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Replicability and reproducibility




Scientists Replicated 100 Psychology
Studies, and Fewer Than Half Got the

S R It Power failure: why small sample size
dMme RESUITS undermines the reliability of neuroscience
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Why Most Published Research Findings Are False

John P. A. loannidis
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\ question of trust: fixing the
eplication crisis
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Open Science Collaboration, 2015
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http://127.0.0.1:5482/dx.doi.org/10.1126/science.aac4716

Scenario A

You've just started work in a psychology lab. You're asked to help analyse some old data.
There is reaction time data from 50 participants. Each participant's data is stored in a

separate text file.

e How do you combine the data from each participant together to be able to analyse the
data?

e [t turns out some of the participants only completed part of the experiment - which ones,
and what should you do with their data?

e What steps should you take to select and perform appropriate statistical analysis?
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Scenario B

You've been asked to design, implement, and evaluate a new treatment regime across
several psychiatric institutes. Several colleagues are skeptical that it can deliver the kind of
improvements in outcomes indicated in a publication describing the method.

e How do you interpret the strength of the previously published evidence?
e How do you design a rigorous test of the treatment efficacy?

e How do you evaluate and report on the outcomes of your trial?
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Research Methods and Skills

HOW DOl srgrnr}sa
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Course outline

Weeks 1-5 Weeks 5, 7-10

Introduction to R

Basic R programming

Plotting with ggplot2

Data import, selection and manipulation
Describing and summarising your data

Weeks 11-13

Hypothesis testing and estimation
t-tests and comparing two groups
Correlation and linear regression
One-way ANOVA

Factorial ANOVA

e Qualitative methods
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Course outline

Weeks 1-5 Weeks 5, 7-10

&,
HOW DO 1 STATISTICS2
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Course outline

Weeks 1-5

Hadley Wickham &
Garrett Grolemund

Weeks 5-10

DISCOVERING STATISTICS
USING R

AMDY FIELD | JEREMY MILES | ZOE FIELD

®
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] ' ]
How it's going to work
Each week you'll be provided with a set of pre-recorded videos introducing the core topics

for that week.

Most weeks you will be provided with some exercises to work on.

In timetabled sessions we will spend the first hour going over the week's exercises. In the
second hour, you can spend the time working together on the exercises, and we'll be

available to help out.

If you get stuck ask us!
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Introduction to R and RStudio




What is R?

R is a statistical, mathematical programming language

e Createdin 1993
e Designed from the ground up to support many statistical tasks

e Covers all aspects of data analysis from import through to production of reports

Free, open source

o Can be downloaded from the R-project website

Continually evolving

o R has over 12,000 packages that add additional functions
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https://r-project.org/

But WHY?




What can you do with R?
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https://ndphillips.github.io/IntroductionR_Course/presentations/Day_0_pres.html#4
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Still not convinced?
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Getting started




What is RStudio?

e An Integrated Development Environment (IDE)

e An interface for R that makes your life much, much easier

Studio

e Makes many things explicit that you would otherwise have to guess

- & - o+ Addins -
Console

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch"
Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwin13.4.0 (64-bit)

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

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

>

RStudio

Environment  History
# [ | _ImportDataset ~ 3

) Global Environment ~

Environment is empty

Files Plots Packages Help Viewer
@ New Folder @  Delete (4 Rename  {(F More +
4) Home  Documents ~ SoftwareCarpentry ~ r_gapminder
A Name Size Modified

t .

3 r-novice-gapminder

& Project: (None) ~

List ~
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Getting started TODAY

1. Open up a web browser
2. Go to https://rstudio.cloud

3. Sign up! Use your REAL NAME, and your University of Lincoln email address.

estUdiO ClOUd Login Sign Up

Welcome to RStudio Cloud **™

Do, share, teach and learn data science with R.

Get Started

If you already have an RStudio shinyapps.io account, you can login usin
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https://rstudio.cloud/

€studio Cloud ©

Spaces

—&_ Your Workspace

&&& P3Y9219M: Research Methods

&= hew Space

@ Guide

(!) Primers

ﬂ DataCamp Courses
[::] Cheat Sheets

IEI Feedback and Questions

nfo

E| Terms and Conditions

b System Status

e

Your Workspace

Your Projects

EN

Options

Search Projects

Q

Sort Projects
® By name

) By date creater

Matt Craddock
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e

eStudioCloud [x] Your Workspace Info

Spaces
—&_ Your Workspace YO ol PTFOJQCJ[S ODtiOﬂS X

Search Projects

Matt Craddock

EN

8&& PSY9219M; Research Methods NO Proiects
+ New Space
Sort Projects
Learn

® By name

@ Guide

) By date creater
(!) Primers
ﬂ DataCamp Courses

[::] Cheat Sheets

I_%_I Feedback and Questions

nfo

|:| Terms and Conditions

i System Status
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—&_ Your Workspace

. ®
- -

B

I
i
s 1)

]

U O @

nfo

El

C ©®

P5Y9219M; Research Methods

Mew Space

Primers

DataCamp Courses

Chezat Sheets

Feedback and Questions

Terms and Conditions

System Status

L /PR Y [N - | Dt -
Your Workspace / Untitled Project « ciick to name your project

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

- I e, Go to file/function ~ Addins -

-

Console Terminal Jobs =

/cloud/project/

R version 3.5.0 (2818-084-23) -- "Joy in Playing"
Copyright (C) 2818 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

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

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 'g()' to quit R.

>

o Matt Craddock

Help
R3.50 -
Environment History Connections =
=" H ~* Import Dataset - 3’ List = -
7} Global Environment -
Environment is empty
Files Plots Packages Help Viewer —(=
© New Folder | & | Upload = @ Delete = Rename = {gF More -
4 Cloud - project R
A Name Size Modified
y 3
Y] _Rhistory 0B Sep 18, 2018
Rl praoject.Rproj 205 B Sep 18, 2018
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i3 RStudio Cloud X r

< C & https://rstudio.cloud/project/84901 W * B & Q“n @ :

File - Edit - Code - View - Plots = Session Build Debug Profile Help

Q .| - Go to file/function -~ Addins ~ @) Install Packages... R350 ~

. @ Check for Package Updates... .
Console Terminal Jobs wy  Connections =

Version Control P bataset - | & List - .
. . ] Shell... i -
R version 3.5.0 (2018-84-23) -- "Joy in Playing" _
Copyright (C) 2818 The R Foundation for Statistical Computi Terminal ’
Platform: x86_64-pc-linux-gnu (64-bit) Addins »
Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY. Keyboard Shortcuts Help  Shift+Alt+K '
You are welcome to redistribute it under certain conditions Modify Kevboard Sh
Type 'license()' or 'licence()"' for distribution details. odity Keyboar Ortcuts..
. . . . . Project Options...
R is a collaborative project with many contributors. J P
Type ‘'contributors()' for more information and Global Options.. .
'citation()' on how to cite R or R packages in publications e Fel el =0
© New Folder | @] Upload | @ Delete ] Rename | {3 More -
Type 'demo()' for some demos, 'help()' for on-line help, or & Cloud - project ¥
‘help.start()"' for an HTML browser interface to help.
Type 'q()' to quit R. A Name Size Modified
t
> .
© | Rhistory 0B Sep 24, 2018, 11:53 AM

] project Rproj 2058 Sep 24,2018, 12:29 PM




RStudio Cloud X +
< c & https://rstudio.cloud/project/84901
File - Edit = Code = View - Plots = Session Build Debug Profile = Tools
Q -l - Go to file/function - Addins -
Opti
Console Terminal Jobs ptions
/cloud/project/ RStudio theme:
General Modern
R version 3.5.0 (2018-84-23) -- . -
Copyright (C) 2018 The R Foundat Code Editor Font size:
Platform: x86_64-pc-linux-gnu (6 10
-
| Appearance Editor theme:

R is free software and comes wit
You are welcome to redistribute
Type 'license()’ or 'licence()’

R is a collaborative project wit
Type ‘contributors()’ for more i
‘citation()’' on how to cite R or

Type ‘demo()' for some demos, 'h
‘help.start()’' for an HTML brows
Type 'qg()' to gquit R.

e

Pane Layout
Packages
R Markdown
&5 sweave

lB,C

Spelling

W ciusw

20,

. Terminal

Publishing

Ambiance
Chaos
Chrome
Clouds Midnight
Clouds

Cobalt
Crimson Editor
Dawn

Dracula
Dreamweaver
Eclipse

Idle Fingers
Katzenmilch
Kr Theme

hd=tarial

Help
# plotting of R objects
M plot <- function (x, vy,
{
v if (is.function(x) &&
is.null{attr(x, "class")))
I nt is empty
if (missing(y))
y <- NULL
# check for ylab argument
hasylab <- function(...) br
lall(is.na(
pmatch(names(1list(...)), <] Rename | {j More -
"ylab™)))
Size Modified
if (hasylab(...})
plot.function(x, v,
0B
- else 205 B
plot.function(
X) yJ

ylab = paste(
deparse(substitute(x)),

0",

else

UseMethod("plot™)

0K Cancel Apply

R3.5.0 ~

List ~

=0

=0

Sep 24, 2018, 11:53 AM
Sep 24, 2018, 12:29 PM




How it works!
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c latt Craddock

GStudio Cloud © Your Workspace / Untitled Project « cii toname yourproject
Spaces File - Edit - Code - View - Plots - Session Build Debug Profile - Tools - Help
L=}
Q |- Go to file/function ~ Addins - R3.50 ~
—&_ Your Workspace
Console Terminal Jobs Environment History Connections =
™ | ~* Import Dataset ~ j" List ~ -

a&dé P5SYo219M: Research Methods /cloud/project/

7} Global Environment -

S P e R version 3.5.8 (2018-84-23) -- "Joy in Playing"
ST Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)
Environment is empty
. R is free software and comes with ABSOLUTELY NO WARRANTY.
== ou are welcome to redistribute it under certain conditions.
Type 'license()}' or 'licence()' for distribution details.
@ Guide
R is a collaborative project with many contributors. Files Plots Packages Help Viewer =
M b Type 'contributors()' for more information and o- o i
fmers ‘citation()' on how to cite R or R packages in publications. w_| New Folder | © | Upload Delete  «|Rename &MO'E T
4 Cloud - project R
DataCamp Courses Type 'demo()' for some demos, 'helpgj' for on-line help, or A Name Size Modified
‘help.start()' for an HTML browser interface to help. S
R Tyvpe 'g()' to quit R.
CheatSheets ©] Rhistory 0B Sep 18, 2018
R project.Rproj 205 B Sep 18.2018

>

Feedback and Questions

U O @

nfo

E| Terms and Conditions

v System Status

28 /5




€ studioCloud ©

Spaces

—&_ Your Workspace

a&dé P5SYo219M: Research Methods

&= Mew Space

I
i
s 1)

Primers

C ©®

DataCamp Courses

Chezat Sheets

Feedback and Questions

U O @

nfo

E| Terms and Conditions

v System Status

c Matt Craddock

Untitled P|-OJ€‘C1: + Click fo name your project

File - Edit - Code - View - Plots - Session Build Debug Profile - Tools - Help
Q |- Go to file/function ~ Addins - R3.50 ~
Console Terminal Jobs Environment History Connections =
/cloud/project/ =" H ~ Import Dataset ~ j" List = -
] ) ] 7} Global Environment -
R version 3.5.0 (2818-084-23) -- "Joy in Playing"
Copyright (C) 2818 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)
Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.
ou are welcome to redistribute it under certain conditions.
Type 'license()}' or 'licence()' for distribution details.
R is a collaborative project with many contributors. Files Plots Packages Help Viewer =
Type 'contributors()' for more information and o- o i
‘citation()' on how to cite R or R packages in publications. w_| New Folder | © | Upload Delete  «|Rename &MO'E T
4 Cloud - project R
Type 'demo()’' for some demos, ‘help()' for on-line help, or A Name Size Modified
‘help.start()' for an HTML browser interface to help. S
Tyvpe 'g()' to quit R.
] Rhistory 0B Sep 18,2018
205 B Sep 18, 2018

> - -
neEI l
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How to use R

e The R Console
o REPL: Read/Evaluate/Print/Loop
o Type stuffin, it tries to do it

When you see the > symbol -

>

... R is waiting for your input.
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Warming up
Try using R like a calculator!

Basic arithmetic operators

Symbol Operation

+

%%

addition
subtraction
multiplication
division
exponentiation

modulo
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Warming up

You can break up long maths expressions over multiple lines:

2 4 + 5 +
+6 +7 + 8 +

= 0+

0]

## [1] 47

Note that when you do that, the ">" symbol changes to a "+"

+ 5
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Remember!

> means R is waiting for input.

>

+ means R is waiting for you to finish your command.

+

Either finish your command, or press the Esc key to cancel it.
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Text input

R can also accept text strings as input.

"hello world!"
[1] "hello world!"

You need to use quotation marks ("") to tell R that this is text:
hello world!

## Error: <text>:1:7: unexpected symbol
## 1: hello world
## A

Otherwise, you'll receive an error like the one above.
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Why is there an error?

In R, you can assign values to an object for subsequent use. Objects have names that are written as text.

The assignment operator is the two-character symbol:
<_

You assign values to objects by putting the <- sign between the name of the object and the value you want to
give it:

example <- 5
example

## [1] 5

Note that R does not immediately provide output when you assign the output to an object.
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The assighment operator

Think of <- as meaning "is now". i.e.

example <- 5

can be read as

The object "example" is now 5
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Working with objects

Once an object is assigned, the name that you gave it stands in for the value that you assigned to it, and can be
used as if it were that value:

example

## [1] 5

example + 10

## [1] 15

example + 13 - 1 x 2 %% 4

## [1] 16
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11§ RStudio Cloud X +

< C @& https;//rstudio.cloud/project/84901

Untitled Prc

our Workspace

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

Q - - Go to file/function ~ Addins -
Console  Terminal Jobs = Environment History Connections
cloud/project =y | | 7 Import Dataset ~ | § List
. . . "} Global Environment -
R wversion 3.5.0 (2018-04-23) -- "Joy in Playing”
Copyright (C) 2018 The R Foundation for Statistical Computing Values
Platform: x86_64-pc-linux-gnu (64-bit) example 10

hi_there "hi there!”

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.

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.

es Flots Viewer

© New Folder | @] Upload | @ Delete <] Rename | {j More -
Type 'demo()' for some demos, "help()' for on-line help, or & Cloud - project
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R. A Name Size Modified

y
> -
> example <- 10 “ ] Rhistory 0B Sep 24,2018, 11:53 AM
> hi_there <- "hi there!” B project.Rproj 205 B Sep 24, 2018, 1:06 PM
> hi_there
[1] "hi there!™
> example
[1] 10
>

m




8 RStudio Cloud X +
< C @& https;//rstudio.cloud/project/84901 % * B & G“n @ :
Your Workspace / Untitled Prc

File Edit Code View Plots Session

_ [ |
- 5 %

Console  Terminal Jobs = Environment History Connections

Q@ - - Go to file/function

/cloud/project/ 2 I | [ Import Dataset ~ | § List =

"} Global Environment -

R wversion 3.5.0 (2018-04-23) -- "Joy in Playing”
Copyright (C) 2018 The R Foundation for Statistical Computing Values
Platform: x86_64-pc-linux-gnu (64-bit) example 10

hi_there "hi there!”

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.

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.

es Flots Viewer

© New Folder | @] Upload | @ Delete <] Rename | {j More -
Type 'demo()' for some demos, "help()' for on-line help, or & Cloud - project
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R. A Name Size Modified

g
> -
> example <- 10 “ ] Rhistory 0B Sep 24,2018, 11:53 AM
> hi_there <- "hi there!” B project.Rproj 205 B Sep 24, 2018, 1:06 PM
> hi_there
[1] "hi there!™
> example
[1] 10
>

m



% RStudio Cloud X -+
&« C @& https://rstudio.cloud/project/84901 w * B & Q'é] @ :
Studio Cloud [ <] Your Workspace / Untitled Project « ciektonsmeourprjea o At Cradcock

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

Spaces
S .- Go to file/function ~ Addins -~
—&_ Your Workspace
Console Terminal Jobs = Environment History Connections
dad PSY9219M; Research Methods ant cloud/project “# ] | “&TocConsole | =#aToSource | @ § |
example <- 1@
+ New Space R version 3.5.0 (2018-84-23) -- "Joy in Playing" hi_there <- "hi therel"
o Copyright (C) 2018 The R Foundation for Statistical Computin
=4

Platform: x86_64-pc-linux-gnu (64-bit)

[
i
15

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

R is a collaborative project with many contributors.
Type ‘contributors()' for more information and =0

'citation()' on how to cite R or R packages in publications. More -
DataCamp Courses . R
Type ‘demo()' for some demos, 'help()' for on-line help, or il
A ‘help.start()' for an HTML browser interface to help. e € Modified
Cheat Sheets Type 'q()' to quit R.
0B

C ®
0

5

=

4]

3

Fi I-Packages Help  Viewer

] Rhistory Sep 24,

>
> example <- 10 R| project Rproj 205 B Sep 24, :
> hi_there <- "hi there!"”

> hi_there

[1] "hi there!™

> example

[1] 18

[]'%'“53”cCo“dfons >

9 O @
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Try it out!




Try a few things out!

1. Assign some values to objects using the assignment operator (<-)
2. Try using arithmetic operations (e.g. *, /, %%) on those objects

3. Try using arithmetic operations to combine multiple numerical objects

4. Try using arithmetic operations on text
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Combining multiple things

Sometimes you want to allocate more than one value to an object. You can use the c() function to do this.
c(8, 5, 10)
## [1] 8 5 10

example <- c(8, 5, 10)
example

## [1] 8 5 10
C("hellO", "hOW”, Ilarell, Ilyoull)

## [1] "hello" "how" "are" "you"

IMPORTANT: BRACKETS () AFTER A WORD MEAN
THAT THIS IS A FUNCTION
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Vectors

The function c() is creating vectors.

Vectors are simply a one-dimensional collection of things that all have the same type (we will cover data types
next week!).

Note that mixing, for example, text and numbers, will yield a character vector.
c(5, "five", 2)

HH# [l] ngn Nfiye" Momn
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Functions

Functions are commands that operate on objects.

For example, to calculate the mean of several numbers, you can use the function mean(). The output of
functions can also be assigned to objects using <-.

mean(c(8, 5, 10))
## [1] 7.666667

example <- c(8, 5, 10)
mean (example)

## [1] 7.666667

example_mean <- mean(example)
example_mean

## [1] 7.666667
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Try it out!

1. Use c() to create a vector of numbers.
2. Use c() to create a vector of strings.
3. Calculate the mean() of a vector of numbers.

4. Try guessing some other simple statistics (e.g. other types of average) that you can use.
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Getting help

If you don't know how to use a function, R has built-in help!

There are several ways you can access it:

help("mean")
?mean
??mean

Console  1ermmai JoDS

R version 3.5.0 (2018-04-23) -- "Joy in Playing”

Copyright (C) 2018 The R Foundation for Statistical Computing

Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

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

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

>
> example <- 10

> hi_there <- "hi there!"
> hi_there

[1] "hi there!"

> example

[1] 10

> Pmean

>

Environment  History  Lonnections

=g 5= To Console | “¢aToSource | @
example <- 10

hi_there <- "hi there!”

hi_there

example

mean

R: Arithmetic Mean ~ | Find in Topic

mean {base}

Arithmetic Mean

Description

Generic function for the (timmed) arithmetic mean
Usage

mean(x, ...)

## Default S3 method:

=0

=0

R Documentation

mean(x, trim = ©, na.rm = FALSE, ...)
Arguments
x An R object. Currently there are methods for numeric/logical vectors

and date, date-time and time interval objects. Complex vectors are
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Packages

Packages are the key to R's versatility. Over 12000 are currently available from the Comprehensive R Archive
Network - CRAN. The install.packages() function can be used to install packages.

Let's install the "cowsay" package. cowsay is an extraordinarily useful package, as you'll see.

One way to install the package is using the console:
install.packages("cowsay")

Once it's installed, use the library() function to load the package!
library(cowsay)

But another way to install is using the GUI!
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18 RStudio Cloud X +

<« cC @ https://rstudio.cloud/project/84901 or 3 * B o Q"n @

Untitled Projec

File - Edit - Code - View - Plots = Session Build Debug Profile - Tools - Help
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Try out the cowsay package

cowsay adds a function called say(). Load the function in as follows, and look at the help for say().

## Warning: package 'cowsay' was built under R version 4.1.1

library(cowsay)
?say ()

Remember that help appears in the bottom right window!
Look at Usage and Arguments
Usage is how to use the function.

Arguments are what the functions expect and understand.

File  Edit Code View Plots Session Build Debug Profile Tools

MR~ Go to file/function ~ Addins ~

Console  Terminal - Jobs

R version 3.5.0 (2018-04-23) -- "Joy in Playing”
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

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

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 HTHL browser interface to help.
Type 'q()' to quit R.
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> example <- 10
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>

Environment  History ~ Connections
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hi_there <- "hi there!”
hi_there
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?mean

Files  Plots  Packages Help  Viewer
Y

R: Arithmetic Mean = | Find in Topic

mean {base}

Arithmetic Mean

Description

## Default S3 method:

Arguments

Generic function for the (trimmed) arithmetic mean.

mean(x, trim = 0, na.rm = FALSE, ...

X An R object. Currently there are methods for numeric/logical vectors
and date, date-time and time interval objects. Complex vectors are

R350 -

=0

=0

R Documentation
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say(what = "Feed me, human.", by = "cat")

##

## -

## Feed me, human.

## -

H# \

## \

## \

## I\___/]
H# ::) AY A (::
##t \
#4 )=%x=

##

##

H# /
## \
#it jgs /
H#

##
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Try out the say() function

1. Try a few different animals by changing the by argument

2. Change what the animals say by changing the what argument.

3. Assign the output to an object using the <- operator.

4. Print out the value that you assigned to the object.
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Additional resources

DISCOVERING STATISTICS
USING R

s

for Data
Sclence

VISUALIZE, MODEL, TRANSFORM, TIDY, AND IMPORT DATA

[
.
AR I

ANDY FIELD | JEREMY MILES | ZOE FIELD

Hadley Wickham & )
Garrett Grolemund =

There are copies of both these books in the library.

R for Data Science is available freely online at http://r4ds.had.co.nz/
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An additional recommendation...
Hands-on Programming with R

Basic R programming book, also available for free online

https://rstudio-education.github.io/hopr/index.html R )

Hands-On
Programming
with R

Garrett Grolemund
Foreword by Hadley Wickham
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This week's goals

1. Download R and RStudio! You'll find links and instructions on Blackboard.
2. Read through Chapter 1 of R for Data Science

3. Try out some of the introductory things mentioned in the slides, just to get a feel for using RStudio!
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