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Getting started: Tools

* To profit best, you need to install both R and R Studio
on your computer

The basic R system: R console (GUI) & packages
Download: http://cran.us.r-project.org/

Add my recommended packages:
source(“http://euclid.psych.yorku.ca/www/psy6135/R/install-pkgs.R ")

The R Studio IDE: analyze, write, publish

Download:

https://www.rstudio.com/products/rstudio/download/
Add: R Studio-related packages, as useful

ggplot2



http://cran.us.r-project.org/
http://friendly.apps01.yorku.ca/psy6140/R/install-hebb-pkgs.R
http://euclid.psych.yorku.ca/www/psy6135/R/install-pkgs.R
https://www.rstudio.com/products/rstudio/download/

R package tools

The tidyverse

Data prep: Tidy data makes analysis and graphing
much easier.
Packages: tidyverse, comprised of: tidyr, dplyr, lubridate, ...

Components

R graphics: general frameworks for making standard and custom graphics
Graphics frameworks: base graphics, lattice, ggplot2, rgl (3D)

Application packages: car (linear models), vcd (categorical data analysis), heplots
(multivariate linear models)

Publish: A variety of R packages make it easy to write and publish research reports
and slide presentations in various formats (HTML, Word, LaTeX, ...), all within R
Studio

bookdown

Web apps: R now has several powerful connections to preparing dynamic, web-
based data display and analysis applications.

e
=



Getting started: R Studio

£ RStudio
Fle Edit View Workspace Plots Tools Help
Console Workspace History
% load~ [ Saver | #Import Dataset~ 3 Clear All g

command history
workspace: your variables

Files Plots Packages Help

| New Folde
72 Home

@ | Delete |/ Rename | {gF More~

~ Name Size Modified ~
©7 .Rhistary 1.6 KB Jun 10, 2011, 1:59 PM
xls 132.5KB Jan 7, 2008, 11:51 PM

] 20070724_dal

itoHotkey.ahk'
iles

O £ code

R C O n S O | e O 9 counts.xls 23.5KB Jan 3, 2008, 5:35 PM
a0 CUZNSIM_S: I O tS 29.5KB Aug 5, 2008, 4:32 PM
- - a0 Default.rdp 2KB Dec 20, 2010, 8:30 AM
[ & pigsby Logs
(Just like Rterm)
[ =i docs-archive p aC ag e S

[ = pownloads

11.2 KB Feb 28, 2011, 12:04 PM

10.2 KB Apr 21, 2009, 10:00 AM

[ & eagle

[ & Expresspce

[ 1 facs-log.xls e p 13.5KB OQct 22, 2007, 11:29 AM
[ 1 Flowlo75.prefs 6.4 KB Mar 9, 2011, 5:01 PM
[0 1 funding_ops__deadearly2007.txt 918 bytes Dec 28, 2006, 11:47 AM
(] _] Geneious Backup 2011-04-27.zip 3.8 MB Apr 27, 2011, 1:36 PM

(] _] Geneious Backup 2011-05-16.zip 6.5 MB May 16, 2011, 5:55 PM




R Studio navigation

R folder navigation commands:

e Wheream|?
> getwd()

[1] "C:/Dropbox/Documents/6135"

* Go somewhere:

> setwd("C:/Dropbox")
> setwd(file.choose())

R Studio GUI

Better yet: create an R project!

* Take R to your preferred directory ()

Wrvbrn_Help —r
G File Edix Code View I 1 Tools Help
e~ T
¥ Untitled1* Rastart R
5 " Tarminate R # R
1
Set Working D AL | T 2 File LOC3

T Load Workspace,.. To Files Pane Location

: papspace Choose Directory,.,  Cuf+5hift+K
] L AL ! lear Worksp

Select and change o & res werking dr ectory

P

Choose Working Direciory

Folder:

Lindquist_Lab

Choose

Cancel



R Studio projects

[E=3 E5R . .
R Studio projects are a handy way to

& psychological Methods Paper - Organlze your WOrk

Environment = History  Build P New Project...
4 [ _ImportDataset ~ 3 | & Open Project... New Project
"}, Global Environment - . Open Project in Mew Session... Create Project

Close Project
J‘_{ New Directory

F'S)rchological Methaods F'aper 5T Start a project in a brand new working directory |
histdata Al
‘ Existing Directory
matlib S B RY  sccociate a projectwith an existing working directory
WaordPools i | §
- I Version Control
EqCov | 3 Checkout a project from a version control repository
Lahman Al
heplots & | g
Files Plots Packages Help Viewer i . v
candisc Al
Mew Fold @ | Delet R ] Hew Project
€] New Folder ) | Delete (4| Rename ] vedExtra A
< - Dropbox - Psychological Methods Paj . Back Create New Project
Mame car —
. Clear Project List R ED"ecmynma
- 1 1 Create project as subdirectory of:
| FriendlySigal2017-TQMP.pdf Project Options... C:a’prI:njeJcts L —
B Psycholegical Methods PaperRproj “z=rs TNOVIZ, ZUTT, TIZ0 AT T S
_| TQMPpaper.zip 946.2 KB Mov 7, 2016, 8:23 AM
*7] Makefile 33 KB MNowv 7, 2016, 8:21 AM
| Makefile.bak 34 KB Meve 6, 2016, 10:50 AM
] FIGLIST 591 B Mov G, 2016, 10:43 AM
Open in new session Create Project Cancel
| TQMP.dep 951 B MNevw 6, 2016, 10:16 AM ——
] TQMPpaper.aux 147 KB Movw 6, 2016, 9:53 AM
| TQMPpaperlog 80.3 KB Mov 6, 2016, 9:53 AM The .Rproj item opens the project

E| | shman.Rproj . -
in R Studio



R Studio projects

An R Studio project for a research paper: R files (scripts), Rmd files (text, R “chunks”)

8 C:/Dropbox/Psychological Methods Paper - RStudio

[E=1 Eo =)

File Edit Code View Plots Session Build Debug Profile Tools Help
Q- =~ 55 | Addins - & Psychological Methods Paper -
@7 TQMPpaper.Rmd @7 parenting.Rmd 27 Rohwer-MMRA-ex.R. @7 socialCog.Rmd 2] parenting-ex.R @ » Environment =~ History  Build New Project...
| oA | kit - - ‘3 ~#Run - | ‘& <% [ | _PImportDataset - | 3 | & Open Project...
1- —— - . - : . . -
Intreduction Global Environment -
2 title: "Graphical Methods for Multivariate Linear Models in Problems in und... Open Project in New Session...
Psychological Research: an R Tutorial” Bri ) Close Project
. " s " rief review of ...
3 shorttitle: "Graphical methods for MLMs Testing contra
4  author: R gtdn Psychological Methods Paper 41|
5 - name: Michael Friendly epeaied Ved... histd .
6 affiliation: 1 Example: Father... istdata & |
7 corresponding: yes # pDefine only one corresponding author Graphical Method... matlib |
8 address: psychology Department, York University, Toronto, ontario, Data elipsoids: ... .
canada, M331P3 HE plots: Visuali... WordPools =
9 email: friendly@yorku.ca Significance s... EqCov AR
10 - name: Matthew Sigal Example: Fath. .. Lah .
11 affiliation: 1 Visualizing co... ahman -
12 affiliation: Low-D views: ... heplots 7Nl
13 - dd: 1 Examples Files Plots Packages Help Viewer di .
14 institution: york universit fvari i candisc el
15 Y Multivariate muti-.. | &) yew Folder | €] Delete (%] Rename | .
MANOVA designs = 1 wedExtra Al
16 abstract: MANCOVA and ... C: - Dropbox  Psychological Methods Pa| .
17 This paper is designed as a tutorial to highlight some References Name | car e
18 recent developments for wvisualizing the relationships among 2 . .
19 response and predictor variables in multivariate Tlinear " " Clear Praject List
1:1 Graphical r.-]eth-:nas-f-Jrr.-]ultiv'ariate Linearl‘.-]-:u;:lels in Psychological Reséarch: An R Tutorial R Markdown -J FriendlySigal2017-TQMP.pdf Project Options...
= : Psychelogical Methods PaperRproj “ezsrs TNOVIZ, ZUT0, TIZ0 AT T
onsole
CUPYEIYIL () ZULD 178 K FUUNUAL TOM 1O SLdLIsLitdl CUmpuLing i _1 TQMPpaperzip 946.2 KB Mow 7, 2016, 8:23 AM
platform: x86_64-we4-mingw32/x64 (64-bit) 9 Makefile 23KB Now 7, 2016, 8:21 AM
R is free software and comes with ABSOLUTELY NO WARRANTY. | Makefile.bak 34 KB MNow 6, 2016, 10:50 AM
You are welcome to redistribute it under certain conditions. 5 ~ ~ .
Type 'license()’ or 'licence()' for distribution details. | FIGLIST 591B Now 6, 2016, 10:43 AM
1 TQMP.dep 951 B MNow 6, 2016, 10:16 AM
R is a collaborative project with many contributors. . o " ~ .
Type 'contributors()’ for more information and | TQMPpaper.aux 147KB Movw 6, 2016, 9:53 AM
"citation()' on how to cite R or R packages in publications. E | TQMPpaperlog 803 KB Mov 6, 2016, 9:53 AM
Type 'demo()’ for some demos, 'help()' for on-line help, or | TQMPpaper.out 6 KB MNov 6, 2016, 9:53 AM
'he'lp:star:t()' for an HTML browser interface to help. T TQMPpaperpdf 819.8 KB Nov 6, 2016, 3:53 AM
Type "q()" to quit R.
1 TQMPpapersynctex.gz 2861 KB MNov 6, 2016, 9:53 AM
= = 21 .Rhistory 135KB MNow 3, 2016, 3:35 AM -




Organizing an R project

* Use a separate folder for each project
* Use sub-folders for various parts

/_\ o || B e
@-u-vl » Computer » Local Disk (C) » Dropbox » Documents » 6135 W - |"?|| Search myproject P
File Edit View Tools Help
Organize » Include in library « Share with « Burn New folder =+ [0 E_i
4 Downloads o
= Recent Places
%% Dropbox
& VCDR [ | | |
DDAR v v v & & &
VCD course data doc figures notes analysis.R read-mydata.R
data files: figures: R files:
* raw data (.csv) * diagrams * dataimport
. . Vv
* saved R data e analysis plots e analysis mypaperRmd

(.Rdata)

This project, saved in a Dropbox folder automatically syncs with all my
computers & collaborators. | use Git & GitHub for more serious work.

Write up files will
go here (.Rmd,
.docx, .pdf)




Organizing an R project

* Use separate R files for different steps:

= Data import, data cleaning, ... > save as an RData file

read-mydata.R

# read the data; better yet: use RStudio File -> Import Dataset ...
mydata <- read.csv("data/mydata.csv")

# data cleaning:
H filter missing, make factors, transform variables, ....

# save the current state
save("data/mydata.RData")



Organizing an R project

* Use separate R files for different steps:

= Analysis: load RData, ...

analyse.R

#' ## load the data
load("data/mydata.RData")

# ## do the analysis — exploratory plots
plot(mydata)

#' ## fit models
mymod.1 <- Im(y ~ X1 + X2 + X3, data=mydata)

#' ## plot models, extract model summaries
plot(mymod.1)
summary(mymod.1)

NB: # ## is a special R
comment for a H2 heading
in an R “notebook” script

10



Reproducible analysis & reporting

O weicome R

. S .

title: “Melcome to R Morkdown®™
guthor: "RStudio”

date: “December 18, 2014"
output: pdf_document

NV S W

This s an R Markdomn document,
simple formotting syntox for ouf]
jgend VS Word documents. For
§ R Markdown see <http:/
B com>.

won ’l click the **Knit** buttl
auiﬁgcwrotcd that includes
)5 Welllas the output of cry el
chunks within the document.

ir:
coef(Im{dist speed, dato - COl

el ol ol
N s WN

Yrer rown nlen awhad slote  fne o

Comvole R Markdown

dst

R Studio, together with the knitr
and rmarkdown packages provide
an easy way to combine writing,
analysis, and R output into
complete documents

.Rmd files are just text files, using
rmarkdown markup and knitr to
run R on “code chunks”

A given document can be
rendered in different output
formats:

B Q& ki -
¥ Knit to HTML

=] Knit to PDF

W1 Knit to Word

Knit with Parameters...

11



Output formats and templates

e P

|‘_ é JI

HTML

Templates are available for APA papers,
slides, handouts, entire web sites, etc.

The integration of R, R Studio, knitr,
rmarkdown and other tools is now
highly advanced.

“Teats In Statisticn Scence
Discrete Data
ith R

My last book was written
entirely in R Studio, using .Rnw
syntax — LaTeX — PDF —
camera ready copy

The ggplot2 book was written
using .Rmd format.
The bookdown package makes
it easier to manage a book-
length project — TOC, fig/table
#s, cross-references, etc.
Also: blogdown, posterdown, ...

12



Writing it up

* |n R Studio, create a .Rmd file to use R Markdown for
your write-up

= |ots of options: HTML, Word, PDF (needs LaTeX)

File | Edit Code View Plots Session  Build Debug Profile Tools  Help New R Markdown
. b . i R —— .

New File R Script Crl+Shift+ N Document Title: mypapet i

NewProject.. | T T E e e
R Motebook ] Presentation Author: Michael Friendly

Open File... Ctrl+0 S — £ Shiny Default Output Format:

Recpen with Encoding... P

] Shiny Web App.. From Template @ HTML

Recent Files 4 Recommended format for authering (you can switch to PDF
Text File or Word output anytime).

Open Project...

) . . C++ File PDF

Open Project in Mew Session... PDF output requires TeX (MikTeX on Windows, MacTeX

Recent F'I'DjECtS ¥ R Sweave 2013+ on OS X, TeX Live 2013+ on Linux).
R HTML Word

Import Dataset L o . . '
R Precentation Previewing Word documents requires an installation of M5

~ Word (or Libre/Open Office on Linux).
Save Ctrl+5 R Documentation
Save As.., T

OK Cancel

13



Writing it up

* Use simple Markdown to write text
® Include code chunks for analysis & graphs

mypaper.Rmd, created from a template Help -> Markdown quick reference

@] analysis.R @] read-mydata.R @ | mypaper.Rmd .
Files Plots Packages Help Viewer

YA | kait - - N
L= _T_ " " Markdown Quick Reference =
2 rtitle: "mypaper
3 author: "Michael Friendly” ) i
4 date: "January 29, 2018" Vam| header Markdown Quick Reference
5 output: html_document : ) : . .
= . R Markdown is an easy-to-write plain text format for creating dynamic
7 documents and reports. See Using R Markdown to learn more.
B~ " {r setup, include=FALSE} Emphasi 1
9 knitr::opts_chunkiset(echo = TRUE) mphasis
10 7 *italic*  **hold**
11 ceqs
italic bold
12 - ## R Markdown Header 2 = -
13
\ \ \ . . Headers
14 This is an R Markdown document. Markdown is a simple formatting
details on using R Markdown see <http://rmarkdown.rstudio. com-. # Header 1
Ly . . PR . ## Header 2
16 when you click the #*#Knit**® button a document will be generated
R code chunks within the document. You can embed an R code chunk ### header 3
18 - ’r—- Car‘s} Lists
Sl oumary (ar=) output code chunk nordere st
* Ttem 1
21 * Item 2
22~ ## Including Plots :Eem ia
23 em

24  you can also embed plots, for example: i
Ordered List

25

26~ "7 {r pressure, echo=FALSE} et

7 plot(pressure) plOt COde Chunk 3. Itenm 3

28 O =t
+ em

14



rmarkdown basics

rmarkdown uses simple formatting for all standard document elements

[ NON ~/Desktop/example.html
@1 example.Rmd / p/examp

amc Q. @’“ Knit HTML o 1 | Open in Browser
s = E d i :

1~ # Header 1 —_—

2 3
3 This is an R Markdown document. Markdown is a Header 1

simple formatting syntax for authoring webpages.

This is an R Markdown document. Markdown is a

5 Use an asterisk mark to provide emphasis, such simple formatting syntax for authoring web pages.

%4 7 %* Fxk %%
as *italics® or **bold**. Use an asterisk mark to provide emphasis, such as

italics or bold.

6
7 Create lists with a dash:\
g Create lists with a dash:

- Item 1
10 - Item 2 o [tem 1
11 - Item 3 e [tem 2
— . e |tem 3
13 ~

14 Use back ticks to

15 create a block of code Use back ticks to
16~ “° create a block of code

18 Embed LaTex or MathML equations, =3 Fmbed LaTex or MathML equations, % Z:’zl X;
19 $\frac{l}{n} \sum_{i=1}r{n} x_{il$
20 Or even footnotes, citations, and a bibliography.
21 Or even footnotes, citations, and a

bibliography. [A1]

22

i o
23 [~1]: Markdown is great. 1. Markdown is great.
24
leil Header 1 R Markdown 3
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R code chunks

R code chunks are run by knitr, and the results are inserted in the output document

@ chunks Rmd (N N$) RStudio: Preview HTML There are man
AR QMo 5@*Kr‘uit HTML =% &= | [ Chunks~ || Preview: 21| [ Save As E;ifF’ublish _ y
1 R Code Chunks C C options for controlling
2 .
3 R Code Chunks the details of chunk
4  With R Markdown, you can insert R code With R Markdown, you can insert R code chunks including plots: _
| chunks including plots: OUtpUt numbers'
3 # guick summary and plot
6- "7 {r gplot, fig.width=4, fig.height=3, library(ggplot2) tables' graphs
|  message=FALSE} summary(cars)
¢ # quick summary and plot
8 library(ggplot2) . speed dist
9 summary(cars) ' - . -
18 gplot(speed, dist, data=cars) + gg T;:-Qu :lz'g T;:-Qu : 22 Choose the OUtpUt
L geom_smooth() ## Median :15.8 Median : 36 format:
12 ## Mean  :15.4  Mean @ 43
13 ## 3rd Qu.:19.0 3rd Qu.: 56
#E Max. 25.0 Max. :120 [ 7 B2 @ | & kit -
N 7 Knit to HTML

gplot(speed, dist, data = cars) + geom_smooth()
™ Knit to PDF

W Knit to Word

An R Chunk: 100 Knit with Parameters...
“{r name, options}
# R code here

AN NN

dist

16




The R Markdown Cheat Sheet provides most of the details
https://www.rstudio.com/wp-content/uploads/2016/03/rmarkdown-cheatsheet-2.0.pdf

Mmu Dotements

.8
-
-‘ o
@

‘ Peproducibie Research

A e ok of 3 bottam o the type IO 33 Bport the

R Markdown Cheat Sheet @ @ STt omsm o

¥Ou! waean. Bcortara e ¢ dv‘;to Sy e cememand you can oerun the ' ot n-c u«,-ﬂ 5 hemd ot
loarn more ot cmackgdown rstadio com e U] vy V4GOS Ree e wetb | code o m Kiehdo > AR
‘ wlong wert Ty navation that § reades £y mepewbaie g wd e enpont ~\ I BT A, 4 04 8
Sw ooy t0 ureierdard your e [ ] e Wt e 4 Sreahet epent Pered o ol Bated Asde vhow
Workflow
‘ Open & new Rrnd e um...u.nm Wi Sacurment 3 FAR COCUMENt 10 Create report ‘ Preview Ouiper s
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.
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https://www.rstudio.com/wp-content/uploads/2016/03/rmarkdown-cheatsheet-2.0.pdf

R notebooks

Often, you just want to “compile” an R script, and get the output embedded in the
result, in HTML, Word, or PDF. Just type Ctrl-Shift-K or tap the Compile Report button

= =% Run | 23

Compile Report
(Ctrl+ Shift+K)

) Rstudio () C/Dropbox/Documents/6140/R/inv-exd html =N o
47 Open in Browser 4, Publish
File Edit Code View Plots Session Build Delug Profile Tools Help .
9 - - | | Addins ~ -
Inverse of a matrix
@7 3d-dema.R @7 3d-demo.Rmd @7 inv-ext.R Michael Friendly L
| Source on Save Q 7 - ~#Run | % | | 4 Source -
07 Sep 2016
1 # " P
2 # erse of rix” The following examples illustrate the basic properties of the iNverse of a matrix
3 # el Friendly"
‘; * 7, e | Load the matlib package
# _document E
6 # --- This defines: inv() , Inverse() :the standard function for matrix inverse is solve()
8 # ate the basic properties of the inver library (matlib
g #
10 # .
11 # Create a 3 x 3 matrix
12 #° This defines: “inv()", ()°; the standard function for matr
13 A <- matrix( c(5, 1, O,
14 Tibrary(matlib) &
15 4, 0,-1), nrow=3, byrow=TRUE
16 #° ### Create a 3 x 3 matrix det (&
7 A =- matrix( c(5, 1, 0,
18 3,-1, 2, i 6
19 4, 0,-1), nrow=3, byrow=TRUE) T
20 det(A)
e . . —> | 1. det(A) I= 0, so inverse exists
22 # 1. = 0, s0 inverse exists
23 : (BT <— inv (A
24
25 #°" ### 2. pefinition of the inverse: $ar{-1} A = A ar{-1} = 1§ or "AI
26 # < ## [,11 21 1,3
7 4 " 3 #% [1,] 0.0625 0.0625 0.125
153 (Top Leve) s | US@ Mat gt 12,1 06075 c0.3125 0.5
Console R Markdown h
. . . 1 1
e demoly T - elpl T —— 2. Definition of the inverse: A" A = AA " =] or
pe “demo or some demos, “help or on-1ine help, or o .
"help.start()" for an HTML browser interface to help. AL * A = diag(nrow(A))
Type ‘g0’ to quit R. NB: Sometimes you will get very tiny off-diagonal values (ike 1.341e-13 ). The function
i will d th to0Q
[workspace loaded from ~/.RDatal e=ptCily will round fhose 1
5 AT 3% A
>
i 18




