outcomes. Examples include: logistic regression, Poisson
regression.

Add the family argument - a description of the error distribution and link
function to be used in the model. These include;

binomial(link = "logit") - outcome is binary
poisson(link = "log") - outcome is count or rate
- others

Very important to use the right test!
See this case study for more information.

See ?family documentation for details of family functions.
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Logistic regression

Let's look at a logistic regression example. We'll use the sp_dat dataset again with a different variable.
- f_crowd - Flag for the percentage of crowded households is in the 90th percentile (1 = yes, 0 = no)
There are 36 census tracks in the 90th percentile for crowded households.

sp_dat |> count(f_crowd)

# A tibble: 2 x 2

f_crowd n
<dbl> <int>

1 0 891
2 1 36
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Logistic regression

Let's explore how hu, pci, and county might predict f_crowd.

# General format

glm(y ~ x, data = DATASET_NAME, family = binomial(link = "logit"))
binom_fit <- glm(f_crowd ~ hu + pci + county,
data = sp_dat, family = binomial(link = "logit"))
summary (binom_fit)
Call:
glm(formula = f_crowd ~ hu + pci + county, family = binomial(link = "logit"),
data = sp_dat)
Coefficients:
Estimate Std. Error z value Pr(>|z]|)
(Intercept) 3.46642282 0.97204634 3.566 0.000362 ***
hu 0.00025822 0.00029372 0.879 0.379314
pci -0.00019389 0.00003096 -6.263 0.000000000378 ***
countyClark -2.22310417 0.77710614 -2.861 0.004226 **
countyPierce -2.49172286 0.59240684 -4.206 0.000025981444 ***
countySnohomish -2.13812813 0.76448803 -2.797 0.005161 **
countySpokane -3.91697302 1.06411805 -3.681 0.000232 ***

Signif. codes: © '***' 0.001
(Dispersion parameter for bin

Null deviance: 304.47 on
Residual deviance: 199.62 on

AIC: 213.62

Number of Fisher Scoring iter

X% 0.01 X1 0.05

omial family taken

I.I 0.1' 1 1

to be 1)

926 degrees of freedom
920 degrees of freedom

ations: 8
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Logistic Regression

See this case study for more information.
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Odds ratios

An odds ratio (OR) is a measure of association between an exposure and an
outcome. The OR represents the odds that an outcome will occur given a
particular exposure, compared to the odds of the outcome occurring in the
absence of that exposure.

Check out this paper.

Use oddsratio(x, y) from the epitools() package to calculate odds ratios.
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Odds ratios

Let's see if a high prevalence of no vehicle homes can predict a high prevalence of crowded homes.

- f_noveh - Flag for the percentage of households with no vehicles is in the 90th percentile (1 = yes, 0 =
no)

- f_crowd - Flag for the percentage of crowded households is in the 90th percentile (1 = yes, 0 = no)
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Odds ratios

In this case, we're calculating the odds ratio for census areas, indicating whether
a prevalence of no vehicle households is associated with more crowded
households.

library(epitools)

response <- sp_dat %% pull(f_crowd)
predictor <- sp_dat %% pull(f_noveh)
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Odds ratios

The Odds Ratio is 3.33.

When the predictor is 1 (aka the census area has a lot of no vehicle households), the odds of the

response (prevalence of crowded homes) are 3.33 times greater than when it is 0 (not a lot of no vehicle

households).

oddsratio(predictor, response)

$data
Outcome
Predictor @ 1 Total
0 849 31 880
1 42 5 47

Total 891 36 927

$measure
odds ratio with 95% C.I.
Predictor estimate lower upper
0 1.000000 NA NA

1 3.331243 1.074548 8.385917

$p.value
two-sided
Predictor midp.exact fisher.exact chi.square
0] NA NA NA
1 0.03856847 0.03106555 0.01389049

$correction
[1] FALSE

attr(, "method")

[1] "median-unbiased estimate & mid-p exact CI"
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Final note

Some final notes:

Researcher’s responsibility to understand the statistical method they use -
underlying assumptions, correct interpretation of method results

Researcher’s responsibility to understand the R software they use - meaning
of function’s arguments and meaning of function’s output elements
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Summary

glm() fits regression models:

Use the formula = argument to specify the model (e.g.,y ~ xory ~ x1
+ x2 using column names)

Use data =to indicate the dataset

Use family =to do a other regressions like logistic, Poisson and more

summary () gives useful statistics

+ oddsratio() from the epitools package can calculate odds ratios (outside
of logistic regression - which allows more than one explanatory variable)

- this is just the tip of the iceberg!

62/74



Resources (also on the website!)

For more check out:

+ this chapter on modeling in this tidyverse book
+ this chart on when to do what test
+ opencasestudies.org

Content for similar topics as this course can also be found on Leanpub.

63/74


https://daseh.org/resources.html
https://jhudatascience.org/tidyversecourse/model.html#linear-modeling
https://www.scribbr.com/statistics/statistical-tests/
http://localhost:3000/modules/Statistics/www.opencasestudies.org

Lab Part 2
0 Class Website

0 Lab

0 Day 8 Cheatsheet

Image by Gerd Altmann from Pixabay
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Model Selection

Check out the leaps package and other code snippets here: https://r-
statistics.co/Model-Selection-in-R.htm|
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Wilcoxon Test

The Wilcoxon test is a good alternative to the t-test when the normal distribution
of the differences between paired individuals cannot be assumed.

wilcox.test(x, vy, ..)

Like t-test, provide one or two vectors (X, y)
- Choose from alternative = c("two.sided", "less", "greater")

Use paired = TRUE for paired values (e.g., before and after)
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Shapiro Test

Can tell you if a vector is normally distributed.

shapiro.test(x)

The smaller the p-value, the more likely the data violates normality assumptions.
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Kolmogorov-Smirnov test

Can tell you if two groups come from different distributions.

ks.test()

The smaller the p-value, the more likely the data are from different distributions.
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Fisher’s F-Test

Performs an F test to compare the variances of two samples from normal
populations.

var.test()
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Chi-squared test

For categorical data/ratios, can tell you if observations match expected values or
if two categorical variables are independent.

chisqg.test()
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Analysis of Variance (ANOVA)

For balanced designs, determine if multiple variables influence a dependent
variable. “Within versus among group variance”.

aov()
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More on Linear regression: factors

You can view estimates for the comparison group by removing the intercept in the GLM formula
y ~x -1

Caveat is that the p-values change, and interpretation is often confusing.

fit_force_intercept <-
glm(crowd ~ pci + sngpnt + county - 1, data = sp_dat)
summary (fit_force_intercept)

Call:
glm(formula = crowd ~ pci + sngpnt + county - 1, data = sp_dat)

Coefficients:

Estimate Std. Error t value Pr(>|t])
pci -0.0007588 0.0001463 -5.188 0.00000026132 ***
sngpnt 0.2379315 0.0215775 11.027 < 0.0000000000000002 ***
countyKing 84.8722295 9.2681555 9.157 < 0.0000000000000002 ***
countyClark 44.0054938 8.7528775 5.028 0.00000059706 ***
countyPierce 36.2601486 8.4082758 4.312 0.00001789033 ***
countySnohomish 52.3318984 8.9457720 5.850 0.00000000683 ***
countySpokane 15.4316228 8.8378663 1.746 0.0811 .
Signif. codes: © '"***' @.001 '**' ©0.01 '*' 0.05 '.' 0.1 ' ' 1

(Dispersion parameter for gaussian family taken to be 3438.458)
Null deviance: 7852783 on 927 degrees of freedom
Residual deviance: 3163382 on 920 degrees of freedom

AIC: 10188

Number of Fisher Scoring iterations: 2
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Data Output

While it's nice to be able to read in a variety of data formats, it's equally
important to be able to output data somewhere.

The readr package provides data exporting functions which have the pattern
write_*:

write_csv(),

write_delim(), others.

Fromwrite_csv() documentation:

write_csv(x, file,
na = "NA", append = FALSE,
col_names = !append, quote_escape = "double",
eol = "\n", path = deprecated()

)

Rows: 768 Columns: 6
— Column specification
Delimiter: ",k "

chr (1): county

dbl (5): rate, lower95cl, upper95cl, visits, year

0 Use "spec() to retrieve the full column specification for this data.

0 Specify the column types or set “show_col_types = FALSE to quiet this message.
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Data Output

x: data frame you want to write
file: file path where you want to R object written; it can be:

+an absolute path,
a relative path (relative to your working directory),
- a file name only (which writes the file to your working directory)

remember to include the file extension (.csv, .txt, or .tsv)

# Examples
write_csv(dat, file = "CO_ER _heat_newNames.csv'")

write_delim(dat, file = "CO_ER_heat_newNames.csv'", delim = ",6")
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GUT CHECK!

What doeswrite_csv() do? Saves data to..
A. R's memory
B. A file on your hard drive

C. A ggplot
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R binary file

.rds is an extension for R native file format.

write_rds() and read_rds() from readr package can be used to write/read a
single R object to/from file.

Saving datasets in .rds format can save time if you have to read it back in later.

# write an object: a data frame "dat"
write_rds(er, file = "CO_heat_dataset.rds")

# write an object: vector "x"

X <- c¢c(1, 3, 3)

write_rds(x, file = "my_vector.rds")

# read an object from file and assign to a new object named "y"

X2 <- read_rds(file = "my_vector.rds")
X2

[1] 1 3 3
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Saving multiple objects

You may want to export a set of objects from R for later use, either to save time
or to use in another R script. You can output these to an .RData file individually,

or save your entire Environment with save.image().

save(x, x2, file = "x_x2_output.RData")
save.image(file = "my_environment.RData'")
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Using RStudio for importing/exporting data
If there is an .rds or .RData file that you want to work with, you can open itinto
your environment using the file icon.

Environment History  Connections

EIE f& Import Dataset ~ @ 200 MiB ~ | €

R ~ ' B Global Environment ~

Values
X num [1:3] 1 3 3
x2 num [1:3] 1 3 3

Can also save your entire environment or a subset of objects in your
environment to a new .RData file with the save icon. Click the “List” button and

switch to “Grid” to select which objects to delete or keep before saving the
Environment.

Environment  History  Connections Environment History  Connections

& M B ImportDataset - € 166 MiB ~ st - C- & & Import Dataset - € 166 MiB ~ <
R ~ | B Global Environment ~ List R ~ | B Global Environment ~ Q
Type Length Size Value

Values Grid @ Name
X num [1:3] 1 3 3 X numeric 3 80 B num [1:3] 1 3 3

x2 num [1:3] 1 3 3 x2 numeric 3 80 B num [1:3]1 1 3 3
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REMINDER: Saving a ggplot to file
A few options:
RStudio > Plots > Export > Save as image / Save as PDF

RStudio > Plots > Zoom > [right mouse click on the plot] > Save image as
In the code

ggsave(filename = "saved_plot.png", # will save in working directory
plot = rp_fac_plot,
width = 6, height = 3.5) # by default in inches
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Summary

- Usewrite_csv() andwrite_delim() from the readr package to write your (modified) data
.rds files can be handy for saving intermediate work

- Can save environment (or subset) using save() and save.image()
0 Class Website

0 Data Output Lab

0 Posit's Data Import Cheatsheet

0 Day 8 Cheatsheet

Image by Gerd Altmann from Pixabay
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Writing your own functions

So far we've seen many functions, like c(), class(), filter (), dim() ...
Why create your own functions?

+ Cut down on repetitive code (easier to fix things!)
+ Organize code into manageable chunks
- Avoid running code unintentionally

Use names that make sense to you
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Writing your own functions

The general syntax for a function is:

my_function <- function(argument) {
<function body>

}

OR

my_function <- \(argument) {
<function body>

}
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Writing your own functions

Here we will write a function that divides some number x by 100:

div_100 <- function(x) x / 100

When you run the line of code above, you make it ready to use (no output yet!).
Let’s test it:

div_100(x = 600)

[1] 6
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Writing your own functions

We can take all kinds of arguments. Here is one with text:

greeting <- function(name) paste(''Hello my name is'", name)

Let's test it:

greeting(name = "Ava'") # Named argument

[1] "Hello my name is Ava"

greeting("Ava") # R guesses argument based on position

[1] "Hello my name is Ava"
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Writing your own functions: { }

Adding the curly braces - {} - allows you to use functions spanning multiple lines:

div_100 <- function(x) {
X / 100

J
div_100(x = 10)

[1] 0.1
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Writing your own functions: return
If we want something specific for the function’s output, we use return():

div_100_plus_4 <- function(x) {
output_int <- x / 100
output <- output_int + 4
return(output)

J

div_100_plus_4(x = 10)

[1] 4.1
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Writing your own functions: multiple inputs

Functions can take multiple inputs:

div_100_plus_y <- function(x, y) x / 100 + vy
div_100_plus y(x = 10, y = 3)

[1] 3.1
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Writing your own functions: multiple outputs

Functions can return a vector (or other object) with multiple outputs.

x_and_y_plus_2 <- function(x, y) {
outputl <- x + 2
output2 <- y + 2
return(c(outputl, output2))

result <- x_and_y plus 2(x = 10, y = 3)
result

[1] 12 5
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Writing your own functions: defaults

Functions can have “default” arguments. This lets us use the function without
using an argument later:

div_100_plus y <- function(x = 10, y = 3) x / 100 + vy
div_100_plus_y()

[1] 3.1
div_100_plus_y(x = 11, y = 4)

[1] 4.11
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Writing another simple function
Let's write a function, sqdif, that:

1. takes two numbers x and y with default values of 2 and 3.

2. takes the difference
3. squares this difference
4. then returns the final value
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Writing another simple function

sqdif <- function(x = 2, y = 3) (X - y)A2
sqdif()

[1] 1

sqdif(x = 10, y = 5)

[1] 25

sqdif (10, 5)

[1] 25

sqdif (11, 4)

[1] 49
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Writing your own functions: characters

Again, functions can have any kind of input.

loud <- function(word = "hooray!") {
output <- rep(toupper(word), 5)
return(output)

b

loud()

[1] "HOORAY!" '"HOORAY!'" "HOORAY!" "HOORAY!" "HOORAY!"
loud("wow!")

[1] "wow!"™ "wow!"™ "wow!"™ "wow!" "wow!"
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Functions for tibbles - Example with ggplot

er <- read_csv(file = "https://daseh.org/data/CO_ER heat_visits.csv")

visits plot <- function(the_county){
er_sub <- er |> filter(county == the_county)
ggplot(data = er_sub, aes(x = year, y = visits)) +
geom_point()

visits plot("Larimer")

visits_plot("weld")
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Functions for tibbles - curly braces
Tell tidyverse functions that you mean the column not an object with curly
braces ({}):

visits plot2 <- function(the_column){
ggplot(data = er, aes(x = year, y = visits, color = {{the_column}})) +

geom_point()
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Functions for tibbles - example

visits_plot2(year)
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Summary

- Simple functions take the form:
- NEW_FUNCTION <- function(x, y){x + vy}
- Can specify defaults like function(x = 1, y = 2){x + y}
- return will provide a value as output

- Specify a column (from a tibble) inside a function using {{double curly
braces}}
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Lab Part 1
0 Class Website

0 Lab
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Using your custom functions: sapply( )- a base R function

Now that you've made a function... You can “apply” functions easily with
sapply()!

These functions take the form:;

sapply(<a vector, list, data frame>, some_function)
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Using your custom functions: sapply( )

Let's apply a function to look at the CO heat-related ER visits dataset.
1 There are no parentheses on the functions!l

You can also pipe into your function.

sapply(er, class)

county rate  lower95cl  upper95cl visits year
"character" "numeric" "numeric" "numeric" "numeric" "numeric"

# also: er |> sapply(class)
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Using your custom functions: sapply()

Use the div_100 function we created earlier to convert 0-100 percentiles to
proportions.

er |>
select(ends_with('"cl")) |>
sapply(div_100) |>
head()

lower95cl upper95cl
NA 0.09236776
0.02848937 NA
0.04359735 0.09313561
0.01711087 0.04846996
0.01892912 0.05232461
0.06124961 0.11572046

—r—rrererere
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~ ~ ~ ~ ~ ~

(TN TN N | T | N |
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Using your custom functions “on the fly” to iterate

Also called “anonymous function”.

er |>
select(ends_with("cl")) |>
sapply(function(x) x / 100) |>
head()

lower95cl upper95cl
NA 0.09236776
0.02848937 NA
0.04359735 0.09313561
0.01711087 0.04846996
0.01892912 0.05232461
0.06124961 0.11572046

—r—rrererere
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Anonymous functions: alternative syntax

er |>
select(ends_with('"cl")) |>
sapply(\(x) x / 100) |[>
head()

lower95cl upper95cl
NA 0.09236776
0.02848937 NA
0.04359735 0.09313561
0.01711087 0.04846996
0.01892912 0.05232461
0.06124961 0.11572046

—r—rrererer
OO WNE
(TN T | TR | N |

b D . T B ]
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Using functions in mutate() and summarize()

Already know how to use functions to modify columns using mutate() or
calculate summary statistics using summarize().

er |>
summarize(max_visits = max(visits, na.rm = T),
max_rate = max(rate, na.rm = T))

# A tibble: 1 x 2
max_visits max_rate
<dbl> <dbl>
1 48 89.3
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Applying functions with across from dplyr

across() makes it easy to apply the same transformation to multiple columns.
Usually used with summarize() or mutate().

summarize(across(<columns>, function))

or

mutate(across(<columns>, function))

List columns first: .cols =
List function next; .fns =

If there are arguments to a function (e.g., na.rm = TRUE), use an anonymous
function.
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Applying functions with across from dplyr

Combining with summarize()

er |>
summarize(across(
c(visits, rate),
mean # no parentheses

))

# A tibble: 1 x 2
visits rate
<dbl> <dbl>

1 NA NA
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Applying functions with across from dplyr

Add anonymous function to include additional arguments (e.g., na.rm = T).

er |>
summarize(across(
c(visits, rate),
function(x) mean(x, na.rm = T)

))

# A tibble: 1 x 2
visits rate
<dbl> <dbl>
1 7.19 2.43
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Applying functions with across from dplyr

Can use with other tidyverse functions like group_by!

er

| >

group_by(year) |>
summarize(across(

c(visits, rate),

function(x) mean(x, na.rm = T)

))

# A tibble: 12 x 3
year visits
<dbl>

B
ROOO~NOUTAWNR

[N
N

<dbl>
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

)R
©COOOR NGO AU U

.20
.89
.63
.12
4

1

.24
4

.12
.26
.06
.29

rate
<dbl>

WNRAWONUORRRRPR

.49
. (5
.83
41
. 96
.28
.13
.28
.09
.73
.08
21
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Applying functions with across from dplyr

Using different tidyselect () options (e.g., starts_with(), ends_with(),
contains())

er

| >

group_by(year) |[>
summarize(across(
contains("cl"),
function(x) mean(x, na.rm = TRUE)

))

# A tibble: 12 x 3
year lower95cl upper95cl
<dbl>

g
ROOONOUTAWNR

=
N

<dbl>
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

RPRPRRNONNRFPWORORRO

. 836
.06
.07
. 810
.21
.05
.28
17
. 32
.02
.30
.93

EANNOLLWNNDNNDNN

<dbl>
.12
.41
.62
.11
T7
.99
.08
.41
21
.52
.92
.71
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Applying functions with across from dplyr

Combining with mutate() - the replace_na function

Let's look at the yearly CO2 emissions dataset.

yearly_co2 <-
read_csv(file = "https://daseh.org/data/Yearly C02_Emissions_1000_tonnes.csv")

yearly_co2 |>
select(country, starts_with("194")) |>
mutate(across(
c(°1943°, °1944°, °1945),
function(x) replace_na(x, replace = 0)

))

# A tibble: 192 x 11

country 19407 "1941° 19427 19437 "1944° "1945° "1946° 1947 °1948°

<chr> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Afghanistan NA NA NA 0 0 0 NA NA NA
2 Albania 693 627 744 462 154 121 484 928 704
3 Algeria 238 312 499 469 499 616 763 744 803
4 Andorra NA NA NA 0 0 0 NA NA NA
5 Angola NA NA NA 0 0 0 NA NA NA
6 Antigua and B.. NA NA NA 0 0 0 NA NA NA
7 Argentina 15900 14000 13500 14100 14000 13700 13700 14500 17400
8 Armenia 848 745 513 655 613 649 730 878 935
9 Australia 29100 34600 36500 35000 34200 32700 35500 38000 38500
10 Austria 7350 7980 8560 9620 9400 4570 12800 17600 24500

# 0 182 more rows
# 0 1 more variable: °1949° <dbl>
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GUT CHECK!

Why use across()?
A. Efficiency - faster and less repetitive
B. Calculate the cross product

C. Connect across datasets
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purrr package

Similar to across, purrr is a package that allows you to apply a function to
multiple columns in a data frame or multiple data objects in a list.

While we won't get into purrr too much in this class, it's part of the tidyverse and
is great if you're doing lots of iterative work!
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One cool function: modify_if()

Columns must meet a certain criteria to be modified.

er [>

modify if(is.numeric, \(x) round(x)) [>

glimpse()

Rows: 768
Columns: 6

$ county <chr>
$ rate <dbl>
$ lower95cl <dbl>
$ upper9scl <dbl>
$ visits <dbl>
$ year <dbl>

"Adams", "Adams", "Adams", "Adams'", "Adams", "Adams", "Adams..
7, 5,7,3,3,9,7,7, 7,5 7,8 0, 0, NA, 0, NA, NA, NA,..
NA, 3, 4, 2, 2, 6, 4,5, 5, 3,5, 6, 0, 0, NA, 0, NA, NA, NA.
9, NA, 9, 5, 5, 12, 9, 9, 9, 7, 9, 11, 0, 0, NA, 0, NA, NA, ..
29, 23, 31, 15, 16, 42, 32, 37, 36, 24, 35, 45, 0, 0, NA, O,..
2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, ..
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Summary

- Apply your functions with sapply(<a vector or list>, some_function)

Use across () to apply functions across multiple columns of data

Need to use across within summarize() or mutate()

+ Check out purrr if you want to get into the weeds!
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Lab Part 2
0 Class Website

0 Lab
0 Day 9 Cheatsheet

0 Posit's purrr Cheatsheet
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Research Survey

https://forms.gle/5ac2WPiR9kJu5D3c6

Image by Gerd Altmann from Pixabay
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